meeting of the Planning Board for the Town of Moreau, Saratoga County, State of New York
as held at the Moreau Town Hall, 351 Reynolds Road, Moreau, NY 12828 on the 12nd day of
ay 2022 at 7:00 pm.

Town of Moreau

Special Planning Board Meeting
Thursday, May 12, 2022

Planning Board Members Present

John Arnold Planning Board Member
Ann Purdue Planning Board Member
Mike Shaver Planning Board Member
Erik Bergman Planning Board Member
Meredithe Mathias  Planning Board Member
Adam Seybolt Planning Board Member

Also, present

Katrina Flexon Meeting Secretary

Jim Martin Zoning Administrator
Karla Buettner Town Attorney

Ray Apy Applicant

Bryce Meeker Consultant for Applicant

The meeting was cailed to order at 7:01pm by Mr. Arnold he will be the acting Chairperson for the
meeting this evening.

Chairperson Arnold addresses the room and makes known there will be rules in regard to the
public hearing scheduled for this meeting. He reads the ground rules for the meeting; each
speaker will be limited to 5 minutes, speakers may not concede their time to another speaker.
Speakers must come to the podium and identify themselves; state their name and where they
are from. All comments will be directed to the Board not the applicant or other members of the
public. Attorneys speaking on behalf of their clients please identify the client. If the person is
reading from a written statement please provide a copy of the statement to the Planning Board
Clerk to be placed in the record. Only one person may speak at a time. No personal attacks on
the applicant, consultants, representatives, town officials or any other members of the public. He
announces to the room this is a public hearing for a site plan application only. SEQR has been
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determined. He asks the public comments to be focused on the site plan application aspects of
the project. He states this is a time for the public to comment and for the Board to hear new
information to help them make a deliberation on the application.

Chairperson Arnold opens the public hearing and reads individuals from the sign-in sheet who
have identified they would like to make comments on the application from top to bottom.

The following is a list of individuals who spoke during the site plan review public hearing for Saratoga

BioChar Solutions LLC project

Laurie LaFond
Tom Mahoney
Mat Boucher
Melissa Chester
Ro Padron
Sean Sheeran
Greg McCarty
Gina LeClair
Holly Johnson
Tori Riley

Pat Bondzinski
Samantha Fullerton
Sandy Mahony
Rebecca Smith
Chad Beatty
Mike Jarvis
Tracy Frisch
Jorge Padron
Sherrie Murray
Erik Poust
Emily Boucher
Jordan Edens
Bob LeClair

Laurie Lafond speaks about not enough evidence according to EPA, air poliution, respiratory

3 Oakwood Dr.

7 Sisson Rd.

10 Sisson Rd.
1662 Rt 9

19 Sisson Rd
297 Clark Rd
201 Reservoir Rd
37 Sisson Rd

3 Deer Run

56 Duplainville Rd
49-53 Sisson Rd
Argyle

7 Sisson Rd

352 Reynolds Rd
2254 Rt 50

2 Coby Dr

1293 McClay Rd
19 Sisson Rd

4 Thornapple Dr
9 Sisson Rd

10 Sisson Rd

29 Winterberry
37 Sisson Rd

iilness, cancer and shares a poem.

Tom Mahoney comments on odor, quality of life, Finch Paper LLC, and Hexion facilities; reads
from the town codes stating waste can't be brough in from other towns.

Against
Against
Against
Against
Against
Against
Against
Against
Against
For

Against
For

Against
Against
Against
For

Against
Against
Against
Against
Against
Against
Against
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Mat Boucher speaks about air pollution, comments on the role of the applicant during the
SEQR process, and methane levels.

Melissa Chester is concerned about kids, talks about noise, reads Town code noise section,
speaks about the sewer capacity, PFAS, the facility run time, and the Hexion facility.

Ro Pedrone speaks about safety as a main concern, wants an updated EIS and outside review,
also concerned about traffic, odors, noise, emissions, potential fires and whether there are
protocols in place.

Sean Sheeran talks about chapter 92 of the Town Code to prohibit import of waste, brought up
medical waste article 139-38 and 149.30 the Planning Board approval declined based on health
and well-being of Town.

Greg McCarty comments on PFAS not removed by heat, bringing waste from elsewhere, and
speaks about Maine moving to ban fertilizer with PFA.

Gina LaClair speaks about inconsistencies in SEQR and wants an independent review.

Holly Johnson speaks about needing an independent study to identify concerns, there was no
sound study.

Tori Riley from SEDC is in support of the project.
Pat Bondzinski voices concerns about noise, smell, emissions, traffic.

Samantha Fullerton is a chemical engineer, her husband is a dairy farmer, she investigated
the BioChar process, it has innovative technology, and she would welcome them in her
backyard.

Sandy Mahoney has concerns about emergency services due to ladder truck, EMS, and
Hazmat Team. She states the emergency services need to be informed and worries about
chemical exposure.

Rebecca Smith wants an independent review, concerns about odors, air quality, and truck
traffic on 197.

Chad Beatty spoke with friends in Moreau, doesn’t think there is science behind the project.

Mike Jarvis member of 773 Plumbers and Steamfitters in Queensbury, with 500 members 10%
of members in Moreau, agrees with testing, speaks in favor.

Tracy Frisch - says PFA will be everywhere, talks about the stats, total organic fluorine’s, PFQ,
PFA, and 10 parts per billion limit, believes if left up to DEC its not being put in good hands.
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Jorge Padron built house in 2021, talks about living within 1,200 feet of the facility and about
quality of life.

Sherry Murray talks about systematic review from 2020 and BioChar sewage study, potential
hazardous, leachability of metals. Doesn't beiieve there is enough research.

Erik Poust states he doesn't know enough about BioChar and doesn’t want to be a guinea pig.
Emily Boucher talks about being a mom and the impact on kids.

Jordan Edens states he is new to the area, doesn't like that the facility is going to emit
anything, concerned about developments.

Bob LaClair does not support the project, worked for other companies he has watched leave a
mess.

Chairperson Arnold closes the public hearing at 8:43pm

Mr. Apy states he will comply with all monitoring, and ifey're going to test more than required.
He will work with local fire and Saratoga Emergency Response. He adds that biosolids are not
regulated as hazardous waste. They are modeling the facility after the Zion lllinois facility.

Ms. Purdue states there should be an independent review done, SEQR should be rescinded
due to new information like excessive wastewater and water capacity.

Ms. Purdue makes a motion to rescind the Planning Boards prior negative declaration on
SEQR for Saratoga BioChar Solutions LLC.

Attached to the meeting mins are reference documents associated with this motion.
Mr. Bergman seconds the motion.
Chairperson Arnold asks the Board if all in favor say Aye

Results as followed:

Mike Shaver No
Ann Purdue Yes
Erik Bergman Yes
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Adam Seybolt Neo
Meredithe Mathias No
John Arnold No

2 in favor, 4 oppose, motion defeated

Ms. Purdue makes a motion to retain an independent consultant to assist with review of project,
Saratoga BioChar Solutions LLC.

Mr. Bergman Seconded the motion.
Chairperson Arnold asks the Board if all in favor say Aye.

Results as followed:

John Arnold Aye
Ann Purdue Aye
Mike Shaver Aye
Erik Bergman Aye
Adam Seybolt Aye

Meredithe Mathias Aye

All in favor, none oppose, motion carries

A motion was made by Ms. Purdue and seconded by Mr. Bergman to retain an
independent consultant to assist with review of Saratoga BioChar Solutions LLC
project.

Ms. Purdue makes a motion to have Mr. Martin submit a scope of work to the Board, the Board
will give him items they would like included in the scope of proposed work by close of business
May 27, 2022.

Mr. Bergman Seconds the motion

Chairperson Arnold asks the Board if all in favor say aye

Results as followed:

John Arnold Aye
Ann Purdue Aye
Mike Shaver Aye
Erik Bergman Aye
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Adam Seyboit Aye
Meredithe Mathias Aye

All in favor, none oppose, motion carries

A motion was made by Ms. Purdue to have Mr. Martin submit a scope of work to the
Board, the Board will give him information of proposed work to include for the scope by
close of business May 27, 2022 and seconded by Mr. Bergman.

Mr. Shaver makes a motion to adjourn the Planning Board meeting of May 12, 2022.

Mr. Seybolt seconds the motion.

Chairperson Arnold asks the Board all in favor say aye.

Results as followed:

John Arnold Aye
Ann Purdue Aye
Mike Shaver Aye
Erik Bergman Aye
Adam Seyboit Aye

Meredithe Mathias Ave
All in favor, none oppose motion carries

A motion was made by Mr. Shaver to adjourn the meeting and seconded by Mr. Seybolt.

Meeting was adjourned at 9:56 pm.

Respectfully submitted,
Ratrina Flevon
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Katrina Flexon

From: Trish Johnson <btrayde@hotmail.com>

Sent: Thursday, May 12, 2022 8:30 PM

To; Katrina Flexon

Subject: Wastewater Effluent Spreading Prion Contamination

https://greenercities.org/cities-spreading—alzheimers-disease-with-sewage—sludge/
| thought I should send you this documented info. Hopefully people become aware of why companies like biochar are
banned in other states.






Good Evening. Matt Boucher 10 Sisson Road.

| attended the March 7 SEQR hearing for this project. | was surprised to hear members
of our planning board discussing how they didn’t know much about the science
particulars in the plan and that they would need the company to help them
understand it.

1. This immediately struck me as to why didn’t the town hire an INDEPENDENT

ANALYST {not one recommended by an applicant) for this project{with the cost
being paid for by the applicant).

The SEQR impacts answers should never come from the applicant-as a few of the
guestions did.

A question was posed about sewer line capability and nobody had an answer to
which | interjected that i did. | discussed the previous situation of # of taps by
Schermerhorn apartments and the Capacity percentage left of the line originaliy
meant for the industrial park. Someone suggested reaching out to Mr. Fishbeck
who had some previous knowledge of line. This was given a declaration that
night. Should not have, as there was no definitive answer to the amount of
proposed sewage discharge and capacity levels. The Supervisor wants to expand
line to exit 16 (no doubt with cost being born by residents),

15-30 axagunt=ef sewage trucks passing down Ft. Edward road within 180 yards of the
Village of Ft. Edward Reservoir plant property.

1.

2.

Have we considered an accident where a spill may take place? The ditch/culvert
runs directly down to stream by Reservoir.

Would we bcéoé . ; a legal proceeding by the Village of FE should any
contamination of their water take place?

Officials there are concerned, | have spoken with multiple village board
members. Is this a good project to consider based on the unknown legai
possibility as well as the town-town relationship?

But most importantly: Why would a Town that has about 90% of residents on
septic system.;that WE have to pay to maintain consider hauling into our town,

/
720 tons per day of other towns 5&0@7—6 ,






May 12, 2022

To: Town of Moreau Pianning board
Zoningadministrator@townofmoreau.org
Biclerk@townofmoreau.org

Rejana Padron
19 Sisson Rd
Moreau, NY 12828

| stand before the planning board today to discuss the Saratega Biochar proposal that has been brought to my
attention recently. As | mentloned in my previous email to the Planning board on 04/18/22, there are many concems
that | have for me, my family and my surrounding neighbors if this proposal passes.

The ulitmate eoncern that [ have of course is our safety. How safe s this facility if built? What kind of odors, what
kind of air emissions or what kind of traffic will there be? Will the odors make us choke? Will the air emmissions
make us sick? Will there be major traffic, truck accidents or sewape spills that can hurt my family or snyohe? What
about the noise levels? What if there is a fire or an expiosion at the facifity? What safety protocols are i place? Who
is gaing to enforce thet these safety procedures are being followed? Or will you aliow SB to monitor themselves?

Why is the town conskdering adding ancther plant, that has no history to a town that already has had a very negative
history with other plants? Do you want another repeat? There is high concentration of cancer in this county? Why is

that?

According to SB company, they will be the 1st of its kind and potentially the biggest in the country if built. According to
8B, it is safe. If it is safe, why do they have the need to state that the facifity Is in an area that is less populated? Why
should that matter if they are safe? Should we believe they are telling the iruth because they said so in a few articles
that the newspapar media wrote and on their own website? Their facility will be safe because Sarataga Biochar
Solutions said so themsslves and they wrote a latisr to the board that states that the planning beard did do their due
dilegence to ensure that the information provided by Saratoga Solutions themselves is true and accurate, What has

been done?

The Moreau pianning board decided that a fitll environmental impact study was not warranted. Why? This facility is
the first of its kind, right? How can the planning board rely on a review given by SB themselves? That Is my
question. Is there supporting evidence fo corroborate their predictions from an outside party? Does the town really

want to take SB ot face value?
There is no praofto prove or diprove their statements. Again, do we just rely on thieir words or your wonis?

| request the hoard to fum the applicant's Proposal down based on the fact that we just don't have enough
supppeorting information independent from what Saratoga Blochar Solution says. Can 1 trust the planning board to do

the right thing?
Respectfully,

Re Padron






The fact that an takes time for the review should be
irrelevant. Developers know this may be a normal part of
their review process and they are required to pay the
cost for the Towns independent experts to verify facts
and protect our community.

An Article 78 proceeding could be avoided if a full
Environmental Impact Study is ordered.

Mbke W Omsh wih o dew
Thank you " O Y ro v -{:wa\ '.' STOY Y
\V\/\‘ 4 ¥

R

Please get that study done for this proposal. ~: l; A,



Thank you for holding this Public Hearing.

| am concerned with the inconsistencies throughout the
SEQR workbook.

The lack of Saratoga Biochar’s responses in their section
of the State Environmental Review workbook and the
fact that the Planning Board seemed to be relying on
Saratoga Biochar for assistance with answers to the SEQR
questions in their section of the report concerns me
greatly.

| started out making notes to share with you tonight but
there are too many items of concern to share in the
allotted time. 1 have printed copies of part 1 and part two
with my comments for your review. | will give it to your
clerk in a minute. | would like a copy recorded in the
minutes and also provided to each of you.

Without the Planning Board requiring a complete
Environmental Impact Study to provide confirmation of
accuracy and transparency to the answers in the SEQR
workbook, we have no assurance that our fears of
possible health and quality of life issues will not happen.
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MwmwﬁmﬁmmwmumanHWkabo&_
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lfmmwwwammmmmmmmmmmmmmm
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Part ¥ sl to large
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2. The proprosad uﬁmmyimlwonmmmmlmdwhmm'auwmwgia
Jess than 3 feet . 5 o
hmmmmqhmemmmmdmwlﬂmm. E2f | ]
ammedlcﬁmmqrinwhremuwﬁmemlmdwhmmfsmnd,w Bla 0 0
__geneeally within 5 foet of existing ground surfice,
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4, Impaet ou grouvdwater
T‘hepmpmadacﬁmmaymltiumma&diﬁmalmdgmmdmﬂm %\IO DYBS
mayhawmemﬁﬂmmm&memminmummmdmmmmaquifw.
(Ste Part 1. D.2.a,102.¢, D24,D.2p. 024,124
¥ “Ves™, answer guestionr a - k. Jf “Ne*, B1ove on o Section 5.
Relevang Me, or Moderata
PartI Fieall te dmrge
Question(s) | fmpaer bopact may
; Iy Gocar | oenr
a%mw&uﬁmmmmmmnpwwk,wmmmdﬂmd D2c 0 0O
thmpﬂy&mamﬁmﬂmMmﬁmwmmmdm D2 0 £
withdrawal capacity rate of the Jocol-cupply or aguifer.

Cite Suorce: .
a%Maﬁmm@sﬂwwmﬁ%hmﬁmmhmmmmm g, D U I
dmwmmmwmmwdmwmmm: Ded, B @ﬁ__ 0
ammmmmﬁat%mmmﬁmwmmmmmm Do, Bl ] 9

mmmmﬁmmmm Eig Bis
£. The proposed eetion may requl mm&mwﬂmemmmm D2p, B [ 0

over growmd waber or an sguifir.
;mmmwmmmﬁmﬁmmﬂmmmm E2h, 02, 3 o

Mdmmmwmﬁmm. E2, D% ‘
h. Ctiwr mpacts: 3 D

f
5 Impaeton Flaafing | ' '
mmﬁacﬁmmayrmtindsvdmmmlmdsmhjmwﬁm. MN(} CIves

{Sce Part 1. B2)

“Yes”, mswer rd-g I "No", muve on to Section 6, |
Rﬁh‘?m - Jox ne mfﬁ
, Partl Faal 20 lagge
Quesilanfz) tegagt
a.mmmmmmuhdmmminadﬁwﬂoﬁmy. 4 I
hmmmwmmwmammm v
ammmmmhwmmammﬁm@m B,

ammpmdwﬁommwmﬁmdmﬂmﬂmmmmmﬂmﬁm . %211:.&1313.1.

¥

[

d.lhmpmmmaymﬂtimwmmmwmdmmm D2b, D2s 0
pattems.

0

(]

LK there is nduniawdontbnsiﬁmfﬁnpmpumaeﬁm,isﬁw{im in need of repair. | Ble

L% ungesde?
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7. Dmpaelon Flasls ad Aulusle .
The propesed zovien may roslé fa & loss ol Pern or Govoe. {See Part 1. B4 2 -3 Wyo

. - - o S
B ¥ag”, @gwer questions g - 5. F M wmeree am 15 Beelivi £,

{lves

I melevsme “induvite
in iavye

Prril i small
uestiondsy | impact | impEetwmy
miy seeas [

——

#
&‘{~
k)
e

i g

. Tho proposed cotion My cmmse radpetion i popuintion ar Jose of indtnidusls ofmgy | Elo o ' [»]
furratensd or endimyered specios, 85 Tated by Wewr ok Brabs o the Prdarsd
| Sovenumell thnt wse the wite, or ure Tour O%, 09L:, UF HA07 it B,

b, Tha propeesd action mey sesull in & sedurtion or siagredation of sny hobitet sl by Elo i b
zny rate, thrertened 27 endangesed spesied, ts Heterd by New Yok Blele o the Tudevel |

z. The propozed setion sy cause redustion in populesion, or lore of individesls, of myy | B3p 0 A n |
spegies of spoclal ponosn of cunservatian need, ue aiod by Maw Yok Hate ot e
Fadere] govenyment, it vt the site, or arg v o, LV, 21 A the =He,

¢. The proposed sction may resal i & veduetion of dogvadaibon of any habitst veed by B SR # DA B |
sty ppocios of sposkel cosnera Hed comsrevalion nesd, o8 Hsted by New York Slate or :
tho Fadapyl povommens.
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amemopnwdacﬁmmaydinﬁnishﬁemmofamgjwﬂmw Hig ]
Lmﬁmk%ﬁwmchmwmmmwﬁmeMMmM.
tmmmmmﬂthMMnﬁmmddismmccm,m En m] o]
portion of & designu terl signiticant oatural commpity.
Source;
g.’rhepmpnsedaeﬁmmaymbstamil}' : nterfers with nesting/breeding, fraging, or
om—ﬂnmﬁnghabﬂﬂfmthepmdnmimm@&mma?mmpywmmepmjmﬁm s X A
h.memmacﬁmmqﬂmmccmmndmmﬂmlﬂamnfw, E1b i3 ()
mmhdormothureginnﬂijlocuﬂyimpmm.
Hebitat type & information source: ]
i.hopnndac:ion(mm,iﬁmmwm&nﬁnnalptrg‘wts,wﬁy}im&ﬂmuﬁﬂf D2y ] o
besbicidos or pesticides.
Emimpm | = 0
& mm&mémﬁwﬂﬁmmwg
The proposed action may tagact agriculburs) resouroes. (SeePant 1, B3.a and i) EN{) Dms
Yes”, unwer guestites a - k. & "Na”, mave on to Saction 9.
Bolovamt ¥y, op Hoderds
Partl smsl to lexge
Guartionfs) | toupare fEpsct mey
LiEycoser | oomor
&mmammnmaymuudidﬂdﬁodwﬂﬁnmﬂmlﬁzwgh46f&n Ele, ¥3b [} b
NYS Land Clamsificetion Syste;s.
b.mwmwm,mmmﬁmﬁmﬂwmmmm Ela, Elb L o]
c.mmmmwmkhmemamwcmmmofﬂmmﬁmﬁimf‘ E3p - a | o
d.mmmmyiﬂwﬁymnemﬁmﬁlmwmagﬁmﬂm Eld, B3 L9 [
mdhmm&m!ﬁmif’hmﬁam&gﬂmlauawmﬁmm10
mifmtwﬂhﬁamfg@.ﬁ” i Ziptriot,
€. The proposcd sction say disrupt or meveat instatiazion of zn egricultyral iand El s, Elb 0 O
DeAnGpomE systa,
£ﬁcpnpméwﬁmmmﬁi§dbecﬁymhﬁimﬁy.ininm&mmmﬁ C2e, 33, L ]
- potential or pressars on Srmbund. e :
g.hmmmm&mmnﬂmm&cwmﬁmmﬁpﬂmmlmd T2 O [
Prolection Plan,
b. Other impacts; o [
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g, Ingpaet on Aegthetic Rosourose
‘the hund vk of the pragassd sctiot ar Soviougty Hiferant Som, o7 KO
sharp corsrast 10, survant Yand ues preterns belvroen (e swenossd projoct and
& puptie or pasthetio resouon, {Feid S B SRR AR AW '
If “Yes”, onsvEr Questio A g I "En", g do SecHon 18,

e

Finipoant W 0 Wiodernde
Partl ganakl 4 Taeg
Guestionds) Lpegnet tipant oy
- s g e
1, Propavst aslon ey by visile front eny sificiety denignuted fodenss, stale, oF oent [ ESh i3 0
soanle oF estiitic FOSOLrTE. o

. 'The groposed sction mey et §os i ehatrration. sliminabiar arsignifcas e, U " [ i

soreening ef oue of reare oftieialy deaipnyisd aceaic viows,

¢. Thoproposes notion may 5C vigible from yblisly xevessiie valngs Wl Eh
. Sezsonaily (2.8, sonstined by GInTREL S, bot visibls Suring véher SOBEONE)

RN
oo

T 1
& The simption or axtiviy i whiek viewery ue sngaged while viswing o propescd i B3
neitio i : g, ;
i, Boutine tovel by reskiouts, nohuileg wavel fu s S wink _ ! : ¥
i, Recrestionst of tousism Baned aotivitior j Ete ; = 5
£, The proposed aotlon sy esus & diggnishmend of she subz exjoysl and Eih { fast
aporediadon of the desigasied Aesthtic TeEmUee. , 2
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project: DigDlg
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d. Other inypects:

¥ any of The above (-0) are muswared “Modeasie o forke Tmpact may
©. oveur®, condinue with the foltowing questions io help suppot sonclukicns in Part 3:

i The proposed action may result in the desiruction or alteration of a1l or part
of the kit or property.

