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What are PFAS?

~ 3000-5000 PFAS

/\

Polymer PFAS Non-polymer PFAS

s ox—[crarscon| R FEFRF Q[ far) Perfluoroalkyl and Polyfluoroalkyl Substances
Perflwemstane | PFOS | CFACF:nS0H | F FF FFF FFFF ';I; |!': - B [asT |- | 526
<=l ke g5 FW}* : an | l
[® : | FFBA | CFACF L C00H | ; FFF lii = < . BT I TREEE .
C Sen [T Perfluoroalkyl acids (PFAAS)
.wls.g..-.h.u | | .F'= %, y 10 - | | | I
l\:ITIL'!H‘!t'UI'n.'h' FEH=A CFACE, 00N EF E F ﬂ. 34 157 am LN r . .
| ®xss> | Perfluoroalkyl carboxylic acids (PFCAs)and
s e e Ly perfluoroalkyl sulfonic acids (PFSAS)

FF FFFF | | | | i
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History and use of PFAS

Table 2-1. Discovery and manufacturing history of select PFAS

PFAS?

Development Time Period

Non-Stick
Coatings
Initial
Production

Waterproof
Fabrics

Invented

Stain &
Water
Resistant
Products

Firefighting
foam

Pre-Invention of Chemistry /

Initial Chemical Synthesis /
Production

Notes:

PFOA Initial Protective
Production Coatings

PENA Initial Architectural Resins
Production

Fluoro- Initial Firefighting Foams

telomers Production

Dominant Electrochemical Fluorination (ECF)

Process?

U.S. Reduction
of PFOS, PFOA,
PFNA (and other
select PFAS?)

Predominant form
of firefighting foam

Fluoro-
telomerization
(shorter chain ECF)

Commercial Products Introduced

and Used

1. This table includes fluoropolymers, PFAAs, and fluorotelomers. PTFE (polytetrafluoroethylene) is a fluoropolymer.

PFOS, PFOA, and PFNA (perfluorononanoic acid) are PFAAs.
2. Refer to Section 3.4.

both been, and continue to be, used for the production of select PFAS.

3. The dominant manufacturing process is shown in the table; note, however, that ECF and fluorotelomerization have

Sources: Prevedouros et al. 2006; Concawe 2016; Chemours 2017; Gore-Tex 2017; US Naval Research Academy 2017
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Detection and regulation

Organic fluorine compounds were first detected in human serum in 1960s.

In 2006, EPA invited eight major leading companies in the PFAS industry to join
ina 2010/2015 PFOA global stewardship program.

In 2009, US EPA: 400 parts per trillion (ppt) and 200 ppt for PFOA and PFOS,
respectively

In May 2016, US EPA updated drinking water guideline for PFOS and PFOA:
lifetime health advisory, a max. 70 ng/L, separately or combined .

New Jersey: Sept 4, 2018, MCL for PFNA of 13 ng/L;

March 13, 2019, an interim specific GW quality standard
for PFOA and PFOS, each at 10 ng/L. COLLEGE OF ENGINEERING
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Emerging awareness

§ ;
% = = o Early Attention
o2 = J= PFOS' PFOA*
c < . S = = = <SS S SSsssSsssssssssssssssssss
ﬁ £ 2 =
g = = &
§ < 2
Ewm = 1 .
c ¥ w E — o Recent Attention
arh < £ ' PFDS = = PFTeDA, PFTrDA,
2= = & o PFNS 2 = PFDoA, PFURA,
58 e & PFHpS ' 3 PFDA, PFHxA,
o i = PFPes PFPeA, PFBA*
E . R, |\ @ et e e n
@ < :
- Incraasing
g Fluorotelomers Attention

Future
All Other PFAS Attention

2
*Common regulatory criteria or health advisories Thematic and not proportional. . _
1Sum of informal poll (NJ, NH, MN) Bottom of triangle ||_'|d|cates additional nurn_l:ler of compounds;
not a greater quantity by mass, concentration, or frequency
of detection.

Figure 3-1. Emerging awareness and emphasis on PFAS cceurrence in the environment
{Source: J. Hale, Kleinfelder, used with permission)
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Exposure to PFAS
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PFAS contaminated sites close to Albany, NY

Specific industries:

St Gobain Performance Plastics, Honeywell at Hoosick Falls: PFOA, PFBA, PFHXA,
PFHpA, PFPeA, PFNA, PFOS

Taconic Plastics at Town of Petersburgh, PFOA dominant

Use of Aqueous Film Forming Foam (AFFF)

Stewart Air National Guard Base, DOD, City of Newburgh, PFOS and many other
PFAS .
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PFOA 1n contaminated aquifer
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How to remove PFAS?

