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Abstract A single-particle fluorescence spectrometer
(SPFS) and an aerodynamic particle sizer were used to
measure the fluorescence spectra and particle size distri-
bution from the particulate emissions of 12 different
burning materials in a tube furnace to simulate open-air
burning of garbage. Although the particulate emissions are
likely dominated by particles <1 pm diameter, only the
spectra of supermicron particles were measured here. The
overall fluorescence spectral profiles exhibit either one or
two broad bands peaked around 300—450 nm within the
280-650 nm spectral range, when the particles are illumi-
nated with a 263-nm laser. Different burning materials
have different profiles, some of them (cigarette, hair, uni-
form, paper, and plastics) show small changes during the
burning process, and while others (beef, bread, carrot,
Styrofoam, and wood) show big variations, which initially
exhibit a single UV peak (around 310-340 nm) and a long
shoulder in visible, and then gradually evolve into a
bimodal spectrum with another visible peak (around
430-450 nm) having increasing intensity during the burn-
ing process. These spectral profiles could mainly derive
from polycyclic aromatic hydrocarbons with the combi-
nations of tyrosine-like, tryptophan-like, and other humic-
like substances. About 68 % of these single-particle fluo-
rescence spectra can be grouped into 10 clustered spectral
templates that are derived from the spectra of millions of
atmospheric aerosol particles observed in three locations;
while the others, particularly these bimodal spectra, do not
fall into any of the 10 templates. Therefore, the spectra
from particulate emissions of burning materials can be
easily discriminated from that of common atmospheric

Y.-L. Pan () - J. D. T. Houck - P. A. Clark - R. G. Pinnick
U.S. Army Research Laboratory, Adelphi, MD 20783, USA
e-mail: yongle.pan.civ@mail.mil

aerosol particles. The SFFS technology could be a good
tool for monitoring burning pit emissions and possibly for
distinguishing them from atmospheric aerosol particles.

1 Introduction

Open-air burn pits are widely used for disposal of garbage,
military waste, and human waste on US military bases in
Iraq and Afghanistan. This practice has attracted much
attention since hundreds war veterans claimed that they are
suffering respiratory problems and believe that burn pit
exposure is the major cause for their illnesses [1-3]. Efforts
have been taken to mitigate this practice. Congress has
passed legislation requiring the military to justify any
further use of burn pits, and the Pentagon is conducting a
review of burn pits and their current status in Iraq and
Afghanistan and has shut down many in Iraq. The US
Department of Defense and the Department of Veterans
Affairs are proceeding cautiously in linking soldiers’
symptoms to the burn pits. The Institute of Medicine,
National Academy of Science, and other research institutes
are conducting large-scale studies. The US Army Center
for Health Promotion and Preventive Medicine (US-
ACHPPM), the US Air Force Institute for Operational
Health, and the US Army Research Laboratory are con-
ducting ambient-air sampling and screening health-risk
assessments [3—8]. Recently, the Institute of Medicine
reported that there is no evidence linking exposure to burn
pits in Iraq and Afghanistan for long-term health problems
[4, 5]. The investigation from a team of doctors found that
burn pit exposure within 3—5 miles was not associated with
respiratory outcomes after statistical adjustment. However,
increased symptom reporting was observed among Air
Force deployers located within 2 miles of Joint Base Balad,
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which was marginally significant with no evidence of trend
[7]. Another team of doctors found that diffuse constrictive
bronchiolitis might be associated with inhalational expo-
sure in 38 soldiers [8].

Many chemicals that may present a health risk to service
members were detected in the DoD air sampling from Joint
Base Balad, Iraq, and Camp Lemonier, Djibouti. These
samples include (a) particulate matter (PM), (b) polycyclic
aromatic hydrocarbons (PAHs), (c) volatile organic com-
pounds (VOC), and (d) toxic organic halogenated dioxins
and furans (TOHDF) [9]. Exposure to chemical toxins
could affect the skin, eyes, respiration, kidneys, liver,
nervous system, and cardiovascular system [10-13]. Long-
duration inhalation of heavy PM emissions from natural
and man-made sources can cause serious heart and lung
health problems [9—-13]. Fortunately, most of the eye irri-
tation, coughing and throat irritation, breathing difficulties,
and skin itching are temporary for limited exposure to the
burn pit emissions [10]. It is very difficult to determine, at
the present stage, how exposure to burn pit affects health
with given limited scientific studies and the multitude of
variables, such as the variety of burning materials, burning
condition, emitted particle size and concentration, the
duration of exposures, near-surface wind fields, the close-
ness of service members to the pit, and various human
factors including age, health status, existing medical con-
ditions, and genetics [9, 10]. Further systematic and
detailed studies are needed to understand the potential
health effects caused by exposed to burn pit emissions. The
development of a real-time monitoring system to provide
service members with the information they need to reduce
exposure levels near burning pits could be helpful.

