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1. Introduction
Laser-Induced Breakdown Spectroscopy, or LIBS, is an atomic emission analysis technique
which may be used for aerosol analysis and which has been explained in great detail in previous
reports.1-5 LIBS uses optics to focus a pulsed laser beam to produce laser-induced plasma. The
volume of this plasma envelopes nearby molecules and fine particles and excites them. The
excited molecules and particles then emit emission lines corresponding to the elements present
in the molecules and particles. This emission can be collected spectrally and analyzed to
determine the composition and concentrations of elements in the sampled aerosol.
Over the last decade, the discussion about airborne particulate matter as it relates to
human health has intensified. Some of these discussions focus on the ill effects that particulate
matter less than 2.5 μm in diameter (PM2.5) have on human health. According to the report
“Airborne Particulate Matter and Human Health: A Review,” half of PM 2.5 emissions are from
human created sources while the other half are from natural sources. Most anthropogenic
PM2.5 emissions are the result from energy production. Since people are exposed to PM 2.5 on a
continual basis, it is important to be able to detect harmful PM 2.5.6 This type of analysis tool
could be used at energy production facilities, such as power plants, to measure the amount of
harmful PM2.5 released into the atmosphere. This knowledge would aide greatly in the
management of air quality. For this report, six toxic elements were targeted for analysis:
chromium, titanium, cadmium, lead, manganese, and vanadium. These elements were chosen
based on their toxicity and location of atomic emission wavelengths, which will be discussed in
later sections.
Chromium uptake is possible through inhalation or ingestion. Its toxicity is dependent on its
oxidation state. In its most toxic state chromium can cause respiratory problems, kidney and
liver damage, and in rare cases, lung cancer and even death. Titanium has a low order of
toxicity and is classified within Group 3, an agent that is not classifiable as to its carcinogenicity
to humans, by the International Agency for Research on Cancer. However, overexposure to
titanium may cause coughing, tightness in chest, and difficulty in breathing. Cadmium is
prevalent in tobacco smoke which transports the cadmium directly to the lungs. Cadmium can
severely damage the lungs as well as the central nervous system and immune system. Lead is
one out of four specific elements that cause the most damage to human health. As with
cadmium, lead is present in small amounts in cigarette smoke. Lead can cause many ill effects
on a person’s health, a few of which are a rise in blood pressure, kidney and brain damage, and
even severe damage to the brain and nervous system of an unborn child. Manganese is an
element that is essential to humans in very small amounts. When the uptake of manganese is
too high, however, it becomes toxic and causes serious health issues. These health issues
include hallucinations, nerve damage, Parkinson, lung embolism and bronchitis. Workers
exposed to dust particles of manganese compounds over extended periods of time showed

incidences of pneumonia and upper respiratory infections. Vanadium’s toxicity, like chromium,
is dependent on its oxidation state. Vanadium is not regarded as a severely toxic element;
however, overexposure to vanadium dust can cause many ailments including eye, nose, and
throat irritation, pneumonia, bronchitis, damage to the nervous system, and bleeding of the
liver and kidneys.7
The second part of this report compares two statistical methods for data processing. In
previous reports the two methods used to analyze LIBS aerosol data are the conditional analysis
method and the standard deviation analysis method.2-4 Conditional analysis is explained in
great detail in the report “Conditional data processing for single-shot spectral analysis by use of
laser-induced breakdown spectroscopy”; therefore, only a brief explanation of this method is
explained below. For conditional analysis each recorded spectrum is analyzed by comparing the
emission intensity of the expected analyte peak to the emission intensity of a spectral region
that doesn’t experience any analyte peaks. If the ratio of these emission intensities (peak-tobase ratio) is greater than a defined threshold than that shot is considered a particle hit. In
earlier reports this threshold was typically set to provide 0.1% to 0.5% false hits. A false hit is
when the peak-to-base ratio is greater than the threshold value but there is no targeted
analyte. This is done so that weak, but true analyte signals, which can be compared to
fluctuating noise peaks, are not eliminated; however, this does result in a significant amount of
false hits. Once every shot is processed through this step every particle hit is analyzed further to
determine if it is a true hit or a false hit. This process uses additional, nearby emission lines of
the same analyte to compare to the particle hit spectrum. If a true hit is present, the particle
spectrum will exhibit peaks at both emission lines of the analyte; whereas a false hit is
statistically unlikely to exhibit a peak at the second emission line of the analyte.2 In 2008, L. A.
Alvarez-Trujillo et al. wrote a report about another method for processing LIBS data called
“Alternative Statistical Methods for Spectral Data Processing: Applications to Laser-Induced
Breakdown Spectroscopy of Gaseous and Aerosol Systems.” This alternative method
implements the standard deviation of a set of data. For a specified number of shots, the
standard deviation is calculated for each pixel, or wavelength division. If all shots at a specified
pixel have relatively the same emission intensity then the standard deviation at this pixel would
be small. However, if one or two shots have a much greater emission intensity (a.k.a. a particle
hit) while all the other shots are relatively the same, the standard deviation at this pixel would
increase significantly. Once the standard deviations for each pixel are calculated they are
plotted against the corresponding wavelengths for analysis. This results in something that
resembles an actual spectrum, but the emission intensity is replaced by the variation in
intensity.5 Examples of both analytical methods discussed above are shown and discussed in
later sections.
The third part of this report looks into the effects of different pressures on the analysis of a
moon dust simulant. Obviously, moon dust is located on the moon and the moon exhibits an