Hi. The proposed action may resalt in the altsration of the properiy’s seiting or
integerity.

idl. Ihepmpoﬂacﬁmmyml:inmemmmﬁmofvm vlements which
mmwnhmwiththesiﬁemmupmy,m'mayalmils setiing,

E3
v | D a

F3e, B4, O O
E3g, Bla,
Eib
F3e, H31,

g Bt & |
2, C3

1. Impact on Gpen Space snd Kecrveatlon
The proposed rctine may result in a Joss of recresticnal opportunisies or a
mdneﬁmafmopmapwemmmﬂwiwmdhmy adopted
(SecPart 1, C25, E.1c,, Elg)
Jf "TFes”, enswer ooestionw g - e, A Ne” w0 1o Seeticn 12,

Eﬁ!ﬂ [TJvas

Ralovant Ne, ar Bodereie
Payt § EpEai fo Iargs
Cuestion(s) itypnet | fropeet mEy
. wayocear | ocy
ammmwmninmhpahmﬁmﬁmﬁmu“mm DZe, Eib 0 1
!ﬂﬁm’,ﬂmﬁdedbymnndewlnpedmhduﬁngbmmlhﬂwdhmm E2h,
storege, mutrient cycling, wikilife habitat. B2, E20,
FinElp
h.ﬁemowdac&mmymﬂtmﬁemwsmmm-mﬁmm. g:g& 0 (]
4
a!hamndmﬁmmyqﬁmmupm@amormﬁomlmmehanm Clg, C2o e 0
with flsw suck resources, Ele, Fog )
i%mmﬂmﬁmmymwhhsafmuﬁammsdmkrm Cle, Ele I, '
CORTUPILY 88 81 DROT SPAse TEROUNCD.
& Other impects: [} 3

o=

12, Immpact on Crides! Revisemmenta) Areas
ﬁmpmposadacﬁmmyhmmﬂﬁnaaﬁmtm a eritfoat
environmential aves (CHAS, {Sos Fart 1. Bid)

:LE:VO [Tlvas

i "Yes”, answer guestions a - 2. If “No”, go Yo Ssction 13,

Ryfovert %, oy Flodorate -
Parii suell o lzegs
Questfonte) [ bupeet | bwmwet oy
Eyooeur | oomyr |
ulﬁemﬂaﬁ&mmyr&u&har&dﬁcﬁmmmm&wmw Esd | |
Mswhkhwmmaﬁnduigmﬁm of the CE4,
b.%mumdnﬁwmmhhamdﬁ:ﬁmhﬂmmﬂiwuﬂh&mm F5d 0 !
chﬁmmimwmehwﬁnbuﬁsﬂwﬁgd@uﬁm of the CEA.
e. Cther impacts: 0 e}
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d. The proposed action may remit in light shining onto adjoining propesties. D2 N
¢. The proposed action may resui: in lighting creating sky-glow brighter than existing | D23, Ela | 0
area conditions. )
£. Other impncts: ?Ea{ u]
_L L
14, Impact o2 Huwnsn Heshh
The proposed eotion may bave an fnpact on humen heelth thom exposire no Mm
to new or exivting soarces of contaminants, {See Part 1.D.2.q., B.1. 4. f 3. snd h.)
I “Yes", anywer questions a-m i "No”, go tn Section I7.,
Relovant | Neor Efodarote
- Partl sl o lurge
Question(s) | Impast | impactmay
: gy eesur | oot
a. The proposed actian i locaic within 1509 fect of a achool, hospitrd, lisensed day ¥id lﬁﬁ 4
b, The site of the propoved acion ik cutrently usdergoing remediation. . | Bz Bib K Inj
o, There is a completed emotgency spill temedintion, or s comploted environmentsf site | Flg, Blb }g{ 0
rumedistion on, or adjacent to, the site of the proposed action.
d. The site of the tion e subject to an nstitntional contro) limiting the use of the Elg, Eth ﬁg n!
| propety (0. 2esement or deed restriction),
¢. The proposed otion may &ffet stifitionni control measaray that wers potinplece | Eig, Eli ﬁ ]
to engurs Gt the site temajup protoctive of ihe evironment sod homan health.
f. The propossd ackion hes adeguate coufrol nusasures in place to enyure that futare o i ﬁ
semoration, trestment snd/or disposal of hazardous westes will be profective of the .
envirnraent snd homarn healéh.
£ The proposed ection invelves comtinetion oy modification of a solid waste iy, EIT % 0
mansgranmat finilite,
h. ‘The proposed astion tay result in the unexrthiug of solid o1 hazerdous weste. g, EXf e O
i, The proposed action mey resalt in an increasy irs the 7ate of dispoeni, er processing, of | D2r, D25 ﬁ |
solid wasts,
j. The proposed sction mey result la eachvation or ather disbencs within 2000 fest of | EIM, Elg ﬂ 0
2 site weex! e he dispowsl of salid ur bazardous waste. Elh
k. The proposed action may result in the migration of explosive goses from = fsadfill | B14, Big p’ n
mm:ﬁwuﬁ’mw,
1, Thw proposed antion may result in the refopse of contamitted Jeschate from the D2s, Ei1f, ﬂ 0
projectsite. | ) ) D2r
. 1
m. (tfes Hmpasie ﬁ:x:x:sm[;); !Zm }}ﬁ.\) v ﬂ 0

Lndependent Radiew omaskd ]
1= R Soen mbn o dcﬂw‘/? I+ NOQ[O
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I'$%. Tonsigroncy wite Coutinginiiy Fhms _

The pronosed action i not coasisient with adophed lend use plans.
(Son Port 1. 0.1, T2 omd C.3)

I Vs ", answer puestiny v - b WM ga o Gertion 1L,

[Hivo

[ Jvms

Helovant Y, oy Sodaris
Pant i gurmll i large
Qureetionin) tmapagt | Imtpmed pEY
a2 Toay peny AL S
2, The proposed potne’s Tons Wse PosponeTi oy fory it oo, 1 7 sho LT Bla L O
venirast 16, evtrent rToundiag Spnd iy pairern(y). Elg, §ik _
b, The prapeors aeton Wil caoe the pormaan! pepstnn of the zity, tovn o village (% v i»]
i which the proje is locaied o meow by niore s %4, .
{'e. Tt prophusd avis iz iocossislent with leosd ot e phae o aevmg rapdatood, 114 Caa 13 i}
. - R 'Y 5
1. The pronoeed aoie i Teomsiesa i sy oy phans, o nifics mgonsl lmadass | 03,8 R ’ [d
£, The prepesed antiin i vEust e.ohenge By o fegsiny of Anvelopmens thed B ot o8, e, i (M|
supporeed Ty sxialing wfrasiriotae i 55 g from ity Blratasing ? w¥ia, T
- . T . s 1 ‘ I
£, Thoe propased actios iz jonahed fn an axed shawrrsiaized by low dousity Sevelopmiant i U, Do, I i fi
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This study focuses on the conversion of biosollds to
blachar and its further uss in adsorbing per- and
polyfluoroaiiyl substances (PFASS) from
contaminatsd water. In particular, this study aims fo
{a} Investigats the performance of a samh-pliot
fluidised bad pyrolysis unft in converting biosolids

: Into biochar, (b) examine the abllity of the

- pyrolysie—combuation Integrated process to
Received 18th August 2020, Accepted 18th December  Jesiruct PFASe present In biosolids and (c) study

: 2020 the application of blosolids darivad blachar for
: removing PFASs from contaminated water. The

stable tamperature and oxygen profiles in the

Water impact reactor. The Yield of blocher was found to ba
36-45% at studlad L 600600 *C).

Removal of PFASS from T e e mpemsiures e el

= H : i duabmebbwarH!candOfcm.wemfoundto
biosolids using a semi b aromely ltie Wk oo

Tagp =

. pilot scale pyrolysis (millenniz) residsnce tme In sol, it was concluded
: that >90% removal of perflucranctanssulionate
r eaCtor and the {PFOS} and perfiucrooctanole ackd {PFOA) from

application of biosolids  biosols derved biochar coukd be achioved in e
pyrolysis-combustion integrated process. The

derived biochar for the s derlved biocher demonsiratad >80%

adsorption of long-chaln PFASs and 19-27%
removal of PFASs from roton ofshoftchal PRASe et L

: contaminated watert cortarminated weter.

Cite this: Environ. S0L: Water Res, Technol, 2021,7, Sazal Kundu, ® Savankumar Pate), *

mmamdeﬂuﬁwwmwﬂafwnducimbim volumes and producing bloer-rmmmdumwaha.owmxofpmsw

PFOA was mwmmmsmmbimmnm pyrolysis. Thapm&mdﬁodwwasdﬂehadmerFA&ﬁwanmhdmhtm
mangs of 20 1o over 55%, depending on the dividual PFAS considered.
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pl Pa,ia as usollds. his materi i3 an

unavoidable by-product that oftiginetes from households and
many industries.’ The rapid increase in population as wefl as
wbanisation contributes to a continued Increase In the
production  of biosclids.™®  Biosollds contain many

‘macronutrfents such as nitrogen, phosphorus, sulphur,

potassium, calcium and magnesium as well a8 micronutrienis
such ag zine, copper, boron, molybdenum, manganese and
iron.* Therefore, biosalids are atiractive for agricuitural
applications, and the majority of this material is currently
utiized for this purppse in many counties including
Australia.®®  However, biosolids may contain  harmful
pathogens and current regulations (particularly in
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Victoria, Australla) require biosoilds to be stockpiled onsite.”

for 1-3 years to reduce pathogen levels to the highest
possible treatment grade for soil amendment. Also, heavy,
metals, micro-plastics, pesticides, chemicals, herblcides
and phamaceutical Ingredients are present in
biosolids.>*” Recently, biosokda have been recognised as
8 polential source of PFAS contamination in soil and-
groundwater which may restrict thelr land application in the
nesr future.®®

PFASs are anthropogenic compounds and, histerically,
have been used in a wide range of applications Including_

fire-fighting foams, non-stick cookwars, stain- and water

repsllent fabrics, polishes, waxes, paints and clean!ng'

products. ™" To date, more than 3000 PFASs and their"

potential precureors have been identified'2 and their

numbers increase with time as research progresses.
Consequently, PFASE have bacome ublquitous in terrestrial

and aquatic environmenis. These chemicals ars persistent,

accumutative and leacheble. PFOA and PFOS are the mast

studied PFASs. Humans may introduce PFASs in their bodies'

via drinking contaminated water, and ealing fish and meat

as well as vegetables and fruits. The adverse effects of PFAS

View Astiole Onifine
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in human bodles may Include, but are not limited to,
increased cholesterol,* hepatotoxicity and atterations In the

immune system™ as well a thyroid hormone disruption, ¥
Besldes, these chemicals may cause jow infant birth

weights, " and they are also suspacted of causing cancer.”
PFASs have been detected in WWTP infivent, effluent and
biosolids globally.® Hydrophobic partitioning In WWTPs i
expected to result in the retention of long-chain PFASE in the
sludgs/blosolids. ™ The major PFAS in biosotids, reported In
@ study on US blosolids, were PFOS (403 £ 127 ng g™ dry
weight) and PFOA (34 + 22 ng g™ dry weight).” The ofher

PFAS values wers lowar and In the range of 2 and 26 ngg™

dry weight. Similar results wers obtained in Australlan

studies.®”* PFAS management guidelines have become

avallable in several Australian states, for example, In Victoria

(regulated by EPA Victoria).® These may potentially Impact
the wider land appiication of blosolids in the near future,
Therefore, a rellabls and cost-effactive technological
plaiform is wamanted thet minimises/eliminates the PFAS
fisks of biosolids for land application.






»  PFASs have strong chemical structures, are thermally
vary siable and require high reaction energy/high
temperatures to break down their chemical bonds. The
avelleble literature suggests that Immobilisation could be
the most cost-effective method for remediation of PFASs in
blosofids and biosolids amended solls.' Howsver, keeping
PFASs immabilised in a sofld matrix for a long time stif
nesds to be verified by further Investigation. Thermal
treatments such as pyrolysis, gasification, combustion and
incineration may have the potentlal to fully/partially destruct
PFASs due to their high temperature operation conditions,
Most of the studies in the itersture have focused on
investigating PFAS destruction through Incineration, 228
Studies on the potential of pyrolysis and gasification
technologles to destruct PFASS are vary limited,

The pyrolysis process decomposes carbonaceous
materials, such as biosolids, in the absence of oxygsn.?
Usuelly, a swseping ga=z flow Is provided in the pyrolysis
process (except vacuum pyrolysls). In the case of fluidiged
bed pyrolysis, the flow-rate of the sweeping gas is high and it
may be aconomically feaslble to recydle the CO, containing
hot pyrolysis/fiue gas as the sweaping gas rather than using a
high purity and expensive inert sweeping gas such as N,
Biochar (solld), bio-ol (liquld) and blo-gas are the three
products that are generated from the pyrolysis of blosolids.
The yleld distribution of these products depends on a number
of parameters including the composltion of blosolids, pyrolysis
temperature, heating/energy transfer rate, and flow rate of the
Sweaping gas as well as the catalyat/addltive If used. Bio-oll
and bic-gas could be used as fusl*%” white biochar could be
used s a soll amendmant material >*% as a catalyst In the
production of carbon nanomaterials® or as an adsorbent for
removing micropoliutants.**™ if there is a prority between
biochar and bio-ofi, the hesting/energy transfer rate is usuelly
considsrad o be twaaked. When bio-oil Is considered to be

the primary product, a high heating rate is applied while a
slow heating rate is applied whan blochar is considered to be
the pimary product. Previous studies suggested that
pyrolysis can successfully destroy Impurities such as
pathogens, micro plastics, pesticides and pharmaceutical
ingredients end the products from this process can be free
from these nuisances.”** If the destruction of PFASS from
biosolids can be safely performed by a pyrolysis process, it
can assist water industries in reducing bicgolids volume and
creeting an indisputable application of blosolids derived
blochar as a soll amendment material as weli as iia other
applications In chemical processing.

Pyrolysie can be carried out in both fixed bed and fluidiged
bed reactors. The poor gas-solid contact In fixed bed reactors
may compromise the quality of biochar. Blochar with uniform
characteristics Is beneficlal and desired, parficularly if the
considered end use is baing a catalyst or an adsorbent,
Fluldised bed reactors ensure uniform heating even at high
heating rates leading to the production of high quaiity blochar
with uniform characteristics. This opens up the possibllity of
axtending the application of blosolids dertved biochar,
producad from fluidised bed reactors, in the adsorption of
PFASs from contaminated water.

Several reactor deslgns have been evaluaied in a large
scale for the pyrolysis of bicsolids. For instance, a microwave
heating system was applied alming to preduce biocll as a
primary product from the transformation of sewage sludge
using several additives such as KOH, H.S0,, HyBO;, ZnCl,
and FeS0,* The technological feasibllity was found to be
dependent on the optimisation of process parameters and
selection of appropriate additives. In g different study, sewage
sludge was bladed with other feedstock euch as manure and
studied in a fixed bed pllot-acale reactor with positive
findings. A few other pliokscale studies were camied out
using a fixed bed reactor in hon-catalytic, autocataiytic or
catalytic mode. However, the application of
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fluldised bed pyrolysis resctors is found to be rare for
pyrolysis of biosolids. In addfiion, pyrolysis is an-
endothemic process and the optimisation of ensrgy is vital:
for the commerdial viability of any technology. Therefore, 3,
fluidised bed piot scale reactor integrated with a.
combustion chamber, which alms fo run pyrolyeis in-
autothermal mode (1.e. no need for external energy), Is in
dernand in the search for sustainable uses of biosolids.

Typically, pyrolysis of carbenacaous materials Is camied aut:

between 300 to 1000 “C.* Lower pyrolysis temperafire generates.

biochar with a lower surface area and high axygen containing;

functional groups. As the Pyrolysis temperature increases, the-

surface area of biochar increases at the expense of functlona!:

View Articis Onling
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groups. Therefore, low temperaturs Pyrolysis is generalty
preferred for producing biocher for soll application while high
temperature is desired when blochar with a high surface area
needs to be produced. Choosing a pyrolysis temperature 13
challenging and & few aspects could be taken Into consideration,
(a) This work aims to produce biochar io be used as an

adsorbent; thersfore, a high surface srea and an Improved

morphology is critical. Our previous work sugpests that the






pyrolysis temperature has a tremendous impact on the

morphology of biochar and a pyrolysis temperature bstween 500

and 700 °C can genarate biochar with a high porosity and

surface area from bicsolids.>* (b) The second aspect may be the

destruction of poilutants, particularly PFASs which are inherently

present in blosolids. The devolatilisation and destruction of

PFASs at high temperature during combustion have besn

established.*™> However, biosolids contain a reasonable

conceniration of metals and minerals that ars expected to

function as catalysis for the destruction of PFASs at relatively low

temperature in an integrated pyrolysis—combustion process
which has not been studied In the Rteraturs. {c) The third aspect

may be the formation of polycyclic hydrocarbons {PAHS). Below

800 °C pyrolysis temperature, PAHs are formed via carbonisetion

and eromatisation.***! Above 500 °C, a free radical pathway,

followed by pyrosynthesis, dominates the formation of
PAHE.“? When investigating PAH formation In the
Pyrolyeis temperature range of 100-700 *C, researchers
found that the formation of PAHs I the highest in the
tempersture range of 400-500 °C.**** Applying a pyrolysis
temperature 2500 °C is often suggesiad io minimise
extractable PAHs in biochar.***% Accounting for all these
aspects, a moderate temperature range of 5D00-800 °C
eould be considered which Is a trade-off betwesn
minimizing PAHs and obtaining high quality biochar while
assisting In the investigation of destruction of PFASs In
biosolids at relatively low temperaturs.

Table 1 Proximate and ultimats analyses of blosolide

Proximate analysls® (%) Utimate analysls® (%}

Praximate and ulfimate analyaes of bicsollds

PFAS contaminaion in ground water and industrial
wastewater is a serious problem and their concentrations
oftan reach above those sat by the regulatory guidelines.** o
far, granular activated carbon (GAC) from various sources
{e.g., coconut shell and coal) has been exdensively studied for
the adsorption of PFASs.*** Biomags derived biochar has
also been used in PFAS adsomption studies 552 However,
biosolids derived blochar has been rarely used in adsorption
studlies of PFASs.

The aim of the current study is to {g) investigate the
performance of a semi-pliot fluidised bed pyrolysis unlt in
converting biosolids Into blochar, (b) examine the ablilty of the
pyrolysis—combustion integrated process to destruct PFASs
present in biosollds and {(¢) study the application of blosolids
derived blochar for removing PFASs from contamingted
water.

2. Methodology
2.1, Pyrolysis of biosolids

2.1.1. Blosolids sample. The blosolids sampie amployed in
this study was sourced from the Mount Martha Water
Recycling Plant (38°16°06"S and 145%03°31"E) of South East
Water  Corporation, Victoria, Australla. This plant
predominantly recelves domestic and trade sewags, and
freats sewage sludge through an sctivated sludge process
followed by anaeroblc digestion, After digestion, the solids arg
processed through & dewstering plant {i.e., centrifugs) and
solar drying facility befors they are sent to stockpiling. Thus,
the samples used in this study were processed through a
solar dryer shed.

The biosolids sample was initially ground using & pin mil
(Cherwel Machinery CW-20B) and then Segregatad using a
vibraling screen (Sanfeng Machinery, SF-800) at FA Maker
Ply. Lid., Victoria, Australia. The pin mill and vibrating screen
employed in this study are shown in Fig. §1.f The biosolids,
used in the trials, were 0.5-2 mm In particip size, The detsiled
proximate and uftimate analyses of bicsolids are presentsd In
Table 1.

2.1.2. Description of the semipilot unit emploved for the
pyrolysis of blosolids. The process block dizgram is shown in
Fig. 1 (actual Image of the seml-pliot pyrolysis plant ¢can ba
found In ESIt Flg. §2). Each pyrolysis trial was conducted for
& hours. Thals were performed in triplicate (n = 3 for each
trial) to ensure consistency of the data and the average
values are presentad in this manuscrpt. The run mode of this
system is considered as semi~continuous since the biosolids

Moishure Volatiles Ash Fixed carbon CH N § o° 11.080.6 20.0 10.4 38.3 4.7 6.02 0.96 21.02 "Valyes on a dry welght basis. ®Vialue determined

by differance.
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Fig- 1 Proceas black diagram for the semi-pliot plant satup.

were fad continuously throughout the trial period while char-

was collscted only after the 5-hour period at the end of each
trial.

During start-up, the semi-pilot plant was heated via a

liqusfied petroleum gas (LPG) burner. The hot fiue ges.

Ieaving the LPG bumer was used to pre-heat the gases (l.e. airl-

and No/CO;) entering the gemi-pilot plant via a heaf.
exchenger. The pre-heated ajr and N/CO, gases were then
circulated in the reactor to heat the reactor to a desired

temperature. The hopper was filled with the bivsolida sample
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et the beginning of each trial {Fig. S2¢%). The hopper was

charged with N, via a N, Purging fine, Once the desired

temperature of the reactor was attalned, blosolids were

continuously charged at 0.25 kg h™ from the hopper to the

reactor via a pre-calibrated screw-fasder with confinuous N,

purging. The screw-fesder was calibrated for each trial.

The reactor, employed In this study, was constructed
from stainless steel 253MA and insulated with ceramic: fibre
Insulation fo minimise heet losses. It was of concenfric
geometry, where the inner tube functioned as the pyrolyser.
The bottomn half of the inner tube was made of pipe, while
the top half of the inner tube consisted of a wedge-wire
screen. Blosollds were pyrolysed under bubbling fiuldised
conditfone using a pre-heated No/CO, mixed stream
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‘containing 85% N, and 15% CO,, v/v. The reason for using

a NZIGOz mixed stream {85% N, 15% CQ,, VN) In the

pyrolyser was o mimlc the scenario of pyrolysis In the

presence of recycled fiue gas. The produced gas and oll

vapours from the Inner pyrolyser tube were then

transferred to the annular space via the wedge-wire screen
from the top half of the reactor while the biochar produced
remained at the botlorn of the inner pyrolyser tube. Af the
end of each trial, biochar was kept further in that Inner tube
with an inert environment for cooling and then collacted
further for analysis. The annular space acted as a partial
combustor for py-gas and py aii vapours. The temperature
in the annular space was
controfled by adjusting the air inlet rate. The temperature at
the annular apace was purposefully kept lower or equal fo the
pyrolysis temperature to find out whether or not PFASs am
desfroyed at lower temperatures In thermal systems.

By employing pre-heated air tangentially at & >10 m s~
velocity in the annular space, the py-gas and py-oil vapours
were partially combusted and PFASSs, if they survived in the
Pyrolyser, were destructed in this annular space. The
remaining py-gas and py-oil vapours were rapidly transported
from the annular space to a water scrubber, where they were
immediataly quenched. The reason for using tangential eniry
and high-velocity alr was to ensure that the pyrolysis reaction

environment is not affected and the Py-gas and py-cil vapours
are immediately quenched without any secondary reactions,
The py-oll was condensed In the scrubber water, while non
condensable py-gas was sent fo the combustion chamber of
the LPG bumer to ensure that it was combusted before
releasing to the environment The energy roquired for
pyrolysis was provided by the hot alr ang No/CO; gases,
which were pre-heated ueing the combustion of LPG and py
gas (once produced). At the end of sach tral, the sample from
the water scrubber was coliected for oil and PFAS analysis,
Any PFAS species carried by the gas stream, if they survive
in the pyrolysis-combustion system, should be frapped in the
water scrubber. The reason is that the bolling points of
PFASs, even for short chaln PFASS (e.g., the bofiing polnt of
pentafiuorobenzelic acid {PFBA) Is 220 *C), are higher than
the water boiling point.

An online gas monitor {combustion analyser, MRU Optima
7) was employed to measwre the concenirations of various
gaseous species (CC, CO,, NO, and 80,) in the steck. The
reactor was equipped with four thermocoupies and they
measured the following temperatures: 1) pyrolyser
temperature, 2) annular space temperature, 3) reactor Injet
Ni/CC, stream femperature and 4) reactor [niet N,
temperature. Tha pyrolysis frials were camied out at thres
different temperatures: 500, 550

This Jourrial ls © The Royal Soclely of Chemistry 2021 Environ. Sci_: Water Res, Technol., 2021, 7, 638-849 | e41

and 600 °C. The average temperature at the pyrolyser,
thermocouple was considered a8  the pyrolysis,”

temperature. The concentration of O, in the pyrolyser was,
continucusly monliored by an online gaa monitor {syngas"
analyser, Madur Aqua GA40T Plus). Blochar produced
from blosolids in the semi-pliot trials at 500, 550 and 800"
°C are labelled as BSBC 500, BSBC-550 and BSBC-500,

respectively.
Biochar produced during the trial was characterised by’
surface imaging using a scanning electron microscope (SEM)f
of the Phllips XL30 model and a Brunausr—Emmett-Talier

(BET) analyser (Micromeritics 2000/2400). The particle size’

distributions of both biosoclids and biochar wers determined

using a Malvem particle size analyser (Mastersizer 3000},

Analyses refated to PFAS, py-oll and heavy maialswere.

performed extemally (by ALS Limited, Australla). AL S

laboratories are NATA (Nafional Association of Tesiing’

Visw Article Onling
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Authorities, Australia) accredited laboratories, They have

appllad thair WP045B, WPO75A and WP0125A methods for

Py-oil analysls, EP231 method for PEAS analysis and WG0208

for heavy metal analysis.

2.2 PFAS adsorption
2.2.1. Biochar preparation for PFAS adsorption. Biomass
biochar was produced at 600 °C pyrolysis temperaturs to

make a compariscn with biosollds biochar produced at the

same temperaturs (BSBC-600) mainly for exploring its

potential to adsorb PFASs from PFAS contaminated water.

The biomaes biochar produced at 800 *C In this study is






referved to as BMBC-600. Sawdust {predominantly Austrafian

Pine wood, sourced from a mechanical workshop at RMIT

University) of the same initlal particle size as the biosolids
(i.e., 0.5-2 mm) was used in the production of biomass

biochar. Instead of a semi-plict plant, a muffle fumace

{Bamstead Thermolyne 30400} was employed for the

production of blomass biochar, where the furnace was

operated at 600 °C for 1 hour. The fumace was then kept
closed untl £ was cooled down naturally to room
temperature. Afterwards, the blochar sample was taken out
and stored In a desiccator. Both BMBC-800 and BSBC-600
wers sieved o obtain a particle slze of 0.3-0.5 mm and
further employed in the PFAS adsorption study. The BET
surface areas of these samples were measurad and found
to

Table 2 Concentrations of various PFASs In contaminated water

Chamtcal

be 70.87 m*g™" and 55,20 m? ™" for BMBC-800 and BSEC
600, respectively.

222 Procadure for PFAS adsompfion. Two PFAS
contaminated water samples {sources cant ba revealed)
were used inﬂissty.ThePFAScontentMsample 1 was
significantly higher than that in sample 2 (Tables 2). in addition,
several PFAS specles in sample 2 were below the detection
limit of the analyfical instrument, and therefore, they were
excluded from the adsorption study, The PH values of sample
1 and sample 2 were 4.3 and 7.85, respactively, In this siudy,
wa have not adjusted the pH level for the adsomption tests.

