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Preface

This study was conducted for the U.S. Army Corps of Engineers with fund-
ing under Army Direct Project T15, Program Element 633734, Task 2.

The work was performed by the Biogeochemical Sciences Branch

(Mr. Nathan Lamie, Chief) of the of the Research and Engineering
Division (Dr. George Calfas, Chief), U.S. Army Engineer Research and
Development Center, Cold Regions Research Engineering Laboratory
(ERDC-CRREL); North Carolina State University; Yale University;

JR Plummer & Associates, and the Oak Ridge Institute for Science and
Education. At the time of publication of this paper, the deputy director for
ERDC-CRREL was Mr. Bryan E. Baker and the director was Dr. Joseph
Corriveau.

This material was originally presented at the SCIX 21 Conference on
17 September 2021.

The commander of ERDC was COL Teresa A. Schlosser and the director
was Dr. David W. Pittman.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional purposes.
Citation of trade names does not constitute an official endorsement or approval of the use of such commercial products.
All product names and trademarks cited are the property of their respective owners. The findings of this report are not to
be construed as an official Department of the Army position unless so designated by other authorized documents.
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Objective

= Sensors capable of characterizing/monitoring the environment
o Proximal distances

o Battlefield or military training ranges
- Environmental awareness
« Environmental characterization
- EXposure

- Evaluate hand held LIBS for characterization of metals v , Pb, and ~

o Standard reference materials
o Certified reference materials

= Ascertain precision, accuracy, sensitivity, and
reproducibility of hand-held LIBS technology
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Conventional Analytical Approach

= Analysis in fixed-based laboratory
e ICP/AES-MS, HPLC, LC/MS, GC/MS

* Metals, energetics, VOCs, SVOCs, pesticides, herbicides, dioxins, PCBs, perchlorate, cyanide,
nutrients, etc.

* |n-field analysis with

hand-held XRF
e Metals

US Army Corps of Engineers e Engineer Research and Development Center
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Next Generation Technology:
Laser Induced Breakdown Spectroscopy (LIBS)
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a) Laser ablation of material of interest

b) Development of plasma field

c) Collection of resulting spectra with optical spectrograph
d) Software based analysis of spectral data

e) Results
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Methods - Sample Processing Subsampling
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XRF and LIBS Measured Values vs Certified Values
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LIBS versus XRF
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Instrument versus Sample Variability
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LIBS Intensity as Function of Particle Size
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Conclusions

= Copper and zinc LIBS measurement in agreement with known
value of analytical NIST standards

» |ead data, not shown, in poor agreement

= LIBS appears to underpredict copper and zinc concentrations as
compared to XRF and known quantity

= Poor agreement between XRF and LIBS measurements of same
sample for copper and zinc

= Variability as measured by percent Relative Standard Deviation
appears to be due to sample heterogeneity

= Another issue contributing to LIBS variability is particle size

= Particle size differences are analyte specific, and outcomes can
be diametrically opposed

US Army Corps of Engineers e Engineer Research and Development Center
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