atmospheric pressure of 3×10-15 bar which is essentially zero, or in other words, the moon dust
is located in a vacuum. The purpose of this part of the report was to determine if an analysis
using LIBS conducted in a vacuum environment differs from the analysis conducted at
atmospheric pressure for a moon dust simulant.

2. Experimental Methods
Laser-Induced Breakdown Spectroscopy Analysis. The LIBS system has been described in
great detail in earlier works,1-5 so only a brief explanation is supplied here. The laser-induced
plasma was produced by a Nd: YAG Laser with a 10 ns pulse width, 375 mJ pulse energy and a 5
Hz pulse frequency. The beam is focused into a point using a 75-mm focal length UV grade lens
resulting in a high energy plasma. The plasma emission was collected using a pierced mirror and
a fiber coupled to a 0.275 m spectrometer with a 2400 groove/mm grating and recorded with
an intensified, charge-coupled device (iCCD). The integration delay and width times used were
both 40 μs with respect to the laser pulse (t = 0 s).
Sampling System. For the first part of this project, atmospheric air was drawn in through a
PM2.5 inlet that removed all particles greater than 2.5 μm in diameter. Then the air flows
through the sampling chamber at 16.7 liters/min (~ 1 m3/hr). The schematic for this system is
shown in Figure 1. This experiment was conducted in Gainesville, Florida on the University of
Florida’s campus. The sampling inlet was located on a second story window sill of a three story
building. The location below the inlet is a popular smoking section for smokers and the adjacent
lawn underwent landscaping projects, which utilized some mechanical machines, during the
data acquisition. Data acquisition took place between January 19, 2010 and March 23, 2010 for
a total of 7 individual 2-hour sampling periods. The conditional analysis method collected 9 sets
of 1500 shots while the standard deviation method collected 40 sets of 250 shots. This resulted
in 23,500 spectra per sampling period. Since there were 7 sampling periods a total of 164,500
spectra were collected and analyzed.
For the moon dust part of the project, the simulant was analyzed in a vacuum chamber, so
we didn’t have the option of using air to pump the simulant through the test vessel. To
overcome this roadblock, a small motor was used to rotate the sampling chamber about the
laser beam axis so that gravity would stir the moon dust simulant into a fine dust cloud. This
rotation allowed the fine dust cloud to interact with the plasma resulting from the focused laser
beam.

Figure 1: Diagram of the ambient air sampling system. This system includes a PM2.5 inlet that removes all particles greater than
2.5μm in diameter. It also shows the sampling chamber where the ambient air interacts with the laser-induced plasma.