Initially, PFAS conteminated water samples were filtersd
through &-micron polyethersulfone (PES) membrane filter
paper to remove any suspended solids. Two adsorbents were






employed‘to remove PFASs from these samples as detailed :
earfier: 1) blosolds biochar (BSBC-600) and 2) blomass - TOC888 stablity _

blochar (BMBC-800). For each study, one gram of adsorbent Process stabllly with respect o important process
was faken in a conical flask, and 50 mL of PFAS par!matemmehashmP!mMaandOzmneenbaﬂonhwtal
contaminated water was Infroduced into the conical fiask. For in obtaining products of desired quality as well as maintaining

each set of adsorption study, there was a repeat test. The e energy balance of the semipilot pyrolysis unit. The
tops of the conloal flasks were wrapped with aluminium foll, Integration and operation of pyrolysls~combusion has been
and they ware placed In an orbital shaker (Thermailne TS demonsirated in fixed bad and Auger type reactor designs In
400) set at 180 tpm. The samples wers shakan for 48 hours, the fitorature.” However, an integrated fluidised bed
After the completion of iriais, solld adsorbents were separated Pyrolysis—combustion process has not been demonstrated yst

using 0.45-micron polyethersulfons (PES) membrane filter in the literature. The present work demonstrated & stable
paper. The fitrates as well as Faw samples were then sent to
ALS Limited, Austrlia for analysls. The adsorpiion of FFASs

byvaﬂnusadsorbentmahﬂalswasdehmﬂneduslngﬂm
ALS generated data, Concentratian {ug L™)

3. Results and discussion
formula Sample 1 Sample 2

Perflucropentanesulfonic asid (PFPeS) F(CF,)s80,H 56 —
Porfluorheptanesuffonic sckl (PFHpS) F(CF;SO0;H 20 — Perfiuomdodecansic acld (PFDoA} F(CF.)4COOH 022 -
Perfiuorotridecancic acld (PFTIDA) F(CF);,COOH 0.07 — Perfluarotsiradecanoic scid (PFTaDA) F{CF2),sCOCH 0.07 —
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integrated fiuidised bed Pyrolysis-combustion system et
c¢an achieve highly stable temperature and ooygen
conceniration profiles. The advaniage of such an
integrated
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Flg. 2 shows an Hlustrative presentation of the
temperatura profiles of various thermocouples as well as
the

O, concentration profite during a trial performed at 600
°c.
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Temperature fluctuation was found to be minimal. In

addition, the O, concantration was far below 1% during the

entire irfal and, consequently, the process atmosphere was

nearly inert. This demonstrates that this technology offers a

stable process for biochar production.

The monitoring of major compenents of flue gas during
Fh.aAndyduufﬂunqmunlngmmllne IR analyser for the 600 °C

the trial is shown In Fig. 3. The concentration of CO, ranged






definitive]. These efforts, in cooperation with states and industries, is aimed at proper disposal of PEAS-laden
wasteswiﬂmutmedia—to-madiatranafermmvironmenmlmlense[ie.,we don't know yet that this is a safe

mm&mmwmnmmmmmwwmmmmmmm
(mnmmmmmmmpmmrmsmwmmm
mMmanyummmmmmmmmmmummmmm
statiaﬁcallywmpmabhmmsdPFASdmud(mcymmdSIPFAScompmmds.inchingammberof
lowmo]ecudnrwdgh:ones).TheymsﬁllabbwdﬂectllBl of them in the incinerated samples. Also
wmﬂ:mﬁngthattheshdymmnﬂdmedhyammmnythntmu&dwuﬂmmpﬂm

On Wed, May 4, 2022 at 1:03 PM Sarah Woodbury <swo:
This is all I have.

Date: Wed, Apr 27, 2022 at 3:26 PM
Subject: Saratoga Bio Char in Moreau NY

To: <swoodbury @ defendo

Hello Ms. Woodbury, Wemgivammmﬁnmmmkichmdnenneuwhmweremhndmtwhim
regardjnghisworkinbmningsewagedudgemMainelmdsduewPFASwnmminaﬁm.
(hnmﬂy,ommmoﬁdﬂshmwenﬂnglyﬂm-mkedapmposedfadﬁtyhmmmdum park that
pmpoacshhmigasﬁfyumgeshdgemdwmdchipsmmwbiochumsprudmfmﬁdds. We met

Thehdmﬁﬂpuiwhmﬁishmmedhdmnmﬁ@ﬁﬂmmﬁtymdiﬁﬂﬁmﬁmadammﬂy
opposedmﬂzispmject.%mteanhingoutmmymmummhdpinmﬁ@ﬂmdmnmth
in our search,
Iflhereismythingyoucmaddmomomiﬁonmomwwnphnningboardmmthispmjecthay12at
7:00pmwwou1dapprecintemaﬂmnw=unms.

Thank you,

Matthew Boucher

Sarah Woodbury (she/her}

Director of Advocacy

Defend Our Health

Office 207-699-57981 | Moblle 503-913-2484

Visit us to join in and take action!






betwaen 13 and 15%. This renge of CO, values provides a

justification for choosing a mixture of 85% Nz and 15% CO,

as the fluldising gas. The concepl applied hers Is that the

flue gas may be recycled and utlised es the fluldising gas.
The ges analysle was performed at the stack_ The level of
S0, was observed to be very low (4-10 ppm) In il of our

trials, NO, was also low and In the range of 120 fo 125 ppmy’

while CO was between 40 and 50 Ppm (Fig. 3). The

concenirafions of hydrocarbons were also measuned;

however, the values were not detectable and therefors, not

reported here. These values were found to be well below the

emission limits recommended by the Industrial Emissions

Directive (IED) 2010/75/EU.

3.2. Product distribution of py-oil

The analysls of tha scrubber water sample (i.e., product

Hg.zmmpmﬂumdmmnmhaﬂununﬂnpyrdysh
zone) for the 600 °C tral,

dlsﬁibuﬂonufpy&oﬂ)lsshownlnﬁg.tl.ThePy-oll

components were divided Into six maljor groups, which

inciude polyaromatic hydrocarbons (PAHs), monoaromatic

hydrocarbons (MAHs), alcohols, phenols, and C10-C14

and C15-C28 liquid hydrocarbons. This grouping was

done foliowing previous studles.5*® It was found that the
production of PAHs and MAHs were minimal in the py-oil
sampie. The major companents of py-oli were hydrocarbons
followed by alcohals and phenols. This product distribution Is
favourabie if py-off Is considerad for combustion o provide
energy fo the pyrolysis system.

While the py-cil product distribution s favourabla in the
context of combustibility, it will stil] require pre-treatment
beforaltcanbeusadasafuellnﬁadilionalpow
generators.* A better approach could be combusting py-off to
provide energy fo the pyrolysis process. In the current semi
nlhtphni.aldwermmbusﬁontempamm:nwasappﬁadwlm
the Intsntion to investigate PFAS destruction. In the real
world, a higher combustion temperature could be appiled
which woukd combust py-oll and Py-gas and provide the
required energy to the system.

3.3. Yleld and stability of biochar

The biochar yield against pyrolysis temperature 13 shown in
Fig. 5. In this atudy, py-gas and Py-oll were pariially
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Fig. 5 Blochar yield agalnst pyrolysis temperature,

combusted. The uncembusted Py-oil was captured in the.

water scrubber while uncombusted Py-gas was detected i

the flue gas. As the combusted portion was not maamd,'-

the detarmination of yields of py-gas and py-oll was not.

possible. Therefore, biochar yleld data are only obtalned and

presanted. Pyrolysls of biosolids resulis i the decomposltion’

of carbohydrates, proteins, lipids, polyphenols and cihar:

macromolecular humic substances as well Bs.

microorganisms. **" Tha level of decomposition of these-
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Table 4 H/C and O/C mole ratios of blosolids and blochar

Biosofids BSBC-500 BSBC-550 BSBC-go0

HGC mole ratio 1.4726 0.8800 0.6731 0.6087
O/C moia ratio 0.4118 0.0125 0.0111 0.0085

BSBC-50D: blochar produced at 500 °C, BSBG-850: blochar praducad
al 850 *C, BSBC-§00: blocher produced at 600 =g,

CHj;) and decarboxylation (loss of C0O,) reactions are

enhanced with the increase of Pyrolysis temperature. The
increase of demethylation reactions decreases the H/C ratio

while the Increasas in decarboxylation reactions reduces the

C/C ratio,®®

species increases with pyrolysis temperature, leading to lower
biochar yleld.
The effects of pyrolysis tempereture on blochar formation Is
further reflacted by the proximate and ultimate analyses of the
biochar sampiss (Table 3). As expacted, with the Incregse of
temperature, the volatile matter and fixed carbon decreased

while the ash content Increased. According fo the ufimate

analysis, C, H and N decreased with the Increase of






temperature. Howsver, the varlation of S was found i be
minimal in the investigated temperature regime. This suggests

that the sulphur containing species do not degrade significantly

within the temperature regime investigated. The proximate and

ultimate analyses of blosolids and blochar were also used to

oconstruct a Vian Krevelen diagram (Fig. §31). This diagram
Is an Hlustration of the maturity/stabliity of biochar
materiale.® Both H/C and O/C refios decreassd
significantly from blosolids to biochar as confimned in Fig,

83.¢
The detalled transition of H/C and O/C values from

blosollds to biochar is shown in Table 4. It was found that
both ratics decreased with the increase of pyrolysis
temperature. A similar result was reported by Fryda and
Visser.? This was possible because demethylation {loss of

Table 3 Proximate and uitimate anelyses of blochar
The highest H/C mole refio was found to be 0.88 for the

biochar produced at 500 “C and this value was lower than
that from the intsmational Biochar Initietive guidelines (the

sesms indicative of a very iong half-life {more than 1000
years) when added to soil.” Therefore, it is worth noting that
the produced biochar samples are very stable carbon
materials and suitable for soll carbon sequestration.

3.4, Blochar morphology and surface area

‘The morphological analyses of blochar produced at 500, 550
and 600 °C were performed using scanning electron
microscope {SEM) (Fig. 5). it can be seen that a porous
structure was evident at alf temperatures and the porosily
was found {o increase slighly with the increase In
temperature from 500 to 600 °C. The BET surface area of the
blochar samples was measured and the values obtalned are
in the range of 28 to 55 m” g™ (mean values were 26.45,
44.08 and 55.29 m? g™ for the 500, 550 and 600 °C triaks,
respeclivaly). These values are well aligned with the SEM
findings.

The particle slze distributions of blosolids and biochar
particles are shown In Fig. 7. it was found that the particle
size decreases from biosolide to blochar. The median vaiue
{for a volume distribution value), D, (60), decreased from 828
to 587 pm. D, (50) represents the median value for a volume
disirbution. As shown in Fig. 8, the blochar yield was In the
range cf 36-45%, depending on temperature. This huge

suggested mmdmum H/C mole ratio by the guldellnes is Sampls
0.7).% The highest O/C mole ratio was 0.0125 for the biotharProximate anatysis® (%) Ultmate analysis® (%)
produced et 500 °C. This O/C ratlo value fs hmabmrmﬂgemmvommmumoncHNsob

when compared to that of other biochar samples, and this

BSBC-500 1.7 13.2 64.88 18,1 28.27 1.66 3.25 0.46 0.49 BSBC-550 1.3 12.1 85.77 21.4 26.01 1.58 2.78 D.44 0.41 BSBC-800 2.0 10.9 63.03

10.8 27.21 1.38 2.60 0.43 0.35
“Vaiues on a dry weig}

penature of 500 °C

Sodiety of Chemistry 2021
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Fig. 6 8EM images of the blochar eamples: {A) BSBC-500, (B) BSBC-550 and {C) BSBC-500.






percentage reduction of mass leads fo a decreass in solid
particle size as confirmed by the particle size distribution
results. The bulk densities of sofid particies wers alsa

reduced. The bulk density of 0.5~2 mm biosollds was found

to be 880 kg m™, while the biochar obtained from the

pyrolysis of these biosolids at 500 °C exhibited & bulk donslty

of 20 kg m™®

3.5. Heavy metal composition

The concentrations of various heavy metals in the biosolids
employed and biochar samples produced from the trials gre
prasented in Table 5. Also, the allowable concentrations of
heavy metals for land application suggested by EPA Victoria
(for biosollds)™ and the International Biochar Initfative™ ars
aiso provided for comparison. Contamination grade 1 (C1)
biosollds, e per the EPA Victoria guidefines, correspond to
the highest quality biozolids consisting of the lowest lovel of
heavy metal contamination, and therefors, they are allowed

to be used in land application without any spegific control

measures. In contrast, contamination grade 2 {C2) blosolids

are allowsd with controlled application.

The mass and volume reduction from blosolids to biochar

during the pyrolysis process increased the concentrations
ofheavymatals.Theonlyemapﬂonobnrvadwang.
ﬂﬁslsbecausenfmebmrboﬂimpolntoﬂ-lg,leadingto
vapourisafion of this alementatﬂlesmmadpyrolysis

temperatures. While the heavy metel concentrations
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Fig. 7 Particle size distributions of blosolids and biochar.
increased in hiosolids biocher, the values wero stili balow the
threshold values of the C2 grade suggested by the EPA
Victoria and infemational Biochar Inltiative guidefinea.

3.6. Destruction of biosollds PFASs

Fig. 8 highlights the PFAS analysis data for blosolids, biochar
and scrubber water. While the concentrations of a majority of
PFAS epecies in the biosolids were found fo have definits
values, all PFAS species were low (less than
detectable values) in both blochar and scrubber water. This
confirmed that PFASsmvapouﬁsadfromhlmﬁdsat
pyrolysis tsmporaturaleadl‘ngmﬂ:epmdudlonofneady
PFAS free blochar. Similar findings wers published by
Bioforcetech.®>® The extremely low concertrations of PFAS
spadaslnbombioeharndaﬂubberwatsrwggeatmat
several PFAS specles might have been partially or completaly
destroyed In the integrated pyrolysis—combustion environment
maintained in the pyrolysis reactor and its adlacent annulsr
space. Temperafure, gas residence time, oxygen, water
vapour and the gas phase chemistry of alkali and alkaline
earth minerale (L.e. K, Na, Ca, and Mg) might have played
critical roles in PFAS desiruction followed by mineralisation.
The roles of temperature and residence time are wall-known
as higher temperature and residence times can improve the
destruction kinetics.*® The Iiterature has demonstrated that
wgenandwatarvapwreanplaycrlﬂmfmhslnmo
destruction of fiucrinated hydrocarbons.®*%7 n a eimilar way,
oxygen and water vapour (generated from combustion of
pyrnlysiagaavapours)un;ﬂaylmportmﬂmhshPFAS
destruction. The release of alkali and alkaline earth minerals
Inbmawpourphaaoandihairgasphase chemistry with
PFASs and destructed fworine can also enhance PFAS
destruction and mineralisation sfficlency.®%% Thers is aiso &
possiblity that PFASs might have converted into some
unknown organofiuorine compounds which might not be in the
analytical range.®® Such compounds ocouid be gaseous
organofiuorocarbons such as CF, and CoFg. Unfortunately,
the nature of the semi-plct soale trigls presanted in this work
did not aflow the authors fo investigate the role of each of
these parameters in detall.
MassbalnnceforPFASseomdnotbedevelapedforme

semi-pliot trials as several PFAS concentration values in the
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Table 5 Total metal concentrations (mg kg™) of the biosolida and correaponding blochar eamples
Metals BS BSBC-500 BSBC-550 BSBC-600 C1 grade® C2 grade® Blochar guidslines®

As<555<52060 13100 Cd 1.4 1.91.6161 10 1.4-39 Cr 24 44 50 78 400 3000 83-1200 Cu 860 1100 1200 1100 100 2000
143-6000 Pb 19 40 42 38 300 500 121300 Hg 0.78 <0.05 <0.05 <0.05 1 5 1-17 NI 18 37 68 180 60 270 47-420

S0866563502-200

Zn 870 1600 1700 1700 200 2500 416-7400

BS: blosollds. " EPA Victoria Biosolids guldelings.®2? Intemational Blochar Initiadive guidelines.®”

liquid and bfochar samples were not specific. However,

attempts were made fo galn some understanding on PFAS

removal efficiency (Table S21). in this estimation, the"

concentration values, shown with the ‘<’ sign in Table S14-

(abopraaantsthig.BMthamarkar).waaconsldaredas-

the final concentration valuee for PFASs. For instance, the-
concentration of PFOS in blochar was <0.0002 mg kg™

(Table §11). In the estimation, the concentration of PFOS was.
considered as 0.0002 mg kg™, This estimation provides the

removal velues of PFBS, PFOS, PFPeA, PFHxA, PFHpA and

PFOA as follows: 74, 88, 75, 84, 54 and 96%, respectively.

While this ie a very rough setimation, this still alls that

savemlPFAstareramovadinmepymlyslspmms.The

removal of other PFAS compounds was elther low or they

were forming during the process.

To conﬁrmﬂﬂsaswellastcoxp!omﬂmmechanlemof

PFAS desfruction, more scientific axperimenis would be

required in the futurs. As describadg previously, closing the
mass balance for all PFASs was exiremely difficult due to the

low values of PFASs In the Initial blosoids samples. A

practieal method for the way forward could be performing

systematic spliing experiments (i.e. spike different PFASs

Intoﬁblocolids} In a lab-anvironment in a mone controlled
K L]
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Fig. 8 PFAS conoantration data for blosolids (ug kg™), blocher (g
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challenging. Lab-scale spiking experiments In & confrolled
snvironment may help not only in closing the mass balance
but also in expioring the reaction mechanism of PFAS
destruction in blosollds pyrolysis, where the feed material Is
highly heterogeneous, Including orpanic and inorganic
matenials.

From this study, the authors would like to highlight that
PFASs in blosolids, when compared with pure PFASs, might
not require higher temperatures {i.e. ~1000 °C for pure
PFASS™) for thelr destruction due 1o the different pas-phase
chemistry and potential catalytic efiscis of minerals/heavy
metals present in the blosoalids. More sclentific work will be
required to investigate this fundamentally. Specifically, spiking
experiments with particuiar PFAS compounds at the lab scale
in a conirolled environment are desirable to evaluate the
destruction and mineralisation efficiency and machanism.

3.7. PFAS adsorption

The adsomtion efficiency (% adsorption) of char matsrials for
PFASs of contaminated water samplas (l.e., sample 1 and

sample 2) is shown in Flg. 9. For this study, BSBC-600 and
BMBC-800 were used. I 1s well known that PH has a great
Impact en the adsorption of PFASs. 2™ This has also hesn
reflected in the present study. For example, there was a
higher PFOS adsorption efficlency for sample 1 compared lo
that for sample 2. This was due to the lower pH of sample 1
than that of sample 2 (4.3 vs. 7.85), and this is consistent with
the iterature.” At low pH of the contaminated water sample,
elecirostatic aftraction between th

molecules le sirong,” and this assists In enhanced adsorption
of PFOS molecules.

The length of PFAS chains has significant impacts on
PFAS adsorption. Short-chain PFASs are difficult to adsorb by
many adsorbents, ncluding commenially available granular
activated carbon {GAC). For example,
perflucrcbutanesutfonic acld (PFBS) is a C4 PFAS. The
edsorption efficlency of these species by both BSBC and
BMBC is low with a range of 18- 27% (Flg. 9a). However, the
adeorption efficlency of PFBS was
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Wwater s a hydrophilic funclional group with g hydrophoblc
tall is present in PFASs.™" Brisfly, the hydrophobic surface
of adsorbents enhances PFAS adsorption.”” The metal
content was higher in BSBC compared fo BMBC. Therefors, it
may be possible that the metals in BSBG reduce surface
hydrophobidlly and decrease the adsorption of PFASs.™ Thig
may be the reason for the higher PFAS adsorption on BMBC
compared io that on BSBC. While BSBC did not perform as






Fig. & PFAS adsorplion efficiency by various char samples: {a)

contaminated water sampie with high concentration (Le., sample 1,

and (b) contaminated watar sample with fow concantration e,

sample 2). Note that BEBC repressnis biosclida biochar, and BMBC-

represenis blomass blochar.

effectively as BMBC for adsorption of some PFASSs, its
production is expecied to be comparatively less expensive.
Therefore, = higher amount of BSBC can be applied solely or
in combination with BMBC and high performing PFAS
adsorbents such as GAC and resins. Also, selective
application of BSBC for the adsorption of some PFASs such

as PFOS end PFBS can also be considored.

4. Conclusions

A seml-pllot pyrolysis unlt was employed for the transformation

of biosolids Into blochar. The semi-pliot unit achievad highly
stable thermal and oxygen profiles in the Pyrolysis zone. It was
observed that wih the increase of pyrolysls temperature, the

biochar yield and fixed carbon in biochar decreased. It could be

noted that the development of pores increased with the

pyrolysis temperature. The produced biochar samples were
stable and are expected to present a long half-life if used as soil
additives. The heavy metal concentration in blochar increased,

but It was within the EPA Victorla C2 bicsolids grading and the

found to Increase for the low concentration sampla with both

adsorbents (Fig. 9b). Using the BSBC adsorbent, the effect of

concentration on the adsorpiions of PFOS, PFOA and PFHxS

was found to be the opposite of that for PFBS. With the
decrease of concertration, the adsorption of the thres
PFASs decreased when BSBC was applied. The impact of
concantration on PFAS adsorption with BMBC was found






to be relatively low. This is most likely due to the higher
surface area of BMBC (BET surface area, BMBC-600:
78.87 m? g™'; BSBC-600: 65.28 m g™). This finding Is
aligned with a previous study conducted by Bentley et al,
who investigated micropollutant adsorption using blosolids
biochar and pine blochar.”™
The terminal functional groups may have an impact on
PFAS adsomption. Regardless of concentration, BSBC
underperformed In PFOA adsorption when compared 1o
BMBC. K appears that PFASs with carboxylle aclds as
functional groups have lower adsorption affinity to BSBC.
However, the difference of adsomption affinity between
BSBC and BMBC becomes very low for PFASs with
sulphonic acids as a terminai functional group.
The hydrophobic Interactions batween PFASs and the
adsorbent can assist in PFAS removal from contaminated
guidelines provided by the Inlemational Biochar initiative. The
friale also demonstrated thet Integrated low-ternperature
pyrolysis-combustion might be an effective method for
removing PFASs from biosclids by converiing them Into
biochar. More sclentific experiments in a controlled fab
environment are needed to confirm this.
Biosolids biochar was found to be an excellent adsorbent

for removing PFASs from contaminated water, The
banchmarking with blomass blochar suggested that the
biomass biochar performed better In adsorbing PFASE when
compared to the bicsolids biochar. Desplte this, the Tower
production cost of biosolids blocher might stil make it
atiractive to be used at a commercial scale.
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A 7
It was mentioned by a member of the application team that there would be “less
methane produced in this project than a landfill”. Being that there is currently NOT a
landfill in the Industrial Park, i am comfortable with the Zero amount we have.

Which brings me to my next and largest point. To their credit, The applicants team
met with myself, Tracy Frisch from Clean Air Action Network, Mike Ewalli, attorney for
Environmental justice. Two major things that stood out:

1. When asked if the company applied to Wilton Industria) Park(near where the
CEQ resides), the answer was no. Why ? Because the zoning would be an issye
and take time. Interesting as we are currently doing a rezoning for a P&H
company who would be a far better fit for this park.

2. When asked if the company would consider continuous emissions monitoring
based on concerns from residents, the applicant defaulted to DEC numerous
times until forced to commit. The answer was no, they would not do any type of

continuous emissions monitoring. The planning board on March 7 discussed

that the DEC only monitors once a vear for six hours, and that the DEC does not
even report findings to the town.

IS THIS REALLY SOMETHING THIS BOARD SHOULD EVEN CONSIDER. A company

can simply just use their wood chips when DEC is coming.

IF they fail, our town may not even know.
Fort Edward was the first GE host around here as well.

WHY take this dangerous chance? So we can be the “’first”” to have
this plant in NY. So what.The possible dangers far outweigh the
project benerit. >chool taxes don’t even go to SGF schools. Shame on
our Supervisor for conspiring to bring this here. There has been a ton
of evidence presygr.}‘tjed as the to the possible dangers and unproven
scientific data fpresew Boes this planning board want to vote to
approve an unknown science and have to live with the knowledge that
THEY supported it against the wishes of their residents? If you
consider the potential harp to your residents, you should vote no.
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We know that in addition to containing bacteria, municipal waste also contains PFOAs, After
reading and listening to previous meetings on this, it seems that at this facility the waste will be heated
to remove water and the steam produced will be used to power the kiln used in the drying process.
While I can’t speak to If the other contaminants would be effectively removed, | can say that research
has shown that PFOAs are not effectively removed with heat. In addition to the effectiveness being in
question, the EPA also suggests that high heat needs to be used to destroy the PFOAs showing
promising results at heats of over 1000 degrees Celsius(1832F) up to 1400 degrees Celsius (2552F). The
proposed facillty will be using low heat to produce the biochar as stated in their application.

While PFAs are found In waste in almost all communities, this facility will be trucking in
additional waste from other communities that could have a higher concentration of PFAs. This proposal
Includes the need for a discharge pipe to g0 back into the sewar system for treatment. The research
shows that treatment plants are often ineffective at removal of PFAs in waste water and therefore could

be introducing additional PFOAs into our system.;

Last year the Sierra Club published a report showing that in the 30 brands of fertilizer, for sale
today in 8 states and Washington DC, that are produced using biosolids (treated municipal waste), there
were 24 identifiable PFOAs. In fact, they contained both short and long chain PFOAs.; As of today, the
state of Malne has passed a bill in the house and senate putting a ban on all biosolid fertillzers that are
produced using waste that contains PFOAs. in case you are not aware of it | am referring to LD 1911, In
fact, some PFOAs may become classified as hazardous substances under the Comprehensive
Environmental Response, Compensation, and Liability Act which we know all too wel! about considering
that we have a superfund site already in our town.