Optical properties of atmospheric PM such as elastic
scattering, absorption, fluorescence, and Raman spectra
have been used to characterize the dynamic variability,
aging process, and chemical compositions of emission
from biomass burning [4-22]. Studies found that scattering
and absorption efficiency strongly correlated to particle
size and black carbon (BC) content related to individual
fire physics [14]. Concentration of particle-related reactive
oxygenated species, which is considered an important
parameter in assessing the potential toxicological impact of
particulate matter, could be measured by fluorescence
spectra [16]. Black carbon concentrations in particulate
organic matter from biomass burning can be deduced by
observing pyrene fluorescence loss [17]. Fluorescence and
Raman spectra are good methods for characterizing the
natural carbon clusters [18]. Particle size, morphology,
refractive index, carbon and PAH contents help under-
stand the emissions [19-22]. More than 90 % of the total
aerosol mass in burning emissions could be particulates
of organic carbon (OC) and BC within the dominated
fine aerosols (<2.5 um) [20]. Chemical characterization
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and specification of the open-air burning affluent may
allow linking to potential health effects [9-13, 23-26]. The
excitation-emission matrix (EEM) can identify ultra-trace
amounts of particular PAHs, humic substances, dissolved
organic carbon (DOC) in different complex samples [27—
34], such as the determination of two of the most carcin-
ogenic PAHs, benzo[a]pyrene and dibenzo[a,h] anthracene
at a concentrations below 10 ng/L [27]. The 370-nm
excited fluorescence intensity ratio between 450 and
500 nm, named as fluorescence index (FI), was found to
have a significant relationship with DOC concentrations for
polluted stream water [29].

Technologies based on ultra-violet laser-induced fluo-
rescence (UV-LIF) are capable of real-time, in situ detec-
tion and classification for biological and other organic
carbon aerosols (e.g., [35-38], see a review by DeFreez
[39]). A single-particle fluorescence spectrometer [SPFS,
ref [38] can obtain the dispersed fluorescence spectra
(280-700 nm) of individual airborne aerosol particles
(1-10 pum size range) as they flow through the sensor. Such
a nondestructive technique has the advantage of providing
near-real-time information related to the molecular com-
positions without requiring collection of particles, handling
of the samples, or searching over a substrate for particles to
be analyzed, but lacks the ability to chemically identify or
specify the composition of the particle as might be possible
with mass spectroscopy or other biochemical analytical
methods.

In this paper, the SPFS technology is applied to measure
single-particle fluorescence spectra of the particulate
emissions of the controlled burning of materials. The
materials were burned in a tube furnace to simulate burning
from an open-air burn pit. In addition, the particle size
distribution was monitored by a TSI aerodynamic particle
sizer. The tube furnace was set to start at 300 °C and raised
to a maximum 420 °C temperature until various test
materials melted/smoldered and/or combusted. Twelve
materials were selected for burning to mirror the most
common garbage produced daily on military bases, such as
plastics, paper, food, wood, clothing, and Styrofoam. The
laboratory study described herein provides control and
repeatability of burn conditions and measurements of the
emission from individual burning materials, which may not
be achievable in an open-air burn pit environment.

The purpose of this study is to assess the potential for
monitoring particle emission from burn pits by the mea-
surement of particle size and single-particle fluorescence
spectra. Although the observed fluorescence spectral pro-
files are different for the various particulate emissions
(excited by a 263-nm laser), but this approach falls far
short of identifying PM compositions. It is even difficult to
say at this early stage of research if this technology could
effectively be used for monitoring particularly harmful
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emissions from a burn pit, due to numerous possible mol-
ecules and many possible mixtures of molecules produced
during the different burning phases, burning conditions,
and aging processes. These preliminary test results reveal
the fluorescence spectra and size distributions of some
common burn emissions under certain burn conditions. The
results suggest the UV-LIF might be a useful comple-
mentary technology for real-time in situ monitoring of burn
pits to protect the service members and limit their exposure
to dangerous levels of harmful burn emissions.