Detection of Toxic Elements in Ambient Air. The following experimental methods are
specific to the analysis of toxic elements. The first step for this experiment was to choose
appropriate elements to analyze. In previous experiments1-3 only one element was analyzed at
any one time. This process would result in a very long acquisition time if multiple elements
were being analyzed. Therefore, multiple elements that have emission lines close to one
another were chosen so that the spectrometer window range could remain stationary. This
process led to a spectral sampling window centered at 371.5 nm and a range between 354.2
nm and 387.6 nm. The six toxic elements that fell into this spectral range were mentioned
before, as well as some of their characteristics, in the introduction. Chromium had three strong
peaks at 357.9, 359.3, and 360.5 nm. Titanium had its strongest peak at 368.5 nm and two
additional peaks at 375.9 and 376.1 nm. Cadmium, unfortunately, had only one peak within this
range at 361.1 nm. This proved troublesome when determining whether a particle hit for
cadmium was a true hit or a false hit. Lead had its strongest peak at 368.3 nm and an additional
peak at 364.0 nm. Manganese had its strongest peak at 356.9 nm and additional peaks at 381.0,
382.4, and 383.4 nm. Vanadium had its strongest peak at 370.4 nm and a strong second peak at
385.6 nm. All of the reference spectra were found using “pure” liquid solutions of each toxic
element. These liquid solutions were tested in a concentration of ~ 5000 μg/mL of de-ionized
water. This liquid solution was nebulized and pumped directly into the sampling chamber.
Figure 2 through Figure 7 show the spectrum signal of each element versus the spectrum signal
of de-ionized water. For the measurements, the element concentration was about 15 μg/L of
gas, or about 15 ppm (mass), at the point of the LIBS plasma.
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Figures 2 - 7: Resultant spectra for each toxic element. Each spectrum is compared to the spectrum of pure de-ionized water.
The liquid solution of the toxic elements had a concentration of ~5000 μg/mL of de-ionized water.

Based on the figures, target emission peaks were chosen for each element to compare to
two baseline wavelengths of 362.5 and 366.9 nm. These baseline wavelengths are located
where none of the element emission peaks will affect the signal.
The next step was setting the threshold values for each element. This was an iterative
process and for each iteration there were 1000 shots collected. From these shots the
thresholds were adjusted and then 1000 more shots were collected, and the process repeated.
The goal was to obtain 1 to 5 hits for each element for every 1000 shots which results in 0.1%
to 0.5% hit rate. After sixteen iterations these goals were met and the thresholds were set.
Finally, the data was collected. Unfortunately, the wavelengths each analyte emission peak
was located on in the spectral window didn’t match up with the actual wavelengths acquired
from the “NIST Atomic Spectra Database.”8 In order to correct for this mismatch a calibration
was applied to the wavelengths as functions of pixel numbers. For this calibration the pixel that
each emission peak was located on in the spectral window was recorded. Then the
corresponding wavelengths, acquired from the “NIST Atomic Database”, 8 were also recorded.
The wavelengths were then plotted as a function of pixel number. A second-order curve was fit
to the data and the coefficients for this curve are displayed in Figure 8. The correlation
coefficient, R, of 0.999978 suggests that the error between the calculated wavelengths as
functions of pixel number and the NIST Atomic Database wavelengths is no more than ±0.05
nm.
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Figure 8: Calibration curve relating wavelengths, acquired from NIST Atomic Database, to the pixel number, acquired from the
8
spectral window of the analysis program.

As mentioned before, seven sampling periods were taken between the dates of January 19,
2010 and March 23, 2010. The conditional analysis method collected 9 sets of 1500 shots and
the standard deviation method collected 40 sets of 250 shots. The results from all of these
shots is discussed later in the “Results and Discussion” section.
Comparison of Statistical Methods for Data Processing. The experimental methods for this
part of the project are similar to the experimental methods used in the “Detection of Toxic
Elements” part of the project, but with a few differences. Instead of using toxic elements as the
target analytes, calcium was used as the target analyte. The location and strength of two of
calcium’s strongest emission lines have been well documented in previous reports to occur at
393.37 and 396.85 nm.3-5 These reports also made it apparent that calcium was a relatively
common element found in atmospheric air, about a 0.3% hit rate.
The spectral window was set at a center wavelength of 406.00 nm. 100 sets of data,
containing 250 shots each, were collected for this part of the project, totaling 25,000 shots.
Assuming the hit rate of 0.3% would hold we expected to see about 75 calcium hits. Unlike the
first part of this project, each set of data underwent a standard deviation analysis as well as a
conditional analysis. This allowed for a direct comparison between the two analysis methods
since the same data was used for both methods.
For conditional analysis, the first step was to calculate the “offset” of the spectral data from
zero value. This was calculated by averaging the first and last pixels of data. The next step was
to calculate the “base” of the spectral data. The “base” represents the difference between a
region without an analyte emission signal and the offset of the spectral data. The location of
the non-analyte emission signals were chosen at 401.25 and 406.83 nm. This location was
selected because it is unaffected by any expected analyte emission signals. The “peak”
represents the difference between an analyte emission signal and the offset of the spectral
data. The location of the analyte signals are located on the expected calcium emission lines of
393.37 and 396.85 nm. These values are represented graphically in Figure 9. Once the “peak”
and “base” values were calculated, peak-to-base ratios for each calcium peak were calculated.
The “offset” shifted from shot to shot so subtracting it from the calculations eliminated the
possibility of it messing up the peak-to-base ratio calculations. Threshold values were then set
based on these peak-to-base ratios. The results of this analysis will be discussed further in the
“Results and Discussion” section.