While | have additional concerns over the frequency of the DEC auditing process, | aiso
understand that to be out of your control but should still be something that we look at in terms of if we
want this facility in our town or not. The DEC will only be auditing this facility every 5 years and from
the way they responded to that question at the meeting it did seem like it could be longer. | have read
the questions and answers between one of the board members and Saratoga Biochar and | would like to
echo her call for an independent review

1. ht_t;ﬁ;[{www.egaggo_v[sneygﬁgIﬁﬁlﬂggls-
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Incineration may spread, not break down PFAS
Preliminary data show soll and water near New York facility are

contaminated
Cheryl Hogue
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Credit: David Bond/Bennington College
The Noriite facility, which incinerates hazardous waste, abuts a public
housing complex in Cohoes, New York.

New data suggest that commercial incineration of per- and polyfiucroalky
substances (PFAS) doesn’t break down these hardy chemicals. instead, it
spreads them into surrounding areas.

Soll and surface water near a commercial facility in Cohoes, New York,
that has burned firefighting foam containing PFAS ars tainted with these






persistent substances, preliminary data released April 27 by Bennington
College show.
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In early March, a team of professors and students from the Vermont
college traveled about 50 km (31 miles) from their campus to Cohoes,
where they collected soil and surface water samples near the facility. A
commercial laboratory analyzed the samples for the presence of PFAS,
The PFAS found in the samples are the same chemicals that were formerly
used in firefighting foams, notably perfluorooctanoic acid (PFOA), says
David Bond, a professor at Bennington College.

The new data suggest that incineration of the PFAS-containing foam at the
Cohoes facility is not breaking down the persistent chemicals but is
“redistributing them into nearby poor and working-class neighborhoods,”
Bond says.

“It's the very definition of foolhardy to try to keep buming these things,”
Bond says of PFAS. “By design, they resist thermal degradation.”

The sampling was part of research that the COVID-19 pandemic
interrupted, Bond says. Investigators found the early results alarming and
significant for public health so they opted to release them before
publication. “It’s not ethical to sit on data like that,” Bond adds.

Sign up for C&EN's must-read weekly newsletter

Norlite, a company that makes a ceramic aggregate material, operates the
Cohoes facility, burning hazardous waste to fire two kilns. Norlite has
voluntarily stopped accepting and processing firefighting foam, pending
research by the US Environmental Protection Agency, says a statement
from Tradebe an environmental services company of which Norlite is a
subsidiary. Tradebe points out that Norlite burned the PFAS-containing
foam in accordance with permits from the EPA and the New York







Department of Environmental Conservation.

The US military and nearby states have sent PFAS-containing firefighting
foam to the Norlite plant. This facility is one of several across the US that
environmental activists are asking a federal judge to shut down. A federal
law enacted in December requires the Department of Defense to ensure
that the hazardous waste destruction facilities it sends its PFAS materials
to actually break down these persistent compounds.

CORRECTION

This article was revised on May 26, 2020, to reflect that the Norlite facility
is not an incinerator, Instead, it burns hazardous waste to fire aggregate
kilns,
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Technical BRIEF

INNOVATIVE RESFARCH FOR A S

USTAINABLE FLITLUIRY

Per- and Polyfluoroalkyl Substances (PFAS):
Incineration to Manage PFAS Waste Streams

Background

Per- and polyfluoroalkyl substances (PFAS}) are a very large
class of man-made chemicals that Include PFOA, PFOS and
GenX chemicals. Since the 1940s, PFAS have been
manufactured and used in a variety of Industrles in the
United States and around the globe. PFAS are found in
everyday items such as food packaging, non-stick stain
repellent, and waterproof products, including clothes and
other products used by outdoor enthuslasts. PFAS are also
widely used in industrial applications and for firefighting.
PFAS can enter the environment through production or
waste streams and can be very persistent in the
envireanment and the human body, PFAS have many and
varied pathways intc waste streams, presenting chalienges
for ultimate disposal. Determining the appropriate method
for ultimate disposal of PFAS wastes is g complex issue due
to their volatility, solubility, and environmental mobillty
and persistence. EPA is currently considering multiple
disposal techniques, including incineration, to effectively
treat and dispose of PFAS waste,

Options and Considerations for the
Disposal of PFAS Wasts via incineration

One potential disposal method for PFAS waste is through
high temperature chemical breakdown, or Incineration.
Incineration has been used as a method of destroying
related halogenated organic chemicals such as
polychlorinated biphenyls { PCBs) and ozone-depleting
substances [ODSs}, where sufficlently high temperatures
and long residence times break the carbon-halogen bond,
after which the halogen can be scrubbed from the flue gas,
typically as an alkali-halogen. PFAS compounds are difficult
to break down due to fluorine’s electronegativity and the
chemical stability of fluorinated compounds. Incomplete
destruction of PFAS compounds can result In the formatlon
of smaller PFAS products, or products of incomplete
combustion (PICs), which may not have been researched
and thus could be a potential chemical of concern.

LS Faroememial l':<_"',;=w.,‘!w|1

incineration of halogenated organic compounds occurs
via unimolecular decomposition and radical reaction. For
unimolecular decomposition, fiuotinated organic
campounds likely require higher temperatures to achieve
99.99% destruction In 1 second residence time than do
thelr chlorinated counterparts. Unimolecular
decomposition of highly fluorinated organics most likely
occurs through breakage of C-C or C-F bonds {Tsang et
al., 1998). The most difficult fiuorinated organic
compound to decompose is CF,, requiring temperatures
over 1,400°C, but is easily monitored, making it a
Potential candidate for destructibility triais,

Fluorinated organic compounds can also be degraded via
incineration by free radical initiation, propagation, and
branching mechanisms. Although hydroxyl radical
reaction with hydrocarbons Is a commeon combustion
flame-propagating mechanism, the strength of the C-F
bond makes this pathway unlikely and would Instead
leave atomic hydrogen, formed at high temperatures, as
the likely radical reacting with the carbon-bonded
fluorine.







\

Radical reactions are more likely for chioroalkanes than
fiuoroalkanes, due to the lower bond energy of C-Cl {Tsang
et al., 1998). if formed, the extremely high
electronegativity of fluorine radicals results in thelr quick
combination with other radical specles, preventing flame-
sustaining free radical propagation and branching
processas. This propensity to terminate free radical
chemistry make PFAS effective fire suppressants,

The stability of perflucrinated radicals leads to higher
concentrations and correspondingly increased propensity
to recombine, creating larger molecules that are products
of Incomplete combustion {PiC) and distinctive from the
original fluorinated organics. These reactions are promoted
by partial organic combustion resulting from Insufficient
temperatures, time, and mbdng. in additfon, the presence
of catalytic surfaces, often meta Is, promotes further
reaction and PIC formation in post-combustion regions.
This scenario has been most studied related to the
formation of polychlorinated dibenzo-p-dioxins and
dibenzofurans (PCDDs/PCDFs) In the cool-down regions of
waste incinerators.

The effectiveness of incineration to destroy PFAS
compounds and the tendency for formation of fluorinated
or mixed halogenated organic byproducts is not well
understood. Few experiments have been conducted under
oxidative and temperature conditions representative of
field-scale incineration. Limited studies on the thermal
destructibility of fluorotelomer-based polymers found no
detectable levels of perfluorooctanoic acid after 2 second
residence time and 1,000°C (Yamada et al., 2005; Taylor et
al,, 2014), Emission studles, particularly for PICs, have been
incomplete due to lack of necessary measurement
methads suitable for the comprehensive characterization
of fluorinated and mixed halogenated organic compounds.

Addressing Gaps In Research for PFAS
Waste

The extent to which PFAS-contalning waste materlal in the
United States is incinerated is not fully documented or
understood. PFAS compounds are not listed as hazardous
wastes uncler the Resource Conservation and Recovery Act
{RCRA) nor as hazardous air pollutants under Clean Air Act
regulations, so they are not subject to the tracking systems
assoclated with these regulations.

EPA Is currently considering muitiple disposal techniques,
Including Incineration, to effectively treat and dispose of
PFAS wastes. EPA researchers are currently studying PFAS
Incineration, sampling and analytical methods
development, and industrial field sampling. Research on
thermal stability of PFAS compounds, the ability to fully

capture and identify PFAS compounds and their thermal
decompasition byproducts, and the efficacy of emisslon
control technologies are areas of targeted research.
These efforts, In cooperation with states and Industries,
Is aimed at proper disposal of PFAS-laden wastes without
media-to-media transfer or environmental release.
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SOMETHING IN THE WATER

ROBERT BILOTT ON CORPORATE GREED
AND CHEMICAL CONTAMINATION
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obert Bilott is an unlikely environmental hero, As a
wyer in the 19905 he worked extensively on behalfof
chemical companies. Then, in 1908, @ West Virginia caitle
Jarmer named Wilbur Earl Tennant contacted Biloit looking
Jor legal representation. Tennant's cattle were inexplicably
dying and bearing deformed and stillborn calves, and the
Jarmer suspecied that industrial chemicals leaking from a
DuFont landfil] were to bigme, DuPont operaied the world's
largest Teflon factory in Parkersburg, West Virginia, just
seven niles from Tennant's farm. Though Tennant s request
Sell outside of Bilott’s normal work, the lawyer agreed to Iook
into it, mostly becquse the farmer knew his grandmother.

As g child growing up in a military family, Bilott had
spent many holidays and summer vacations visiting his
grandmother in West Virginia, In college he majored in
political science and urban studies at New College of Flor-
ida. After graduation he considered going to grad school
to study urban planning, but his father persuaded him to
aitend law school instead, He obtained his law degree from
The Ohio State University in 1090 and subsequently landed
& position at the corporate environmental law firm Taft
Stettinius & Hollister LLp in Cincinnati, where he became
a pariner and still practices.

Bilott thought the Tennant case would be easy: Just get
the landfill permit, figure out the identity of the toxic chemi-
cal, and let the LL.S. Environmental Protection Agency (apa)
do the rest. He did not anticipate that the culprit would
turn out to be a group of hazardous chemicals for which the
ErA had no regulations. Unknown to most Americans, yet
Jound in hundvreds of consumer products, pras compourids
were being used to make resistant coatings on products
such as Teflon and Scotchgard, as well as firefighting foam,
PEAS stands for "per- and polyfluocroalkyl substances” The
componnds are what are commonly referred to as Yorever
chemicals,” meaning they dor’s break down in the environ-
ment or in the lnmmay body, and they have contaminated
the drinking water of about 110 million people in the ILS,

Though it put him at odds with his law firm and threa:-
ened his career; Bilott brought lawsuits against DuPort and
called wide attention to these carcinogenic compounds, He
settled his first case with the chemical giant in 2001 and
went on to negotiate a unique settlement of a class-action
sieit on behalf of tens of thousands of people exposed to PrAS
compounds through drinking water in the Ohio River water-
shed., Bilott’s investigation and litigation inspired the 2019
Hollywood legal thriller Dark Waters and are the subject of
the 2018 documentary The Devil We Know. He recounts his
story in his memoiy, Exposure: Poisoned Water, Corporate
Greed, and One Lawyer's Twenty-Year Battle against DuPant,

Withowt Bilott’s work; we might still be in
tina’arkabautthedaqgenmdmmienmqumsckmﬁmlx,
uhkhhmbmhmsﬁmmymmqpmd
the environment. Though the £rA forced DuPont and other
companies io phase owi production of the specific chentcal
that had polsoned Tennant'’s cattle, thousands of other PEAS
compounds remain unregulated, Bilott comtinues to use his
expertise on these chemicals to inform the public about the
dangers. He has received the international Right Livelihood
Award (also known as the Alternative Nobel Prize) for his
work on PEAS contamination,

1 first encountered Bilott in 2017 at a4 small conference
on: PFAS held at Northeastern University in Boston, where
he gave an account of the litigation against DuPont and the
huge epidemiology study and medical-monitoring project
that had resulted from it: Despite my many years ofinvoive-
ment in the environmental movemens, this case was a rev-
elationtnme.!mablemhmawide-mngngmmmn-
versation with Bilott from our respectiye offices last year,

Prisdl:l-lowdidymﬁgmeumthatamrelmed
by DuPont was killing cattle?

Bilott: Cattle farmer Earl Tennant first contacted me
more then twenty yeazs ago, in October 1998, He called me
atmy office andstarbedln]hngabouthismwsdﬁng.lwas
about to tell hira I couldn’t help him when he mentioned
thathehadrecelvedmymmefmmmygrmdmoﬂm.&l
paused and paid closer attention,

He explained that he was raising animals outside of
Parkersburg, West Virginia, a town I knew well. It was
Mmmymnmhadgromup,Mydadmm&neMrPome,
and we moved around a Iot, but we always came back to
Parkersburg for holidays and birthdays, Mr. Tennant sajd
hehadbeentryingﬁ}raeoupleufyearstoﬂndnlawyerm
helphimﬁgureoutwhyhismmwmgetﬁngsickandmst—
ing away. They were developing tumors, Their teeth were
turning black. Calveswaresﬁ]jbomorbomwithcloudy
or deformed eyes. And it wasn't just the cows. He saw this
happening with the wildlife in the area, the deer and the
ﬁsh,nndhewasconcemedﬂmtitcmﬂdbeaﬂectiughim
and his wife and children a= well, because he would have
difficulty breathing when vapor clouds from a nearby land-
fill would come over his property.

The Jandfill was owned by the DuPont chemical com-
pany. Tenmntmuldseewhite,ﬁ:anﬂngwmcommgnut
of the landfill, through 2 discharge pipe, and right into a
mekthatranthmugh}ﬁspropertyandthatﬂlecmand
thewild]jfedrankfmm.l’orquitesnmetimahehadbeen
trying to get answers from DuPont about what was in that
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water, but he wasn't getting anywhere,
Hehad called the state environmental
protection agency and the federal epa,
He had tried local lawyers, but they
weren't willing to dig into it, because
DuPont was one of the town’s biggest
employers.

So he was looking for somebody
outside of the community who conld
help him, and he knew my grand-
mother had been bragging about my
being an environmental lawyer in Cin-
cinnatl. This was definitely not the >
kind of case I was taking at the time, g
I had spent eight years or so helping V
corporate clieats get permits to run \ ;
landfills just like this DuPont one, But b
I told him I'd see if there was some- é
thing we could do.

At the time I thought this would
be fairly straightforward: We conld
pull the landfill permits, which would
identify all the regulated chemicaly
being monitored at the site. There was
probably something exceeding the permit Jimits, But when
1looked, 1 .really dida't see anything on those permits that
could be the cauge.

We ended up filing a lawsuit against DuPont, whose
attorneys called and told us there was already an investiga-
tion underway with the federal epa, which was specifically
looking at the cattle, No need to get into a bunch of expen-
sive dhcavety,ﬂneysaid,becauseﬁleywwldpmbablyhzve
an answer from the gpA soon,

When the 2PA’s report came back, it suggested that
the farmer just didn't know how to raise his cattle, That's
when I started to get suspicious. This farmer did know how
to raise cattle, and there was obviously something in that
water that was causing it to foam. Since we weren't seeing
anything in the permit information, I asked DuPont for
all files relating to that landfill — In particular, what they
were making at the plant down the river that was generat-
ing the waste, That’s when they began to fight us, We had
to geta court arder to make them turn over the documents

— hundreds of thousands of pages.

I 'was surprised to learn that the landfil contained
% massive quantity of & highly toxic chemical that didn't
break down in the environment, accumulated in the bod-
les of people and animals, and wes possibly carcinogenic.

Yet this chemical was completely unregulated, State and
federalamciesknewnothingaboutit.’nﬂswasgoingnn
outside of the regulatory system that I thought I understood.

Frisch: That’s extremely important. What is the name
of the chemical?

Bilott: DuPont called it C8, because of the chemical

6 The Sun = March 2022

ROBERT BILOTT

structure. Its scientific name is per-
fluorooctanoic acid, or proa for short.

Frisch; What was DuPont’s fac-
tory on the Ohio River in Parkersburg
making?

Bilott: One of its main products
was Teflon,

Frisch: And what's the relation-
ship between rroa and Teflon?

Bilott: PFOA was used in the
production of Teflon, It was fiot an
ingredient in Teflon. DuPont had
originally purchased »roa from
the multinational conglomerate BM,
which had shipped it to West Virginia
Later DuPont had started making
PEOA itself.

DuPont had been using proa
since around 1951. It was used in 2
lot of consumer produgcts, like water-
proof clothing, stain-resistant car-
peting, and fast-food wrappers and
packaging,

Besides proa, 3M manufactured
mmerdmelyrelawdchemicalcalledrms,wlﬁdnstands
for perflnorooctane suifonate. It was vsed in firefighting
foam, As 2 class, these flucrine related carbon compounds
are called pFAS chemicals,

Frisch: You learned that DuPont knew about the effects
of rroA, because its toxicology department had studied it
for decades. What did the company know, exactly?

Bilott:Youhzvemkeepianthatthefedemlnm
wasn't established until 1970, and the first laws regulating
navtmdcnhemica]xcumingomthemaﬂmtuum‘tpused
unﬁl:gﬁ.Hereyuuhadachanlcnlﬂmthadbemdevehped
right after World War 1, long before gpa toxicology tests
were even in existence, DuPonthndamassivelaboratory
in Delaware called Haskell Labs, whege its scientists helped
develop the field of toxicology.

These scientistg, recognizing the unique chemical struc-
ture of PPOA, recommended doing toxicity testing in the
early 19605. They found multiple adverse effects on differ-
ent organ systems in various animal species: rats, rabbits,
guinea pigs, beagles, and later monkeys. Eventually, in the
19805, they found thet the chemical conld cause cancer in
rats. A second study confirmed thig in the early 1990s,

So DuPont’s top scientists had produced a wealth of
internal toxicology data, but the company didn’t give that
information to the zpa. InsheadDuPummnﬁmxedmlew‘ng
PFOA into the air, into the water, and into the soil outside
its manufacturing plants, exposing workers and people in
the community.

Frisch: Had rroa been studied by the government
or any independent scientist at the time that you began






representing Ear] Tennant?

Bilott: The only data I was seeing had been generated
by either 3m or DuPont. To my knowledge there wasn't
anyone outside those corporate circles who was even aware
the chemical existed.

Frisch: Are companies legally required to share this
information with consumers and the government?

Bilott: When the Toxic Substances Control Act was
passed in 1976, the £pa basically Jeft it up to companies to
revenlifanyofﬂ:eﬁemofﬂwusandwfchemicalsalrmdyin
use posed a substantial risk to human health or the environ-
ment, If a company like DuPont had such information due
to its own research, it had an obligation to tell the agency.

Frisch: Were there any penalties for faflure to do so?
Because it appears that DuPont simply flonted the law.

Bilott: In 3001 I began sending documents to the Epa
to show what DuPont knew about the potentially toxic
eﬂ‘ecmofPPOAandmeﬁctthntitwasinﬁledlin]dngwaﬁer
of thousands of people. The epa begana priority review of
the chemical, and in 2004 it actually sued DuPont, claim-
ing that the company had withheld information from the
agency about the risks,

DuPont ended up settling und paying what at the time
was supposedly the largest civil administrative penalty in
thehismryofmenpmaboutsls.smﬂlion.AcuupIeofyears
later 3nm also paid a civil-penalty settlement for claims that
tthadwitlﬂxeldinbrmaﬁonahoutmuinpmsmmpounds
from the EpA.

Frisch: Was DuPont’s penalty sufficient to deter that
kind of wrongdoing in the future?

Bilott: A lot of folks feel the size of the penalties that
are assessed actually encourages companies not to disclose
tmdcitydatatothexm.]?.venifthecompmiesendupget—
ting caught and having to pay a penalty, it is minnscule in
comparison to the amount of profit that can be made by
not disclosing the information,

Frisch: Through the discovery process and the deposi-
ﬁonsyourteamdidaspartofyourlawmﬂtsngainxtDuPom.
did you find vut about any other unethical practices?

Bilott: There wasa pattern of similar instances: DuPont’s
scientists would find additional evidence of the chemical’s
toxicity, and they would recommend switching to a differ-
ent chemical or warning the community. Over and over the
business executives would decide not onlyto continue using
the material but to increase emissions into the environmend,

Pormmple,lﬁmndammoabouta1984meeﬁngin
Wilmington, Delaware, wheve DuPont execatives reviewed
information about the toxicity of proa. Sales of Tefion were
increasing, and with that came the prospect that emissions
might increase. They discussed whether to switch to an
alternative chemical and ultimately decided not to. And
emissions did, in fact, increase as expected.

Welaidoutthatmformaﬂontojuﬁesinmultiplen-iah,
and two came back with punitive-damage verdicts. They

believed the company had acted with conscious disregard
of the risk, and had continued to do so for years, until liti-
gation forced it to finally stop,

Frisch: Wasn't DuPont a leader in g “sustainable-
business” organization?

Bilott: Right. In the 1080s the chemical industry devel-
oped a program called Responsible Care, DuPont helped set
up the program in order to counter the negative publicity
penerated by the disaster in Bhopal, India. [A Linion Car-
bide factory accidentally released forty-five tons of methyl
isocyanate gas into the air; killing between fifteers and twenty
thousand peopie and injuring more than a half million,

—Ed.] It just so happened that information about proa hav-
ing potentially carcinogenic effects was coming to DuPont's
attention around the same time.

Frisch: You've demonstratedhowthelegalsyshemcan
be used to hold a corporation accountable for environ-
mental crimes. Is this approach within the reach of most
communities?

Bilott: 'l be the first to tell you, even as alawyer, that
no community shouid have to go through what we did:
spending all of these years, having to bring tens of thou-
sands of people together to give blood and participate in
massivehenlﬂlstudies.justtobeabletomunmmmpanies’
claims that there was insufficient evidence the chemicals
posed a risk,

Lookatwhatittookmactuallymeetﬂlebnrdenofpmof
in this case in West Virginia. And proa is just one of hun-
dreds — if not thousands — of man-made ppag compounds
that have gotten into our environment, our drinking water,
our soil, and our hivod, Yet we are still hearing the same
argument from these companies: that the exposed peaple
can't prove these chemicals are so toxic, because they don't
have enough evidence.

Isentmy letter to the Era back in 2001, and to this day
we still lackenfomeable&deraldrinking-waterlimitsfor
PFOA or PFOS. States are moving forward on their own, And
people are stlllhavh:gtomsortﬁolawsuitstnh'ytoﬁ)rce
these companies to take responsibility for the contarnina-
tion they've caused, We're fortunate that we at least have
legal recourse in the United States, but we shonldn't have
to resort to it. Right now the only way folks have gotten
clean water and compensation for their cancers hag been
by going to court.

Frisch: It sounds like corporations use the legsl system
to their advantage to avoid responsibility,

Bilott: A lot of folks don't realize who has the burden
of proof in a case like this. If you're exposed to a chemi-
cal in your drinking water that may cause cancer or other
problems, you're the one who has to prove in court that
thechemicalisharmﬂxl.'Ihecompanycanﬂitbackand
say, “Your evidence isn't good enough, Your study isn't big
encugh. Your expert isn't credible,” or whatever other argu-
ment it wants to make, And it’s very difficult to bring these
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claims to court in the first place.

That's why, through our class-action settlement for the
nﬁectedcomnumiﬁesinWestVirgin.ia and Ohio, we asked
to have anindependerrtsciemepanelresolvethebaﬂclegnl
question of whether PFOA can cause disease in humansand
atwhatlevels.Andscienﬁstshmthmouglﬂyanswaredthis
quextion.suchthatthecompnnycannnlongudisputeit
as to these people and litigate it forever. It was one of the
few times that has ever happened in a court settlement,

Frisch: Could DuPont still argue that, because people
have been exposed to so many other taxic substances, the
health damage can't be pinned on pFOA?

Bilott: The scientists charged with addressing the
PFOA issue also addressed whether other factors could be
contributing, They were able to set up some of the most
camprehensive human-health studies ever done to address
those exact questions,

But we've got a rather unique problem with these prag
chemica!s:lt’sverydiﬂiculttoﬁndadeancnntrolgroup
— a human poputation with no prior exposure — because
rpudmicalsareinallofonrbodies.ﬂavingamhma.sﬂw,
widespread exposure really complicates the issue,

Frisch: Let’s talk about attempts to limit class-action
lawsuits and thus make it harder for peaple to sue corpo-
rations for damages,

Bilott: A number of groups have tried to place addi-
ﬁonallegal}umdlestopreventcasesﬁ'omprocee&ngas
class actions, The Class Action Fairness Act has made it
more difficult to bring such cases in state courts, Many
ofthemarenowrequiredtobebtoughtinfedemlcourts,
where some say there are more hurdles in place for those
trying to bring these types of claims. Hanything, our West
Virginia case highlights the importance of class actions,
The individual value of a clalm may not be very high, so if
a person had to pursue the claim alone, the cost of the liti-
gation would be more than they wouid ever recover, and
theywouldn’tpursueit.AlIuwingpeopletogroupclaims
together makes it economically viable,

Erisch: Did}'uueverworrythatitwouldberiskyto
push for an epidemiological study of ProA? Or was there
sucha preponderance of evidence this chemical was harm-
ful that you didn't see a downside?

Bilott; Frankly we weren't sure how it would play out.
We couldn't find any precedent where something like thig
had been done, But, looking et the documents and the data
that we already had from the company itself, the science
seemed pretty clear. We expected the study to confirm
what we had already seen in the carapany’s files. It was not
a given, however.

