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1. Introduction

* Goal: identify unknown, suspected toxics and their likely sources
1. Microscopy to measure individual particles’ size, chemistry, morphology
2. Passive samplers to capture chronic air exposures

3. Portable sensors to capture acute, intermittent air exposures




Optical techniques:

* Low-power Microscopy

Polarized Light Microscopy ( )

Differential Interference Contrast Microscopy (D!C)

Phase Contrast Microscopy ( )
Electron Microscopy:

* Scanning Electron Microscopy/ Energy Dispersive Spectroscopy

( )

* Scanning Transmission Electron Microscopy/ EDS/Selected Area
Electron Diffraction ( )

Molecular (vibrational) micro-spectroscopy:
* Fourier-transform infrared ( ) Microscopy

* Raman Micro-spectroscopy ( )

Nicolet Continuum/Nexus Micro-FTIR
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* Inexpensive

Multiple deployment to map spatial variability

Small pumps or passive, powered by batteries
Dataloggers for post-investigation download

Detect contaminant ‘spikes’ on the order of minutes or seconds



2. Toxics Identification

* Microscopy especially useful if:
* Minimal sample volume (~1 mm?)
» Difficult matrices or non-destructive analysis required (e.g., non-soluble solids)

*  Toxicity specific to particle shape or crystal phase, rather than chemistry (e.g.,
asbestos)

* Heterogeneous distribution of toxics within substance (e.g., thin coating on
surface)




ID of toxics and unknowns in consumer products, foods, and medicines
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ID of Natural Occurrences of Asbestos (NOA) vs. intermixed, non-asbestiform phases

Optical Microscopy (stereozoom, PLM)

ID ambiguous
with PLM

GIS Map of Potential NOA Deposits in
Serpentinite and Franciscan Melange
rocks



Chrysotile asbestos
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library (ongoing)

[PLM, SEM/EDS, TEM/EDS/SAED]

Full scale counts: 1047 918(12)

SEM/EDS of non-asbestos fibers in brakes (wollastonite)

PLM of Libby mine fibers (winchite/richterite)



3. New Exposure Assessment Methods

* |Improved exposure assessment methods needed for public health
investigations

* More rapid assessments needed for urgent responses

«  Fasily deployed samplers for community measurements that can be mailed back
to lab
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4. Environmental Forensics

* Determine likely source of exposure
* |ID culprit, suggest control measures, and prevent further exposure
* Source |D methods
* Individual particle analyses: unique intermixed species or formation mechanisms
* Match to bulk reference materials or library data
* Sample in multiple locations to capture upwind/downwind

*  Compare to publicdata (GIS maps, time series)




Source ID of White Powders in Suspicious Threat Letters (hoaxes)
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Stereozoom image of sample residue in vial FTIR microscope apertured on target particle

D SudEFatE | W Hne 16 AT 14 2006 (G050

ZE T ARE Wed Hew I 1517 ;rrk}r\.;nmr_-n.,-.— ) lﬁ
ﬁr/’““«\ﬁ Specific brand of
1 frI 51\ A, herbal
g ' /| Y| | sweetener
S et / L ] |
IE f ff III \\\JI" A
< /| VoI |
1"\“‘%.._1_,«"““' J | I 1 \\ﬂ

TN

w b g |I !
: ‘ \ i
ce / unknown \‘\.H_ JIU."-.TH‘I N Lrhﬂ;/,,
i T~ YW
2500 200 EIIII IIIII 1500 100
Wnriurn biers [cred

FTIR microscope spectral match



Source ID of Toxics in foods and buildings

SEM/EDS
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ID = triglyceride / C18 fatty acid ester with diminished unsaturation
: used, aged vegetable oil

best match to reference sample

Optical microscopy — thickened ‘goo’ on feathers
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Flame Retardant Morphology

and Concentrations in Consumer

Products (ESEM/EDS)

Black FR
particles
adhered loosely
to red van seat
upholstery
fibers (12.5x)

Black FR
particles in
SEM/EDS
(3,200x)

Black FR
particles
visible in foam,
which
contained a
second,
continuously
distributed Br
species (20x)

Consumer products
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Environmental Dusts
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Number of flame-retardant-containing particles, Krg
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Agricultural Burning [SEM/EDS]
Imperial Co.

Directly downwind, 0.2 miles away

* Burn source profile obtained from burned
grass reference and 24-hr PM samplers on
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Black dust in small Sierra community
with biomass facility
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Combustion aerosol library (ongoing)

[SEM/EDS]
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Fly ash (complete combustion)
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Char (fuel oil)
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PM Concentration (ug/m3)

soot
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GIS maps of Imperial (I) and Phoenix (P) dust PM source parameters
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