2 Experimental arrangement

The experimental arrangement for measuring single-parti-
cle ultra-violet laser (263 nm) induced fluorescence spectra
and size of micron-sized particulate emissions from burn-
ing materials is shown in Fig. 1. The experimental setup is
intended to serve as a burn pit simulator with the capability
to collect UV fluorescence signatures from component
materials commonly found in actual burn pits in the field (in
theater). The setup has three major subsystems; a tube
furnace, a single-particle fluorescence spectrometer (SPES),
and an aerodynamic particle sizer (TSI 3321).

The tube furnace was placed inside a fume hood which
captures nearly all combustion products and exhausts them
out of the laboratory building. The temperature of the
chamber within the tube furnace (Barnstead International
model F21135) can be preset to a desired temperature and
automatically stabilized to that set point via a control panel
and a thermocouple feedback to measure and regulate the
temperature. The furnace has a 2-in. diameter bore and a
ceramic tube (ID 1.75 in., OD 2.00 in., length 15 in.) that
is tightly fit into the bore. Small ceramic combustion boats
(Iength 3 in., width 1 in., depth 0.75 in.) were placed at the
center of the tube to hold each test sample material. For
every new material a new boat was used and inserted into
the tube when the furnace temperature reached 300 °C.

Fig. 1 Experimental
arrangement for measuring

Depending on the specificity of some materials, the tube
furnace internal temperature was raised to a maximum at
420 °C to induce the material to melt/smolder and/or
combust. A small fan, set at one end of the tube, was used
to push the combustion emission particles out of the tube.
The smoke PM was sampled by SPES and TSI APS
through a 1/4 in. diameter stainless steel tube at 1 L/min.
The inlet of the sampling tube was set about 5 in. to the
side and 10 in. above the tube end of the furnace to avoid
the very high concentrations of PM coming from the tube
while keeping a relatively constant particle sampling rate.
All the test materials and their corresponding final furnace
temperatures are listed in Table 1. The measurement for
each sample took about 10-30 min depending on the time
requirement to heat the material and its burn rate. For each
material, thousands of single-particle UV-LIF spectra were
recorded during the entire burn cycle. A fresh sample was
not inserted into the tube furnace until the hood was clean
and the furnace temperature again stabilized at 300 °C. The
whole process was repeated three times for each material to
check for repeatability.

The aerodynamic particle sizer (TSI 3321) was used to
monitor the particle size distribution. The APS can measure
aerodynamic size of particles in the 0.5-20 um range
independent of particle index of refraction.

The SPFS system, used here to measure the dispersed
fluorescence spectra from single aerosol particles excited
by a single pulse of a 263 nm UV laser, has been described
previously [38]. In the measurements described in this
report, a virtual impactor concentrator that would normally
be placed upstream from the SPFS inlet was not needed
since high enough concentrations of sampling particles
were produced during the burning process. In addition, the
usual 32-anode photomultiplier tube (PMT) detector for the
SPFS was replaced by an image-intensified charge-coupled
device (ICCD, Andor Technology, ISTAR DH734-25F-03)
for better spectral resolution (~0.5 nm/pixel). Burning
emissions from the tube furnace were sampled by the SPFS
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Table 1 Tested burning materials and corresponding burning temperatures
Material Beef (cooked Bread Carrot Cigarette Hair Uniform

hamburger meat) (potato-roll bread)

(shredded carrots)

(cut tobacco leaves) (human hair) (battle-dress uniform)

Temperature (°C)  300-320 310-325 315-335

300-325 300-315 300-315

Plastic HDPE
(plastic cup)

Material Paper

(shredded white paper)

Plastic HD
(plastic spoon)

Plastic-PETE
(water bottle)

Wood
(2 x 4 wood shards)

Styrofoam
(water cup)

Temperature (°C) 290-325 315-320

325-345

335420 300-325 300-325

through a 1/4-in. diameter, 6-ft long stainless steel tube at
1 L/min.