Wehadtomakesurewawereselectingcompletely
independmtscientiststodoﬂ'dswurksdmﬁsrswhowould
not somehow be influenced by one side or the other and
whoseworkwonldwithxtundthetype of scrutiny it would
likely be subjected to. It was stressful for everyone involved,
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The science panel
ended up confirming
probable links between
exposure to PFQOA in
drinking water and six
diseases: testicular
cancer, kidney cancer
ulcerative colitis,
thyroid disease,
preeclampsia, and
high cholesterol.

It took a lot longer than anyhody expected — years
— but the result was incredible, The science panel ended
up confirming probable links between exposure to PFoA
in drinking water and six diseages: testicular cancer, kid-
ney cancer, ulcerative colitis, thyroid disease, preeclamp-
sia.mdhighcholesteml'ﬂlesdeneewasdmeinmchm
outstanding way that scientific orgenizations all over the
wortld, including the zpa, have been relying on it, I think
everyone involved would probably say it was warth the risk,

DuPontwam’tusingmjuxttomake'IbﬂoninWest
Virginia, The chemical was used at other manufacturing
sites as well. And g had made it in Minnesota, Some of
thewnstefmmWestVirginiawasbeingsenttolandﬁlls
inNewIetseyandmotherlomﬂousacmssﬂ\ecounrry.So
after people started reading ebout the settlement in West
Virginia, sure enough, sampling started at some of those
other places,

The State of Minnesota found FFOA around the plant
that made it there, The State ofNavIe:seystarbedtestingﬁx
PFOA in the water outside of the DuPont Chambers Worke
plant there. The same happened in Alabams. And 5o on,

Frisch: What actions has the 1pa taken to date to con.
trol »pas chemicals?

Bﬂott:Aftetthestudyﬂrstcameout,thezmﬁnally
put 2FOA and pros on the list of unregulated contaminants






that must be sampled for in larger public drinking-water
supplies — typically those that serve more than ten thou-
sand people. That was in 2013,

InJanuary 2016 The New York Times Magazinepublished
oursﬁoryandmmﬂnnedthatthesechemicalswuebdng
found in public water supplies across the country. People
began demanding that the Era determine a safe level. A
few months later the zpa came out with its first long-term
drinking-water guideline for PPOA and pros.

But before the £PA could start the process of actu-
ally regulating these chemicals, it first needed to deter-
mine whether this was a national problem, ot one that
should be left to the states. That process was slowly grind-
ing away until 2020, when the £pa finally announced that
the contamination wes widespread enough for the feders]
agency fo act. It's going to move forward with setting a
national drinking-water standard, which may take several
more years.

1 don’t know if we've even had a single new drinking-
Wwater standard set in the last twenty years, because of
how difficult the process has become. That's why federal
legislation is being proposed that would just designate
thesechemicalsnsregulatedanﬂhazardousunderﬂ\ehw;
rather than waiting for the regnlatory process to play out.
And that's why states are setting standards themselves, as

ARTEMIS TMEA SALISBURY

opposed to waiting for the federal Epa.

Erisch: What makes federal and state environmental-
protection agencies so incapable of protecting the environ-
ment and human heslth?

Biiott: I think it’s incredibly complicated. The 2pa hag
thousands of employees, Thereare long-term career people
there trying their best to do what needs to be done. And
then you've got palitical appointees with decision-making
power who come and go with each change of administra-
tion. It’s elso seriously underfunded, with insufficient staff
to process all the information coming in about different
chemicais.

Fﬂsch:']]\ereisagrmvingglobalmownenttorecog-
nize the rights of nature, with citizens bringing lawsuits
on behalfofbodies of water. What implications might this
have for taxic-chemical threats?

Bllott:fmawamofﬂlosecuncepmbeingdjscussed.but
I'm not intimately familiar with the laws or litigetion about
them. Ithink the basicidea is that there should be a human
right to claanwater,orthatweshouldhaveuighttokeep
our blood free of man-made pollutents. Ifthose rights were
recognized, it could provideanadditiona!baxixﬁ:rpeoplz
to seek relief in court, Currently there are those in the U.S,
who gay you don't have a right to completely clean water,
because the government can give people and companies
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the right, through permits, to pollirte it.

Frisch: Another approach is the precautionary princi-
ple, which puts the burden of proaf on the chemical manu-
facturer, rather than on the injured party. The chemical is
considered potentially harmful until it’s proven safe, rather
than the other way around.

Bilott:'ﬂxeprecmﬁonarypﬂndplehnsbemmnrewiddy
embraced in Europe. It suggests that you don't have to wait
untilthehamdsareabsolutelyprovenbeﬁ:rewudosome-
thing, An issue came 11 in our litigation where the other
side argued that we shouldn’t be allowed even to use the
words precautionary principle in front of a jury, because it
suggests a different legal burden than is required in the U.S,,
where, they argued, the injured person must prove harm.

Frisch: All pras chemicals contain the element fluarine.
Is the mere presence of fluorine in a product or mamfac-
turing process something that should make us concerned?

Bilott: I have heard 2 number of scientists say that the
presence of that element is a bit of a red flag. These pat-
ticular chemicels, with their combination of carbon and
fluorine, are basically organic fluorine compaunds, which
almost never occur in nature, so our bodies don’t know
how to deal with them, We don't eliminate them from our
system very well, andtheyendupinthehlood.ltisnvery
troubllngsituaﬁon,PPAScompcundsmayhavesomegreat
uses in the manufacturing world, but living beings have a
real problem dealing with them.

Frisch: Seventy years after they were introduced, pras
cherrﬁcalsarenowinthebloodofﬁrtuaﬂyeveryl\merimn

~ indeed, most of the human population worldwide. How
have these chemicalsgottmdispersedsowidely?

Bilott: Unfortunately they tend to move preity effi-
ciently through the environment. If they emerge from a
smokestack, for example, they can travel through the air,
I've heard about them being found in polar-bear biood and
in arctic ice. They caa get into clouds and move around
Elobally. Although rroa, for example, has been phased aut
in the U.S,, some of these chemicals continue to be made
in other countries, like China. And since the pollution can
move with clouds and come down in the rain, it can move
into the groundwater table, Vegetation can take it up, puil-
ingitoutofthesuﬂandﬂiewater,Soitgetsintoplmts,
and from there into other living things, It doesn't go away,
It just continues to be cyeled through, and humans end up
being a sort of repository for a lot of it.

Prisch: Once these chemicals get into our drinking
water, is there any way to remove them?

Bilott: Some filtration systems are very effective at
removingcertaintypesofpmschemicals&omwatersup-
plies. In particular, granular, activated-carbon systems can
filter out what we call the “long-chain® pras chemicals —
those that have eight or more carbons, like proa or rros.
But some of the newer replacement. pras chemicals — short-
chain ppas with six carbons or fewer — aren't captured as
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well. For these a different type of water-filtration system,
like reverse osmosis, may be required, which is a lot more
expensive,

Pﬁsch:lundemtmdﬂmttapwatercmheﬁltered, but
doem'tthewaterinwel]sorinaresmirsmywntaminabed?

Bilott: Yes, typically the filtration system cleans the
water before it goes out to municipal customets, or before
it comes into the house, It's not actually cleaning up the
groundwatey. And even if we were able to clean up the
groundwater, it would likely continue to become contam-
inated. In Little Hocking, Ohio, for example, a massive
amount of PPOA was emitted into the air over the years, It
fell on the ground and seeped into the soil. So even if you
could clean up the groundwater, the soil is still a conting-
ing source of contamination,

Frisch: It seems that once these “forever” PEAS chemi-
cals enter the environment, we're screwed.

Bilott: Right, And&at’swhyalotoffolksaretrﬁngm
makemrethat,atamininmm,wes’bopanyﬁutherrelenm
of these materials.

Frisch: Under immense pressure — a lot of it
from the publicity your work has generated — DuPont
stopped producing and using ProA in 2013, That sounds
like a significant advance, but you're suggesting that it won't
solve the problem.

Bilott: In 2006, through an zea program, DuPont com-
mithedtosbopnmnufacturmgprmintheus.byms,bm
a DuPont spin-off called Chemours continues to produce
those short-chain prAs chemicals I just mentioned, which
can generate PFOA in the environment. This is the subject
ofalotofcumentinvesﬁgationandlitigution.

* Beginning in 2009 DuPont started shifting from proa
to a new chemical manufactured in Fayetteville, North
Carolina. They refer to this replacement chemical as *GenX.”
It's used just as PPOA was, GenX goes up the smokestacks
and gets discharged into the river, So basically the cycle
continues with a slightly different chemicgl.

In 2015 DuPont spun off its entire chemical division —
the one that makes GenX — into this new company called
Chemours. Then DuPont claimed it was Chemouss that had
all linbilities associated with vras, But analysts and com-
mentators said Chemours had been created with insufficient
assets to handie all of those liabilities. Chemours ended up
suing DuPont, arguing that it had been set up to take the
fall. The dispute was eventually settled, with the two com-
panies sitﬂngdownandﬂguringoﬁwhichwddpaywhat
part of the first $4 billion in pras liabilities going forward,

Frisch: There’s a Maine dairy farm that can no lon-
ger sell its cows’” milk or crops due to high levels of ppas
chemicals, The source of the contamination was & 19808
statepmgramthatpromoﬁedtheuaeufsewagesludge as
agricultural fertilizer. What should be done about this?

Bﬂott:’ﬂﬁsisannﬂtaissuethegemmlpublicbelieves
has just been discovered, but the concern about PEAS






There are those in

the U.S. who say you
don't have a right

to completely clean
water, because the
government can give
people and companies
the right, through
permits, to pollute it.

chemicals in biosludge or biosolids [sewage sludge] dates
back well over a decade. The federal £ra loaked into this
issue down in Alabama as early as 2008, where wastewater
biosludge had been given to farmers and spread on fields.
Theremgmatconcemﬂw:titwmddnotonlypotmﬂaﬂy
contaminate drinking water but also get into the soil that
the farmers were using to grow feed for beef cattle. Yet not
much was done to educate and alert people about the issue,

Frisch: In 30201 talked to the environmental scientist
in charge of my state’s sewage-siudge program. She was
looking forward to being able to test for eFAs chemicalg in
sewage sludge starting in 2021. Later she said there wasn't
funding to do the testing last year.

Bilott: I suspect you would find the same situation all
over the country. A lot of water supplies are not yet tested
fnrmschetrﬁcals.lt’sexpmslve.and,themunicipﬂitiea
will argue, “There’s no regulatory standard, so what would
we do with that data?”

Frisch: In Maine, which now regulates »eas chemicals
in sewage sludge, forty-four samples of sludge that was to
be spread on farmland were recently tested. Almost all had
PFAS chemicals at levels above the state safety threshold,
which some environmental groups say is ten times higher
than it should be. So most people’s exposure to PEAS chemi-
cals doesn’t come from direct industrial releases. It comes
from ingesting food.

Bilott: It comes from a wide variety of sources, There
could be downstream users of this material who dispose
ofitinlandﬁllsorsendittowashewater-tremne:nsysbems

without even knowing they've been using the chemicals.
Since they are unregulated, they may not even belisted on
Material Sefety Data Sheets orin product information. Also
the materials have been used in many different consumer
products, like fast-food wrappersand packaging and stain-
resistant carpeting, But if you're in a community with con-
taminated drinking water, that is likely to be your primary
source of exposure.

Frisch: I was alarmed to find that even hand sanitizers
may contain PrPAS chermicals,

Bilott; People are only now starting to understend the
full scope of the product range. It's not easy to find out
whmﬂmsechemica]swuemdbecause,agam.ﬂmyo&en
weren't listed on labels. There are groups out there trying to
make that information available to the public, The manu-
facturers of the chemicals have withheld pertinent infor-
mation as “confidential” 5o it’s difficult to know whether
or not you're exposing yourselfto prAs chemicals through
a certain produet,

Some companles are making it known that they are
switching away from all ppAs chemicals, 80 people do have
some choice,

Pﬂlc.h:What&houldjusﬁceforpeoplehannedbythese
types of environmental crimes look Iike?

Bilott: I hope it looks like what you saw at the end of Dak
Waters, where peaple obtain access to clean water and get
mmpenmtedﬂortheirmjuﬂex,andmaﬁesmdmmidpaliuu
are able to get reimbursed for the multimillion-dollar costs
ofwamtreahnentandump]ingnndmoniwdngequipmm
'Ifmecostsshouldbepaidforbyﬂtecompaniesthatwtu—
aﬂymsedthepmblmthntknewﬂﬂswauldhappen. and
that treated people like guinea pigs,

Pﬁsch:Wealmneedtnrebalancethewnrped set of
mcenﬁvesandpenalﬁesthatedst,sothatthiadoem'thap-
pen again and again.

Bilott: Right. There's got to be a sufficient deterrent,
80 that it duesn’t make good business sense to do what
DuPont did,

We have more than enough information to tske action
on all pFAs compounds besed on what we know about proA
That information should be used in a precautionary way to
evnluatechemicalsﬂutaresimﬂarinstrucmreandmxlcityz
We shouldn't be waiting for more people to get cancer and
diebeﬁvrewemkeappmpriateacﬁnnmaddmssﬂ\epmlﬂm

Frisch: What do you say to people who find this infor-
mation too

Bilott: It can be overwhelming, but if you step back
andlookatthispa:ﬁctdustoryofEarlTemmnt, it can be
inspiﬁng.AfamerinamchommunityinWesch'ginia
was able to take on DuPont, and we got the information
Products are being changed. The public is becoming aware
of something we weren't aware of before. S0 we can make
a difference, "
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PFAS and SEWAGE SLUDGE BIOCHAR
By Dave Walker, Geology Professor Emeritus, Columbia University

Biochar {pyrolyzed organic matter, such as agricultural wastes) is well established as a soil
enhancer and/or a source of biogas. Pyrolysis Is also an agri-waste disposal mechanism. The process
involves heating biomass in the absence of air so that it does not burn. Instead as temperature rises, a
progressively more carbon-rich solid develops by loss of molisture and calorific flammable gases like
methane and carbon monoxide. The residual carbon-rich char serves as a fertilizer, sorbent, and
moisture stabilizer when added to soils, and the gaseous byproducts can be partitioned between fueling
the pyrolysis and other fuel uses. The pyrolysis itself is anaerobic whereas the use of biogas as a fuel
involves combustion and its products. A varlety of products may be produced from various feedstocks,
heating rates, and temperatures achieved. The process is uncontroversially green for agricultural wastes
like cornstalks or grass clippings or manure, unless there are residual pesticldes or hormones
incorporated within the particular waste stream. CO, produced by biogas fuel-use is not fossil and does
not contribute to chimate change.

Things are a bit more complicated when sewage sludge is the waste stream [feedstock] for
pyrolysis, because of its potential content of toxic substances. Microbes and related biotoxins are of
course sterilized during the pyrolysis; metals are not. They may join the char or be expelled with the
gases. In assessing the potential impacts of a biochar production project, it is important to know what
toxins may be present, and what their likely disposition during the processing may be. PFAS chemicals
are of some interest because they are found widely distributed in sewage, usually, but not always, at
low levels. They are highly toxic and difficult to destroy. Thus when municipal sewage sludge is spread
on agricultural land for its nutrient content, serious degradation of crops may result from plants
absorbing any toxins like PFAS from the sewage-treated soll. In this context, it is important to ask what
happens to PFAS during pyrolysis of municipal sewage. Unfortunately, our present state of knowledge
does not allow a clear answer which could inform any decisions about the worth of such projects.

Current literature on the subject is sparse and contradictory. For instance Thoma et al {2022)
reported that pyrolysis temperatures of 600 C left no detectable PFAS residue In sludge-derived
biochars. 400 C was not sufficiently high in temperature to achieve this result. At face value this would
imply that biochar produced by their 600 C process would be safe to spread on fields as far as PFAS
contamination is concerned. However an important question (What happened to the PFAS?) was not
satisfactorlly answered. It was not found in the scrubber effluent nor the gaseous emissions. Sg it Is not
know whether it was fully degraded, or partially degraded into substances not analysed and emitted
with the vapars. Thus the full impact of the process for determining the full environmental PEAS toxicity
disposition is unknown. It is possible that one simply trades contaminating your crops with PFAS for
contaminating your air by direct PFAS emissions or degraded but still toxic PFAS emissions.

Thoma et al (2022) contradicted the earlier study of Kundu et af {2020), which also studied
sludge pyrolysls at 600 C. Their finding was that the removal of PFAS was very spotty and inconsistent.
Some common PFAS were removed at 98% efficiency from the biochar, whereas other closely related
PFAS were only removed at 1%. Kundu et al. also had difficulty in determining what happened to the
PFAS they did lose. But they got a little farther than Thoma et al. in that they determined that the
scrubber waters had substantially increased their content of fluorotelomers, partial degradation
products of PFAS which themselves are suspected of being poewerful toxins. So the Kundu version of the






process is a definite NO for PFAS emission in the production process and for the biochar product
toxicity. The Thoma varlant is an unproven MAYBE. These studies indicate that the present state of
knowlfedge is not sufficient to make an informed determination of the full implications of PFAS
treatment in the biochar-from-sludge preduction process. The precautionary principle says NO for now.

Thoma ED, Wright RS and 7 others (2022). Pyrolysis processing of PFAS-impacted biosclids, a pilot study.
JOURNAL OF THE AIR & WASTE MANAGEMENT ASSOCIATION, VOL. 72, NO, &, 309-318
://doi. 10.1080/10962247.2021.2009935

Kundu'§, Patel S, and 10 others (2020). Removal of PFASs from biosolids using a semipilot scale pyrolysis
reactor and the application of biosclids derived biochar for the removal of PFASs from contaminated
water. ENVIRON. 5Cl.: WATER RES. TECHNOL., 7, 638-649 DOI: 10.1038/d0ew00763c

PS From Dave,

The kundu paper was not so much that PFAS was destroyed, but that their blochar product was a good
sarbent for removing pfas from water by absorbing it like an activated charcoal filter would, so definitely
NO for putting it on crop lands but use It instead as a PFAS filtrant because It will absorb more PFAS
above what It still has.
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Removal of PFASs from biosolids using a semi-
pilot scale pyrolysis reactor and the application of
biosolids derived biochar for the removal of PFASs

from contaminated watert

Sazal Kundu, ®* Savankumar Patel @ Pobitra Halder, @° Tejas Pate|, @°
Mojtaba Hedayati Marzbali, @ Biplob Kumar Pramanik, ®® Jorge Paz-Ferreiro, §-
Cicero Célio de Figueiredo, @< David Bergmann,? Aravind Surapaneni,
Mallavarapu Megharaj @1 and Kalpit Shah @ *=

This study focusas on the conversion of blosolids to biochar and its further use In adsorbing per- and
polyflucroatiyt substances (PFASs) from contaminated water. In particular, this study aims to (a} Investigate
the performence of a semi-piict fuidised bed pyrolysls unit in comwerting biosolids into blochar, (b)
examine the ability of the pyrolysis-combustion integrated process to destruct PFASs present In bioselids
and (c) study the application of biosolids derived biochar for removing PFASs from contaminated water.
The semi-piiot fuddised bed pyrolysis unit dermonstratad stable tefmperature and oxygen profiles In the
reactor. The yleld of biochar was found to be 36-45% at studied temperatures (500-600 ). The produced
blosolids derived blochar samples, due 1o thelr lower HIC and O/C raﬂo.wefoundmbeemane[ystabh
with an expected long (millennia} residence time in soll It was concluded that 90% removal of
perfluorooctanesutfonate {PFOS) and perfiucrooctancic acld (PFOA) from blosolids darfved blochar coutd
be achieved In the pyrolysis-combustion Integrated process. The biasolids derfved blochar demonstrated
>80% adsomption of long-chaln PFASs and 19-27% adsorption of short-chain PFASs from PEAS
contaminated water.

an&ymﬂﬁmmmﬁmmpmm.mmmmmmﬂmmmw“mm
range of 20 10 aver 95%, depending on the individun] PFAB considered,

1. Introduction
Stabilized sewage sludge, produced by wastewater treatment
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plants (WWTPs), is known as biosolids. This materlal f5 an
unavoidahle by-product that originates from households and
many industries.” The rapid increase in population as well gs
urbanisation contributes to a continued incresse in the
production of biosolids.*® Biosolids contain

macronutrients such as nitrogen, phosphorus, sulphur,
potassium, calelum and magnesium a5 well ag
uﬁmuh-ientssunhasm’nc,wpper.bumn,molybdmum,
manganese and fron.* Therefore, biosolids are attractive for
agricultural applications, and the majority of this muterial is
cutrently utilised for this purpose in hany countries
inclading Australia.’ However, biosolids may contain
harmfulpathogensandmuentregula&om(parﬂculmyh

This joumnal Is © The Roval Society of Chemistry 202
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Victoria, Australia) require bigsolids to be stockpiled onsite
for 1-3 years to reduce pathogen levels to the highest
possible treatment grade for sofl emendment. Also, heavy
metals, micro-plastics, pesticides, chemieals, herbicides and
pharmaceutical ingredients are present in biosoHds.>*”
Recently, biosolids have been recognised as a potential
source of PFAS contamination in soil and groundwater which
may restrict their land application in the near future.5®

PFASs are anthropogenic compounds and, historically,
bave been used in a wide range of applications inclyding
firefighting foams, non-stck cookware, stain- and water-
repellent fabrics, polishes, wexes, paints and cleaning
products.’®*! To date, more than 3000 PFASs and their
potential precursors have been identifled”® and their
numbers increase with tme as research Pprogresses.
Consequently, PFASs have become ubiquitous in terrestrial
and aquatic environments. These chemicaly axe persistent,
accumulative and leachable. PFOA and PFOS are the most-
studied PFASs. Humans may introduce PFASs in their bodies
via drinking contaminated water, and eating fish and meat
as well as vegetables and fruits, The adverse effects of PFAS
in human bodies may Include, but are not limited to,
increased cholesterol,”® hepatotoxicity and alterations in the
immaune system' as well as thyroid hormone disruption,*®
Besides, these chemicals may canse low infant birth
weights,’® and they are also suspected of causing cancer,”

PFASs have been detected in WWTP influent, efffluent and
biosolids globally.'® Hydrophobic partitioning in WWTPs is
expected to result in the retention of long-chain PRASs in the
sludge/biosolids.»® The major PFASs in biosolids, reported in
a study on US biosolids, were PFOS (403 + 127 ng g™ dry
weight) and PROA (34 + 22 ng g™ diy weight).’® The other
PFAS values were lower and in the range of 2 and 26 ng g™
dry weight. Similar results were obtained in Australisn
studies.®*® PFAS management guidelines have become
available in several Australian states, for example, in Vietorla
{regulated by EPA Victoria)." These may potentally impact
the wider land application of biosolids in the near furure,
Therefore, a reliable and cost-effective technologics] platform
is warranted that minimisesfeliminates the PEAS tisks of
biogolids for land applicaton.

FFASs have strong chemical structures, are thermally very
stable end require high reaction energy/high temperatures to
break down their chemical bonds. The available literature
suggests that immobilisation could be the most cost-effective
method for remediation of PEASs in biosolids and biosolids
amended sofls.”* However, keeping PFASs immobilised in a
solidmaui:foralongﬁmesﬁ]lneedsmbeveriﬁedby
further investigation. Thermal treatments such as Pyrolysis,
gasification, combuston and ineineration may have the
potential to fully/partially destruct PFASs due to their high
temperatire operation conditions. Most of the studies in the
literature have focused on investigating PEAS destruction
through incineration.*2¢ Studies on the potential of
Ppyrolysis and gasification technologies to destruct PFASs are
very limited.