Figure 9: Graphical representations of the “offset”, “base”, and “peak” values. The thick vertical lines represent the range of
pixels used to calculate the average value of the respective variables. They are color coordinated for clarity as to which lines
apply to which values. For example, the thick blue lines contain the offset values that were averaged to obtain the final “offset”
value. The above plot is that of the reference calcium emission line.

Pressure Effects on the Analysis of Lunar Dust Simulant. The experimental comditions for
this part of the project are significantly different than the other two. The biggest difference is
that the medium we are analyzing is no longer atmospheric air. Instead, our medium is the
lunar dust simulant JSC-1 under reduced pressure. The composition of the simulant and actual
lunar dust, obtained from an Apollo mission, are shown in Table 1.9 The most prevalent
elements seen in these samples are silicon, aluminum, calcium, iron, and magnesium.

Table 1: Composition of Lunar Soil collected during an Apollo mission and a Lunar Soil Simulant

Oxide
SiO2
TiO2
Al2O3
Fe2O3
FeO
MgO
CaO

JSC-1
Simulant
Conc. (Wt %)
47.71
1.59
15.02
3.44
7.35
9.01
10.42

9

Lunar Soil
Conc. (Wt %)
47.30
1.60
17.80
0.00
10.50
9.60
11.40

The delay time used for this experiment was 7 μs, the integration time was 4 μs, and the
laser emitted 200 mJ per pulse of energy. Two spectral windows were used for this analysis:
one centered at 325 nm and the other centered at 450 nm. At each of these windows 3 sets of
data were collected, containing 50 shots each, for two different pressures. The first pressure
represents Earth’s atmospheric pressure, or 0 in Hg gage pressure. The second pressure
represents the Moon’s atmospheric pressure, or -28 in Hg gage pressure.
The problem of dispersing the lunar dust simulant in a vacuum environment was solved by
simply rotating the testing vessel and allowing gravitational forces to disperse the simulant. The
sampling chamber was a six-way stainless-steel vacuum cross, as seen in Figure 1. The chamber
was attached to a motor that rotated it about the axis of the laser beam. To make sure the
simulant was properly dispersed mess screens were installed into the four cross paths
perpendicular to the laser beam. At the start of the experiment 280 mg of the JSC-1 Lunar Dust
Simulant were placed into the sampling chamber and then the analyzing began. The results of
this analysis are discussed further in the “Results and Discussions” section.

3. Results and Discussions
Detection of Toxic Elements. As mentioned previously, the conditional analysis method
included 9 sets of 1500 shots resulting in 13500 total shots. Multiply this by the 7 sampling
periods and a total of 94500 shots were taken using the conditional analysis method. Out of
these shots only six confirmed particle hits were found. Five of these confirmed hits were
cadmium hits. Since cadmium only has the one emission peak within our spectrum window it
was difficult to determine whether or not a cadmium hit were a true hit or a false hit. To
distinguish between the two, a simple method was developed. Figure 10 shows a true cadmium
hit and Figure 11 shows a false cadmium hit. The difference between the two is that three of

the data points for the true cadmium hit lie significantly above the noisy baseline signal;
whereas, the false cadmium hit only has one data point that lies above the noisy baseline
signal. In short, this method states that if three of the data points from the cadmium emission
peak lie above a certain threshold, that peak is considered a true cadmium hit. Or in other
words, if the cadmium hit peak is comparable to other noisy peaks in the data (Figure 11) then
that cadmium peak is a false hit. This method is not based on numerical calculations, but rather
on a comparison between the emission peak and the noisy baseline signal.

