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Key Motivating Question
IS MY WATER SAFE TO DRINK?




What do we know?

"There are known

knowns. These are

things we know that we

know. There are known

unknowns. That is to

say, there are things ’?
that we know we don't

know. But there are also

unknown unknowns. M
There are things we don't

know we don't know."

Donald Rumsfeld

Regulated contaminants (known knowns)
Unregulated contaminants on our radar (known unknowns)

The universe of chemicals (unknown unknowns)



We only know the
tip of the iceberg

tested for health
effects

~80,000 chemical
substances registered
~6,700 chemicals for use in the
manufactured or U.S. commerce
imported > 25,000

pounds per year.

~T700 new
chemicals added
each year



Similar situation
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Non-targeted analysis is an emerging approach in environmental
analytical chemistry to identify unknown unknowns

F 0
F
F NN
axiat
E::IC:) F Hydro-EVE Acid

F© Molecular Formula: C,HF ,O,
F:PF Monoisotopic Mass: 426.9657 Da




65! E H Nafion

Byproduct 2 Per- and polyfluoroalkyl ether
Y% acids identified by high resolution

Fr

F
45
3 HO F Molecular Formula: C,H,F,0.S
s Monaisotopic Mass: 4639399 Da
T T erecee mi mass spectrometry
o

Measured [M-H] 462.9327 (0.11 ppm mass accuracy)

‘ S 464.9309
05 o | NN l sl Bl 465.9293
o L | I 1) O U =S S F
4628 463 4632 4634 4636 4638 &“mﬁmm 465 4652 4654 4656 4658 466 pFPrOPrA’ HFPO_DA
F
. o 0 OH “GenX” F
F
F
. F F F F
F o}
F OH i F ‘ ’ ‘ S =
F F
F F ]
F PFMOAA : PMPA Fodot HO

PFO2HxA




Legislative Mandate: 2018
Appropriations Act (s99; st 2018-5)

FUNDING TO ADDRESS PER- AND POLY-FLUOROALKYL SUBSTANCES,
INCLUDING GENX/USE OF EXPERTISE AND TECHNOLOGY AVAILABLE IN
INSTITUTIONS OF HIGHER EDUCATION LOCATED WITHIN THE STATE

SECTION 13.1.(f) The General Assembly finds that (1) per- and poly-fluoroalkyl substances
(PFAS), including the chemical known as "GenX" (CAS registry number 62037-80-3 or 13252-
13-6). are present in multiple watersheds in the State. and impair drinking water and (i1) these
contaminants have been discovered largely through academic research not through systematic
water quality monitoring programs operated by the Department of Environmental Quality or
other State or federal agencies. The General Assembly finds that the profound, extensive, and
nationally recognized faculty expertise, technology, and instrumentation existing within the
Universities of North Carolina at Chapel Hill and Wilmington, North Carolina State University,
North Carolina A&T State University, Duke University, and other public and private institutions
of higher education located throughout the State should be maximally utilized to address the
occurrence of PFAS, including GenX, in drinking water resources.
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Research Questions

What are the concentrations of targeted legacy and emerging PFAS contaminants in North
Carolina public drinking water sources?
> Collect and analyze raw water samples during two consecutive quarters of 2019 at all 191 municipal

surface water intakes and all 149 municipal drinking water systems treating groundwater in NC for PFAS
measurement

> Repeat this sampling for systems with detectable PFAS in the third quarter of 2019

What unanticipated and untargeted PFAS compounds occur in North Carolina public drinking
water sources?

> Apply high-resolution mass spectrometry methods to screen samples collected above for presence of
> 5,100 known PFAS compounds as well as for unknown fluorinated organic compounds

How much of the total organic fluorine in North Carolina public drinking water sources can be
accounted for by targeted PFAS quantitation?

> Utilize adsorbable organic fluorine (AOF) measurements in concert with the quantitative PFAS
measurements outlined above to assess fluorine “mass balance” in water samples



PFAS analysis strategy
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We are using complementary methods to obtain a comprehensive
understanding of PFAS occurrence in NC drinking water sources

PIGE: Total Fluorine (Inorganic + Organic)

15F NMR: Total Organic Fluorine
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PFAS target compounds (quantitative
measurements) — 55 compounds

