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Introduction
In the past several years Laser-Induced Breakdown Spectroscopy 
(LIBS) has been suggested as a rapid, field-portable technology for 
the identification of biological agents, particularly those agents related 
to bio-terrorism.[i],[ii],[iii],[iv].  During LIBS an intense pulse of laser 
light vaporizes the target bacteria and spontaneous emission from the 
bacteria’s constituent atoms is detected.

The analysis is based completely on the relative concentrations of 
trace inorganic elements located, in part, in the membrane of the 
bacteria.[v] It is NOT based on a genetic / DNA difference.

In the present work, LIBS was utilized to discriminate four strains of 
Escherichia coli and one strain of Pseudomonas aeruginosa cultured 
on three different growth media.[vi] This is the first ever demonstration 
of discrimination between strains utilizing LIBS and the first 
investigation of the relationship that the growth substrate has on the 
LIBS analysis.  
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Spectra-Physics LAB 150-10 Series  
• 650 mJ/pulse max 
• 1064 nm 
• pulse repetition freq =10 Hz
• pulse duration = 10 ns

• fiber-coupled input
• detection with a 1024 x 1024

pixel Intensified CCD-array  
(24 μm2 pixel size).  

• spectral range = 200 - 834 nm
• 0.005 nm resolution (in the UV)  
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• 0.7% bacto-agar plate 
without nutrients

• bacteria are transferred 
from nutrient plate to 
agar plate without any 
sample preparation
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19 ionic and atomic 
emission lines from 
6 elements are used 
to create the bacteria’s 
“spectral fingerprint”.  
The area of a fit 
Lorentzian line shape 
determines the 
emission intensity of 
the line.  Left: the 
lines used in this 
analysis.

wavelength 
(nm) 

line 
identification* 

213.618 P I 
214.914 P I 
247.856 C I 
253.560 P I 
279.553 Mg II 
280.271 Mg II 
285.213 Mg I 
373.690 Ca II 
383.231 Mg I 
383.829 Mg I 
393.366 Ca II 
396.847 Ca II 
422.673 Ca II 
430.253 Ca I 
518.361 Mg I 
585.745 Ca I 
588.995 Na I 
589.593 Na I 
769.896 K I 

* II denotes an ion

trypticase soy agar (TSA) plate

24 hours, 37°

trypticase soy broth (TSB) vial

P. aeruginosa (1 strain, 3 media)

trypticase soy agar (TSA) plate

blood agar (TSA + blood) plate

MacConkey agar (MAC + 
lactose) plate plus bile salts

24 hours, 37°

Discriminant Function Analysis

(1) The intensities of 
the 19 emission lines 
are normalized by the 
sum of all intensities 
and separated into N
groups

(3) For each spectrum, 
N-1 discriminant 
function scores are 
calculated

DFA is a mathematical / linear-algebra-based statistical analysis 
technique that expresses groups of data in terms of functions which 
maximize the difference between those groups.
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(2) “Canonical 
Discriminant Functions”
are constructed from 
arrays of groups.  For 
discrimination between 
N groups, N-1 canonical 
discriminant functions 
are constructed
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(4) Each spectrum is 
plotted according to its 
discriminant function 
scores as a data point 
on a graph
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LIBS easily discriminates 
bacteria from other bio-types

(Candida albicans yeast and an 
environmental mold)

E. coli grown on two media

P. aeruginosa

E. coli

TSA + 0.4% bile salts (Sigma)

TSB=TS broth 
(liquid culture)

the presence of bile salts in the MacConkey plate produces an increase in 
calcium and a decrease in magnesium in the membrane of P. aeruginosa

P. aeruginosa

E. coli

bile salts in MacConkey plate produce change in E. coli