Figure 10: This is a plot of a true cadmium hit. The red line is the cadmium reference spectrum and the blue line is the cadmium
hit spectrum. The thick black line represents the threshold that three of the data points must be above for this to be considered
a true hit. This cadmium hit meets that requirement.

Figure 11: This is a plot of a false cadmium hit. The red line is the cadmium reference spectrum and the blue line is the
cadmium hit spectrum. The thick black line represents the threshold that three of the data points must be above for this to be
considered a true hit. This cadmium hit does not meet that requirement.

Using this method, five true cadmium hits were observed. This results in a cadmium hit rate
of ~0.005 %. Comparing to calcium, which has a hit rate of 0.3% in atmospheric air,3-5 cadmium
is not present in dangerous concentrations in the atmospheric air. Cadmium did show up more
that the other toxic elements, however. This may be due to two reasons: One, the location of
the sampling inlet is situated above a popular smoking area and, as was mentioned in the
introduction, cadmium is present in tobacco smoke; or two, the method used to classify the
cadmium hits as true hits is insufficient. These results were based on a non-numerical analysis.
In order to obtain clear cut conclusions about the prevalence of cadmium in atmospheric air an
analysis using a spectral window with two cadmium emission peaks would be appropriate.
The other hit observed during the conditional analysis method was a manganese hit.
However, after analyzing this shot it was apparent that it was a false hit for manganese, but a
confirmed hit for iron. Figure 12 shows the shot that was collected as a hit for manganese. The
blue dots represent scaled intensity peaks of the iron emission spectrum acquired from the
NIST Database.8 The reason this came across as a manganese hit is because the first iron
emission peak is very near the targeted manganese emission peak. Since they were so close
together, the iron peak brought the peak-to-base ratio above the necessary threshold and it is
was collected as a manganese hit.
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Figure 12: This is the shot of a false manganese hit, but a confirmed iron hit. The blue dots represent the scaled emission peaks
of the iron spectrum. This was confirmed an iron hit because an overwhelming number of emission peaks match up with the
emission peaks of iron, which were acquired from the NIST Database.

The standard deviation analysis method collected 40 loops of 250 shots each resulting in
10000 total shots. Multiply this by 7 sampling periods and a total of 70000 shots were taken
using the standard deviation analysis method. Out of these shots only one particle was found.
This particle included elements such as iron, magnesium, chromium, lead, and titanium. Each
element was proven to exist inside this particle by matching up the emission peaks of the
particle shot to emission peaks of the aforementioned elements. These plots are shown in
Figures 13 – 18. This particle is concluded to be some type of metal alloy that was possibly
released by the small mechanical landscaping machines that were active near the sampling inlet
during the data acquisition.
Had this shot have been analyzed by the conditional analysis method, there is no doubt that
it would have triggered a hit for chromium, titanium, lead, and maybe even a false manganese
hit again. This single particle hit proves that LIBS is a successful analysis tool when it comes to
detecting four out of the six targeted toxic elements in atmospheric air. Manganese and
vanadium were never observed during the experiment. It also proves that this local area of
Gainesville, Florida does not have dangerous concentrations of the six targeted toxic elements.

Figure 13: This plot shows the particle hit spectrum versus five elements that make up part of the composition of this particle.

Figures 14 – 18: Various plots of the particle shot versus individual elementspectrums expected to be in the particle.

Comparison of Statistical Methods for Data Processing. During the data acquisition three
sets of data were insufficient to analysis. Therefore, a total of 97 sets of data with 250 shots
each were collected. This is a total of 24250 shots. 32 calcium hits were observed out of these
shots, which correspond to a 0.132% hit rate.
Just by reviewing the calculations required for each analysis method displays a significant
difference. Conditional analysis (CA) takes every single shot, calculates the peak-to-base ratio,
determines if it classifies as a hit, and then stores that information. Standard deviation analysis
(SDA) requires all 250 shots to calculate the standard deviation. Just from this it is apparent that
CA can determine how many hits have been collected. It would take a considerable amount of
extra analysis and time to figure out how many hits were collected using SDA.
Sensitivity is also affected by the calculations required for each method. CA is a lot more
sensitive to particle hits than SDA because its calculations depend on one singular shot. It was
mentioned above that peak-to-base ratios were calculated, for CA, to determine whether or
not a shot was considered a hit based on a set threshold. This threshold turned out to be
around 1.5. In other words, if the peak-to-base ratios for both calcium emission peaks were
above 1.5, that shot would be considered a calcium hit. This threshold allows even weak
calcium shots to be detected, as in Figure 19, where the peak-to-base ratios are only 1.54 and
1.59. It is still apparent that the calcium emission peaks are there.
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Figure 19: Plot of a particle hit versus the calcium reference spectrum. The red line is the reference spectrum and the blue line
is the true calcium hit. The peak-to-base ratios of the first and second peaks were 1.54 and 1.59, respectively.