Analyte | Abbreviation [ cas# Analyte | Abbreviation | cAS#
Perfluorocarboxylic Acids Fluorotelomer sulfonic acids
Perfluorobutanoic acid PFBA 375-22-4 4:2 Fluorotelomer sulfonic acid 4:2 PES 757124-22-4
Perfluoropentanoic acid PFPeA 2706-90-3 6:2 Fluorotelomer sulfonic acid 6:2 PFS 27619-97-2
Perfluorohexanoic acid PFHxA 307-24-4 8:2 Fluorotelomer sulfonic acid 8:2 PFS 39108-34-4
Perfluoroheptanoic acid PFHpA 375-85-9 10:2 Fluorotelomer sulfonic acid 10:2 PFS 120226-60-0
Perfluorooctanoic acid PFOA 335-67-1 Perfluoroalkyl ether carboxylic and sulfonic acids
Perfluorononanoic acid PENA 375-95-1 Perfluoro-2-propoxypropanoic acid GenX 13252-13-6
Perfluorodecanoic acid PEDA 335-76-2 Dodecafluoro-3H-4,8-dioxanonanoic acid ADONA 058445-44-8
Perfluoroundecanoic acid PFUNA 2058-94-8 9-chlorohexadecafluoro-3-oxanonane-1-sulfonate | F-53B (Major) 73606-19-6
Perfluorododecanoic acid PFDoDA 307-55-1 11-chloroeicosafluoro-3-oxanonane-1-sulfonate | F-53B (Minor) 83329-89-9
Perfluorotridecanoic acid PFTIDA 72629-94-8 Perfluoro-2-methoxyacetic acid PFMOAA 674-13-5
Perfluorotetradecanoic acid PFTeDA 376-06-7 Perfluoro-2-methoxypropanoic acid PMPA 13140-29-9
Perfluorohexadecanoic acid PFHXDA 67905-19-5 Perfluoro-2-ethoxypropanoic acid PEPA N/A
Perfluoroalkylsulfonic acids Perfluoro(3,5-dioxahexanoic) acid PFO2HXA 39492-88-1
Perfluorobutanesulfonic acid PFBS 375-73-5 Perfluoro(3,5,7-trioxaoctanoic) acid PFO30A 39492-89-2
Perfluoropentanesulfonic acid PFPeS 2706-91-4 Perfluoro(3,5,7,9-tetraoxadecanoic) acid PFO4DA 39492-90-5
Perfluorohexanesulfonic acid PFHXS 355-46-4 Perfluoro(3,5,7,9,11-pentaoxadodecanoic) acid | PFO5DoDA 39492-91-6
Perfluoroheptanesulfonic acid PFHPS 375-92-8 Ethanesulfonic acid, 2-[1-[difluoro[(L,2,2- Nafion by-product 1 29311-67-9
Perfluorooctanesulfonic acid PFOS 1763-23-1 trifluoroethenyl)oxy]methyl]-1,2,2,2-
Perfluorononanesulfonic acid PFNS 68259-12-1 tetraﬂuoroethoxy]_ll112’2_tetraﬂuoro_
Perfluorodecanesulfonic acid PFDS 335-77-3 Ethanesulfonic acid, 2-[1-[difluoro(1,2,2,2- Nafion by-product 2 749836-20-2
Perfluorododecanesulfonic acid PFDoS 79780-39-5 tetrafluoroethoxy)methyl]-1,2,2,2-
Perfluoroalkylsulfonamides tetrafluoroethoxy]-1,1,2,2-tetrafluoro-
N-ethyl perfluorooctanesulfonamidoacetic acid NEtFOSAA 2991-50-6 2,2,3,3,4555-4-(1,1,2,2-tetrafluoro-2- Nafion by-product 4 N/A
N-methyl perfluorooctanesulfonamidoacetic acid | NMeFOSAA 2355-31-9 sulfoethoxy)pentanoic acid
Perfluorooctane sulfonamide PFOSA 754-91-6 Propanoic acid, 3-[1-[difluoro(1,2,2,2- Hydro-EVE acid 773804-62-9
N-ethylperfluorooctane sulfamidoethanol NEtFOSE 1691-99-2 tetrafluoroethoxy)methyl-1,2,2,2-
N-methylperfluorooctane sulfamidoethanol NMeFOSE 24448-09-7 tetrafluoroethoxy]-2,2,3,3-tetrafluoro-
N-ethylperfluorooctane sulfamide NEtFOSA 4151-50-2 1,1,2,2-tetrafluoro-2-(1,2,2,2-tetrafluoro- NVHOS N/A
N-methylperfluorooctane sulfamide NMeFOSA 31506-32-8 ethoxy)ethane sulfonic acid




“Semi-Targeted” high-resolution MS
screening for PFAS
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PFAS Master List of PFAS Substances

Search PFASMASTER Chemicals Q

e ”"Master List” of > 5,000 o

List Details

Per- and i alkyl (PFAS) a growing, i i diverse inventary of chemicals of interest to the general public, scientific and regi v agencies world-wide. A ing data-
gathering, testing, and il itori i in turn, have led to the publication and sharing of various lists of PFAS chemicals, some exceeding several thousand substances. A major effort was undertaken by EPA researchers within

the National Center for Computational Toxicology to curate and structure-annotate several public lists in DSSTox, The below list of registered PFAS lists, from within and cutside EPA, encompass PFAS of potential interest based on environmental

occurrence (through [terature reports and | o and ing process data, as well as lists of PFAS chemicals procured for testing within EPA research programs. The consolidated list contains over 5000 PFAS CAS-name
. * substances, with almost 4000 represented with a defined chemical structure. There is no precisely clear definition of what i a PFAS given the inclusion of partially flucrinated substances, polymers, and ill-defined reaction
a a W I e n O n - products on these various lists, Hence, PFASMASTER serves as a list of and by the below lists, defining a practical boundary of PFAS chemical space (within DSSTox) of current interest to researchers

and regulators worldwide. This PFAS Master List will continue to expand as component lists grow.

https://comptox.epa.gov/dashboard/chemical_lists/EPAPFASEL is an EPA research list of PFAS compiled from various internal, literature and public sources.

