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…or: How I Learned to Stop Worrying 
and Love Shot-to-Shot 

Irreproducibility



Sturm, Meinhardt, Fleige, Fricke-Begemann, Eisbach, “Fast identification of 
steel bloom composition at a rolling mill by laser-induced breakdown 
spectroscopy,” SAB 136, 2017, 66-72

Innovative Elemental Mapping of Geological Minerals with 
Applied Spectra’s J200 Tandem LA-LIBS

Shi, Lin, Duan, “A novel specimen-preparing 
method using epoxy resin as binding material for 
LIBS analysis of powder samples,” Talanta 144, 
2015, 1370-1376

When we say that LIBS “…requires 
little to no sample preparation…” 
we usually mean:

The spot we are sampling is 
representative of the bulk; or

The spot does not 
represent the bulk, but 
the point composition is 
desired; or

There is no bulk, but the sample has been 
homogenized to create a “pseudo-bulk.”



But Biologicals / Biomedicals…?

Otoliths

• Systems we have been investigating seem to be intrinsically 
structurally non-uniform (although homogeneous)

• Today, I’ll be talking about several problematic systems:

Fingernails

Bacterial 
cells

Swabs



All Experiments
• 1064 nm, 10 ns pulses (Spectra-Physics)

• 8 mJ/pulse on target

• Focused by a long working distance 
microscope objective, 65 m spot size

• Emission spectrum from 200-800 nm 
dispersed in an Echelle spectrometer 
(LLA Instruments, GmbH)

• Ablated in argon

• 1-2 s delay time



4 Things to Know About Otoliths

Image acquired from http://wgosm.npafc.org/MarkFAQ.asp

1. Photo by Ned Rozell, courtesy of http://www.sitnews.us/

2.

Image acquired from http://http://keywordsuggest.org

3.
4.

Can we monitor fresh/salt water migration 
via the elemental concentration?



Otolith Samples
Mounted in a paraffin wax and cross-sectioned



LIBS Otolith Spectra
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LIBS Spectra, Two Otoliths

1

10

100

1000

10000

100000

1000000

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

Av
er

ag
e 

LI
BS

 E
m

iss
io

n 
In

te
ns

ity

LIBS Line 

Average Raw LIBS Emission Line Intensity

Otolith 1 Otolith 2

1 C 247.856
2 Mg 279.55
3 Mg 280.27
4 Ca 300.922
5 Cu 324.755
6 Ca 393.366
7 Ca 396.847
8 Sr 407.771
9 Sr 421.553

10 Ca 422.673
11 Ca 428.937
12 Ca 429.899
13 Ca 430.253
14 Ca 430.774
15 Ca 431.865
16 Ca 442.544
17 Ca 443.497
18 Ca 445.478
19 Ca 527.028
20 Ca 558.876
21 Ca 559.447
22 Ca 559.849
23 Na 588.995
24 Na 589.593
25 Ca 616.218
26 Ca 643.907
27 Ca 646.258

Each value an average of 65 measurements



Gate Delay Study Example
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• 5 shots per location
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Single-Shot LIBS Not Possible

Averaging can be accomplished 
by “drilling” down, since we don’t 
have the space for lots of new 
locations

50

500

5000

50000

500000

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49

LI
BS

 E
m

iss
io

n 
Lin

e 
In

te
ns

ity
 (A

U)

Shot Number

49 Consecutive Single Shots on Otolith

Series1 Series2 Series3 Series4 Series5 Series6C 247 Ca 393 Ca 396 Sr 407 Sr 421 Ca 422



Problems With Otoliths
• Small, bony fragments can shatter easily
• Small inclusions/areas of some sort seem to yield strong increase in 

metal emission
• Shot-to-shot repeatability is horrible and will have to be overcome by 

multiple shots in one location
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~25 receptors

Frederickson et al., Nature Neuroscience, 2003

Fingernails Motivation
Zinc deficiency is the leading cause of death among toddlers 
worldwide.

It is also a leading cause of weakened immunity in the 
elderly.