PFAS
remediation
technologies
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Phytoremediation — plant-microbe-soil interactions

Phytodegradation
Endophytic bacteria Phase 1 Phase 2 Phase 3
Pollutant degradation ;
Phytotoxicity reduction
Plant growth promotion ¢~ Cytoplasm -
HE o
HO PR, 2 t
-:j; & (1 0%]
dichacenacatic conlis @oid

acad

Phytovolatilizatio

Phytodegradation

Phytoextraction/
accumulation

General processes aﬂectlng rhizoremediation

Rhizosphere
microbial

—r B!u’dmai.I..“-“‘--.-r“-":L:“"'ﬂmh
e ), - oo reachuﬂih::' stimulation
TR o contaminant
ant cholators and M o
Emgurfammg. bicavailability
=== 4 and OH - soll pH, "
ackdbase reactions.”
- small organic contaminants
plant anzymos - )
= conlaminants degradation ’ ,/a

- mricrobial enzymes s, .
e KO o g COLLEGE OF ENGINEERING
o= 01 uptake P AND APPLIED SCIENCES
et AT cupliiory = i UNIVERSITY AT ALBANY
plant nutrients doliveny” State University of New York
Truua et al., Phytoremediation And Plant-Assisted Bioremediation In Soil And

Treatment Wetlands: A Review. The Open Biotechnology Journal, Volume 9, 2015

Phytoimmobilization
Rhizodegradation ;
7

NO, NO,
CH :Q [
| NO, /:‘\.f'v

(ci {chn




Juncus effusus — hydroponic experimental design

Conc. range Harvest time

Plant (ng/L) (days) Replicates Note

Yes 0 21 3 No PFAS control

Yes 1x 7 3

Yes 1x 14 6

Yes 1x 21 6

Yes 10x 7 3

Yes 10x 14 3

Yes 10x 21 6

No 10x 21 6 No plant control

No 10x 21 3 With sodium azide (8§ mM)

Designed Conc. Real Conc. in each bottle

PFAS Abbr. 1x (ng/L) 10x (pg/L)1x (pg/L) 10x (ng/L)
Perfluoropentanoic acid PFPA (C5) 66 660 76.4416.30 604.46162.83
Perfluorobutanesulfonic acid PFBS (C4) 110 1100 115.00%7.61 1172.28+113.83
Perfluorohexanoic acid PFHxA (C6) 120 1200 115.29%8.70 1183.03+£96.59
Perfluoroheptanoic acid PFHpA (C7) 75 750 80.40%£7.25 810.31+73.16
Perfluorohexanesulfonic acid PFHxS (C6) 290 2900 272.19+20.20 2876.20£267.57
Perfluorooctanoic acid PFOA (C8) 250 2500 288.72+25.29 3065.86%+144.08

Perfluorooctanesulfonic acid  PFOS (C8) 4300 43000 4104.59%466.43 44088.64+£3822.62
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Experimental procedure

- Mesocosms were established in a greenhouse.
- Plants were harvested on day 7, 14, and 21.

- For PFAS analysis, roots and shoots are separated,
freeze-dried and subject to extraction and analysis by
LC/MS/MS.

. For stress study, fresh roots and shoots were separated
and homogenized on ice and subject to analysis of H-50,
content, activities of superoxide dismutase (SOD) and
catalase (CAT).
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Optimized LC/MS/MS parameters for target PEAAs

Compound

Retention time

7.60
8.78
8.57
9.40
10.42
10.18
11.98
8.57
10.18
11.98

Quantitation
transition

(m/z)
263->219.0
299.0->80.0

313.0>269.0
363.0>319.0
399.0->80.0
413.0->369.0
499.0->80.0
315.0->270.0
415.0->370.0
503.0->80

Collision
energy

12
40
12
13
40
13
40
12
13
40
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Plant growth

Control
Day 21

1x Day 14 10x Day 14 1x Day 21 10x Day 21
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PFAS mass recovery
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Bioconcentration factor (BCF) and translocation factor (TF)
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PFAAs removal efficiency
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Correlation between carbon chain length of PFAAs and
translocation factors (TT)

Day-7 Day-14 Day-21

L]
L]
=
Pt

LA
LA
=
(=]

Translocation Factor
Lk
Translocation Factor
(¥}
Translocation Factor
o

3 4 5 [ 7 g8 9 3 4 5 B 7 g 9 3 4 5 B 7 8 9
Carbon chain length Carbon chain length Carbon chain length

=8—1x-PFCA —8—10x-PFCA —%—1x-PF5A 10x - PFSA | —@—1x-PFCA —8—10x- PFCA —8— 1x- PF5A 10w - PFSA | —@— 1x- PFCA —8— 10x - PFCA —8— 1x- PFSA 10w - PFSA

COLLEGE OF ENGINEERING
AND APPLIED SCIENCES

UNIVERSITY AT ALBANY
State University of New York




Correlation between logKow and logBCFEF of PFAAs
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Plant response
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Results

- Approximately 11.4% of spiked PFAAs were removed by J. effusus
when it was exposed to PFAAs at a total of 4.635 mg/L for 21 days.

Except PFOS, the other six PFAAs had higher concentrations in the
shoots than those in the roots.

. Accumulation in shoots increased with decreased carbon-chain
length.

No visible impacts to plant growth was observed.

Exposure to PFAAs stimulated anti-oxidative defense system in J.
effusus shoots but inhibited the superoxide dismutase (SOD) and
catalase (CAT) activities and damaged the anti-oxidative defense
system in J. effusus roots.
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Further studies

. Since this study was performed in December with a
daylight time of < 9 hours, it would be interesting to
evaluate plant uptake in summer.

. Plant uptake with a longer duration needs to be
investigated.

- Real PFAS-contaminated water needs to be studied
considering the possible presence of other non-PFAS
compounds.

. Other plant species needs to evaluated for PFAS
remediation. T —

. Plant-microbe-soil interactions deserve to be studied:+
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Thank you!
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