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...or: How | Learned to Stop Worrying
and Love Shot-to-Shot
Irreproducibility
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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
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The spot does not
represent the bulk, but
the point composition is

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

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




But Biologicals / Biomedicals...?

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

« Today, I'll be talking about several problematic systems:

Bacterial
cells

Otoliths

—1 Fingernails
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4 Things to Know About Otoliths

Right Otolith - Sulcus Side Down

Dorsal

Anterior

A—
Posterior

opaque zone

Strontium
(slower growth) .

Salmonids can be successfully mass-marked using
strontium chloride at any life history stage. Thermal
marks, in contrast, can only be applied during a 2 to
4 week period after the eyes form in the embryos.
One drawback of the strontium mark, however, is
that they cannot be viewed using a traditional
microscope. They are only detectable using an
electron microscope equipped with an electron

backscatter detector.

translucent zone
(faster growth)

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

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

Mounted in a paraffin wax and cross-sectioned
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LIBS Spectra, Two Otoliths
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Gate Delay Study Example
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Single-Shot LIBS Not Possible

49 Consecutive Single Shots on Otolith

Averaging can be accomplished ~ °000%
by “drilling” down, since we don’t
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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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Fingernails Motivation

~25 receptors
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Frederickson et al., Nature Neuroscience, 2003




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

v neurobiotex, inc.
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R, Can LIBS do this?

represent
body.

But we need a rea
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The Problem With Fingernails

—

ey look like tF- -




Preparation of Nalls

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.

Cllpplngs are cut into approxmately 2mm by 1 mm fragments to
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Typical Nail Components

2092 1 Element Mean (ppm) 1Std.Dev.
| Znll 202.547
2134 | 5 570.8 +511.5
Al 837.4 1427.2
1577 _| 1257
|
| | znll 206.2
el ( | 1012 _| |‘ \
\
; |
462 _| || 766
A A | . A .
‘\'f"‘."‘."’{' W "w ‘‘‘‘ i "_"‘ |V “I‘.l "" A l\r_"l ! N oA |
-95 : T T T T T | “' T T . T : JI | I“I
201.878 202.014 202.150 202.286 202.421 202.557 202.693 202.829 202.965 2 521 .‘ |
Wavelength (nm) " |
Mg279.6 R " |
A g \ ,‘”‘l | A
no0° M92803 — L/ VY W/ W iy
) Element \ 1 ;( V ll \ ,-" \ |‘ I‘\J \
652 Index v j Y
Zn 205?051 205?126 206f202 206?278 205T354 2061429 2(
Area 652 Wavelength (nm)
an%imum 3719 A A A AR WU LAV IV vyl vakvll val na
Menimu +589.6 Atoms, 2005
= 1 JL
e =t — - e |
—— 606.000 664.000 722.000 780.00
202.695 202.547 202.395

=




Zinc Easy to See, Harder to Quantify

Actual crater size

apprommately R Steel crater size in
180 pm g comparison t& nail crate

200 pm

(e) Fingernail
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“Identical” Shots?

- ' { i
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Shot-to-shot Irreproducibility

We tried:
— Hydration
— De-hydration
— Surface buffing

( ) Effect of Surface Roughness on LIBS Zinc Emission Intensity
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Buffing did reduce shot-to-shot variations
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Results

PLS regression model

160 * 10 laser pulses per location
g ) 5 locations averaged per
g 1o % T spectrum. (i.e. 50 laser shots
E 10 8 T per spectrum).
§ o =1 I « 30 spectra per data point (i.e.
G 1o } N 1500 laser shots, with 1o st.
£ 100 ) dev. shown)

90
100 105 110 115 120 125 130 135 140 145

SIDMS CONCENRATION (PPM)

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.
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Bacteria

Sample is vortexed

Trypticase soy Colonies are _ Filter paper is
agar (TSA) is femsvediand andis0iuLis mounted on steel
deposited on a 0.45 -
gse:l to cultureplaced in 1.5 mL umpnitlrocellulose pece and.abated
acteria. of deionized - with laser.
water. '



Method 1

( 30 pL of vortexed w ﬂ)olloidal suspensiorﬂ

S
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a asp.sagepub.com
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Spectroscopy ldentification
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Total Intensity (a.u.)

Lowering the Cell Titer
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Method 2

An insert for a centrifuge tube was designed by a previous student as a tool for
depositing bacterial suspensions on filter media.

5 um filter
0.45 um filter

Bacterial Mounting and Concentration Techniques to Translate Laser-Induced Breakdown

Spectroscopy into a Clinical Setting

@ U%VEESRY Alexandra Paulick, Naila Rahman, and Steven J. Rehse ® NSERC
aatlininld Department of Physics, University of Windsor, Windsor, ON, CAN CRSNG
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Treatment with Tween 20

Initial Concentration of E. Coli: >10° CFU/mL 140000 - 1/50 Dilution of E. Coli 1/1000 Dilution of E. Coli
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Spectrum Number Spectrum Number Spectrum Number

Tween (1/1000):

Filter paper: No tween (1/50): Tween (1/50):

Image not
acquired

* 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 120000 - —-—B?Otzvg/??\:\:een
. 1 —— 0.05% tw
suspensions of the same woon] -
concentration.

1% tween
10% tween
50% tween

80000

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

60000

40000

Total Spectral Power (AU)

20000

 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.

0+

Spectrum Number



Method 3

Bacteria is forced
onto a smaller
area of the filter
paper, increasing
the number of
cells ablated per
laser shot.

-

The metal cone was used to deposit an E.
coli suspension on a filter paper and 570
LIBS spectra were acquired across it to
obtain an intensity map of the bacterial
deposition on the filter.

4000E-04
952CE-C4
15C4E-05
2056E-08
S803E-08

o

3160E-05

3T12E-08
4284E-08
. 4316E-05
S363E-05
S$920E-08

Approximate

Each point on the map corresponds to a
laser shot, and the color indicates the LIBS
bacterial intensity, with purple indicating no location of
LIBS bacterial signal, and red indicating where metal
the region with the strongest LIBS S & 1 & & conepresses
bacterial signal. o I Titer
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Method 3

The same E. coli suspension was deposited on filter papers using different deposition
methods, and 20 spectra were acquired across each filter.

—&— deposition with metal cone
1 —&— deposition with well-plate
300000 - —&— deposition with centrifuge insert

250000 H

200000

150000

100000

LIBS Total Spectral Power (AU)

50000 H

. : . .
0 5 10 15 20
Spectrum Number
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Method 4

Standard swab test




Method 4

Cannot shoot right on the swab
« Fartoo irregular (almost no plasma)
e Cells not concentrated
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Absorbance (AU)

Swab Vortex Shake-Off

Effect of Vortex Shake-Off Time on Flocked Swabs Absorbance Measurements of E. coli Cells - 50 uL Pipetted
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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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