This journal is ® The Royal Soclety of Chemistry 2021
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The pyrolysis process decomposes carbonaceous materials,
such as hiosolids, in the absence of oxygen.? Usually, a
sweeping gas flow is provided in the pyrolysis process (except
vacuum pyrolysis). In the case of fuidised bed pyrolysis, the
ﬂuwurateofthemepinggauishi@anditmaybe
economically feasible to recyele the €O, eontaining hot
Ppyrolysis/flue gas as the sweeping gas rather than using a high
purity and expengive inert sweeping gas such as N,. Biochar
(solid), bio-wil (liquid) and bio-gas are the three products that
are generated from the pyrolysis of biosolids. The yield
distribution of these products depends on a number of
parameters {ncluding the composition of biosolids, pyrolysis
temperature, heating/energy transfer rate, and flow rate of the
sweeping gas as well ag the catalyst/additive if used. Bio-oil
and bio-gas could be used as fusl**" while biocher could be
used 5 a soil amendment material,**” as a catalyst in the
production of carbon nanomaterials®® or as an adsorhent for
removing micropollutants.®*?° If there is g priority between
biochar and bin-oil, the heating/energy transfer rate is usually
mnsideredwbetmalmd.Whenbio—oﬂisconsideredmbe
the primary product, 2 high heating rate is applied while a
slow heating rate is applied when biochar is considered to be
the primary product, Previous studies suggested that pyrolysis
can successfully destroy impurities such as pathogeneg, miero-
plastics, pesticides and pharmaceutical ingredients and the
pmductsfrom&u‘sprocescanbefmefromthesc
nuizances. ™ If the destruction of PFASs from biosolids can
be safely performed by a Ppyrolysis process, it can assist water
industries in redueing biosolids volume and creating an
indisputable application of biosolids derived biochar as a sofl
amendment materia]l as well as its other applications in
chemical processing,

Pyrolysis can be carried out in both fixed bed and fluidized
bed reactors. The poor gas-solid contact in fixed bed reactors
may compromise the quality of biochar. Biochar with uniform
characteristics is benefielal and desired, particularly if the
considered end use is being a catalyst or an adsorbent,
Fluidised bed reactors ensure imiform heating even at high
heating rates leading to the production of high quality
biochar with uniform characteristics. This opens up the
possibility of extending the application of biosolids derived
biochar, produced from fluidised bed Teactors, in the
adsorption of PFASs from conteminated water,

Several reactor detigns have been evalvated in o large
scale for the pyrolysis of hiosolids. For instance, a microwave
heaﬂngsysﬁemwnsappﬁedninﬁngtoproducebio—oﬂnsa
primary product from the transformation of sewage sludge
wsing several additives such as KOH, H,50,, H;BO;, ZnCl,
and FeS0,.>" The technological feasibility was found to be
dependent on the optimisatdon of process parameters and
selection of appropriste additives, In a different shudy,
mgesludgewasblendedwithotherfeedsmeksuchas
manure and studied in a fixed bed pilot-scale teactor with
positive findings.>® A few other pilotscale studies were
catried out using a fixed bed reactor jm non-citalytic,
autocatalytic or eatalytic mode. However, the gpplication of
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fluidised bed pyrolysis reactors is found to be rare for
pyrolysls  of biosolids. In addition, pyrolysis is an
endothermic process and the optimisation of energy is vital
for the commercial viability of any technology. Therefore, a
fluidised bed pilot scale reactor integrated with a combustion
chamber, which aimg to run pyrolysis in autothermal mode
(ie. no need for external energy), is in demand in the search
for sustainable uses of biosolids.

Typically, pyrolysis of carbonaceous materials is carried out
between 300 to 1000 °C.>” Lower pyrolysis temperature generates
bu'ochsrwiﬂ:almermmfanemanndlﬁghmqgmmmining
ﬁmcdonalgmup&uthemoljmismmpmuminmem,ﬂ:e
surface area of biochar increases at the expense of functional
groups. ‘Therefore, low tempemature pyrolysis is generally
pre&rmdforprodueingbioeharfuraoﬂapplim&onwhﬂehigh
temperature is desired when biochar with a high surface area
needstobepmduced.chnoﬂngapymlyuistempemhueis
chaﬂengingandafewaspuclnomﬂdbetakeninhoemmidemﬁnn.
(2) This work aims to produce biocher to be used ss an
adsorbent; therefore, a high surface ares and an improved
murphologyiseriﬁcaLQn'pmriouswmksuggmﬁmtthe
pyroljmfamlpnramrehasatremendmimpaaonme
morpholoyofbiocharandapyrolysiuwmpemumbcmsoo
and7uo°cmngmambiocharwithnhighpomﬁfgrand
Bmam&omﬁmnﬁds.”(b)l‘hauwmdaspectmaybeﬂ:e
destruction of pollutants, particularly PFASs which are inherently
present in biosolids. The devolatilisation and destruction of
PFASz at high tempersture during combustion have been
cstablished.**** However, biosolids contsin 2 rensonable
concentration of metals and minerals that are expected to
ﬂmcﬁunasmmlystsﬂorﬂledesmmﬁofﬂmatmhﬁvelylmv
temperature in an integrated pyrolysis-combustion PIOCEss
whinhhasnotbeensuxdiedmthelimmm:e.(c)ﬂmthirdnpmt
nmyheﬂxeﬁnmaﬁonofpolycy\:lichydrocarbom(PAHa).Bdmv
500 °C pyrolysis temperature, PAHS are formed wa carbonisation
andmaﬁuﬁon.‘“’“ilbwem’c,afmemdimlpaﬂmw,
followed by pyrosynthesis, dominetes the formation of
m“%mimesﬂgaﬁngmformaﬂonmﬂummm
temperature range of 100-700 °C, researchers found that the
farmaﬁonofPAHsisﬂlehighesthﬂlemnpemturemngeuf
400-500 °C."*“* Applying a pyrolysis temperature >500 °C is
often suggested to minimvise extractable PAHs in biochar ©45
Acmmﬁngﬁorallﬂmseaspecm,nmodmtemmpemmremnge
ofsw—snnmcmﬂdbecomlduedwhichisanade-oﬂ’bem
minimising PAHg and obtaining high quality biochar while
assisting in the investigation of destruction of PFASs in biosolids
at relatively low temperatire.

Table1l Proximate and uitimate aratyses of binsolids
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PFAS contamination in ground water and industrial
wastewater Is a serious problem and their concentrations
often reach above those set by the regulatory guidelines *¢ 5o
far, granuler activated carbon (GAC) from various sources
(e.g, coconut shell and coal) has been extensively studied for
the adsorption of PFAS&*" Biomass derived biochar has
also been used in PFAS adsorption studies.S-*2 However,
biosolids derived biochar has been rarely used in adsorption
studies of PEASs.

‘I‘heaimofthecmtsmdyisto{a)invmgatethe
performanes ofamni—pﬂotﬂuidisedbedpyrolysis unit in
converting biosolids into biochar, (b) examine the ability of
the pyrolysis-combustion integrated Process to destruct
PFASs present in biosolids and (c) study the application of
biosolids derived biochar for removing PFASs from
contaminated water.

2. Methodology
2.1. Pyrolysis of biosolids

2.1,1. Bioaolids sample. The biosolids sample employed in
thissmdymsoureedﬁ'omtheMountMarthaWaher
Recycling Plant (38°16'06"S aud 145%03'31"E) of South East
Water Corporation, Victoria, Australia. This plant
predominantly receives domestic and trade sewage, and
treats sewage sludge through an activated gludge process
followed by anacrobie digestion. After digestion, the solids
are processed through a dewatering plant {Le., centrifuge)
anduoia:dlyingfaullitybefom&zeyareaenttoﬂtnclcpﬂhlg.
Thus, the samples used in this study were processed through
a solar dryer shed.

The biosolids sample was initially ground using a pin mill
(Chenwei Machinery CW-20B) and then segregated using a
vibrating screen (Sanfeng Machineyy, SF-600) at FA Maker
Piy. Ltd., Victoria, Australia. The pin mill and vibrating
screen employved in this study are shown in Fig, §1% The
biosolids, used in the trials, were 0.5-2 mm in particle size,
The detailed proximate and uitimate analyses of blosolids are
presented in Table 1.

21.2. Denuipdnnofﬂ:esemi—pihtunltmyhgedﬁ:rﬂm
pyrolysis of biosolids. The process block disgram is shown in
Fig. 1 (actual image of the semi-pilot pyrolysis plant can be
found In ESIt Fig. §2). Fach pyrolyzis trial was conducted for
5 hours. Trials were performed in triplicate (n = 3 for each
trial) to ensure consistency of the data and the average values
fre presented in this manuscript. The run mode of this
system is considered as semi-continuous since the biosolids

Proximate and ultimate analyses of biosolids

Proximate analysis” (%)
Moisture Volatiles Ash Fixed carbon

Ultimate analysis® (94}
el H N ] o

110 G0.6 25.0 10.4
“ Values on 2 dzy weight bagis. Value dstermined by diference,
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383 4.7 6.02 0.96 21.02
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Fig. 1 Process block disgram for the semi-pilot plant setup,

were fed continucusly throughout the trial period while char
was collected only after the 5-hour period at the end of each
trial.

During startup, the semi-pilot plant was heated vig a
Hquefied petroleum ges (LPG) burter. The hot flue £ES
Ieav!ngthelmbmermusedwpre—heattbegases(i.e.air
andN,{GO,Jenﬁerlngthesenﬂ-pﬂntphntviaahut
embnnger.mepm-hemdairnndlwco,gaseswrethen
circulated in the reactor to hest the reactor to a desired
tempemmmehoppermﬁlladwiththebiosoﬁdsumple
ntthcbeginningofeachhinl(Flg.SZﬂ.'l‘hehopperm
charged with N, viz a N, purging line. Once the desived
temperature of the reactor was atimined, biosclids were
continnously charged at 0.25 kg h™ from the hepper to the
reachorvianpre-caﬁhmtedsmufeudmwithwnﬁnmm
purging. The screw-feeder was calibrated for each trial.

Thcmcwr,employedinthismdy.meonmmd&om
stainless steel 253MA and insulated with ceramic fibre
insulation to minimise heat losses. It was of concentric
geomeuy,whmthzinnermbefunctionedasdnepymlﬂer.
'I‘hebottomhalfof&leinnermbewumadeofpipe,whﬂe
themphalfoftheinnertubeeondswdofawedgeawire
BCTeen. Blnaolidswerepym!ysedunderhubbling fluldised
conditions using a preheated N,/CO, mixed stream
mnmlningss%N,andis%Co,,va.mmsonﬁurusinga
N,/CO, mixed stream (85% Ny, 15% €Oy, v/v) in the pyrolyser
wag to mimic the seenario of pyrolysis in the presence of
recycled flue gas. The produced gas and ofl vapours from the
inmer pyrolyser tube were then transferred to the annular
space via the wedgewire screen from the top half of the
reactor while the biochar produced remained at the bottom
of the inner pyrolyser tube. At the end of each trial, biochar
was kept further in that inner tube with an inert environment
forcoolingandthencoﬂectedfun:herforana!ysis.'l‘he
annularspmenctedasapa:dnleombustorfmpy-gasandpr
oilvapmns.'l‘hetempmmreinﬂwnnnuluspacem
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mﬂoﬂedbyadjusﬁngﬂxesirinletmte.lbetﬂmpemnuent
thcannuluspaeewaspmposefuﬂykeptloweroreqmlmthe
pyrolysis tempereture to find out whether or not PRASS are
desuuyedntlowezmmpemmresinthmalsysm

By employing pre-heated air tangentially at a >10 m 5
velneityind:eannularspaee,themnsnndpy-oﬂvapom
wu:parﬂaﬂycombuxbedand?ﬂ!ﬁs,iftheymmiwdinﬂm
pymlyner,weredesm:chedinthismuhrspace.me
mdningpy—gasandpy—oﬂnpommmpidlytmmpm
fmmthesnnu]arnpaeemawahermhber,whmtheym
immediaﬁelyquendwd.'lherenmnfurusingh.ngendalenw
nndhigiwelodtyairmwanmthatthepymlysiareacﬁm
enﬁmnmcntianotaﬁechedand&emuandpy«ﬂvapm
are immediately quenched without any secondary reactions.
T‘hemﬂmwndensedinthesmbbermmr,whﬂem-
mndenaablewgnsmmttothewmbusﬁonchnmberof
ﬂlembumermmmﬂmtitmmmbumdbefou
relmingtnﬂ:evimnment'meenergyreqlﬁmdfm
pym]ysismpmmbyﬂ:ehotairandﬂy’oo,gases,
whichwempre-heamdusingthemmbusﬁmofm:mdpy-
gus[omepmduced).Attheendofenchtﬂnl,thesamp!a
ﬁomdnewatersmbbermuoﬂemdfuroﬂandPFAs
mnlyds.AnyPFAﬂspedeswﬂedlythegasm'eam,ifthey
sutvive in the pyrolysis-combustion system, should be
tmppedinrhewmrsnrubher.‘memsonistbntthebniﬂng
pointsof?lﬁ&s,wenforshortchainPFAﬂs(e.g.,theboﬂing
pnintod’pentaﬂuorobensoicacid[l’ﬂxl]iszzow),mhigher
than the water bofling point.

Anonlinegunmnimr(eombusﬁonanalyner,mm
7) was employed to measure the concentrations of various
gumspedes(ﬂ0,00,,NO,andﬂO,)intheshck.The

z)annularspmemmpmmre,s)mcm:inletl\rmm
tempmﬁ:ehnd&]mctorinletﬂgmpermm'memmlysh
Izialswarecarﬁedmtatth:eedifﬁuenttempmueg 500, 550
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mdﬁﬂﬂ%.l‘heavengetempmﬂeatthepyrolyser
thermocouple was considered as the pyrolysis temperature. The
uoneentraﬁmofoginﬂiepymlyserwasmnﬁnuously
monitored by an online gas monitar {syngee analyser, Madur
Aqua GAZOT Plus). Biocher produced from biosclids in the
semi-pilot trials at 500, 550 and 60D °C ere labelled as BSBC-
500, BSBC-550 and BSBC-600, respectively.

Biochar produced during the trial was characterised by
surface imaging using a scanning electron microscope (SEM)
of the Philips X130 model and & Brunaver-Emmett-Teller
(BET) analyeer (Micromeritics 2000/2400). The particle size
distributions of both biosolids and biochar were determined
using a Malvern particle size analyser (Mastersizer 3000).
Analyzes related to PRAS, pyoil and heavy metals were
performed externally (by ALS Limited, Australia), ALS
laboratories are NATA (Nationel Association of Testing
Authorities, Australia) eccredited Ilahoratories, They have
applied their WP045B, WP075A and WPo1254 methods for
py-oil analysis, EP231 method for FFAS analysis and WiG020B

for heavy metal analysis.

2.2, PFAS adsorption

2.2.1. Biochar preparation for PFAS adsorption. Biomnass
biochar was produced st 600 °C Pyrolysis temperature to
make a comparison with biosolids biochar produced at the
same temperature (BSBC-600) mainly for exploring its
potential to adsotb PFASs from PRAS contaminated water.
The biomass biochar produced at 600 °C in this study is
referred to as BMBC-600. Sawdust (predominantly Australian
pine wood, sourced from a mechanijcal workshop at RMTT
University) of the same inftial particle size as the biosolids
(e, 0.5-2 mm) was used in the production of biomass
biochar. Instead of a semi-pilot plant, & muffle furnace
(Barnstead Thermolyne 30400) was ecmployed for the
production of biomass biochar, where the furnace was
operated at 600 °C for 1 hour.'rhefurnacewasthenkept
closedunﬁlitmmoleddawnnamﬂywmom
temperature. Afterwards, the biochar sample was taken out
aod stored inadeuiccabunBoﬂnBMBﬂ-ﬁOﬂandBSBG—Gﬂo
waresievedtoob’tainapuﬁclesizeofo.sm.Smmand
foxther employed in the PrAS adsorption study. The BET
surface areas of these samples were measured and found to

Table 2 Concentrations of various PFASs in cortaminated water
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be 79.87 w® g™ and 5529 m® g for RMBC-600 and BSEC-
600, respectively.

22.2. Procedure for PFAS adsorption. Two PFAS
contaminated water samples (gources can't be revealed) were
wsed in this study. The PFAS content in sample 1 was
significantly higher than thet in sample 2 (Table 2). In
addition, several PFAS species in sample 2 were below the
detection limit of the analyteal instrament, and therefore,
they were excluded from the adsorption study. The pH values
of sample 1 and sample 2 were 4.3 and 7.85, respectively. In
this study, we have not adjusted the PH level for the
adsorption tests,

Initially, PFAS contaminated water samples were filtered
through 6-micron polyethersulfone (PES} membrane filter
paper to remove any suspended solids, Two adsorbents were
empioyed to remove PFASs from these samples az detailed
earlierr 1) biosolids biochar [BSBC-600) and 2) biomass
biochar (BMBC-600). For each study, one gram of adsorbent
wasmhninaconicalﬂask, and 50 ml of PFAS
contaminated water was introduced into the conieal flaslk.
For each set of adsorption study, there was a repeat test. The
tops of the conical flasks were wrapped with aluminium foil,
and they were placed in an orbital shaker (Thermoline T5-
400) set at 180 rpm. The samples were shaken for 48 hours,
After the completion of trials, sold adsorbents were
separated using  0.45-micron  polyethersulfone (PES)
membraneﬁlherpaper.'l‘heﬁltrauesnswellasmwsamples
weretl:ensenttoALSIjmibed,Australiaforanalysis.The
adsorption of PFASs by various adsorbent materlals was
determined using the ALS generated data.

3. Results and discussion
3.1, Pracess ainbility

Process stability with respect to important process parameters
suchastempemuneandogommtmﬁonisvimlin
obtaining products of desired quality as well as maintaining
the energy halance of the semi-pilot pyrolysis unit. The
integration and operation of pyrelysis—combustion has been
demonstmtedinﬁxedbedandmgertype reactor designs in
the literature.”* However, an integrated fluidised bed
Pyrolysis-combustion process has not been demonstrated yet
in the literature. The present work demonsirated a stahle

Chemical
Species formula Sample 1 Sample 2
Perfluorooctanesulfonic acid {prOS) FCR,)sS0.H 480 0.08
Perflunrooctanoic acld (PFOA) F(CF,;),CO0H 24 0.36
Perfluorohexanesulfonic acid (PFEERS) F{CF,),80,H1 210 0.61
Perflucrobutanesulfonic zeid F{CR,),50,1 B0 0.05
Perfluoropentanesulfonic acid (PFPes) F(CF,):50,H 56 —
Perfluoroheptanesulfonic acid (PFHpS) FCR,),80,H 20
Perfluorododecanoic scid (PFDoA) F(CFy)y;COOH 0.22
Perffuorotridecanoic acid (PFTIDA) F(CP,):,COOH 0,07
Perfluorotetradecanoic acld (PFTeDA) F(CFy)13000H 0.07

642 | Ewiron. Sci: Water Res. Technol, 202, 7, 638-64%
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can achieve highly stable temperature and oxygen
concentration profiles. The advantage of such an integrated
pmcessiathewmpactdenignwhicbmhelpmdmtﬁe
capimlandoperaﬁngeostsasweﬂasimpmvethepmduct
quality.

addiﬂon,theozconeentmﬂonmfarbeluwl%duﬁngﬂm
entire trial and, consequently, the process stmosphere was
nearlyinertThisdemommthatthistechnologroﬂma
stable process for biochar production.

The monitoring of major components of flue gas during
theuialinhnwninﬂg.s.'l‘heeoneentmionofco,mnged
between 13 nndls%.'lhisrangeofcogva]uesprwidesa
Justification for choosing a mixture of 35% N and 15% CO,
astheﬂuidisinggas.'l‘hecmceptappﬂedhere!sﬂmtthe
ﬂuegnsmaybereqcledmduﬁlhedasdmﬂtﬂdidnggas.

megasamlysismpaformedatthemdLIhelevelof
sogwasobservedmbewtylow[bloppmjinaﬂofom
tﬂaIs.NO*walsolowandinthemngeoflzohomsppm
whﬂeGOwasbeMemMandSOppm(Hg.sj.The
concentretions of hydrocarbons were alsg measured;
however, the values were not detectable and therefore, not
mpmudhm.mmvﬂmmﬁmndﬁobeweﬂbelowthe
enﬂssionlimitsmmmmendedbythelndush'ialmnisdons
Directive (YED) 20106/75/EU.

3.2. Produet distribution of py-uil

The analysiz of the scrubber water sample (ie, product
disuibuﬁonofpy-oi[jisshowninmg.d.'mery-oﬂ
eomponentsmredividedimdxmajorgmups,which
include polyaromatic hydrocarbong (PAHS), moncaromatic
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Fig. 3 Analysis of flue 435 wing an online IR analyser for the 600 oc
trial

producﬁonofPAHsandMAHaweremim'mnl!nﬂ:eproﬂ
sample. The major components of py-oil were hydrocarbons
ﬁollowedbynleohnlsandphenols.'rhispmductdisu-lbuﬁon
isfavoumbleifpy-oﬂiswnsidemdformmbuaﬁontopmvide
energy to the pyrolysis system.

While the py-oil produet distribution, is favourable in the
context of combustbility, it will still Tequire pre-treatment
beforeitcunbeusedasnfudintmdiﬁonalpower
genemmrs."Abeuuappmachwuldbeeomhusﬂngpy-oﬂto
prwidemerymdaepymlydspmwss.lnthemrentmi-
pﬂotphnt,nlowereombusdonhempemun'emappliedwith
theﬁm:nﬁonminvesﬂgmmsdeaunEﬁon.mthemal
world,ahighermmbusﬁonmperamre could be applied
w!ﬁchwou]dwmhustpjroﬂandpy—gasmdproﬁdethe

3.3. Yicld and stability of biochar
'I‘hebiocharyieldngainntpyrolysinempemmmisshownin
Fig. s.mthiasmdy,prgasandpycdlwerepamdly'

R .

.i -y -
& ] g E ; g

Fig. 4 Analysis of the scrubber water sample (product. distribution of
py-oil,

Environ, Sci: Water Res. Technol, 202, 7, 638-649 | 643






Paper

Blochar Yield (%)
& 8 8 5 g

&

. -

Temperature (*C)
Fg.5 Blochar ylald againet pyrolysis termpersture.

wmbunhed.'lheuneombustedpy-oilm capiured in the
water scrubber while uncombusted py-gas was detected in
theﬂuegas.Authecombuxbedpo:ﬁonmnotmeamred,
thedebermjnatimofyieldsnfmasandpy-oﬂwnot
possible, ‘I‘herefnre,biochuylelddatamonlyobuinednnd
presented. Pyrolysis of biosolids resulis in the decomposition
of carbohydrates, proteins, kipids, pelyphenols and other
macromolecular humic  substances g5 well as
microorganisms.***” The level of decomposition of these
species increases with pyrolysis temperature, leading to lower
biochar yield.

'Ihee&etsofpyrolymmpmun'embiocharﬁmmﬁmis
fur&mmﬂecﬂbyﬂnepmdnmtamdlﬂﬁmteambmufﬂ:e
biocharsamples(’l’nbleaj.Asupected,vdﬂxtheincrmuf
temperaturs, the volatile matter and fixed catbon decreased
whﬂeﬁ:ea:hcmﬂentinmsed.Amdh:gmtheulﬁmm
analyxis,C,Handeeereamdwﬂhtheinmmof
mm.ﬂmmthevaﬁaﬁmofsmﬁmndtohe
minimalinﬂleimmsﬁgnmdmmpmr@me.Mngm
ﬂ:atthesulphmwnmin!ugspedesdonotdegndesipiﬂmnﬂy
Mﬂ:inthetmpmregimeinmﬁgamd.'mepmﬁmand
ulﬁmaneanalysesofbimﬂdsandbiodmrmalsouaedm
wnmaammwdendhgram[!‘lg:ssﬂ.’lﬂsdhgrmism
illustration of the matarity/stability of biochar matetials.® Both
HICme!Crlﬁosdmnedsigniﬂcanﬂyﬁambiomﬁdam
biocharasennﬂmadinrig.s:i:r

The detailed transition of X/C and O/C values from
bioso]ldsuobdoeharisshuwnin'l‘able4.ltwasﬁnundthat
boﬂamﬁosdmasedwithﬂxeinmofmolynis
temperature.As.lmihrmsuItwasrepmtedbyF!ydaand
Visser.”® This was possible because demethylation (loss of

Tabla 3 Preodrnnte and ultimete analyses of biochar
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Table 4 HICWOICMW&M:MM

BSBC-600

Bioseilds BSBC-500 BSBC-550
H/C mole ratio  1.4726 0.6800 0.6761 0.6087
O/Cmoleratio  0.4116 4.0125 0.,0111 D.0095

BSBC-500: biochar produced st 500 °C, BSBC-550; biochar produced
at 550 °C, BSBC-600: biochar produced at 600 °«C.

CHs) end decarboxylation (loss of CO;) reactions are
enbanced with the increase of Pyrolysis tempereture. The
increase of demethylation reactions decreases the H/C ratlo
while the increase in decarboxylation resctions reduces the

'I’hchighestHICmolemdomﬁoundmbeo.ssforthe
biochnrprodtmedatsoomandthinvaluemlowerthan
that from the International Biochar Initiative guidelines (the
suggestedmnximmnl{lcmoleraﬂobytheguldelinesis
o.n.“ThemghestOICmalemﬂowaso.omforthebiochu
produmdatsoom.'rhisolc:aﬁomlueishthelowermnge
whenmmparedmthuofotherbio:harsmphs.andthis
seemsindicuﬁveofnvezylonghalﬁ-life (more than 1000
yem]whenaddedwnnﬂ.“l‘herefme,itBMnoﬁngthnt
the produced bijochar samples are very stable carbop
materials and suitable for soil carbon sequestration,

3.4, Biochar morphalogy and surface area

The morphological analyses of biochar produced at 500, 550
mdﬁw%wmpﬂfomeduuhgamningelectmn
microscope (SEM) (Fig. sj.nunbesemthatapnmus
ahuchnemﬂidmtataﬂtempermuandthepmﬁtym

mngeofzstSm’g"(memvahmmezs.ds,u.osmd
55.29 m® g™ for the 500, 550 and 600 °C trials, respectively),
These values are well aligned with the SEM 2
'lheparticleaindimibuﬁonsot‘biosolidnandhiochar
parﬁclesareshowninﬁg.znmﬁuundﬂmtthepuﬂcle
aizedemsesﬁombiomﬁdutobiochan’memedimvalm
(for a volume disu'fbuﬁonvnlue],nv{so),decreuedﬁ'om'nzs
m587me,(soJrepmmmthemedianvnluefaravolume
disuibuﬂon.AsahowninFig.ﬁ,ﬂlebiochnryieldminthe
range of 36-459%, dependingontempemmm.'lhishuge

Proximatr analyais® (9) Uitimate analysis® (%)
Sample Molsture Voletiles Ash Fixed carbon C H N B of
BSBC-500 1.7 13.2 64.88 19.1 29,27 1.66 3.25 0.46 D.49
BEBC-550 13 121 66.77 214 28.01 1.5a8 2.78 044 0.41
BSBC-600 2.0 10.9 68.03 10.8 27.21 1.38 2.60 043 0.35
“Vﬂh;esanadryweiginbnds.‘vmedetermlned!vﬂiﬂe!mee; BC-500 reprumubincbuprodueedntthﬂmo]ymmmofsooﬂc
end similar definitions epply for BO-550 and BC-600,
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Fig. 6 SEM Images of the biochar samples: (A} BSBC-500, (B} RSBC-550 and {C} BSBC-500.

percentage reduction of mass leads to a decrease in solid
particle size s confirmed by the particle size distribution
results, The bulk densities of solid particles were also
reduced. The bulk density of 0.5-2 mm biosolids was found
to be 660 kg m™, while the biochar obtained from the
pyrolysisofthesebiosoﬁdsatsnomexhibitedabulkdensiiy
of 620 ky m™®,

3.5. Heavy metal composition

The concentrations of various heavy metals in the biosolids
employed and biochar samples produced from the trials are
presented in Table 5. Also, the allowsble concentrations of
heavymem!sﬁorhndnpplicaﬁonnuggenedbyl:mvimﬁa
(for blosolids)™ and the International Biochar Initiative™ are
a]soprwidedmrwmparison.conuminaﬁmgmdelfml
biosolids, as per the EPA Victoria guidelines, cotrespond to
the highest quality biosolids consisting of the lowest level of
heavymzmlcontamimﬁon,mdﬂ:ereﬂore,ﬂ:eymanomd
to be used in land applicstion without any specific control
meapures. In contrast, contamination grade 2 (C2) biosolids
are affowed with contrelled application.

