REPORT DOCUMENTATION PAGE Form Approved OMB NO. 0704-0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions,
searching existing data sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments
regarding this burden estimate or any other aspect of this collection of information, including suggesstions for reducing this burden, to Washington
Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington VA, 22202-4302.
Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any oenalty for failing to comply with a collection
of information if it does not display a currently valid OMB control number.

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
07-01-2019 Final Report 20-Jun-2016 - 19-Jun-2017
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER
Final Report: A Raman microspectroscopic system to transform | W911NF-16-1-0365
analytical capability for detecting and characterizing aerosol 5b. GRANT NUMBER
particles
5¢. PROGRAM ELEMENT NUMBER
611103
6. AUTHORS 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAMES AND ADDRESSES 8. PERFORMING ORGANIZATION REPORT

University of Denver NUMBER

2199 S. University Blvd.

Denver, CO 80208 -4711
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS 10. SPONSOR/MONITOR'S ACRONYM(S)
(ES) ARO

U.S. Army Research Office 11. SPONSOR/MONITOR'S REPORT

P.O. Box 12211 NUMBER(S)

Research Triangle Park, NC 27709-2211 68429-CH-RIP.2

12. DISTRIBUTION AVAILIBILITY STATEMENT

Approved for public release; distribution is unlimited.

13. SUPPLEMENTARY NOTES
The views, opinions and/or findings contained in this report are those of the author(s) and should not contrued as an official Department
of the Army position, policy or decision, unless so designated by other documentation.

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF [15. NUMBER [19a. NAME OF RESPONSIBLE PERSON

a. REPORT [b. ABSTRACT [c. THIS PAGE |ABSTRACT OF PAGES  |John Huffman

uu uu uu uu 19b. TELEPHONE NUMBER
303-871-4404

Standard Form 298 (Rev 8/98)
Prescribed by ANSI Std. Z39.18



RPPR Final Report
as of 24-Apr-2019

Agency Code:

Proposal Number: 68429CHRIP Agreement Number: W911NF-16-1-0365
INVESTIGATOR(S):

Name: John Alexander Huffman
Email: alex.huffman@du.edu
Phone Number: 3038714404
Principal: Y

Organization: University of Denver
Address: 2199 S. University Blvd., Denver, CO 802084711

Country: USA
DUNS Number: 007431760 EIN:
Report Date: 19-Sep-2017 Date Received: 07-Jan-2019

Final Report for Period Beginning 20-Jun-2016 and Ending 19-Jun-2017
Title: A Raman microspectroscopic system to transform analytical capability for detecting and characterizing
aerosol particles

Begin Performance Period: 20-Jun-2016 End Performance Period: 19-Jun-2017
Report Term: 0-Other
Submitted By: John Huffman Email: alex.huffman@du.edu

Phone: (303) 871-4404
Distribution Statement: 1-Approved for public release; distribution is unlimited.

STEM Degrees: 1 STEM Participants: 4

Major Goals: The proposed goal of the project was to purchase and acquire the Resource Effective Bio-
Identification System (REBS) and the first round of associated consumable supplies through the Defense University
Research Instrumentation Program (DURIP). We proposed several field and instrument development applications
that the REBS could be applied to, depending on how funding became available for specific opportunities.
Additionally, adding the REBS instrument for Raman spectroscopy of aerosol particles promised to add to the
educational infrastructure of the Department of Chemistry and Biochemistry by adding the only Raman
spectrometer to the list of department resources.

Accomplishments: Funded by the DURIP project, the REBS instrument was purchased and delivered on
4/19/2017. The Pl and a group of four students were trained by manufacturer staff on basic operational skills to use
the instrument during instrument delivery. The initial use of the instrument during the project period (06/2016 —
06/2017) was led by junior-level undergraduate student Jacqueline Merle. She was able to get the instrument
running and aerosolized several types of fungal spores in the laboratory to analyze using the REBS. Via
collaboration with Steven Hill and David Doughty at the US Army Research Labs, Jacqueline was able to begin
extracting spectra from raw data. Jacqueline presented a poster on her preliminary results at the national
conference of the American Association of Aerosol Research (AAAR) in Raleigh, NC. A copy of this poster
presentation has been uploaded here.

Training Opportunities: Pl Dr. Huffman and 4 students were trained by instrument manufacturer (Battelle) during
delivery of REBS instrument. Battelle staff continued consultation and remote training for several months as
instrument was led to be more functional.

The project provided general scientific research training for 4 students: 2 graduate students and 2 undergraduate
students. In particular, effort was led by a junior-level undergraduate student who took responsibility for getting the
instrument working and for all initial tests and data analysis. This opportunity provided the student with important
early career opportunities to learn about scientific research.
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Results Dissemination: One poster was presented at the 36th Annual Meeting of the American Association of
Aerosol Research (AAAR) in Raleigh, NC on October 19, 2017. The poster was created and presented by
undergraduate student Jacqueline Merle. The citation is below, and a copy of the poster was uploaded for
reference.