The SPFS focuses the aerosol into a (about 300-pm
diameter) stream using a sheath nozzle within a 2 in.
cubical optical cell, which is aspirated by a piston pump
(KNF Neuberger model UN 86). Particles (with size
greater than about 1 pum) flowing within about 150 pm of
the center of the aerosol stream are detected through their
near-forward elastic scattering signals from two inter-
secting diode-laser beams (650 and 685 nm). A coinci-
dence pulse from the diode beams triggers a 263-nm laser
(Photonics Industries, DC-150-263, 50 pJ, 10 ns pulse
duration) pulse synchronized to probe the single particle
on-the-fly as it traverses the optical cell. Some of the
particle’s fluorescence is collected by a reflective objec-
tive (NA 0.4, Newport 50105) and focused onto the slit of
a spectrograph (Jobin Yvon, CP-140) for spectral disper-
sion. The fluorescence spectrum is recorded by the ICCD.
The spectrometer slit width is set sufficiently large
(1 mm) to allow fluorescence from particles throughout
the sample volume to be collected by the highly (15x)
magnifying reflective objective lens, but the wide slit
reduces the spectral resolution to about 15 nm. A long-
pass filter cutoff at 280 nm is used to block the elastic
scattering from the 263 nm laser, but efficiently transmits
the fluorescence with wavelength longer than 280 nm.
The wavelength of the recording fluorescence spectra is
determined by the elastic scattering peaks of the excita-
tion laser with the first- and second-order scattering from
the grating. The relative spectral response for the SPFS
system is calibrated based on a NIST-traceable calibra-
tion light source from 220 to 1,050 nm (Ocean Optics,
DH-2000-CAL deuterium tungsten halogen calibration
standard).

Fluorescence spectra for single particles are obtained by
subtracting an average of background spectra. The average
background spectrum (for 100 shots) is recorded under the
same experimental conditions, but without particles present
in the optical cell by internally firing the laser at 10 Hz.
The background counts of the ICCD are mainly from the
elastic scattering, stray light, and the thermal and read-out
noise of the ICCD.
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3 Results and discussion

Figure 2 shows the measured particle size distributions of
PM from the burn emissions of 12 sample materials. The
particle count in the Y-axis is the averaged particle number
per cm® per 100 s acquired during the entire burning pro-
cess in the corresponding particle size interval. Each
measurement took between about 10-30 min depending on
the time required to heat the material and its burn rate. The
burning generally started at furnace temperatures around
300-325 °C, except for the water bottle, which required a
higher temperature of 420 °C (see Table 1). Some samples
have the same label but are marked A, B, or C, which
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Fig. 2 Particle size distributions of the PM emissions from 12
burning materials measured by an aerodynamic particle sizer (TSI
3321). The burning temperature of the tube furnace was set between
290 and 420 °C for the different materials (see Table 1)
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indicates chronologic progression of the burning stages
when the UV-LIF spectra changed significantly throughout
the burning process.

Figure 2 reveals the particle size from the emissions of
the burning materials is dominated by small submicron
particles with a small fraction in the 1-3 pum range. There
are only tiny concentrations of particles above 3 pum, par-
ticularly for the emissions from burning human hair, which
are nearly all smaller than 1 pm. However, the particle size
is larger and is peaked around 2 um for the plastic HD
spoon and in the late burning stage for potato-roll bread.
Most PM emissions appear to be dominated by submicron
particles, consistent with previous observations of biomass
burning [15, 16, 20, 21, 25]; so a scanning mobility particle
sizer would be more suitable for obtaining better particle
size distributions. However, the SPFS system as presently
configured can only measure fluorescence of particles
down to about 1 pm in diameter, so we emphasize super-
micron particles here.

Long-duration exposure to high concentration particu-
late matter (PM) could cause health problems, and the
smaller particles (PM 2.5, particles with a diameter of
2.5 um and smaller) are considered to be more harmful
than larger particles (PM10, particles with a diameter
<10 pm), regardless of the toxicity of materials that form
the particles. Particles that are 10 um or smaller generally
pass through the throat, nose, and some enter the lungs.
Once inhaled, these particles can affect the heart and lungs
and can cause serious health effects [9]. Most of the par-
ticles from the emission of the 12 burning materials mea-
sured here have sizes predominately within the PM 2.5
range under the present burn conditions. This suggests that
the particulate matter alone, apart from gases, could be
harmful to the service members if exposed at high con-
centrations or for long duration.

