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Resear ch Objective

L ong-term objective: To develop a system for measuring and identifying awide range of volatile organic
hydrocarbons, including aromatics, carbon tetrachloride, TCE and other organochlorides, at ppb levelsin-situ
in the subsurface (“ at-depth”) using afiber-optic REMPI probein acone penetrometer.

Specific focus of much of the proposed work isto identify and optimize those experimental parameters which
effect the in-situ determination of organic moleculesin the subsurface using resonance-enhanced multi-photon
ionization (REMPI).

Emphasisis placed on visible excitation so that the high transmission of fiber-optics at visible wavelengthscan
be fully utilized.

A fiber-optic REMPI system is being designed and integrated into an existing cone penetrometer system at
LLNL. Thedesign will be compatible with existing Raman and fluorescence probes.

Research Progress:. Second year of project
This report summarizes work during Y ear 2 of this 3-year project.

USC compared UV (1+1) and visible (2+2) REMPI excitation of toluene using the coaxial fiber/electrode
REMPI probe and obtained detection limits of 1.7 ppb and 7.5 ppb of toluene using UV and visible
excitation, respectively.

USC and LLNL demonstrated in-situ measurements at 20 ppb benzene and 43 ppb toluene using the
coaxial fiber/electrode REMPI probe with 15 mJ/pulse (Figures 1 and 2).

USC and LLNL demonstrated ~4 orders of magnitude linearity for visible wavelength, 4-photon REMPI
of toluene and benzene with the coaxial fiber/electrode REMPI probe.

Invited to deliver aplenary lecture at the Tenth I nternational Symposium on Resonance | onization
Spectroscopy.
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Figure 1. Diagram of optical coaxial fiber/electrode REMPI probe.
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Figure. 2. Calibration of (a) toluene and (b) benzene. For both calibrationsa
600 micron diameter optical fiber was used. Each point represents the average of

five measurements with error bars showing +1 sample standard deviation using 15 mJ/pul se.

. USC and LLNL performed mixture studies of benzene, toluene, and m-xylene using visible excitation
and showed feasibility for selective excitation.

. USC performed a chemometric analysis on the mixture data showing selectivity of individual species
within the mixture.

. USC used a new measurement cell to measure less than 2 ppb of toluene using only 3 mJ/pulse with an
excitation optical fiber



USC compared various core diameter optical fibers with the coaxial fiber/electrode REMPI probein
terms of sensitivity and optimal probe voltage.

Boise State has begun construction of the soil column for in-situ REM PI measurements (Figure 3).
LLNL has started the design of a cone pentrometer incorporating the fiber-optic REMPI probe.

A white paper was drafted proposing afield demonstration in Spring 2002 at the Savannah River
Laboratory.
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Figure. 3. Diagram of the soil column for in-situ REMPI measurements.

Planned Activities: next 12 months (Year 3)

USC will measure chlorinated contaminants and optimize 1+1 and 2+2 experiments.

e LLNL will begin designing and testing the cone penetrometer compataible REMPI cell.

» Mixture studies of aromatic and chlorinated contaminants will be completed.

» Thecoaxial fiber/electrode REMPI probe will be tested in the soil column.

» Testson the cone-penetrometer compatible REMPI probe and the field test will be completed.
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