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an Environmental Toxin
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 Context: Environmental IBA Applications  

 Motivation: PerfluoroAlkyl Substances
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 Results:
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 Future Implications…
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Commonly Used Flame Retardants

Penta-BDE 
(Polybrominated
Diphenyl Ethers)
Production 

discontinued ~ 2006 

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





TDCPP         (in use)



BFRs widely used in home furnishings…

Typically 3 - 6% 
by weight in 

polyurethane 
foam



Flame Retardant Spectra

ClP
Br

C
ou

nt
s

C
ou

nt
s

X-ray Energy (KeV) X-ray Energy (KeV)

Cl

Br

Typical levels around 1 - 5 wt %



PIXE Method Development

Whole pieces of foam
Placed onto adhesive mounts 
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A Happy 
Ending?

• Press coverage: 
May 2012



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…

GP1
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PFAS: 
Per- & Polyfluorinated Alkyl Substances

PFOS

PFOA



AFFF: Aqueous Film-Forming Foam





Disease Correlations

Testicular cancer
Kidney Cancer
Hypertension
High Cholesterol
Preclampsia
Ulcerative colitis

http://www.c8sciencepanel.org/

3500+ lawsuits = $671 M



PFAS do not 
degrade;
Pass through 
Waste-Water 
Treatment 
Plant…

ENVIRONMENTAL 
PERSISTENCE





Hope College Ion Beam Analysis Lab
HIBAL

Van de Graaff
Accelerator

1.7 MV



Notre Dame 3 MV Pelletron



PIGE Analysis of Fluorine
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Open Access
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Extension to Groundwater Studies



PIGE Analysis of Total Fluorine



y = 0.0154x - 0.9306
R² = 0.9986
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Take home points…
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…
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The Future…
Consumer products   – already in hand

– natural advantage
Aqueous 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