During the burning process, all materials produce a large
quantity of black smoke and gas. Visually it appears that
significantly higher amounts of particulates are present at
the beginning of a burn, as compared to the emissions
produced during the stable combustion phase of the burn.
Since there are very high concentrations of submicron
particles drawn into the optical cell of the SPFS, for some
trigger events multiple particles are in the illuminating
beam of the SPFS. Consequently, some of the fluorescence
spectra observed in these experiments are from multiple
small particles, including some fluorescence emission
generated from gases, within the sample volume of the
SPFS (the sample volume is the intersection of the illu-
minating beam and the collection region of the SPFS
reflective objective). Therefore, the fluorescence spectra
we observed here are the combination of single-particle
spectra and multiple particle spectra sensed during the
burning process. We note that previous measurements of

atmospheric aerosol have only spectra of single particles
[38].

During the burning process it is noteworthy that the
general form of the fluorescence spectral profiles have only
small variation for some materials (cigarette, hair, uniform,
paper, and plastics), but change significantly for others
(beef, bread, carrot, Styrofoam, and wood).

An example of small variability of spectral profiles
during a burn process is found in Fig. 3, where typical
single-laser-shot UV-LIF spectra and the corresponding
contour map of the particulate emissions from burning
plastic-PETE are shown. The 30 spectra presented were
measured within a 10-min burn period, and were selected
from thousands of recorded spectra with about 20 s sepa-
ration between sequential spectra. Although there are large
variations for the intensities and positions of various nar-
row peaks (mostly having widths <5 nm), the overall
spectral profiles reveal only small changes during the entire
burn process. The overall broad emission band covers
300-550 nm and peaks around 410 nm, although the
absolute intensities of the spectra have significant
variability.

An example of significant variability of fluorescence
spectra of particulate emissions during a burn is for Sty-
rofoam, as presented in Fig. 4. Again the 30 spectra (with
corresponding contour map) were selected from 1,000 of
recorded spectra with about 20 s separations between
sequential spectra. In this case the overall spectral profiles
evolve from a single band (peaking around 310 nm)
gradually into two bands (peaking around 310 and 430 nm)
when excited by a 263-nm laser. The 430-nm band begins
with weak shoulder, becomes stronger, and eventually
reaches intensity comparable to the 310 nm peak (see
averaged spectra shown as Styrofoam C in Fig. 5).

In order to reveal how fluorescence spectral profiles
evolve during the burning phases of various materials
under study, we summarize the spectral data taken
throughout the burns in Fig. 5. Presented are averaged
(1,000 laser-shot) UV-LIF spectra of the particulate emis-
sions from 12 burning materials (given in Table 1). If the
fluorescence spectral profiles have only little change during
the burn period, only one averaged UV-LIF spectrum is
shown. If on the other hand, the fluorescence spectral
profiles change significantly during the burn period, two or
more averaged UV-LIF spectra are presented for that
material.

In order to better quantify the spectral changes that
evolve during a burn process, we calculated the intensity
ratio of visible (400-560 nm)/ultraviolet (280—-400 nm)
fluorescence bands (ly;s/Iyy) for different burn phases of
the various test materials. Table 2 summarizes the results.
As noted above, some of the fluorescence spectral profiles
exhibit only small variation during the burning process (for
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Fig. 3 Landscape display of 30
typical UV-LIF spectra (and
corresponding contour map) of
the particulate emissions from
burning plastic-PETE. The
spectra were measured during
an approximate 10 min burn
period. The 30 spectra were
selected from thousands of
recorded spectra with about 20 s
separation between sequential
spectra. The spectral profiles
display little variation during
the entire burn process and have
a single broad fluorescence
emission band from 300 to

550 nm peaking around 410 nm
(excited by a 263 nm laser)

Fig. 4 Thirty typical single-
particle UV-LIF spectra (as in
Fig. 3) except for emissions
from burning Styrofoam. The
overall spectral profiles change
from a single band (peaked
around 300 nm) gradually into
two bands (peaked around 310
and 430 nm)
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Fig. 5 Average (1,000 laser-shot) UV-LIF spectra of particulate
emissions from various burning materials. The 263 nm peaks are the
leaking elastic scattering from the laser, and the 527 nm peaks are
from the second order of the grating. If the fluorescence spectral
profiles undergo only small changes during the burn process (as for
the battle-dress uniform, human hair, cigarette, plastic water bottle,
plastic spoon, plastic cup, and shredded white paper samples), only
one average UV-LIF spectrum is shown. If the fluorescence spectral
profiles change significantly during the burn process (as for shredded
carrots, potato-roll bread, cooked hamburger meat, wood shards, and
styrofoam cup), two or more average UV-LIF spectra are presented