The mass gud volume reduction from biosolids to biochar
during the pyrolysis process increased the concentrations of
heavymetals.!heonlymepﬁnnobsewedwasﬂg.misis
heeauseofthelawerboilingpointofl-lg, leading to
vapourisation of this element st the studied pyrolysis
temperatures. While the heavy metal concentrations

5
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inueasedinbiosolidsblochar,tbevaluesvveresﬁllbalmvﬂu
threaholdwhmuf&leCZgndesuggeshedbytheEm
Victoria and International Biochar Initiative guidelines.

3.6. Destruction of biosolids PFASs
l?lg.shighliymthePEASamlysiudamﬁurbiosolids,biochar
and serubber water, While the concentrations of a majority of
PFAS gpecles in the biosolids were found to have definite
quea,alll’FAsupecieawereuu'emelyluw[lessthan
detectable values) in both biochar and serubber water. This
confirmed that PEASs were vapourised from biosolids at
pyrolysis temperature leading to the production of nearly
PEAS&eehiochar.Simﬂarﬂndingswerepublishedhy
Bioforcetech.®# The extremely low concentrations of PFAS
speciealubo&biochnrmducmbberm:mgmﬂmt
swemlmswamlgixthmbaenparﬂallyormmplehﬂy
destroyed in the integrated Eyrolysis-combustion
environment maintained in the pyrolysis reactor and its
adjacent annular space. Temperature, gaE residence time,
ougrgen,waternpmmdthegmphasechemimyofalhﬁ
andalkalineeuthminemls(iak,ﬂa,(}a,andMg)might
haveplayedaiﬁealmlesinPFASdestmuimﬁaﬂmmdby
mineralisnﬂnn.Themlesoftempemmrenndresideneeﬁme
are well-known as higher temperature and residence times
can improve the destruction kinetics. The literature has
demmmtedthntmygenandwaﬁervapmumphycﬁtical
roles in the destruction of fluorinated hydrocarbons.5%7 In g
similarwuy,oxygenandmrvapmufgtnmtedﬁ'om
combustion of pyrolysis gas vepours) can play important
tolesinrmsdestrueﬂon.'l‘hemleaunfnﬂmliandalhﬂne
mthmingm]ninmﬂwmpourphaseandﬁxﬁrmpbm
chemistry with PPASs and destructed fluorine can also
enhance PEAS destruction and mineralisation efficiency,%5*
mmisalsoapossibiﬁtyﬂmtpmssmlghthavemnvmd
intosomcunknuwnorgnnoﬂuoﬁnecompoundswhichmight
not be in the analytical range.*® Such compounds could be
gaseous  organofiuorocarbons such as CF, and CoFg.
Unfortunately, the nature of the semi-pilot scale trials
presented in this work did not allow the authors to
invesﬁgateﬂlemleufeachofﬁleseparamemindemﬂ
Mnmbalaneefourrms:eouldnotbedwelopedforthe
scmi-pilot trials as several PFAS concentration values in the
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Table5 Total metal concentrations img lrg™) of the biosolids and corresponding biochar samples

Metals BS BSBG-500 BSBC-550 BSBC-500 €1 grade® 02 grade” Biochar guidelines®
Ag <5 5 5 <5 20 60 13-100
cd i4 1.9 1.6 1.6 1 10 1.4-39
Cr 24 44 50 78 400 3000 93~1200
Cu 660 1100 1200 1100 100 2000 143-6000
Pb 19 40 42 39 300 500 121-300
Hg 0.79 <0.05 <0.05 <0.05 1 5 1-17

ni 18 a7 68 180 60 2720 47420
Se 6 6 6 . 5 F] 50 2-200
Zn 870 1600 1700 1700 200 2500 416-7400

liqtﬁdandbiocha:sampleswerenotspedﬁc.ﬂmvmr,
nﬂemptsweremadetogninmeundmdingonms
remwalefﬁdenq[‘ﬂbleszﬂ.mthisesdmsﬁon.the
concentration values, shown with the ‘<’ slgn in Tuble 51t
(also presented in Fig. 8 with a marker), were considered ag
the final concentration velues for PFASs. For instance, the
eoneenlmtlonofl’l?oslnbiocha:was<o.noozmgkg"
[‘mblesﬂ).mtheesuma&on,ﬂmemntraﬁonefms“s
consideredaao.ooozmgkg".'l‘lﬁaestimaﬂonprmddm&e
removﬂwh:esof?FBS,PFOS,PFPeA,PFHxA,PFﬂpAanﬂ
FFOA as follows: 74, 98, 75, 64, 54 and 96%, respectively.
While this {5 a very rough estimation, this still tells that
aﬁmmIPFABsweremmoWdinthepymlynispmm.The
removalofotherl’mscompoundswaueithcr[aworuxqr
were forming during the process,

To confinm this as well as to explore the mechanism of
PFAS destrucHon, more scientific experiments would be
requimdinthefuume.mdescﬁbedpmdmxly,cluﬁngthe
masshalancefora!ll’ms;wasmtydifﬁmﬂtduemﬂie
low values of PFASs in the initial biosolids samples. A
pmcﬁcalmcthodﬁ:r&ewnyforwudeou]dheperfomﬂng
fystematic spiking experiments (ie. spike different PHASs
i.nmbiomllds)innrab—environm:ntinamozemntrolled

15 — 1.28
| e ]
s { §

L nr - -jom ¥

o s L ! LI 51

H“HHEHE
Fig. 8 PFAsaomrltlondmfwblmﬂds(ugkg"l.bmm

kg“landmbb-rwm(ugl").cmwlmmm
vmulusthmthnurkarnlues(uedehﬂeddluinﬁblaﬁﬂ.
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mannerasapildngatasemi@lotorpﬂotmlemnbevery
challenging, Lab-scale spiking experiments in a controlled
envimnmentmayhe]pnotonlyinclosingﬂnmabalanue
butalsoinemlorinsﬂlemcﬂonmechanismofms
desu'ucﬁoninbioioﬂdlpyml_vsis,wheretheﬁeedmuﬁalis

highyhcmmgeneous,imludingomnicnndlmrgmic
materials

methisslndy,&:eauthmswmld!ikemhighﬁghtthat
PPASs in biosalids, when compared with pure PFASs, might
hot require higher temperatures (ie. ~1000 °C for pure
PFASS™) for their destraction due to the different gas-phase
chemistry and potential catalytic effeets of mij
memkpmmtinthebiomﬁds.umscienﬁﬁcmrkwiﬂbe
required to investigate this fundamentally. Specifically,
xpﬂdngexpe:imenmwithpartiuﬂurmseompoundsatﬂm
Iabuuleinnmnmﬂedenvimnmntaredeﬁmhlem
evaluate the destruction and mineralisation efficiency and
mechanism,

3.7. PFAS adsorption
The adsorption efficiency (9% adsorption) of cher materials
for PFASE of contaminated water samples (i.e., sample 1 and
nmplez}isshuwninl"ig.s.rortlﬁsmdy,mc-sooand
Mc-ﬁoowereused.ltisweﬂh:ownthatpnhasamt
impactontimadsomﬁonofl’ﬂﬂs.”’“mhhunlsobeen
reﬂecmdinﬂlepxesentamdy.rormmple,tb:rema
highermsadso:pﬁoneﬁciencyﬁ)raamplelwmparedm
lhatformmplez.’miswasduetothelmerpnofnmplel
than thatofsamplez(4.3u&7.ss),andﬂaisisconsim
withth:Hmmre.”Atlaprofﬂwmntﬂminatedwamr
sample, electrostatic attraction between the positively
chnrgedadsorbentsurﬁmeandthenegnﬁvelynhugedms
molecules is strong,™ and this assists in enhanced
adsorption of PFOS molecules.
melengﬂ:ofPFASchninshassigniﬁmntimpaclxunPFAS
adsnrption.Short—chainPFASsmdiﬁmlttoldwrbbymany
adsorbents, Including commercially available granular
activated carbon (GAC). For example, perfluorobrtanesulfonic
wid[Pl?Bs)isamPFAs.Theadsm'ptlonefﬁciemyof&m
spedesbyhothBSBCandmcislawwithamgeoflk
zm[FigDa).Hmever,ﬂ:eadsorpﬁoneﬂicimcydesm
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Fig. & PFASadscrpﬂmeMdmbynrbmdnrmmh)
cormeminated water sample with high concentration f.a, semnple 1)
and b} contaminatad water sample with low concentration {le,
sampla 2). Note thet BSBC reprevents blosolds blochar, and BMBC
represents blomass blochar,

:ﬁoundminmeﬁor&leluwconcentmﬁonumphwithbnth
ndmrbenh[ﬂg.sb].udngtheﬂsncndsorben;theeﬁemof
concentration on the edsorptions of PFOS, PROA and PFHxS
wasﬂoundtobeﬂzeoppouiﬁeofthatfotm&withthe
decreaseofcmcentraﬁon,ﬂlendsorpﬁonoftheﬂlreel’rm
demedwhmnswmapplied.meimpaaof
conceniration on PFAS adsorption with BMBC was found to
berelnﬁvelylomﬁisismostﬂk:lyduetod:ehighersurfme
area of BMBG (BET surface area, BMRC-600: 79.87 m? £
BSBC-600: 55.29 m" g™). This fnding is aligned with a
previmsmdywnducudbynenﬂeyetalwhoimesﬁgated
micropollutent adsorption using biorolids biochar and pine
biochar,”

andmmcbemmuvuylnwful’i'asswiﬂlsu]phonicadds
25 a terminal fanctional group.

The hydrophobic interactions between PFASs and the
adsorbent can assist in PFAS removal from contaminated

This journal Is @ The Royal Seciety of Chemistry 2021
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watet s 2 hydrophilic functional group with a hydrophobic
tail is present in PFASs.”*”" Briefly, the hydrophobic surface
of adsothents enhances PRAS adsorption.”®’” The metal
cnntentwashigherfnCwmpmdec.Therefom,it
mnybepossibletbatthemetalsinmcredueemrﬂme
hydrophobicity and decrease the adsorption of PFASs.”® This
mybeﬂzermonforthehigherl’ms:dsorpﬁonnnmmc
mmpmdmthatonmc.WhﬂeBsncdidnotperfnmaa
eﬂ?ec&velyunmcﬁoradsorpﬁonofnumel'?m,im
production {8 expected to be less expensive,
’Ihereﬁo:e,ahigheramountofkﬁl!cmnbeapplindmlelyor
in combination with BMBC and high performing PRAS

application of BSBC for the adsorption of some PFASs such
23 PFOS and FFBS can also be considered.

4, Conclusicns

Asemipﬂntpyrolyﬁsunitmempw&:rﬁnemaﬁmaﬁon
ofbiomﬁdsinmhinchu.mm-pﬂotunitnddﬂedhighly
mblethennalnnduggenpmﬂesinﬂmpymlﬂi:mne.ltm
obsmedthatwiﬂntheinmofp)mlydswmpﬁam,the
biodmryieldandﬂmdmrboninbﬁochnrdemed.ltcouldbe
noted that the development of pores increnged with the
pyrolysis temperature. The produced biochar samples were
mblenndmatpmdmpresentabnghalf-ﬁﬁeifuaedasmﬂ
addiﬂves.tlheheavymmleoncmhaﬁoninblmharinmsed,
b!titwaswithinthem“cmﬁaczbimoﬂdsgmdhgandtbe
guxdehmspmdedbythglmemaﬁomlmochnrlmﬂmm
trials also demonstrated that intsgrated low-temperature

Biosolids biochar was found to be en excellent adsorhent
for removing PFASs from contaminated water, The
benchmarking with biomass biochar suggested that the
bﬁmbioehmpmedbeminadmbiqgmmwlwn
mmparedmﬂ:ebiml{dnbioehar.neapitethis,ﬂwlower
pmducﬁonuostofbiosoﬂdabiochnrmlghtsﬁllmalm{t
attractive to be used at a commercial scale,

Conflicts of interest
There are no conflicts of intevest to declare,

Acknowledgements

tl‘heauthurswlnhmacknowledgetheﬂnmdnlsupport
received from South East Water, Intelligent Water Networks

(FfWN) and RMTT University,
References
1 S.Patel,S.Kundu,P.Haldar,LRickmﬂs,J.Pﬁz-Farrdm,A.

Surapaneni, S. Madapusi and k. Shnh,xamabk.ﬁmy,
2019, 141, 707-716.

Erviren. Sci: Water Res. Technod, 2021, 7,638-649 | 847






Paper

2 L Fonts, G. Ges, M. Azuara, ]J. Abrego and j. Arauzo,
Renewable Sustainable Energy Rev., 2012, 16, 2781-2805,

3 p.mmmm,wwzem
Rev., 20132, 16, 2566-2582.

4 P. Darvodelsky, Depariment of Sustainability, Environment,
Water, Populations and Communities, Website; hitps:/fwww,
environment. gov.aw/system/files/resources/2e8c76c3-0688-47ek

SLVI’.JacobsandD.s.MchamUﬂizingbiasoﬁdsm
agricultural land, Michigan State Universfty Extension, 2001,

6 What are biosolids?, Australian & New Zealand Biosolids
Partnership, Website: hitpe:/fwww.biosolids.com.au/infof
what-are-biosolids/, Accessed: 21 Oct 2019,

7 M. Gong,wmu,z.Xu,H.Zhangde.Ymg,Rka
Ensrgy, 2014, 66, 605611,

8 PFAS NEMP 2.0, Environment Protection Authority Victorla,
Website; https:ﬂwww.epa.vic.gov.aulfor—community!
envimnmental—infmmaﬂonipfnsipfn&nemp-z-a, Accessed: 25
June 2020.

9 T. L. Coggan, D. Moodie, A. Kolobarie, D, Szabo, J. Shimeta,
N. D. Croshie, E. Lee, M. Fernandes and B. 0, Clarke,
Helyon, 2019, 5, e02314.

10 O. A Oyetade, G. B. B, Varadwaj, V. O. Nyamor, S. B,

Jonnalagadda and B. 5. Martincigh, Rev. Environ. Sei. Big/

Technol,, 2018, 17, 603-635.

11 Basic Information on PFAS, United States Environmental

Protection Agency, Website: https:/fwww.epa.gov/plas/basic-

information-pfas, Accessed: 21 October 2019,

12 N. B, Saleh, A. Khalid, Y, Tian, C. Ayres, L. V. Sabaraya, J.

Pietari, D, Hanigan, I. Chowdhury and 0, G. Apul, Environ,

Sci.: Water Res. Technol, 2019, 5, 198-208.

13 ]. M. Graber, C. Alexander, R. J. Laumbach, K. Black, P. O.

Strickland, P. G. Georgopoulos, E. G. Mamghall, D. G.

Shendell, D. Alderson end Z. Mi, J. Exposure Sci Environ

Epidemiol, 2019, 29, 172182,

14 C.E.Rockwell,A.E.Tuﬂcy,X.Cheng,P.E.FieldaandG.D.

Klaassen, Food Chem. Toxicol, 2017, 100, 24-33.

15 V. Berg, T. H. Nest, 5. Hansen, A. Elvertand, A.-8. Veyhe, R.

Jorde, J. @. Odland and T M. Sandauger, Erviron Iz,

2015, 77, 63-69,

16 M.A. Verner, A. B. Loccisano, N.-H, Morken, M. Yoon, H.

Wu,R.McDougall,M.Msonet,nMamus,R.Kishimdc.

Miyashita, Environ. Heaith Perspect., 2015, 123, 13171324,

17 E. C. Bonefeld-Jergensen, M. Long, S. O, Fredslund, R, Bossi

and J. Olgen, Cancer Causes Control, 2014, 25, 1439-1448.

lso.s.ArvaniﬁmdA.s.Shsina]ds,Sci. Total Emriron.,

2015, 524, §1-92,

19 A K. Venkntesan and R U, Halden, J Hozard. Mater.,

2013, 252, 413-418,

20 J. A, Sleep and A, L. Juhasz, Erviros. Polhut,, 2020, 115120,

21 R. Mahioroosts and L. Senevirathna, J. BEnviron, Manage.,

2020, 255, 109896,

22 1 Ross, ]. McDonough, J. Miles, P. Storch, P. Thelakkat

Kochunarayanan, E. Kalve, J. Hurst, 8, 8, Dasgupts and J.

Burdick, Remed, [, 2018, 28, 101-126.

648 | Environ, Sci: Water Res. Technol, 202), 7, 638-649

Vit Article Onling

Environmental Sclence: Water Research & Technology

23

24

25

C. D. Vecitis, H. Park, J. Cheng, B. . Mader and M. R.
Hoffmenn, Front. Emviron, Sci. Eng: China, 2000, 3, 129-151.
Z. Liv, P. McNamara and D. Zitomer, Environ, Sei Technol,
2017, 51, 9808-9816.

F. Wang, X. Lu, X-y. Li and K. Shih, Emiron. S Technol,
2015, 49, 5672-5680.

26 F.Wnng,K.shﬂn,xLuandG.Liu,Etw&m Sci. Technol,

2013, 47, 2621-2627,

27 Z Liu, 5. Singer, D. Zitomer and P. McNamar, Crielysts,

28

29

30

31

a2

33

34

35

36

37

38

-1

2018, 8, 524.

5. Patel, 8. Kundu, P. Halder, G. Veluswamy, B, Pramenik, J,
Paz—Feueiro,A.SurapanminndK.Shah,].Aml.Appl.
Pyrolysis, 2019, 104697,

H. Wang, K, Lin, Z Hou, B, Richardson and J. Gan, I Soils
Sediments, 2010, 10, 283-289,

Y. Tong, B, K. Mayer and P. ). MeNamara, Environ, Sci: Water
Res, Tecknol,, 2015, 2, 761-768,

K. Bondarevuk, A. Markowicz and Z. Plotrowska-Segst,
Environ. Int., 2016, 87, 49-55,

J. Rogs, D. Zitomer, T. Miller, C. Welrich and P ]
McNamara, Smviron. Sci: Water Res. Technol, 2016, 3,
282-289,

T. Hoffan, D. Zitomer and P, J. McNamara, J, Hgzard,
Muter., 2016, 317, 579-584,
L.K.Kimbdl,A.D.szpellandP.J.McNamara,mirm
Sci.: Water Res. Technol., 2018, 4, 1807-181g,

Q. Lin, G. Chen and Y. Liu, J, Anal. Appl. Pyrofysis, 2012, 94,
114-119,
MSﬁnnha,O.Marﬂnez,x.GémandA.Morin,We
Munage., 2007, 27, 13281334,

A, Sadar, 8. D, Sarhr.lr[.hngnnldandk.chowdhmy,
J. Energy, 2015, 2015, 618940.

N. Bolan, B. Sarkar, Y. Yan, Q. Li, H. Wijesckara, K, Kannan,
D. C. Tsang, M. Schauerte, J. Bosch and K, Noll, J Havard,
Mater,, 2020, 401, 123892,

N, Watanabe, S, Takemine, K, Yamamoto, ¥, Haga and M,
Takata, J. Mater. Cycles Waste Manage,, 2016, 18, 625630,

T. D, Bucheli, I. Hilber end H.-P. Schmidt, Biochar for
Environmental ~Manogement:  Science, Technology oand
Implementation, 2015, pp. 595-624,

C. Wang, Y. Wang and H, Hemath, Org. Geochem., 2017, 114,
111,

B. R. Simoreit, in PAHx tnd Related Compounds, Springer,
1998, pp. 175-221,

M. Keiluweit, M, Kleber, M. A. Sparrow, B. R. Simonelt and
F. G. Prahl, Emviron. Sci Technol., 2012, 46, 9333-9341.

P. Devi and A. K. Sarcha, Bioresour Technol, 2015, 192,
312-320.

H. $un and Z. Zhou, Chemosphere, 2008, 71, 2113-2120,

M. D. Holliday, Masters thesis, Air Force Institute of
Technology (AFTT), USA, 2020,

C. J. Liu, D, Werner and C. Bellona, Environ, Sci.: Water Res,
Technol., 2019, 5, 1844-1853,

C. Zeng, A. Atkinson, N, Sharma, H. Ashani, A, Hjelmstad, X.
Venkatesh and P. Westerhoff, AWWA Water Sci, 2020, 2,
1172,

This journal is ® The Royal Society of Chemistry 2021






Environmental Sclence: Water Research & Technology

419

50

51

52

53

54

55

56

57

a9

60

61

63

P. McCleaf, §. Englund, A. Ostlund, K. Lindegren, K. Wiberg
and L. Abrens, Water Res., 2017, 120, 77-87.

C. ]. Lin, D. Werner and C. Bellona, Environ. Sci; Water Res.
Techriol, 2019, 5, 1844-1853.

X, Xiao, B. A, Ulrich, B. Chen and C, P. Higyins, Environ, 5ci.
Technol , 2017, 51, 63426351,
D.thg,Q.He,M.ng,W.ZhaugandY.Li:ng,Enmu.
Teckmol, 2019, 1-12.

Bliosolids pyrolysis process, Bioforcetech, Website: https://
www.biofomehech.mm!pym!ysis.html, Accessed: 9 Dec 2020,
L Fonts, M. Azuara, L. Lizaro, G. Gea and M. Murille, nd
Eng. Chem, Res., 2009, 48, 5907~5915.

C. Jindarom, V. Meeyoo, T Ritksomboon and ».
Rangsunvigit, Chemosphere, 2007, 67, 1477-1484.

I. Fonts, M. Azuara, G. Gea and M. Murillo, 1. 4nal Appl,
Pyrolysis, 2009, 85, 184-191,

1. Jimenez, F. Vedrenne, C. Denis, A. Mottet, 5. Déléris,
J-P. Steyer and J. A. C. Rivero, Water Res,, 2013, 47,
1751-1762,

L. Fyda and R. Visser, Agriculturs, 2015, 5, 1076-1115.

K, Wiedner, C. Rumpsl, C. Stelner, A. Pozxi, R. Mags and B,
Glaser, Biomass Bioenergy, 2013, 59, 264-278.

International RBiochar Initiative, Standardized Product
Definition and Product Testing Guidelines for Biochar That
I8 Uged in Soil; IBT blochar standards, International Biochar
Initiative, Victor, NY, USA, 2012,

K. A. Spokas, Carbon Manage., 2010, 1, 289-303,

Guidelines for Environmental Management: Biosolide Land
Application; Publicaion 943, EPA Victoria, Victoria,
Australia, 2004,

Fyrolysis, Bioforcetech Corporation, Website: htips:/fwvw.
bioforeetech, com/pyrolysis.html, Accessed: 04 August 2020,

This joumal is @ The Roval Society of Chemistry 2021

65

67

8
€9

70

71

72

73

74

75

76

77

78

Viewr Articls Onilne

Paper

Bioforcetech, C/CAG of San Mateo County, Website; hitps:)
ceag.ca.gov/wp-content/uploads/2020/02/BFT_FER_2020-1.
pdf, Accessed: 04 August 2020,

J. Cul, P. Gao and Y. Deng, Environ. Sci. Technol., 2020, 54,
3752-3766.

N. Watanabe, M. Takata, 5. Takemine and
Environ. Sci. Polit. Res,, 2018, 25, 7200~7305.
A. Murphy, A. Farmer, B, Horrigan and T, MeAllister, Plasma
Chem. Plasma Process., 2002, 22, 371385,
Mtklm,&ﬂomﬂ&.dasﬂvu,dmm@mm,mm.
F. Wang, X. Lu, X shih and C. Liv, | Hozard Mater,
2011, 192, 1067-1671.