The sensitivity of SDA is very poor compared to CA. If the peak-to-base ratios are very big
for a particle hit, then SDA does pick up on the particle hit, as seen with the peak-to-base ratios
of 16.1 and 11.1 in Figure 20. As the peak-to-base ratios decrease, however, the sensitivity of
SDA decreases until it no longer even registers weak particle hits. This is displayed in Figures 21
and 22. With peak-to-base ratios of 3.5 and 2.9 on the calcium hit the SDA barely shows the
peaks. When the peak-to-base ratios drop to 2.7 and 2.4 on the calcium hit the SDA doesn’t
even register the peaks. This occurs because the other 249 shots that don’t have calcium hits
drown out the hit if it isn’t strong enough to stand out. To obtain better sensitivity with SDA the
sample size would have to decrease so that weak calcium hits aren’t overcome by the non-hit
spectrum shots.
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Figure 20: Plot of a true calcium hit versus the standard deviation spectrum for the corresponding data set. The peak-to-base
ratios of the calcium hit emission peaks were 16.1 and 11.1.
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Figure 21: Plot of a true calcium hit versus the standard deviation spectrum for the corresponding data set. The peak-to-base
ratios of the calcium hit emission peaks were 3.5 and 2.9. The standard deviation barely shows the calcium peaks resulting from
the calcium hit.

2500

1000

StDev 8

600

1500

Standard Deviation

Intensity

800

8 Hit 218

2000

400
1000

200
500
385

390

395

400

405
410
Wavelength

415

420

425

Figure 22: Plot of a true calcium hit versus the standard deviation spectrum for the corresponding data set. The peak-to-base
ratios of the calcium hit emission peaks were 2.7 and 2.4. The standard deviation doesn’t even show the calcium peaks resulting
from the calcium hit.

Another big difference between the two analytical methods is the fact that for CA the
analyte must be known as well as the location of the analyte’s emission peaks. For SDA, the
location of the analyte is not necessary. If the composition of an aerosol is unknown SDA would
make for a good tool because it doesn’t need to know what it is looking for to find something.
For a lot of applications the concentration of an element that is present in an aerosol is
desired. CA has been proven to supply adequate concentration calculations of a calcium
sample.3 A calibration analysis was conducted to supply a calcium concentration based solely on
the peak-to-base ratios of the calcium hits. These calibration curves resulted in a very linear
distribution, meaning the calcium concentrations were directly related to the strength of the
peak-to-base ratios of the calcium hits. A calibration analysis was not conducted for this
experiment. Instead, both methods underwent peak-to-base ratio calculations about the
expected calcium emission peaks. These calculations were then compared to one another. The
desired relationship between the two analytical methods is linear. A highly linear relationship
would mean that the SDA is just as effective calculating concentrations than CA. Figure 23
shows the relationships between the two methods. The plot shows a general linear trend,
however, it is not highly linear with a correlation constant, R, of 0.95992. This relationship
suggests the SDA is not accurate enough to predict analyte concentrations. When CA collected
zero hits a peak-to-base ratio of zero was calculated. For the same “zero hit” data SDA provided
peak-to-base ratios ranging from -0.4 to 0.05. This broad range of ratios would result in a broad
range of false analyte concentrations. SDA also calculated negative peak-to-base ratios for
some weak calcium hits. The conclusion from this comparison is that CA is a better tool when
quantifying the concentration of an analyte. The algorithm used for SDA is not accurate or
sensitive enough to provide acceptable peak-to-base ratio calculations.
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Figure 23: Relationship between the peak-to-base ratios of CA and SDA. There is a general linear trend in the relationship
resulting in a correlation coefficient of 0.95992. However, SDA loses sensitivity for very weak calcium hits and shows a lot of
variability when the expected peak-to-base ratio is zero.

