\-/ - A — 4
V /

o

o

Using PIGE to Screen for
an Environmental Toxin

Graham Peaslee
University of Notre Dame &
Crete 2017

June 13, 2017

N
YN l /

Vi b \



Contexi: Environmental IBA Applications
Motivation: PerfluoroAlkyl Substances

Method: PIGE

Results:

Consumer products
Contaminated groundwater samples

Future Implications...
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Aerosol Sampling Program: fine particle poliution research
HKey contacts: David Coben, tduard Stelcer, Armand Ataracio




Penta-BDE Polybrominated

(Polybrominated biphenyls (PBB’s)
Diphenyl Ethers) Removed from market
Production ~2003

discontinued ~ 20064
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BFRs widely used in home furnishings...

Typically 3 - 6%
by weight in
polyurethane
foam
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Flame Retardant Specira
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Typical levels around 1 - 5 wt %



PIXE Method Development

o Whole pieces of foam
o Placed onto adhesive mounts
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Relative Percent

PIXE Analysis of halogenated
FRs in Automotive Seating

Flame Retardant Presence in Bulk and Cover Foams of Cars
made in the US/Japan vs. Other Countries
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Figure 14: PIXE results for the presence and absence of chlorinated and brominated FRs in bulk and/or cover
polyurethane foam seating layers of 390 automobiles based on region of automobile manufacturing plant.
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Playing with fire

A deceptive campaign by industry brought toxic flame retardants into our
homes and into our bodies. And the chemicals don't even work as promised.
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FOR IMMEDIATE RELEASE:
Monday, June 18, 2012

Governor Brown Directs State Agencies to Revise
Flammability Standards

Smolder standards for fabric
Increased fire safety without flame retardants

Science influencing policy...
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STAIN-RESISTANT,

NONSTICK, WATERPROOF,
AND LETHAL

THE HIDDEN DANGERS OF C8
CALLIE LYONS




AFEF: Aqueous Film-Forming Foam
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Disease Correlations

DuPont loses another 'bellwether' C8
lawsuit
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Cancer cluster dlscuvered

The West vlra:nm towns of Lubeck, Little
Hocking and Belpre near a DuPont plant have

been ramed as a possible cancer cluster area.
Washington
Works

DuPont’s major
producer nf Teflon
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Testicular cancer

Kidney Cancer
Hypertension

High Cholesterol
Preclampsia

Ulcerative colitis
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Brief Communication

The Madrid Statement on Poly- and
Perfluoroalkyl Substances (PFASs)

http:lidx.doi.org/10.1289ehp. 1 509934

As scientists and other professionals from a variety of disciplines, we
are concerned about the production and release into the environ-
ment of an increasing number of poly- and perfluoroalkyl substances

(PFASs) for the following reasons:

14

PFASs are man-made and found everywhere. PEASs are highly
persistent, as they contain perfluorinated chains that only
degrade very slowly, if at all, under environmental conditions.
It is documented that some polyfluorinated chemicals break
down to form perfluorinated ones (D’Eon and Mabury 2007).
PFASs are found in the indoor and ourdoor environments,
wildlife, and human tissue and bodily fluids all over the globe.
They are emitted via industrial processes and military and
firefighting operations (Darwin 2011; Fire Fighting Foam
Coalition 2014), and they migrate out of consumer products
into air (Shoeib et al. 2011), household dust (Bjorklund et al.
2009), food (Begley et al. 2008; Titdemier et al. 2007; Trier
et al. 2011), soil (Sepulvado et al. 2011; Strynar et al. 2012),
ground and surface water, and make their way into drinking
water (Eschauzier et al. 2012; Rahman et al. 2014).

In animal studies, some long-chain PFASs have been found
to cause liver roxicity, disruption of lipid metabolism and
the immune and endocrine systems, adverse neurobehavioral
effects, neonaral toxicity and death, and tumors in mul-
tiple organ systems (Lau et al. 2007; Post et al. 2012). In the
growing body of epidemiological evidence, some of these
effects are supported by significant or suggestive associations
between specific long-chain PFASs and adverse outcomes,
including associations with testicular and kidney cancers
(Barry et al. 2013; Benbrahim-Tallaa et al. 2014), liver
malfunction (Gallo er al. 2012), hypothyroidism (Lopez-
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Fig. 3: PFAS-coated paper sample compared with uncoated paper. Irradiation time
of 180 second with 9 nA of 3.4 MeV protons)
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Fluorinated Compounds in U.S. Fast Food Packaging

Laurel A. Schaider,* " Sunnna A. Balan,” Arlene Blum,*/' David Q Andrews, - Mark ]J. Strynar,
Margaret E. Dickinson,” David M. Lunderberg, Johnsie R. Lang,“ and Graham F. Peaslee®
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Researchers found fluorina - Researchers find “another reason” to The Nasty Ingred|ent in Fast-Food Wrappers
third of the fast food packé food: Chemicals in the packaging
according to a report cnn.i —

Ressarchers find "another reason’ to avold fast food: Chemic

Substances with links to health problerns have been found in wra
containers, where they can lsach inio food.
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PIGE spectra of PFOA extracted onto the surface of WAX
k. The two gamma rays detected at 110 ke and 197 keV arise

“tations of 5 nuclei.l
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PIGE Signal (counts/uC)

PIGE Analysis of Total Fluorine

Intercept: —2.801 Std. Error: 12,597
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Comparison with NAA Total F
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Lots of student-accessible science...
Very interdisciplinary...
Interesting enough to:

Publish
Attract students

Attract funding
Limited only by imagination...

Because of the rapid, non-destructive

elemental analysis, opportunities for new
science exists in large-scale environmental

sampling projects...



Spinning off a company: ‘ A

National Science Foundation
WHERE DISCOVERIES BEGIN
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Discoveries

Discovery

Nuclear physics technique helps
companies detect dangerous

compound
Discovertes =
Search Discoveries Scientist develops new approach to rapidly identify toxic
compounds in everyday materials such as clothing
About Discovenes manufacturers detect a

type of dangerous
chemical in their raw
rmaterials.
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Manoscience Students are using nuclear physics to detect dangerous
chemicals in everyday products.
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Consumer products - already in hand

— natural advantage
Agqueous samples - Ground water
- Drinking water
(method developed) = need portability

Anybody that can produce MeV scale
beams of protons or neutrons on a bench
would have interest from environmental
concerns....

gpeaslee@nd.edu
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Basic vs. Applied Science
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ABSTRACT: A novel method for radiolabeling perfluorinated
alkyl substances (PFAS) with fluorine 18 has been developed,
and after purification, the stability and biological distribution in
healthy mice were evaluated. Three PFAS, [""F]PFOA (C8),
['"*F]PFHxA (C6), and ["*F]PFBA (C4), were readily labeled
and isolated in average yields between 12 and 31%. The
stability of each compound was monitored in 0.1% ammonium
hydroxide fHHgDH) in methanol, in saline, and in human,
mouse, and rat sera. The amount of intact, radiolabeled PFAS
was determined by radiometric instant thin layer chromatog-
raphy and was calculated by the amount of free fluorine 18
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observed over time. All compounds were highly stable in 0.1% NH,OH in methanol and saline, with <10% defluorination
observed after 4 h. Interestingly, each compound had differing affinities for the serum proteins. In vive biodistribution studies in
mice showed uptake in all organs examined, with the highest uptake being exhibited in the liver for both ['*F]PFOA and
["*F]PFHxA and the stomach for ['*F]PFBA. The results of this initial study suggest that this method could be valuable in
helping to determine the biological uptake of any PFAS in mammals.




