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US Air Force Training Aircraft

 Numerous reports by high
performance aircraft pilots
having unexplained
physiological events (UPE)

mld_ﬂlg ht USAF Hypoxia Incident Rate
. 100,000 Flight H
« Examples include the recent o e e Y
grounding of the USAF training . :z:u'“,':m“"ﬁ';"‘..;"::...

fleet in January 2018.

10 4+

e Continued area of ongoing et
research within the US Air
Force and US Navy.
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US Air Force Training Aircraft

* In response to the increase
UPEs, the USAF has
developed and deployed a
response kit for diagnostic
purposes.

* Pilot exhaled breath.
e Aircraft environmental
monitoring.

— However, exhaled breath collection, via bags, which
requires compliance with exhalation protocols may not be
an ideal strategy for those potentially impaired.

THE AIR FORCE RESEARCH LABORATORY
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Respiration Collector for In Vitro Analysis (ReCIVA)

* Improved Exhaled Breath Sampling:

* Direct to adsorbent media sampling via real-
time CO, monitoring. Removing the pitfalls of
exhaled breath bags.

* Versatile breath component collection.
* Up to 4 breath samples per collection.
* Replaceable masks.

* Very little published literature using the
ReCIVA.

e Unit Price: $10,000-$15,000
e Consumables: Masks: $50
e TD Tubes: $80 etc. PAER

Optimisation of sampling parameters for standardised exhaled

 Many questions still exist. |breathsampling

Sophie LF Doran @ , Andrea Romano and George B Hanna
Department of Surgery and Cancer, Imperial College, London, United Kingdom

Journal of Breath Research

THE AIR FORCE RESEARCH LABORATORY
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Research Questions

* |s there background associated with the ReCIVA sampler?

e Can the ReCIVA masks be cleaned?

e Can duplicate samples be acquired across ReCIVA banks?

* Does the ReCIVA sampler perform similarly to breath
bags?

* Do different TD tubes perform similarly in the ReCIVA
sampler?

The answer to these questions may provide
justification for further research using ReCIVA
device and for the investment of the ReCIVA
sampler compared to breath bags.

HHHHHHHHHHHHHHHHHHHHHHHHHHHHH
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The Backstory...

 Initial data acquired, as presented
previously, was submitted for publication
to the Journal of Breath Research.

 The major comment was to verify the
functionality of the ReCIVA unit used for

the data collection. T i
W= \ Rods Blockingithe 3

e Through communications with Owlstone |\ o Romgige P
Medical (ReCIVA manufacturer) it was N "
determined that the ReCIVA control 556
software contained a bug that caused , [ e po0.0033
incorrect flow rates to be applied tothe <, s o
TD tubes. E o

E

» Therefore, we repeated the overall @ 1509 po000e
experiment with updated ReCIVA control % laks ~—  p<0.0001
software and newly manufactured masks. & 1o * S

« | will focus on this new data collected
with the updated software rather than Bak A B A B A_B A_B
data acquired using the outdated L.
Software. estl: ‘:_1_30 o are est &: 5_1_45 0 are
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Research Questions

* |s there background associated with the ReCIVA sampler?

e Can the ReCIVA masks be cleaned?

e Can duplicate samples be acquired across ReCIVA banks?

* Does the ReCIVA sampler perform similarly to breath
bags?

* Do different TD tubes perform similarly in the ReCIVA
sampler?

The answer to these questions may provide
justification for further research using ReCIVA
device and for the investment of the ReCIVA
sampler compared to breath bags.

HHHHHHHHHHHHHHHHHHHHHHHHHHHHH
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Experimental Design Tost 2: Softwars v. 1.46 TeRt2 (149
- : Participants _ﬁ:::;og:z::} Breath
: \S /] - S | n=12
: Randn!;mized i i
+ - -
: / \ 5TD R
/f Tenax/
N Ter:’:sTA Carbo;r:ph 5TD Mask Bake el B
n=6 Protocol - -
l ¢ Masks (n=12) Tenax TA B+ R, B
Breath ReCIVA ¢ ) )
Bag . Tenax TA B+ R.B;
I Bake @ 200°C
ReCIVA ~68 hours. Tenax TA B+, R, B;
Breath Cool to Room ) )
__ Bag Temperature 5TD R
* 12 male, non-smoking, fasting (1h), \ vlr oTP R
volunteer participants were randomized Evaluate Mask ~ TenaxTA  BuR.B;
for order and adsorbent material, Tenax Tost 2 Breath, Backglound 5TD R
TA and Tenax TA/Carbograph 5TD TenaxTA  B.R.B;
(STD) i Masks at l 5TD R
«  Each participant sat in a relaxed Day 0 ———>+—Dbay 3 TenaxTA - B+R.B:
position for at least 5 minutes prior to A
Samp“ng' Mask Bake
. Prot I
«  All sampling was performed at 200ml roeee
mint for 550mL total. « ReCIVA was operated as recommended by
. Tenax TA participants provided pre/post the manufacturer for lower airway breath on
exhaled breath bags in addition to the both banks (A and B) with the collection ports
ReCIVA collection. 5TD patrticipants only closest to the participants mouth blocked.

