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Navy Needs for Portable Instrumentation
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3D-Printed Cone Spray Ionization (3D-PCSI)

Brown, H. M..; Fedick, P.W. “Rapid, low-cost, and in-situ analysis of per- and polyfluoroalkyl substances in soils and sediments by ambient 3D-printed cone spray ionization mass 

spectrometry” Chemosphere 272 (2021) 129708.
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3D-PCSI-Mass Spectrometry

Experimental workflow of determination of contaminants in soils and sediments. A) 
First the contaminated soil is deposited into the cone. B) Next solvent is applied a top 
the sample and C) a high voltage is induced onto the conductive plastic. A spray 
plume at the tip of the cone is produced and the analytes are ionized, producing D) a 
distinguishing mass spectrum in the mass spectrometer.
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Trace and Bulk Detection of Post-Burn and 
Post-Blast of Energetics by 3D-Printed Cone 
Spray Ionization Mass Spectrometry

Bain, R. M.; Pinedo, TJ; Klapec, D. J.; Mulligan, C. C.; Fedick, P.W. “Post-burn and post-blast rapid detection of trace and bulk energetics by 3D-printed cone spray ionization mass 

spectrometry” Talanta Open 10 (2025) 100377.
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Post-Burn Propellants
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Post Blast – Home Made Explosives
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Post-Blast Large Scale
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3D-Printed Cone Spray Ionization Portable Mass 
Spectrometry for the Detection of V-Series 
Chemical Warfare Agents 

Molnar, B. T.; Bondzie, E.; Carmany, D.; Brown, H. M.; Aldo, Rosemary; West, C.; Pinedo, TJ; Mach, P.; Dhummakupt, E.; Mulligan C. C.; Fedick, P. W. “ Rapid Identification of Chemical Warfare Agents 

in Soil and on  Solid Matrices Using 3D-Printed Cone Spray Ionization on a Portable Mass Spectrometer” Manuscript in Preparation.
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Adapting 3D-PCSI-MS to Commercial Portable 
Mass Spectrometers

Mass range: 30-2000 Da
Mass Resolution: 1 Da
Weight: 37 lbs. without laptop
Dimensions: 8” x 12” x 13”

Mass range: 50-1200 Da
Mass Resolution: 1 Da
Weight: 44 lbs. without laptop
Dimensions: 13” x 13” x 17”

Mass range: 50-1000 Da
Mass Resolution: 1 Da
Weight: 97 lbs. without laptop
Dimensions: 24” x 20” x 15”
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Reproducibility Studies of TePP
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Repeatability, False Positive Vs. False 
Negative Rates >600 Samples

Sample Soil
Yes/No TEPP (asked to 

user)
Setup 
Time

291 (M+H)
313 

(M+Na)
1 Top Soil No 29 - -
2 Top Soil Yes 29 954.182 321.227
3 Top Soil Yes 39 1960.07 1017.07

4 Top Soil Yes 92 829.436 821.256

5 Top Soil Yes 22 3460.21 1927.95
6 Top Soil No 18 - -
7 Top Soil Yes 25 861.646 591.688
8 Top Soil Yes 18 1702.79 535.302
9 Top Soil No 23 - -

10 Top Soil Yes 18 2339.77 2624.86
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Time to Sample over Replicate Trials
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TePP Contaminated Materials
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Characterization and Optimization of a Rapid, 
Automated 3D-Printed Cone Spray Ionization 

Mass Spectrometry Methodology

Brown, H. M.; McDaniel, T. J.; West, C. P.; Bondzie, E. H.; Aldeman, M. R.; Molnar, B. T.; Mulligan, C. C.; Fedick, P.W. “Characterization and optimization of a rapid, automated 3D -printed cone spray 

ionization-mass spectrometry (3D-PCSI-MS) methodology.” IJMS 474 (2022) 116781.
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Autosampler Construction
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PFAS and Bulk Drugs (Pills)
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CWAs and Drugs in Tobacco
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Optimization of Autosampler
Improvements:

(1) Conductive Dual-Layer

(2) Testing Optimizations

(3) Bottom Motor Support

(4) Ball Bearing Track

1

2

3

4

Before: After:

Pinedo, T.J.; Butalewicz, J.; Aldeman, M. R.; Mulligan, C. C.; Fedick, P.W. “Exploration of exotic materials and improved automated field sampling for 3D -printed cone spray ionization mass 

spectrometry.” Manuscript pending

- MassTech adaptation

- Keeps the motor in 
place, which holds 
the autosampler
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Optimization of Autosampler

- Keeps the high-
voltage wire in place

- Holds the ball 
bearing for constant 
contact

- MassTech adaptation

- Keeps the motor in 
place, which holds 
the autosampler

- Adds support for the 
high-voltage



21
DISTRIBUTION STATEMENT A. APPROVED FOR PUBLIC RELEASE: DISTRIBUTION IS UNLIMITED. 

21

Autosampler Rotation
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Mini Deck Field Work

Butalewicz, J. .; Fedick, P.W. “Rapid Detection and Mapping of PFAS Impacted Soils Using 3D-Printed Cone Spray Ionization and Field-Portable Mass Spectrometry“ Manuscript Pending
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PFAS Standards
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Field Sampling with MTE-30
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PFAS Confirmation using MS/MS
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Mapping and Sample Collection LTQ
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Distribution of PFOA
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PFOA is degraded via CF2 scission and 
rearrangement

Castracane, E.; Molnar, B.T.; Lambert, A.; Harvey, B.G.; Estevez, J.E.; Fedick, P.W. “Improved Boron Nitride Nanomaterial Morphologies for the Enhanced Photocatalytic Remediation of 

Perfluorooctanoic Acid.” Chemosphere 382 (2025) 144466.
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• BNNM morphologies must be dispersed before using:
• Boron nitride nanopowder (BNNP)

• Boron nitride nanobarbs (BNNB)

• Boron nitride nanotubes (BNNT)

• ~25 mg BNNM in 10 mL 100 ppm aqueous PFOA

• 254 nm @ 1500 mW/cm2

• (-)-nESI-MS spectra collected every 30 minutes for 2 hours

Dispersed boron nitride nanomaterials as 
photocatalysts

BNNP BNNB BNNT

Castracane, E.; Molnar, B.T.; Lambert, A.; Harvey, B.G.; Estevez, J.E.; Fedick, P.W. “Improved Boron Nitride Nanomaterial Morphologies for the Enhanced Photocatalytic Remediation of 

Perfluorooctanoic Acid.” Chemosphere 382 (2025) 144466.
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In-line mass spectrometry monitoring
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