Pressure Effects on the Analysis of Lunar Dust Simulant. In a vacuum it was expected that
the laser-induced plasma wouldn’t be apparent because it wouldn’t have a medium to interact
with. Unfortunately, our system couldn’t produce a pure vacuum environment inside the
sampling chamber. A true vacuum is equivalent to -29.9 in Hg gage pressure. Our system was
able to obtain a minimum gage pressure of -28 in Hg. Therefore, the laser-induced plasma was
still visible.
Initially, the lunar dust simulant was left out of the sampling chamber to analyze differences
in the emission spectrum. One of the biggest differences between the two pressures was
audible. As this plasma is created it emits a very audible “pop” sound. When the pressure was
brought down to a near vacuum, the “pop” sound was barely audible. The emission intensities
showed the same trend when analyzing the spectral emission signal. Figure 24 compares the
spectral emission signal between the two pressures. These signals represent the sum of the
intensities of 50 shots of data. The intensity sums for the near vacuum pressure are two orders
of magnitude less than the atmospheric pressure sample. These two observations suggest that
the energy of the laser-induced plasma is significantly smaller in the vacuum environment, due
to the reduced contribution of gaseous species to the plasma. The near vacuum signal also had
sharper/steeper peaks compared to the atmospheric pressure signal.
When the lunar dust simulant was introduced into the system, several emission peaks
appeared. These peaks are resultant from the common elements found in the simulant: silicon,
aluminum, calcium, iron and magnesium. These peaks were apparent for both pressure
settings; however, there were differences in the geometry of the peaks. The near vacuum signal
produced sharper, clearer, and stronger peaks than the atmospheric pressure signal (Figure 25).
This observation suggests that the near vacuum environment provides better emission peak
signals than the atmospheric pressure signals. Better signals, in turn, would lead to better
sensitivity to weak emission peaks and better concentration calculations.
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Figure 24: Plots comparing the pressure effects on the spectral emission signal. The dust simulant is absent in this analysis. The
spectral windows were centered at 325 and 450 nm.
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Figure 25: Plots comparing the pressure effects on the spectral emission signal of the lunar dust simulant. The spectral windows
were centered at 325 and 450 nm.

4. Conclusions
LIBS analysis has been proven as a successful detector of calcium particulate matter in
aerosol samples.1-3 During this project, LIBS also proved as a successful detector of iron, lead,
titanium, chromium, and cadmium particulate matter in ambient air. LIBS would be a successful
tool for energy production facilities for analyzing the air quality that is expelled at these plants.
It would be able to determine the composition and concentration of expelled gases, a
knowledge that would be valuable to the Environmental Protection Agency and their air quality
management objectives. This experiment also proved that the targeted toxic elements are not
observed in dangerous concentrations in the local area of University of Florida’s campus.
Conditional analysis is proven as a successful analytical technique. 1-4 It is able to accurately
determine the concentration of aerosol samples using peak-to-base ratios and calibrated data.
Conditional analysis, however, requires the knowledge of the composition of an aerosol system
to be successful. This isn’t a good match up when the composition of an aerosol sample is
unknown. Standard deviation analysis does not need such information, so it could be used for
such unknown aerosol samples. It is able to identify any elements that have emission peaks
within the spectral window of the analysis. However, standard deviation analysis is not a good
tool for determining the concentration of aerosol samples. These two analytical methods could
be applied in a one-two punch sequence. First, standard deviation analysis could be used on an
unknown aerosol to determine the composition of this aerosol. Basically, it could be used as a
rapid screening tool. Then conditional analysis could be used to determine the concentrations
of the elements found using the standard deviation analysis.
A near vacuum environment provided stronger and sharper emission peaks than an
atmospheric pressure environment. This is presumed due to the reduction of plasma emission
due to components of the gas. Therefore, it is concluded that analyzing samples in a vacuum is
better because it is more sensitive to weak particle hits and it provides more accurate
calculations of concentrations. However, the construction of a vacuum environment is time
consuming and difficult. It also doesn’t allow for a steady input of sample aerosol and rotating
vessels are necessary to disperse the aerosol sample inside the sampling chamber. The added
sensitivity and accuracy of analysis in a vacuum environment is not sufficient enough to depart
from the regular analysis of an aerosol at atmospheric pressure. Calibration will also most likely
be difficult, and the influence of the laser interacting with different particle types is difficult to
predict. In other words, the gains don’t outweigh the losses.
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