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Why is a “Total Fluorine” method needed?

• There are 4700+ known PFAS…less than 1% are currently targeted
• Non-targeted analytes can be precursors to regulated PFAS

• Example of textile side-chain fluoropolymers
n-Et-FOSE à n-Et-FOSAA à PFOA

• Potential for screening:  Site identification and delineation
• Identifying the reservoir of PFAS

• Potential for monitoring:  Site remediation and treatment
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What is PIGE?

• Particle Induced Gamma-ray Emission (PIGE) Spectroscopy

• Light ions as excitation source

• Nuclear de-excitation of 19F

• Identification of characteristic g-rays
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Sensitive, specific, rapid, non-destructive
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What is PIGE?

• Particle Induced Gamma-ray Emission (PIGE) Spectroscopy
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What is PIGE?

• Sensitivity
• 50 mL aliquot
• Concentrated by SPE
• Analyzed for 3 min
• MDL = 5 ppb F
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What is PIGE?

• Specificity
• 50 mL aliquot
• Concentrated by SPE
• Analyzed for 3 min
• No interferents
• No matrix effects
• Identifies all PFAS on SPE
• Inorganic F removed by wash
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Advantages/Disadvantages

• Comparison with other techniques published
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Advantages/Disadvantages

• PIGE is spectroscopic:    Rapid     > 1000 samples per day possible
• PIGE is non-destructive:  Same sample can be extracted for LC-MS/MS
• PIGE is inclusive:      All PFAS (known and unknown) simultaneously 
• PIGE MDL depends on volume sampled…70 ppt any PFAS =  3 L

• PIGE is largely academic tool to date – limited commercialization
• PIGE is laboratory-based to date – large & specialized equipment
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Project Objectives

• PIGE as a PFAS field-screening test
• Reduce time/cost for site identification and delineation of impacted groundwater
• Allow on-site rapid monitoring of remediation and environmental transport

• Tasks:
• Determine the Efficiency of PIGE as a Function of Beam Energy
• Determine MDL for PIGE as a Function of Sample Volume
• Design of a Field-Deployable PIGE System
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Project Description: Task 1

• Determine the Efficiency of PIGE as a Function of Beam Energy
What is the minimum size of particle accelerator needed?

• Preliminary Results:
Sensitivity of PIGE for 19F increases with beam energy markedly

Can’t go above 5 MeV 
without activation though…
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Project Description: Task 1

• Determine the Efficiency of PIGE as a Function of Beam Energy
• Preliminary Results:
Detection efficiency can be improved with CeBr3 scintillators
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Current: HPGe
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Project Description: Task 2

• Determine MDL for PIGE as a Function of Sample Volume
What is the minimum sample volume needed?

• Preliminary Results:
MDL does scale linearly with sample volume (for WAX SPE)

5 ppb @ 50 mL
120 ppt @ 2.0 L
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5000 ppt  x  50 mL  = 125 ppt x 2000 mL
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Project Description: Task 2

• Determine MDL for PIGE as a Function of Sample Volume
What is the minimum sample volume needed?

• Preliminary Results:
We have identified faster and more
complete preconcentration method:

Commercially available GAC felt 
Cost < 10 cents / sample

Can gravity filter 5 L in less than 3 min   
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Project Description: Task 3

• Design of a Field-Deployable PIGE System
Can a practical field deployable instrument be designed?

DARPA initiative for DHS:

Portable accelerator to screen ports for SNM

Produces 4 MeV deuteron beams…

15



#SerdpEstcp2019

Project Description: Task 3

• Design of a Field-Deployable PIGE System
Can a practical field deployable instrument be designed?
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Conclusions

• Significant progress in demonstrating PIGE as a viable total F method
• Envision prototype system on a truck = field-deployable
• Envision commercialization and multiple units (leased/sold)
• SOP:  

Run 2 L of well water through GAC felt filter (minutes in field)
Dry filters  (hours in truck)
Analyze filters by PIGE in truck  (minutes per sample)
Identify all sum of all PFAS present > 50 ng/L  (ppt) on site
(If targeted analytes needed, can elute PFAS for LC-MS/MS)
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Questions?
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gpeaslee@nd.edu


