SAND2015-8908C

Single Particle scence Spectrometer
on a48"x30"

Changes in the Detectability
and Viability of Aged
Biological Particles

Sean Kinahan, Yongle Pan, Mark
Schwab, Matt Tezak, Steven Storch,,
Jonathon Eshbaugh, and Joshua Santarpia

@ National
Laboratories

Exceptional

service

in the

7% U.S. DEPARTMENT OF 7’ VYA | Q:ﬂ
. | A l-
national .9/ ENERGY UA TN
Sandia National Laboratori multi-program laboratory managed and operated by San d a Corporation, a wholly owned subsidiary of Lockheed Martin
iil terest Corporatiol f the U.S. D p rtme t of Energy’s National Nuclear Security Administration under contract DE-AC04-94AL85000. SAND NO. 2011-XXXXP




Background ) s,

= Primary Biological Aerosols = Potential benefits include:
(PBA) = Determining mechanisms and
= May undergo chemical or physical rates of change to feed into
changes in the atmosphere via future models
differing processes = Potential forensics for unique
= Open Air Factor (OAF) that reactions with trace,
includes ozone, humidity, VOCs, geographlc.ally unique
and temperature fluctuations. atmospheric compounds
= Study effects in controlled - Bet.ter understanding of
environment and in outdoor variables that affect

bio-aerosols
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Particle Loss and Test Matrix ) s,

_1000.00% - Particle Decay — 2 pm = Log Loss Rates:

°\§ = 2 hours 51 minutes to 6+

£ 100.00% y = 1.02°0.006x hours depending on

& R2=0.8413 .

& = 0.816669%05 conditions

% 1000% T RZ - 09276 . .

£ = Target 2 um particle size
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= Future Tests

= Expanding numbers of
simulants in future tests

= Adding VOC toluene
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Temperature and RH Control ) S,
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UV and Ozone Control ) s,

Energy Curve for Blackbody at 6000 K
Solar Irradiance Curve Outside Atmosphere
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Bacillus thuringiensis al Hakam Aerosol

Bt Size Distribution = MMAD,=2.32 um £0.0754
25 - = MMAD,=1.88 um *=0.0439
X = Track mass concentration

N
o

X
X

using APS to account for
physical losses during test

E
E 1.5 1 X
g < = Grown in Difco Sporulation
8 1] . X Medium (DSM) and washed
(&) . o
- * X three times in ethanol
X
X

ixifﬂ = Resuspended in DI H,0 and
" ' aerosolized
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MS-2 Bacteriophage Aerosolization

MS-2 Size Distribution = MMAD,=2.25 um £0.2171
* MMAD,=1.91 pm *0.5226
2 : = Track mass concentration
. using APS to account for
s o' physical losses during test

*

+t=4 Hours Escherichia Medium 271

Concentration (mg/m?3)

R st0Hous  ®  Grown in E. Coli 15597 in

Growth Medium
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MS-2 Loss in Viability LUE

MS-2 Log Loss in Viability

Samples collected after
four hours in AGI-30
impinger

Normalized for mass 4.374478924
concentration in drum 4

Ozonolysis is RH
dependent

2./2639398/28

Log Loss in Viability
w

Largest decrease in 2
presence of UV light 1.493478636

0.420376381

0.085818459

H 20% RH m 80% RH H20%RHand UV  ®20%RHand O3  m80% RH and 03




Aging in Bt Al Hakam =

= Small changes (<1 log) in Bacillus thuringiensis
viability under all conditions over 4 hours

= Likely most sensitive to UV degradation

= Wide variations in PCR detectability

= Cleaner preparation than previous studies
= Need for additional replicates

Bt Al Hakam Percent Loss in Viability Change in qPCR Detection
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Single Particle
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Fluorescence Spectrometer (SPFS)

= Army Research Laboratory
= Has been used for

determination of fluorescence

cross section of agents,
simulants, and ambient
aerosol characterization

Single Particle Fluorescence Spectrometer (SPFS}

on a 48"x30" optncal table Aerosolmiet
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Bacillus thuringiensis al Hakam — 263 nm .
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Bacillus thuringiensis al Hakam — 351 nm
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Bt
351 nm excitation

low ozone
low humidity
With UV illumination
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Decrease of signal in presence of UV
light
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ozone

No effect of humidity

Previously observed with 8-mer
thrombospondin peptide
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MS-2 Bacteriophage — 263 nm ) i,
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MS-2 Bacteriophage — 351 nm ) i,

60 200
50 Ms2 MsS2
351 nm excitation 150 351 nm excitation
40
high ozone low ozone
30 . 100 idi
low humidity low humidity

With UV illumination

high humidity

20 dark
10 50
0
350 400 450 500 550 600 650 0 350 400 450 500 550 600 650
—t=0 ——t=30min ——t =60 min —t=0 ——1t=30min ——1t=60min
t=120 min t=180 min ———1t =240 min t=120 min t =180 min t =240 min
150 = Decrease of signal in presence of UV
. Msz . . .
351 nm excitation Ilght and humldlty
100 . .
l low o2one = |ncrease of signal in presence of

e ozone

50
— = Previously observed with 8-mer
0 | thrombospondin peptide
350 400 450 500 550 600 650
—t=0 ——t=30min —— 1t =60 min
t=120 min ——t =180 min ——t =240 min

15
-



Potential Chemical Pathway
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H,O is not the only

Criegee ~HCNCO= —HCNCO—
Primary ozonides are intermediate CH CHe molecule that can
relatively stable o HO o .
omo—0 —— o OOH react with the
: . . . ~C8
Criegee intermediates NToese H.0 N" OoH secondary ozonide
are very unstable m 2 V . . .
but is the main one in
Secondary ozonides are \ aqueous solution
relatively stable / \ )\
HLO;
secondary ez Kynurenine
ozonide @
—HNCHCO— = HNCHCO— HeNCHCOOH
— HNCHCO— == HNCHCO— ~ HNCHCO~ c':Hz c':Hp_
CHe HeC
Suik-dlewe (r’*i’ e (f‘ LGOI oy
. A 3 HO ™ "
I ! Vil Vlll
Primary
ozonide HoOp N-Formyl
o, Kynurenine
—HCNCO— —HNGHCO— .
I O [ N-formyl kyn.urenlne
® o 2 OH and kynurenine are
_ 0-0 OOH . :
Criegee oo T Heo not very reactive with
intermediate H HO H
v Vi ozone.
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Conclusions ) &

= UV irradiation driver in aging of both MS-2 bacterio-
phage and Bacillus thuringiensis al Hakam particles

= Further evidence of kynurenine pathway in tryptophan
ozonolysis
" |ncrease in 365 nm wavelength in presence of ozone
" Preparation methodology affects aging
= Amount of DNA in sample
= |nitial fluorescence signal

= Further replicates will allow determination of
degradation rates
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