[} [} I .
q u a l l t I t a t I Ve re a t I Ve hitps:/fcomptox.epa.gov/dashboard/chemical_lists/EPAPFASINY is a complete list of DMS0-solubilized PFAS in EPA's ToxCast inventory.
https://comptox_epa.gov/dashboard/chemical _lists/EPAPFASTSS1 list is a prioritized subset of this larger chemical inventory.

a b u n d a n Ce S a I I I O n g hittps.// I epa.gov/dashboard/chemical_lists/EPAPFASINSOL is a list of chemicals procured, but found to be insoluble in DMSO above SmM.

https:/fcomptox epa.gov/dashboard/chemical_lists/PFASOECD is a list of PFAS chemicals in the OECD New Comprehensive Global Database.

Wa t e r S a m p I e S ) https://comptox_epa.govidashboard/chemical lists/PFASKEMI s a list of PFAS chemicals from a KEMI Swedish Chemicals Agency Report (provided by Stellan Fischer).

s P epa.gov/dashboard/chemical_lists/PFASTRIER is a list of PFAS compiled by a community effort in 2015,
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Sample acquisition strategy

ST J - o ~ Moiiritain Notso, e n)
C oebin & = = P!
309211 P :
,,-t_n' e S - Noroik
G} s : Z 3 Virginia
7 2 : o Rtve Beach
. Tt st ) LA Moy & Danville H
- -~\—- -._._.7_.'.‘.____ - SAstan L T ; R « ‘
- \ :,‘ S P .|’ g ° '| T‘-f. | I .\‘ ! ~\.~.\ - e z i/ - ‘\\ N 3
0 A o - X [ P53 ; 4 - VNG K
-t £ 7
% Vorris Loke s £ = I 5% l ¥ ‘: ) < el ¥, “‘\ - \ - \w\\ w
3 ! N - r’ ~.
S
1
L

. e R : M! . i el Lo ke el Y
* 191 Municipal surface i e R T e TR R L R, T
water sources >

e A
y 1
i i h \ Paint

T Y e d e

Knoxville Lake

e i, % Al
o .ﬁ)rw- _\‘ statchge g Jiaden M)
G‘;Tk?.é:y T , Zr:m:m,\ = ‘; s T'})‘P‘» w 1™ Anf@torl
e e 2 l —«;(---- e (30 Mhorgguilog \q;;; !" ;
27 WL, YR Nite B b0 A
ey Ao .-“\."'—-~ @ “’.% 4 ./ bl haetie ." L4
N 8 ﬁ 74 atonal
osyie o Forest )
- . W B ? Chane / g \ el
* 149 Munici pPa | well | =l [y y A e
N 5 i i / 5 ~, &,
(CAN ~ , B/ Resorvelon v . o, Mjgem - A\
2 52 ¥ o \, Fayettavild oy i) n v
L= it "( Spartanturg N ° ! 5 q 'u:m-,{;\‘m..\\ - \ syettqui < o - o 4 .-K:i::'; Sz ;
i e ilie i i ) e N Im L W Fagen . 5
g i i L A T | \ Ly ISk v
water sources e ¥ N e O SR il A Al P
Forst ( Sdtea ™, /\/ LR s -. \\\/ / Y /__5,/--—- -\{//

i | Andorn i fa MY Ve w ks =
y LN fo i RNy > D
AN 75 \-—“ . Y,
Ganesulle \ o ;‘\i’ LI ./\"M N "’
Lak Y % 4 L s o mhigion

Signey \ Greenwood % g N e {

Lanie ; , Florence ‘m T -.,

- , e o ;
Roswels o0 n. e \ G Columbia 78 e N 7
. Lawrenceville tome L A B

7 BTt i =83
ann SQUTH g N\ il

o “ CAROLINA $
0T, Tomi 20y =X P Myttie Beach
- P R, 3 L

asri
> Long Bay Exn, HERE, Garmin, FAD, USGS, EPA, NPS | NCDOT GIS Unit A

Surface (green circle) and groundwater (blue square) sampling sites for drinking water sources
to be analyzed for PFAS compounds.




PFAS analysis strategy

Sample collection:
> Coordinated between NCSU and Duke

o ~25-30 samples per week, organized in geographic sectors

> Samples collected in polypropylene bottles and stored on ice during transport

QA/QC and replication:
> Trip blanks included with every sampling
> Trip spikes (50 ng/L analyte addition) included with every sampling
> Duplicate samples for 10% of sites
> NCSU & Duke will split sample analyses evenly, with 20% samples analyzed by both labs
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Sampling trip design
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Sample Processing — LC/MS

48 hours
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Sample Processing — AOF/EOF

Organic fluorine
adsorption by
activated carbon (AC)

Organic fluorine
adsorption by
solid phase
extraction (SPE)

Combustion of AC or
SPE concentrate

Fluoride analysis
by ion
chromatography




Maysville 5/7/2019
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