provided ReCIVA samples.
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Experimental Design Test 2: Software v. 1.46 Test 2 (v 146)
Adsorbent
" 7 Participants Breath
. b ) 1 "=|1 2 Tube Group
Randimized
/ \ 5TD
Tenax/
V< \ Ter:’: A Carbograph 5TD Mask Bake ATG
. 2 n=6 Protocol - -
7 _- l ¢ Masks (n=12) TenaxTA  ByR.B;
“Recha] Breath ReCIVA 1 ; T

A quick TD-GC-MS primer...

e 127
volL
for «
TA and Tenax TA/Carbograph 5TD e e TenaxTA  ByR.B;
(5T D) i Masks at i 5TD R
«  Each participant sat in a relaxed Day 0 ———<——— Day 3 TemaeTa - Bl E
position for at least 5 minutes prior to A
Samp“ng' Mask Bake
«  All sampling was performed at 200ml protecel
min-! for 550mL totall. + ReCIVA was operated as recommended by
«  Tenax TA participants provided pre/post the manufacturer for Iovyer airway br_eath on
exhaled breath bags in addition to the both banks (A and B) with the collection ports
ReCIVA collection. 5TD patrticipants only closest to the participants mouth blocked.

provided ReCIVA samples.
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TD-GC-MS Analysis

@® Compound A
@® CompoundB

1 Gas
L Chromatograph
—O Computer
A
Thermal Desorber Mass
Spectrometer

* Thermal Desorption (TD):

» \olatile organic compounds off TD tubes
* Gas Chromatography (GC):

« Separation of compounds
* Mass Spectrometry (MS):

» Detection of volatile organic compound fragments for identification
and relative quantitation
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TD-GC-MS Analysis

@® Compound A : .
TD Tube Cae ® compounds ° Ihermal Desorption:
Trap E—l Chromatograph
—O Computer
A
Thermal Desorber Mass
Spectrometer

* Thermal Desorption (TD):

 Volatile organic compounds off TD
tubes

Tenax TA Thermal Desorption Tube
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TD-GC-MS Analysis

ca o combouni® *Thermal Desorption:
T &% Chromatograph * Primary Desorption (TD Tube):
O Computer - 310 °C for 10 minutes.
Heat
A
Thermal Desorber Mass
Spectrometer

* Thermal Desorption (TD):

 Volatile organic compounds off TD
tubes

Tenax TA Thermal Desorption Tube
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TD-GC-MS Analysis

@® Compound A

Gas @® CompoundB
Chromatograph

—C) Computer
N
Thermal Desorber Mass
Spectrometer

* Thermal Desorption (TD):

 Volatile organic compounds off TD
tubes

e Thermal Desorption:

* Primary Desorption (TD Tube):
« 310 °C for 10 minutes.

® Secondary Desorption (Trap):

315 °C at 50 °C/s hold for
5 minutes

Output Split Ratio: 4.3:1

* Result:

Analytes removed from the
TD tube and transferred to
GC via heated transfer line
for separation.

Tenax TA Thermal Desorption Tube
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TD-GC-MS Analysis

@® Compound A .
coe ® compounds ° Gas Chromatography:
E Chromatograph e Column:
O Computer - Mid-Polar, Polysiloxane
- Restek Rxi-624 Sil
q « 60m x 0.32mmID, 1.8um df
l ® Separation
Thermal Desorber Mass ) 2mL/min He carrier
Spectrometer 40 min gradient from
40-240 °C
» Gas Chromatography (GC):
» Separation of compounds ol
[&]
‘g 100
2
£
o . . - .
0 10 20 30 40
Time (min)
Distribution A: Approved for Public Release.
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TD-GC-MS Analysis

@® Compound A
_1 Gas @® CompoundB
Chromatograph
— grap
Computer
N
.|J_|_I_
Thermal Desorber
Spectrometer

» Gas Chromatography (GC):
» Separation of compounds

THE AIR FORCE RESEARCH LABORATORY

e Gas

e C

Chromatography:

olumn:

- Mid-Polar, Polysiloxane

- Restek Rxi-624 Sil

« 60m x 0.32mmID, 1.8um df

® Separation

2mL/min He carrier

40 min gradient from
40-240 °C

* Result:

Temperature (°C)
g

Compound separation by

roughly boiling point for MS
detection.

