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Closely related spores of the genus Bacillus were
deposited on silver membrane filters for broadband
Laser Induced Breakdown Spectroscopy (LIBS)
analysis. The spectral differences observed provide
evidence for the power of LIBS in resolving complex
biological samples.

aser Induced Breakdown Spectroscopy (LIBS) is an ana-

Iytical technique for elemental analysis. LIBS applica-
tions range from metal analysis to art restoration. Recent
reports describe the detection and identification of bacteria,
which expands LIBS applications to include biological warfare
agent detection for Homeland Security (1,2).

In this application, we used the Ocean Optics LIBS2000+ Laser-
induced Breakdown Spectrometer, which analyzes plasma created by
a single 10 nanosecond-wide laser pulse. The LIBS2000+ provides a
real-time, qualitative elemental analysis of the sample with full spec-
tral coverage from 200-980 nm by analyzing the emission of excited
elements in the plasma created during the ablation of the sample.

Experimental Conditions

Using vacuum filtration, twenty million Bacillus subtilis,
Geobacillus stearothermophilus and Bacillus pumilus spores
(NAMSA, Northwood, OH) were deposited on silver membrane
filters (Millipore, Billerica, MA). The filters were dried com-
pletely before analysis. 100 spectra were acquired at different
spots on each filter using a 1.5 microsecond delay between
plasma formation and data acquisition.

Results

In Figure 1, the average spectral data (n=100) acquired for
spores on silver membrane filters is shown. Spectral differences
are observed throughout the spectral region. More than 50
unique peaks were observed for the spore samples relative to the
silver membrane filter. The G. stearothermophilus spectrum con-
tains the largest number of spectral lines with evidence for the
plasma continuum observed in the broad peaks beneath the
spectral lines in the region from 500-600 nm. The presence of
these broad bands in conjunction with the larger number and
higher intensity of the spectral lines observed in the G.
stearothermophilus spectra suggest that a more intense plasma
may have been formed for the G. stearothermophilus spores.

Conclusions
The presence of unique spectral lines and different combinations of
these lines provide many opportunities for discrimination. While
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most of the unique peaks occurred in the G. stearothermophilus
spectrum, spectral differences were observed in the spectra for all
the spores. Unique spectral features may be related to differences in
spore characteristics. For example, G. stearothermophilus is a ther-
mophile with increased resistance to both heat and acid due to
increased spore coat mineralization. Alternatively, differences in the
surface characteristics for the spores (G. stearothermophilus special-
ized surface that masks negative charges, B. subtilis proteinaceous
surface and B. pumilus carbohydrate surface) could have caused the
spores to clump resulting in an uneven distribution of the spores on
the silver membrane surface. An uneven coating of spores on the
surface would result in an average spectrum skewed by laser shots
that did not sample spores resulting in spectral data predominated
by the features associated with the silver membrane filter.

The results reported for spores along with others obtained for
biological molecules including nucleic acids and proteins (data not
shown) provide exciting evidence for the versatility and discrimi-
nating capability of LIBS. Advances in LIBS instrumentation like
the LIBS2000+ , enhance discrimination of complex samples by
providing complete elemental analysis from a single laser event.
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