Merle, J., Savage, N., Doughty, D., Hill, S., Huffman, J. A., "Raman Spectra of Individual Bioaerosol Particles in the
Laboratory Using the Resource Effective Bio-ldentification System (REBS)," 36th Annual Meeting of the American
Association of Aerosol Research (AAAR), Raleigh, NC. (October 19, 2017).
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36" Annual AAAR Conference 2 U.S. Army Research Laboratory, Adelphi, 20705, USA
1. Motivation 3. REBS Instrument 4. Individual Funga
. Conduct primary research to gain understanding of . The Resource Effective Bio-ldentification System (REBS) uses
REBS operations Raman micro-spectroscopy
. Demonstrate that Raman spectra and functional groups . This allows rapid chemical and size characterization of
from that spectra can be obtained and identified individual aerosol particles
. The REBS provides detailed information about particle
p Experimental Setup composition than other measurements i.e. Laser-induced
fluorescence (LIF).
* 6 species of Fungi were grown including: o The instrument offers the ability to differentiate particle types
* Aspergillus niger much more finely than LIF instruments
* Saccharomyces cerevisiae (yeast) o Bioaerosol particles are reported by the manufacturer
* Alternaria alternata (Battelle) to be identifiable at the biological species level Figure 6. Spectral Image from Figure 7.
* Cladosporium . The REBS is made up of 2 systems within itself including the air Saccharomyces cerevisiae Rhizc
. Zh/zopgs stolon/fe?r | inlet system the Raman spectroscopy system +  Spectra was collected of all fungi sp
o Aspergillus brasiliensis a _
e Each species was plated on growth media | —— show the very preliminary results vi
 All showed significant growth except every plate of the ) it ﬁ
Alternaria alternata emee Y Y HIGH Issues:
- VOLTAGE
o All plates were kept in a closed environment, with N _SOURCE | ) Spect.ra present very strong tluoresc
temperature, moisture and humidity were monitored i u, e seen In the wavy lines due to ﬂlel Et:
 Each plate grew for 3 weeks before being tested ] ror ARGING WIRE ) .Yea.st: broac peaks. at 1350.cm ar
 Fungi species were aerosolized in the chamber B COLLAR \ | indicates that particle burning from
GROUND e The detector is also saturating, whic

T SURSTRATE |
| spectra as solely saturates and not i
AE.R
PASSAGEWAY . .
> Possible solutions:
* Image for longer time

 Take last few replicates and combin

Figure 3. Diagram of air inlet system

e Particles are impacted onto aluminum coated Mylar tape. The * First bleach to get usable Raman spe
Impaction is controlled by electrode in the electrostatic collector e Throw out first 10 seconds of imagir
as seen in Figure 3 the worst of the fluorescence

 Collection flow rate: 7 meters per second  Test to see if fungi species are actua

dumping raw replicates, if peaks at

| e 22 1600 cm ™! grow than it is burning

Figure 1. Chamber used to aerosolize fungi species and REBS N < - optcal detector
Niln]|nlle

lense grating i

 Each species had a 30 minute particle collection period & % b

a 30 minute CCD image collection period 7) _-__-_;
‘ | e 5. Summary/next
DATA ANALYSIS

* An example of the process of analysis is seen below
ALGORITHMS

)

Microscope

field of view \

e REBS was able to characterize functior
e Spectra was obtained from several diff
* Runtime and aerosolization method n

evaluated to produce cleaner spectra ¢
 Create sizing calibration

 Figure 4 shows the laser illuminates an area the width of the tape,

takes an image , sends the information to the system control then 6. ACkﬂOWlEdgmentS .

moves the tape, to scan the next section.

* psphercalected g Funds for instrument purchase provided k

é@ \ University Research Instrumentation Prog
7 . Ty | '; through Army Research Office. Summer F
T g o - funding and travel funding provided by th
Denver Undergraduate Research Center a
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0 500 1000 1500 2000 2500 3000
Raman Shift (cm*-1)
Semi conductor
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Figure 2. process of raw data analysis also like to thank the Huffman group at DI

 The laser line illuminates the width of the tape and | | % | | and insight. As well as Steven C. Hill (U.S. .
provides a raw cropped CCD image ~51 um wide Light Source Laboratory) and Andy Bartko (Battelle) for

¢ The ta pe then mMmoves and a hew CCD Image IS CO”ECted Figure 5. Diagram of Iight source in the Raman Spectroscopy System Black , R. S. Small area electrostatic aerosol collector, March 19, 2013.

° The CCD images are then Converted into Raman Spectra David C. Doughty, Steven C. Hill, Automated aerosol Raman spectrometer f
] ] - ] ] ° : : : : PR atmospheric aerosol, In Journal of Quantitative Spectroscopy and Radiative
images in which single lines of spectra can be extracted Figure 5 §hf)ws the light source in more.detal!. This mcIudeF an 103117 155N 00924073

Edge em|tt|ng |aser that rEIeases dain aSt'gmaUC beam that IS Félix-Rivera H., Hernandez-Rivera S. (2014) Detection of Bioaerosols Using |
. . lof ., Tjarnh . (eds) Bi | ' hnologies.
corrected once it passes through an Aspherical lense. The beam oo G- Tiamhage . {eds) Bloaerosol Detection Technologies. ntegrat

then travels through the microscope objective to the tape

Ross, B. B. Line light source for Raman or other spectroscopic system , Janu