0 10 20 30 40
Time (min)

Distribution A: Approved for Public Release.
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TD-GC-MS Analysis

o Compouncs  *Mass Spectrometry:

Gas
E:d Chromatograph * Electron Impact lonization:
Computer - 10 keV
| « MY — X* + Y.
* Single Quadrapole Mass Filter:
L la
I | « 35-300 m/z, 0.154 scan/s

Thermal Desorber Mass
Spectrometer
l Anode J Single i
Quadrapole
i. ||
f .
—_— | -
« Mass Spectrometry (MS): EAY
. . . Repulsion Plate .
« Detection of volatile organic compound -
fragments for identification and relative Electron Source | B ES 2 |

guantitation

Dunnivant & Ginsbach, Gas Chromatography, Liquid Chromatography,
Capillary Electrophoresis - Mass Spectrometry, A Basic Introduction. 2011.
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TD-GC-MS Analysis

o Compouncs  *Mass Spectrometry:

Gas
E:d Chromatograph * Electron Impact lonization:
Computer - 10 keV
| « MY — X* + Y.
* Single Quadrapole Mass Filter:
L la
I | « 35-300 m/z, 0.154 scan/s

Thermal Desorber Mass * Result:

Spectrometer - Detection of compound

fragments for ID & Relative

Quantitation.
3-Methyl Heptane 3-Methyl Heptane
CH,=CH,=CH=CH,~CH,~CH,~CH, NIST Spectral Library
CH,
[EH-cH,-eH]*

4312 43

CH,~CH,~CH |*
CH,

57.14 57
[clu—cul—cuz— CH,~ CH1‘

* Mass Spectrometry (MS): ; . “

» Detection of volatile organic compound
fragments for identification and relative
guantitation

3 14

-] |
i |
40 S0 60 70 80 90 100 110 120 40 S € 70 80 S 100 M0 120
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TD-GC-MS Analysis

]

e Compound Abundance:

* Abundances from repetitive MS
s scans over time are summed and
plotted (total ion chromatogram).

53 67

‘ ! Mh ,ufj
.—_L_L”LI_LL‘_L_L_J Iu l!LJL b
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TD-GC-MS Analysis

]

53

ﬂ

i3

L

Ao

-

THE AIR FORCE RESEARCH LABORATORY

Distribution A: Approved for Public Release.

e Compound Abundance:

* Abundances from repetitive MS
scans over time are summed and
plotted (total ion chromatogram).

» Specificity is added by plotting a
single ion corresponding to a
compound of interest (single
reaction monitoring or SRM).

» Peak areas of SRM plots are
directly related to the compound
abundance.
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TD-GC-MS Analysis

]

53

ﬂ

i3

L
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e Compound Abundance:

* Abundances from repetitive MS
scans over time are summed and
plotted (total ion chromatogram).

» Specificity is added by plotting a
single ion corresponding to a
compound of interest (single
reaction monitoring or SRM).

* Peak of SRM plots are
directly related to the compound
abundance.
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TD-GC-MS Analysis

]

| ﬂ e Compound Abundance:
; * Abundances from repetitive MS
H» scans over time are summed and

plotted (total ion chromatogram).

» Specificity is added by plotting a
‘ ' single ion corresponding to a
h lb compound of interest (single
‘ reaction monitoring or SRM).

e Peak of SRM plots are
1 LL hLJ_l L directly related to the compound
e abundance.

Isoprene Calibration Curve: Tenax * Using neat standards, a
y-0.0108x:0,04702 calibration curve can be
generated for compounds of
. . interest based on known
601 concentrations and instrument
‘ response.

9.0

IS Normalized Response

3.0

0 200 400 600 800 1000
Isoprene (ng)

L
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TD-GC-MS Analysis

— Isoprene was used to assess e Isoprene Calibration:

the variation among samples. _ _ o
* Linear isoprene calibration curves

were generated using a custom
standard canister.

 Calibration curves were

\ generated via normalized
response to internal standard for
each TD tube adsorbent material.

e Tenax TA Calibration
JEUURTIN | SUPURTION Y0 DV N WY (0 IhL_l l - DU Range: 15.3ng to 918.8ng

* 5TD Calibration Range:
15.3ng to 459.4ng

Isoprene Calibration Curve: Tenax Isoprene Calibration Curve: 5TD

"0 reoscase: " yoozzzcasen  Additional results, where

R2=0.9881

R2=0.9845

) calibration was not applicable,
were analyzed via peak area or
internal standard normalized peak
area.

9.0

IS Normalized Response
o
o

IS Normalized Response
o
=]

. T T v T v T r T v J v T v T v T v T v 1
0 200 400 600 800 1000 0 100 200 300 400 500
Isoprene (ng) Isoprene (ng)
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TD-GC-MS Analysis

— Isoprene was used to assess e Isoprene Calibration:

the variation among samples. _ _ o
* Linear isoprene calibration curves

were generated using a custom
standard canister.