cigarette, hair, uniform, paper, and plastics), and the ratio
(Ivi/Iyv) changes by at most 10 %. On the other hand, the
fluorescence spectra of other materials (beef, bread, carrot,
Styrofoam, and wood) evolve from a single UV peak
(around 310-340 nm) into a bimodal spectrum with
another visible peak (around 430-450 nm) during the burn
process. The corresponding fluorescence intensity ratio
(Ivis/Iyv) for these materials can be as much as a factor 10
(e.g., beef, carrot).

It is well known that many different materials are gen-
erated from burning processes, including soot (primarily
composed of black carbon) and various organic carbon
chemicals. The concentrations of different chemicals vary
with burn conditions, burn phase, and materials burned
[9, 19-27].

Polycyclic aromatic hydrocarbons are ubiquitous in
emissions from open burns. With UV laser excitation, the
fluorescence spectra of PAHs peak from 410 to 460 nm
[27, 30]; water-dissolved PAHs have peaks from 300 to

460 nm with a broad band covering 300-600 nm [32-34].
Among the PAHs are compounds having a single aromatic
ring such as tyrosine, but with different or additional
conjugated bonds. Tyrosine-like chemicals (or TYLIS
including benzoic acids, phenols, and benzaldehydes
[32-34]) generally fluoresce around 310 nm. PAHs having
double aromatic rings, such as tryptophan but with differ-
ent or additional conjugated bonds (tryptophan-like or
TRYLIS, including dibenzoic acids; naphthalene and
its derivatives [32-34]) generally fluoresce around
320-340 nm. PAHs with heavier molecular weights
(humic-like substances or HULIS, [32-34]) fluoresce fur-
ther to the red, peaking from 400 to 460 nm (or even fur-
ther) via 263 nm excitation. The fluorescence profiles from
the 12 sample materials burned here reveal that there are
likely some TYLIS, TRYLIS, and HULIS substances in the
emissions from the burns, and probably more HULIS in the
late stages of the burn process (see Table 2; Fig. 5).

It is interesting to compare the UV-LIF spectra of par-
ticulate emissions from burning materials to those observed
from atmospheric aerosol particles. Previous analyses have
shown that the fluorescence spectra of atmospheric aerosol
particles at several sites in the US (Adelphi MD, New
Haven CT, and Las Cruces NM) can be grouped into 8—10
clusters [37, 38, 40]. These clusters are determined by
hierarchical clustering analysis from millions of single-
particle spectra measured at the three sites. The results
showed that particles with spectra that are clustered into the
10 templates occupied more than 90 % of the whole fluo-
rescent particles, and the un-clustered particles cannot be
grouped into any template that has a population higher than
1 %. A comparison of the fluorescence spectra of the
particulate emissions from the burns to four of the atmo-
spheric aerosol spectral clusters is presented in Fig. 6.