G. Goldenman, M. Fernandes, M., Holland, T. Tugran, A,
Nordin, C. Schoumacher and A. McNeill, The cost of inaction;
A socioeconvmic analysis of environmental and hegith impacts
linked to exposure to PFAS, Nordic Couneil of Minijsters, 2019,
Y. Bei, §. Deng, Z. Du, B, Wang, J. Huang and G. Yu, Water
Sel. Technol, 2014, 69, 14891495,

C. Y. Tang, Q. S. Fu, D, Gao, C. 8. C:riddleand]. 0. Leckie,
Water Res., 2010, 44, 2654-2663.

M, ]. Bentley and R. §. Summers, Emviron. §ci: Water Res.
Technol., 2020, 6, 635-644.

Z, Du, B. Deng, Y. Bei, Q. Huang, B, Wang, J, Huang and G.
Yu, J. Hazard. Mater., 2014, 274, 443454,
D.Zhang,W.ZhangandY.Liang, Scl Tota]l Environ.,
2019, 133606,

X. Chen, X, Xia, X, Wang, J. Qiao and H. Chen, Chemosphere,
2011, 83, 13131319,

Q Yu, R. Zheng, 5. Deng, J, Huang and @, Y, Water Res.,
2009, 48, 11501158,

J. Chen, D. Zhu and C, Sun, Esviron. §cf Technol., 2007, 41,
2536-2541,

K, Yamamoto,

Environ. Sei: Weter Res. Technol, 2021, 7, 638-649 | 849






LSS - X WS W § l-bl-]..l.’ rm\-u \.uur.:.\.-u, ChLP VYV W ll CALY LLEN. D\-I.lnl.uslﬂ LA A NV By ¥ . \..u:..:..u.ru.l.uu \IJ\.—\'

Fig. 4). Due to the varying sample volumes, the LOQ differed for each ru
For 51, paired couple 1 is shown. During the paired run, only minor
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Solids/1iguids S ing a s

Supplemental information (SI) Table 1 shows the target PFAS compounds analyzed with the abbreviated
name used by the Vista Analytical (VA) Lab and Chemical Abstract Services (CAS) registry number, listed in
the display order of Figure 2. The mean values of samples with concentrations greater than the lak's
minimum detection limit (M DL} and reporting limit (RL) combine values from TA and VA labs in this table.
The total number of samples of biosolids and biochar in this analysis was eight (8), with four (4) samples
sent 1o each lab, Cases where N=4 indicate that ane of the labs did not provide analysis for that
compound. One sample of water influent to the scrubber (tap water) is described in the main text (not
shown), Field blanks consisted of sampling spoon rinse before sampling.

51 Table 1: Summary of PEAS Analysis,
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Sl Table 2 summarizes the compound-specific MDLs, mean biosolid PFAS concentrations and removal
efficiency (RE) calculations derived from TA and VA resuits. The RE is expressed as a minimum in terms of
detection limits in some cases. The RE doas nhot account for target or non-target PFAS gas-phase or non-
target PFAS in solid and liquid media.

51 Table 2: Summary of PFAS Analyses and Calculated REs.
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S Table 3 presents the FTIR-measured concentration and emission rate data for the first ten compounds
in Figure 3 for each of the 1-hour duration tests (T1-T6) at measurement position LA, located at the exit of
the pyrolysis unit emission stack. The statistics of the FTIR-measured concentration data are presenter)
before water correction [8.68% vol (£ 0.35 %)]. The dry stack flow rate was 248 scfm (210 scim) and
emissions were calculated at a reference temperature of 21.1°C. The F10 and F5A FTIR analysis produced
one measurement per minute and each data point that was less than the compound's MDC2 vajue was
replaced with MDC2/2 before averaging. Trials with the percentage of data over MDC2 <85% will reflect
biased estimates of means.! Some test results, indicated by italicized text, produced very low (<30%) or no
data over MDC2, with collocated measurements in detection in some cases, Uncertainty exists in the acid
gas results due to system start up and line passivation issues as no quality assurance {QA} dynamic
spiking trials were performed for these gases. Uncertainty exists regarding MDC2s for QA dynamic spiking
gases carbon tetrafluoride (CF,), hexafluoroethane {C2F.4), and sulfur hexafluoride (SF¢). These compounds
were not detected in canister analysis (S! Table 6) and observance by FTIR may be related to residuzl gas
from dynamic spiking procedures. The derivation of emissions per process mass is described in Sl Table 5.
The limit of detection {LOD) for the FTIR measurements was the minimum detectable concentration #2
{MDC2) as defined in ASTM Standard Test Method D6348-12.2 This parameter was determined before the
field test by measurement of a simulated flue gas sample without the analytes of interest, but with ali
interfering species, such as water and carbon dioxide. MDC2 is a precision-based measurement of threa
times the square root of the standard deviation from seven different concentrations of the interfering
species.’ MDC2 is only a measure of instrument precision and underestimates the true target compound
detection limit. Although the precision of the instrument may be exceptional, that does not translate into
overall system performance. MDC2 conforms to the intemational Union of Pure and Applied Chemistry
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Sl Table 4; Summary of canister-derived emissions resuits presented Figure 3.
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Sl Tabie 5 summarizes the combined set mean and median values for Test T1-T6 presented in Figure 3.
The individual one-minute FTIR data were converted to dry emission rate in kg/h using the stack flow
parameters for each test (dry basis). The emissions data derived from the F10 and F5A collocated FTIRs for
T1, T2, and T3 were first averaged point by point and then combined with the F10 results from T4-T6 to
form 366 one-minute emissions values, with overall mean and median values by compound shown below,
The same strategy for replacement of FTIR concentration data <MDC2 described in Si Table 3 was used,
Emission data derived from canisters analysis was determined by combining all available emission values
for each compound (typically 6) with below <MDL values excluded,

The air emissions per kg of Class A dry BS processed by the pyrolysis system was derived from the kg/h
measured emission values by dividing by the mean dried BS input rate to the pyrolysis unit of 63,57 kg/h
for the overall tests, This represents a dried BS unit emission factor in kg of emissions per kg BS processed
(ka/kg) for the compounds measured and only applies to material after the BioDryer operation. To
provide a more direct comparison to S, which does not involve a drying step, the air emissions per unit
mass of wet BS {dewatered sludge, wet Class B BS in this case) input to the BioDryer/pyrolysis system were
estimated and expressed in units of kilograms per metric ton (kg/t). Since air emissions from the
BioDrying process were not measured, some compounds, (e.g. ammonia) were not accounted for in the
emission estimates,

The emission estimate per wet ton of dewatered sludge was derived by first calculating the input dried BS
to produced biochar ratio. in this study, 63.6 kg of dried biosolids where input to the pyrolysis process
producing 28.8 kg of biochar indicating a dried biosolids to biochar production ratio of 2.21 [63.6 kg/
28.8kg = 2.21]. From SVCW site processing data, approximately 3500 t of processed dewatered sludge
produces about 400 t of biochar annually, therefore about 884 t of Class A dried biosolids (2.21 * 400 )
are processed by the pyrolysis unit per year. These data indicate an approximate four-fold mass reduction
In the BioDryer step (884 t/3500 t = 0.25). The air emissions per metric ton of wet 85 mass Processed was
then estimated by muitiplying the Class A dried biosolids unit emission factor in ka/kg by 1 000kg/t, then
multiplying by the drying mass reduction factor of 0.25. This produces an estimate of kg of emissions per
metric ton (kg/t) of Class B dewatered sludge (wet BS mass) entering the BioDryer/pyrolysis process, with
the assumption that no emissions occur during water removal in drying.

51 Table 5: Summary of emission results across tests T1-T6 as presented Figure 3,
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Si Table 6 summarizes other FTIR-measured compounds not presented in Figure 3 in a similar manner as
Sl Table 3. Experiments with 30% or fewer measurements above MDC2 are highlighted and italicized. Due

to the large fraction of values below MDC2, emission estimates are not included for this table,

S| Table 6: Summary of other FTIR measured compounds.
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SI Table 7 summarizes canister analysis for selected VOC and fluorinated compounds not presented in
Figure 3. These data were produced from same canisters presented in Table 4. The MDLs of the
fluorinated compounds are considered approximations since the method is under development. Whereas
FTIR produced detections for hexafluoroethane, this compound was not observed in canister data,

Sl Table 7. Summary of fluorinated compound canister analysis, acquired at LA
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The original FTIR test design called for the controiled injection of small quantities of pure CFy and C,F,
indicator compounds into the front end of the pyrolysis unit to assist in understanding the C-F bond
destruction potential of the pyrolysis/FLOX® system. The three-FTIR setup would allow the indicator
compounds and other FTIR-measurable fluorinated PICs to be observed at various points in the process
{LA, LB, LC), and used as a tracer to assess system leakage at LD and LE. With full method development,
this indicator compound concept may help with comparison of C-F bond destruction efficacy across
thermal and incineration technology classes, However, this first field trial of the indicator injection method
was not performed due to potential safety concems. Select FTIR results from LA are presentad here.
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ABSTRACT

Concentrations of per- and poly-fluoroalkyl substances
(PFAS) present in wastewater treatment biosolids are a
growing concern. Pyrolysis is a thermal treatment
technology for biosolids that can produce a useful biochar
product with reduced levels of PFAS and other
contaminants. In August 2020, a limited-scope study
investigated target PFAS removal of a commercial pyrolysis
system processing biosolid with the analysis of 41 target
PFAS compounds in biosolids and biochar performed by
two independent laboratories. The concentrations of 21
detected target compounds in the input biosolids ranged
between approximately 2 pg/kg and 85 ug/kg. (ppb) No
PFAS compounds were detected in the biochar. The PFAS
concentrations in the biochar were assumed to equal the
compounds’ minimum detection limits (MDLs). The
pyrolysis system’s target PFAS removal efficiencies (REs)
were estimated to range between >81.3% and >99.9%
(mean >97.4%) with the lowest REs being associated with






the lowest detected PFAS concentrations and the highest
MDLs. No information on non-target PFAS compounds in
influent or effluent media or products of incomplete
combustion was considered. Selected gaseous emissions
were measured by Fourier transform infrared spectroscopy
and gas chromatography time-of-flight mass spectrometry
to provide additional information on air emissions after
process controls. This limited-scope study indicated that
additional research to further understand this process is
warranted./mplications: Development of alternative
approaches to manage PFAS-impacted biosolids is of
emerging international importance. A commercially
operating biosolid pyrolysis process was shown to lower
target PFAS levels in produced biochar. Additional research
is warranted to understand all potential PFAS
transformation emission routes and optimal air pollution
emissions control strategies for this technology class.
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Ms. Purdue asked some very good and relevant questions on March 7th. Among

those was the previously mentioned sewer ca pacity. Aiso, PFAS, which was
basically glossed over and ignored. She also addressed noise concerns.

1. The company stated distances from praperty owners (incorrectly, as we
have measured those distances since) but also vegetation screen. The
vegetation there is seasonal tree foliage from mostly poplar trees and some
Mapie and Oak trees sparsely scattered.

2. The company proposed no sound remediation of mention and this wasn’t
given a high impact declaration as it should have. They have a steel building
with insulated panels- this is not a huge suppressor.

3. The board was also reminded that night that the current solo business in
the park Hexion far exceeded the decibel levels aliuded to in Town building
code, and that (zero) enforcement has taken place even though multiple
neighbors have reported complaints. | realize the planning board does not
have enforcement duty here, but so should the planning board when
considering the noise levels that will surely accompany this chipper.

Town Code is Fifty dB(A) (measured at the real property boundary line)
between the hours of 10:00 p.m. and 8:00 a.m.;

100-5 Prohibited acts; exceptions.

4. Unnecessary noise. No person shall make, continue or cause or permit
to be made any continued unreasonably loud or unnecessary noise,
including any excessive or unusually loud sound which either annoys,
disturbs, injures or endangers the comfort, repose, health, peace or
safety of a reasonable person of normal and ordinary sensitivities.

This plant has proposed to run round the clock.

Met with Town of Kingsbury Code Enforcement officer about the wood chip
(burning) plant in their industrial Park. Since 2015 there have been 15 written
noise complaints for exceeding decibel levels in their code.

5 major fire calls to the chip facility as well.

He lives directly across Hudson River and expressed concerns about this project.






Submitted by Tracy Frisch

Assessment by research analyst with Defend Our Health, an environmental health
organization in Maine:

At worst, PFAS does not break down with incineration but incineration has been documented to
contribute to toxic releases in soil, water, and air (Bennington study). At best, PFAS may break
down on incineration but there is (1) insufficient data to support this as an effective method and
should not be recommended at thig point (EPA technical brief), especially for land application
where it is effectively entering the environment and human food systems, and (2) breakdown
products such as hydrofluoric acid are toxic chemicals themselves,

Bennington College report at ms:f/www.bennington.edu/centcr-advancement-of-pub]ic-
acﬁon/environment-and-public-actionfl.mderstanding-gfoa

“The soil and surface waters around Norlite [hazardous waste incinerator in Cohoes, NY] are
laced with PFAS compounds cormmonly found in AFFF [aqueous fire fighting foam, which is
made of a PFAS compound called PFOS]. The results of this preliminary research suggest the
burning of AFFF at Norlite is not breaking down these dangerous chemicals so much as
redistributing them into nearby poor and working class neighborhoods. Far from destroying the
toxins, the Norlite facility appears 1o be a significant local and potentially regional source of
PFAS contamination."

EPA Technical Brief: Per- and Polyfluoroalkyl Substances (PFAS): Incineration to Manage
PFAS Waste Streams, 2019:

thermal stability of PFAS compounds, the ability to fully capture and identify PFAS compounds
and their thermal decomposition byproducts, and the efficacy of emission control technologies
are areas of targeted research. [i.e., still ongoing and not yet definitive]. These efforts, in
cooperation with states and industries, is aimed at proper disposal of PFAS-laden wastes without
media-to-media transfer or environmental release [i.e., we don't know yet that this is a safe
method for preventing media-to-media release].”

“PFAS compounds are difficult to break down due to fluorine’s electronegativity and the
chemical stability of fluorinated compounds. Incomplete destruction of PFAS compounds can
result in the formation of smaller PFAS products, or products of incomplete combustion (PICs),
which may not have been researched and thus could be a potential chemical of concern,

The most difficult fuorinated organic compound to decompose is CF4, requiring temperatures
over 1,400°C, but is easily monitored, making it a potential candidate for destructibility trials.
Tetrafluoromethane (CF4) is a Ppotent greenhouse gas that contributes to the greenhouse effect, It
is very stable, has an atmospheric lifetime of 50,000 years, and a high greenhouse warming
potential 6,500 times that of CO,.



combustion (PIC) and distinctive from the original fluorinated organics. These reactions are
promoted by partial organic combustion resulting from insufficient temperatures, time, and
mixing, In addition, the presence of catalytic surfaces, often metals, promotes further reaction
and PIC formation in post-combustion regions. This scenario has been most studied related to the
formation of polychlorinated dibenzo-p-dioxins and dibenzofurans (PCDDs/PCDFS) in the cool-
down regions of waste incinerators.

The effectiveness of incineration to destroy PFAS compounds and the tendency for formation of
fluorinated or mixed halogenated organic byproducts is not well understood. Few experiments
have been conducted under oxidative and temperatute conditions representative of field-scale
incineration. Limited studies on the thermal destructibility of fluorotelomer-based polymers

found no detectable levels of perfluorooctanoic acid after 2 second residence time and 1,000°C
(Yamada et al., 2005; Taylor et al., 2014). Emission studies, particularly for PICs, have been
incomplete due to lack of necessary measurement methods suitable for the comprehensive
characterization of fluorinated and mixed halogenated organic compounds.

The extent to which PFAS-containing waste material in the United States is incinerated is not
fully documented or anderstood. PFAS compounds are not listed as hazardous wastes under the
Resource Conservation and Recovery Act (RCRA) nor as hazardous air pollutants under Clean
Air Act regulations, so they are not subject to the tracking systems associated with these
regulations.

Incineration may spread, not break down PFAS, Chemical & Engineering News, April 27,

2020, hups:/icen acs.orglenvironment/ rsist_gnt-pgllutamsflncinggmtors—spread—break-down_—

PFAS/98/web/2020/04

New data suggest that commexcial incineration of per- and polyfluoroalkyl substances (PFAS)
doesn™t break down these hardy chemicals. Instead, it spreads them into surrounding areas.

“It's the verv definition of foolbardy to fry to keep burning these things,” [David] Bond
(Bennington College professor] says of PFAS. “By design, they resist thermal degradation.”

Notlite, a company that makes a ceramic aggregate material, operates the Cohoes facility,
burning hazardous waste to fire two kilns. Norlite has voluntarily stopped accepting and
processing firefighting foam, pending research by the US Environmental Protection Agency.

The US military and nearby states have sent PFAS-containing firefighting foam to the Norlite
plant. This facility is one of several across the US that environmental activists are asking a
federal judge to shut down.



My name is Tracy Frisch. I am a resident of Argyle, and the founder and lead organizer of the
Clean Air Action Network of Glens Falls. I enjoy helping concerned residents prevent and
reduce pollution and find Zero Waste solutions, where possible. I do this work as an unpaid
volunteer.

While I advocate for Zero Waste, my research indicates that some wastes, such as sewage shudge,
are far too contaminated to have any beneficial use.

Tonight I will be speaking about per and poly fluorinated alkyl substances (PFAS) in relation to
Saratoga Biochar. Saratoga Biochar claims that its process for making bioochar out of sewage
sludge (burning in the absence of oxygen and then using thermal oxidation/incineration to burn
off the gases released) will destroy the PFAS, but these claims are premature and are put info
question by two recent peer-reviewed studies, an EPA research brief, and other documents I am
submitting into the record.

Chemicals in the class known as PFAS contaminated the drinking water in Hoosick Falls, private
wells in North Bennington, and due to the use of PFAS fire fighting foam, the drinking water
supply at many military bases.

Residents’ private wells in North Benmington were contaminated by PFAS emissions coming out
of a factory smokestack. PFAS emissions fall to the ground where they then leach through the
soil and into groundwater. PFAS chemicals also run off and end up in rivers, lakes, and ponds.

Whenever sewage sludge is tested for the PFAS class of chemicals, PFAS compounds are found
as a contaminant. PFAS get into wastewater from consumer and commercial products such as
cosmetics, floor cleaner, dental floss, and stain and water repellent coatings on carpets, clothing,
food wrappers and other products. PFAS is hazardous to health at extremely low levels. NYS
sets 10 parts per trillion as the drinking water standard.

The question I want to address is whether Saratoga Biochar’s proposed facility in Moreay would
emit PFAS out its stack.

First, let’s consider PFAS in sewage sludge. We don’t know how much PFAS is in our sewage
sludge because NYS DEC has only begun testing it this year, In 2022, T have made 2 FOIL
requests to NYSDEC but bave not received any data yet. Sewage sludge continues to be spread
on farmland in New York without knowledge of its PFAS content.

PFAS in sewage sludge is such a big problem because many PFAS chemicals are extremely
persistent in sofl and water, and in the bodies of people and other animals. They also
bioaccumulate up the food chain.

PFAS chemicals are associated with cancer, both in lab animals and in epidemiological studies.
PFAS compounds are also hormone disrupters and they depress the immune system, reducing the
effectiveness of vaccines,



My knowledge about PFAS comes from varions sources — a multiday conterence on PFAS in
Boston, webinars, reading. In March a national magazine published my long-form interview on
PFAS with the Ohio attorney Rob Bilott, the person who revealed the existence of PFAS and its
impacts on people and the environment to the world. Before he obtained important documents
through discovery in an important lawsuit, only industry scientists knew much about PFAS
chemicals.

By definition PFAS contain both carbon and fluorine atoms. The carbon-fluorine bond is
extremely strong and is rarely if ever found in nature. PFAS chemicals were first synthesized
after World War II in the 1940s. 3M and DuPont have been major makers of PFAS, but many
other companies use them in manufacturing.

There are about 5,000 different PEAS chemicals, yet the common testing method for PFAS only
can identify about 30 compounds. This makes accurate testing very difficult. If a facility’s testing
doesn’t find PFAS, it still could be releasing it and polluting the land and water and harming
people in the area.

In 2015, DuPont spun off the division that made PFAS into a new corporation named Chemours
for liability protection, When the emissions at Chemours factory in NC wete tested to determine
its total organic fluorine emissions, more than 90% of the compounds detected could not be
identified!

Also worth noting is that wells as far away as 25 miles have been found to be contaminated with
PFAS from the Chemours factory in NC.

T arn submitting 2 scientific studies of the fate of PFAS in the production of biochar from PFAS-
contarinated sewage sludge. In both studies, published in peer-reviewed journals in 2020 and
2022, the researchers were anable to determine the fate of the PFAS. That is, they could not
account for the total fluorine from the PFAS in the sewage sludge in air emissions, wastewater or
the biochar. The fluorine had to go somewhere, but their methods for tracking and measuring it
were not good enough. I am also submitting a write up interpreting these studies by an emeritus
professor of geology at Columbia University,

In April, I had an hour-long conversation with the lead author of the 2022 paper. That study, by
EPA research scientists, attempted to find out what happened to the PFAS from PFAS-
contaminated sewage sludge at a commercial biochar facility in California. They scientists
concluded that more research is needed. They had hoped to do a follow-up study at the biochar
facility in which they would meter out a known amount of flucrine into the pyrolysis unit and
then determine its fate, but they couldn’t proceed because of safety considerations. Fluorinated
chemicals are toxic and could harm the workers and area residents.

This scientist also told me that many details of the proposed biochar facility’s design and
operation would need to be evaluated to know if it could be effective at controlling PFAS.
However the only way to definitively find out what happens to the PFAS and the fluorine in the
PFAS would be actual monitoring of a facility. (A typical DEC air permit would not require



sufficient testing to find out what is really happening to the PFAS during the biochar
manufacturing process.)

98% efficiency from the biochar, whereas other closely related PFAS were only removed at 1%,
These scientists determined that the scrubber waters had substantially increased their content of
fluorotelomers, which are partial degradation products of PFAS that are suspected of being

In light of these red flags and these important unknowns, the Moreau planning board should deny
this application. If it approves the project, Moreau residents will have to rely on DEC to act.

But we cannot wait for our environmental agencies to protect us. EPA has known about the
toxicity of PFAS since 2001, but has been very slow to act and has refused to regulate PFAS as a
class. DEC stance is also disappointing. Two DEC officials recently stated that DEC is waiting
for EPA’s gnidance on PFAS in sewage sludge and landfill leachate. They will need a lot of
patience. Local residents cannot wait.

I'd like to raise one other concern. Besides PFAS, the presence of heavy metals in sewage sludge
is another red flag. In test results I obtained in 2020 from the Glens Falls wastewater treatment
plant, sewage sludge cake samples had elevated levels of cadmium (as high as 61.3 ppm in the
sludge), lead (up to 174 ppm) and high levels of copper and zinc as well as mercury. Glens Falls
closed its sewage sludge incinerator more than 5 years ago because it couldn’t meet EPA’g
strengthened standards for mercury emissions.

If Saratoga Biochar were to make biochar with Glens Falls sewage sludge, would these heavy
metals be released into the air or in wastewater, or would they be retained in the biochar? Heavy
metals often bind with tiny particulate matter and thus get breathed in. In this way, they can enter
the lungs, travel through the blood stream, and in some case, traverse the blood brain barrier.
They can also land on soil and in water bodies. These metals accumulate in the soil and in

people’s bodies. Not a happy outcome.
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Petition to deny approval for Saratoga Bio Char Facility in the Moreay
Industrial Park
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meeting of the Planning Board for the Town of Moreau, Saratoga County, State of New York

as held at the Moreau Town Hall, 351 Reynolds Road, Moreau, NY 12828 on the 12nd day of
ay 2022 at 7:00 pm.

Attachment 2







The applicant promotes this project as an environmentaily friendly means of disposing of municipal
sewage.,

The project is the first of Its kind and wili be built by a company that has never built such a faciiity,
If it works, it might he great. If it doesn’t work, it could be awful.
Once permitted, it may be difficult to reverse and may not be monitored as closely as we would hope.

The project warrants careful review to ensure that we don’t jeopardize our community’s health and that
the community can rely on our findings.

The prior negative SEQR declaration was made without the benefit of independent expert advice despite
the complicated nature of the project and its potential negative impacts.

50, | move that the Board:

Determine to rescind the prior negative declaration issued by the Board based on new
information;

Notify the other cooperating agencies and applicant of that recission and allow the applicant an
opportunity to respond; and

Retain an independent expert to assist it in consideration of this project and the need for an g5,
The new informatian in support of this motion consists of the following:

The excessive wastewater capacity to be used by the Project — 16% of the town's tota] capacity
according to the engineering report dated March; The project also uses significant water
capacity in relation to typical water users.

The potential fira risks associated with the storage and handling of biochar on site as noted in
the water engineering report dated March and the applicant’s revised air emissions permit
application.

That the DEC may require additional modifications to the project, such as the Increase in the
height of the stack from 75 to 100 feet.

Omissions on the applicant’s EAF - the emission of 100 tons/year of Nitrous Oxide and the
storage of Liquid Nitrogen on site shown now on a drawing in the revised air emission permit
application.

There may be other information that could be found in recent project documents that also warrant
consideration. The assistance of an expert would be helpful in reviewing that information.

| understand that the applicant is trying something new and credit them for their Innovation.

But, at the end of the day, we live here and need to see that the project is done the right way.