Copenhagen Consensus (8 Nobel Laureates) says: Zinc 
supplementation is the number ONE most cost-effective 
move to improve world health. (2-3 billion people deficient 
worldwide).



How do we diagnose and monitor zinc deficiency & 
remediation in 2-3 billion people? 



Zinc in the fingernails has been shown to 
represent the overall zinc concentration in the 
body.

But we need a real-time biomedical assay

Why not fingernail zinc?Can LIBS do this?



The Problem With Fingernails

Although they look like this…

Farren, Shayler, Ennos, The Journal of Experimental Biology, 2004

…they are actually like this!



Preparation of Nails
• Nail clippings of the index, middle and ring fingers (both right and left 

hands) of 5 subjects were taken a total of 6 nail clippings per 
subject.

• Clippings were cleaned with acetone in an ultrasound bath for 10 
minutes and allowed to dry for 20-30 minutes.

• Clippings are cut into approximately 2 mm by 1 mm fragments to 
provide a flat target.



C247.9

Ca393.4
Ca396.8

Ca422.7

Mg279.6
Mg280.3
Mg285.2

Ca315.7
Ca317.9

Na589.0
Na589.6ArCN

Ar
Zn202.5
Zn206.2 
Zn213.8

Wavelength (nm)

Typical Nail Components
Element Mean (ppm) ±Std.Dev.

Mg 570.8 ±511.5
Al 837.4 ±427.2

Si 974.3 ±594.1

P 1035.2 ±597.8

S 24810 ±8776

Cl 1770.2 ±1121.9

K 831.9 ±666.1
Ca 2311.6 ±1448.3

Fe 128.6 ±69.6

Ni 5.1 ±2.1

Cu 20.8 ±20.8

Zn 151.7 ±74.8

Olabanji et al. Nuc. Instrum. 
Methods Section B: Beam 
Interactions with Materials and 
Atoms, 2005



Zinc Easy to See, Harder to Quantify



25 “Identical” Shots?



Shot-to-shot Irreproducibility
We tried:

– Hydration
– De-hydration
– Surface buffing

Buffing did reduce shot-to-shot variations



Results

a PLS regression model was built from Zn measurements on the left hand of five 
volunteers and used to test the Zn measurements on their right hand.

Yielded predictions that differed from the actual concentration by an average of 6.8 
ppm and a standard deviation of 14 ppm, or 12% fractional uncertainty.

• 10 laser pulses per location 
• 5 locations averaged per 

spectrum. (i.e. 50 laser shots 
per spectrum). 

• 30 spectra per data point (i.e. 
1500 laser shots, with 1 st. 
dev. shown)

PLS regression model



Results



Bacteria



Method 1

Too many cells dry and then ablate not-
so-nicely, but that’s okay, we need a 
much smaller number anyway



Lowering the Cell Titer
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Two nominally “identical” 
sampling locations



Method 2



Treatment with Tween 20

• Dilutions treated with 0.1% Tween 20
• 30 spectra acquired across filter (each an 

average of 3 single-shot spectra)



Treatment with Tween 20
• Various concentrations of Tween 

were added to E. coli 
suspensions of the same 
concentration.  

• Each suspension was deposited 
on a different filter medium and 
60 LIBS spectra were acquired.

• There does not seem to be a 
specific concentration of Tween 
that yields a relatively constant 
LIBS bacterial signal around the 
average LIBS signal of the 
clumped bacteria.



Method 3



Method 3



Method 4
Standard swab test



Method 4

Foam swab Flocked swab

Cannot shoot right on the swab 
• Far too irregular (almost no plasma)
• Cells not concentrated



Swab Vortex Shake-Off



Conclusions
• Although the otoliths, nails, and bacterial films 

are all composed of one material, their physical 
non-uniformity results in enhanced (or greatly 
enhanced) shot-to-shot variation.

• Different sampling strategies are needed to 
overcome this.

• Specific new sample-preparation steps are 
needed to overcome this.

• Perhaps “outlier exclusion” should be utilized?
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Thank you!

New students (grad or undergrad) always welcome!!!