It is evident that about 68 % fluorescence spectra of the
burn emissions of the 12 sample materials are similar to
atmospheric aerosol clusters labeled 2, 3, 5 and 8. Some are
very similar such as carrot A to cluster 2, beef A to cluster
3, and plastic HDPE to cluster 8. Some are only vaguely
similar such as wood B to cluster 3, plastic HD to cluster 5,
cigarette and hair to cluster 8. This suggests that some
atmospheric aerosol may derive from burning of biomass
(and possibly garbage) in the atmosphere. On the other
hand, some fluorescence spectra of burn emissions do not
match any spectra of atmospheric aerosol clusters such as
beef B, bread A, and Styrofoam C, which all have bimodal
fluorescence peaks. The reason may be that aging of some
chemicals in burn emissions might occur quickly during
transport and diffusion processes in the atmosphere. If this
is true, distinctly bimodal fluorescence peaks within
atmospheric aerosol particles could be evidence for their
source being close to an atmospheric burn of biomass,
garbage, or other waste material. The fluorescence spectral
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Table 2 Listed are major peaks of the fluorescence spectra of emissions from burning materials (263 nm excitation)
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< 5 . . .. .
i 2 2 g 2 and combinations of PAHs [37, 38, 40]. However, it is still
- Q o . .
sl 2 2 2 g 2 hard, at the present stage, to speculate on the contribution
Slea = S s = | 2 s . .. .
Y =2 g = | & g of burn particulate emissions to atmospheric aerosol from
=0 [ < © 17}
2l a g — S=£| .2 h d
O en = I Exa | Z ot these data.
= . . ..
8 Regarding possible health effects of burn emissions,
~ a £ Lemieux et al. [23] summarize the emissions of organic air
S =] . . .
S oo = = toxins from open burning and PAHs are believed to be
=} . . .
T BB N I 2 important for health problems. The potential cancer risk
— Z 3 ) o . . . .
-3 s 5 2.5 |z g associated with PAH exposure through inhalation can be
= S < 3 =3 . . .
s | % 2 i i 2% = § ST estimated based on the benzo[a]pyrene toxic equivalence
= 25 Iy . .
Slas 23 =8E| = 2, (BaPeq), where the overall toxicity of a PAH mixture is
5 defined by the concentration of each compound multiplied
5¢ . . . .
= . X8 by its relative toxic equivalence factor (TEF) [19]. Here,
= o g Z . ..
< w a €3 we would not be able to determine the overall toxicity or
- e . . . . . .
1 5 N },’} 5 identifications of chemicals from the burning process with
@ o b5} .. . . .
& 22 2 g % g 2 the limited information available from fluorescence spectra
(=) E=! =N = I o .
S| T Exr e3Z| ﬁg measurements alone. However, the evolution of the overall
< =) o < 2 = IS 2 . . . .
% = 5 g E §% gl o ig spectral profiles for different materials during burning
gl v | oo < = . . .
8 g process could supply some information for understanding
2 8 the toxicity of burning emissions, as well as supply a
<y farn) o . . . .
g 3 23 possible monitoring tool. Further systematic and control-
1 5 5 | = Ef ling study is required for better understanding of the
A7 b3 =} . . . . .
S é %‘3 é q % 3 z application with single-particle fluorescence spectra tech-
2SS s E g 2S5 2 B nology in burn pit monitoring.
° o I |
sl 2 25 (8538 ZS
3|13 & X 0| gS >
233 Zad (€288 o £
g5 0
o
é; 4 Summary
4] Z s 5
8 g | g3
—_ S <= . . . .
é 2 b% o = A single-particle ultra-violet laser-induced fluorescence
4 =z . . .
3 S| .23 |22 spectrometer (SPFS) and an aerodynamic particle sizer
72} — g @ = .=
S Z| 23z o o= .
> 5 M ERR z 2 were used to measure the fluorescence spectra and particle
g s s «© = = . C . . . .. .
g e 2l 2ge |Eg size distribution from the particulate emissions of 12 dif-
= 3 E.EE| 2| EEL |sE : . : )
E L= BEEE g Sl 22E |3 ferent burning materials burned in a tube furnace to sim-
S 9 |31 @ o £ 2 L= . . . .
s E2%2gg| zE|%T=2¢e |EC ulate open-air burning of garbage. The particles in the
< e g%EEl ZE| gfE |3 . . : o
=] 2 2y 22 g)g =25 £s2 |2 i emissions are dominated by particles <1 pm in diameter,
= g2 =8 eB|E TS =82 ‘B R X X A
g g g £ 85352 g g g 3 25 |¢ § and with a small fraction in the 1-3 pm range which were
Q B [ 72— —_— .
SIES ™ & SEo | & <& measured here. There are small changes in the fluorescence
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Fig. 6 Comparison of some 0.6

averaged fluorescence spectral

profiles from the emission of 0.54 1
burning samples with the Carrot A

clustered fluorescence template 0.4 g\ 1
spectra from atmospheric i Styrofoam B

aerosol measurements [40] 0.3{1)
0.2{

0.14
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spectral profiles for some materials during the burning
process (cigarette, hair, uniform, paper, and plastics); but
large changes for the others (beef, bread, carrot, Styrofoam,
and wood). The spectral profiles for beef, bread, carrot,
Styrofoam, and wood gradually evolved from spectra hav-
ing a single UV peak (around 310-340 nm) into bimodal
spectra with another visible peak (around 430-450 nm)
with increasing intensity during the burn. The SPFS tech-
nology could possibly be used to monitor and help classify
particulate emissions from open-air burn pits.
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