 Calibration curves were

v generated via normalized

ndard for
t material.

What does the raw data from on
,JJMLJ the ReCIVA look like? 218.8n9

ange:
- J

Isoprene Calibration Curve: Tenax Isoprene Calibration Curve: 5TD

"0 reoscase: " yoozzzcasen  Additional results, where

R2=0.9881

R2=0.9845

) calibration was not applicable,
were analyzed via peak area or
internal standard normalized peak
area.

9.04

9.0

6.0

3.0

IS Normalized Response
o
o

IS Normalized Response

v T - T - T ‘ T - J 0.0 - T v T - T v T v 1
0 200 400 600 800 1000 0 100 200 300 400 500
Isoprene (ng) Isoprene (ng)
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Results
Is there background associated with the ReCIVA sampler? Yes.
Can the ReCIVA masks be cleaned?
* Analysis:

e Data suggest abundant siloxane
background in the ReCIVA samples.
3

[l Pre-Cleaning Breath

D Control Samples
TIC - NL: 3.00E9
Peak | RT .

1 5.11 ethyl alcohol 64-17-5 -

2 7.13 silanal, trimethyl- 1066-40-6

3 8.12 disiloxane, hexamethyl- 107-46-0 Doran et al.

4 10.82  cyclotrisiloxane, hexamethyl- 541-05-9 Doran et al.

5 11.91 trisiloxane, octamethyl- 107-51-7 Doran et al.

6 13.89 cyclotetrasiloxane, octamethyl- 556-67-2

7 15.17 tetrasiloxane, decamethyl-  17928-28-8

8 16.65 p-trimethylsilyloxyphenyl-

: bis(trimethylsilyloxy)ethane
2
AL H 5
4
L] é L] Ll Ll L] 1l0 L] L] L] Ll 1l5 T L] L] Ti;.l.le (min].
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Results

Is there background associated with the ReCIVA sampler? Yes.
Can the ReCIVA masks be cleaned?
* Analysis:

B Pre-Cleaning Breath

TIC - NL: 3.00E9

e Data suggest abundant siloxane
background in the ReCIVA samples.

e Peak areas were tabulated for each
contaminant: Tenax TA Example.

4.0
5
3.0 4 p 4 6 7 8
E,'" ' 5 ' ' ' Time (min)
x
~ Peak RT
B 201 - TR CENETT -
j 5.1 ethyl alcohol 64-17-5
g 2 7.13 silanol, trimethyl- 1066-40-6
o . Pre-Cleaning Breath 3 8.12 disiloxane, hexamethyl- 107-46-0 Doran et al.
1.0 1 4 10.82  cyclotrisiloxane, hexamethyl-  541-05-9  Doran et al.
| 5 11.91 trisiloxane, octamethyl- 107-51-7 Doran et al.
T 95% ClI 6 13.89 cyclotetrasiloxane, octamethyl- 556-67-2
0.0 - - - 7 15.17 tetrasiloxane, decamethyl-  17928-28-8
) #2 #3 #4 #5 #6 #7 #8 8 16.65 p-trimethylsiI_yloxyphenyl-
m/z 75 m/z 147 m/z 207 m/z221 m/z 281 m/z207 m/z73 bis(trimethylsilyloxy)ethane

THE AIR FORCE RESEARCH LABORATORY
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Results

Is there background associated with the ReCIVA sampler? Yes.
Can the ReCIVA masks be cleaned?
B Pre-Cleaning Breath

i A n aIyS I S. M Evaluation

TIC - NL: 3.00E9

e Data suggest abundant siloxane
background in the ReCIVA samples.

e Peak areas were tabulated for each
contaminant: Tenax TA Example.

4.0
5
3.0 - X 4 6 j 7 8
"g 5 ' ' ' Time (min)
x
~ Peak RT
i 5.1 ethyl alcohol 64-17-5
8 2 7.13 silanol, trimethyl- 1066-40-6
o . Pre-Cleaning Breath 3 8.12 disiloxane, hexamethyl- 107-46-0 Doran et al.
1.0 . Evaluation 4 10.82  cyclotrisiloxane, hexamethyl-  541-05-9  Doran et al.
] 5 11.91 trisiloxane, octamethyl- 107-51-7 Doran et al.
T 95% CI 6 13.89 cyclotetrasiloxane, octamethyl- 556-67-2
0.0 - — — 7 15.17 tetrasiloxane, decamethyl-  17928-28-8
) #2 #3 #4 #5 #6 #7 #8 8 16.65 p-trimethylsil_yloxyphenyl-
m/z 75 m/z 147 m/z207 m/z221 m/z 281 m/z207 m/z73 bis(trimethylsilyloxy)ethane
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Results

Is there background associated with the ReCIVA sampler?

Can the ReCIVA masks be cleaned?

* Analysis:

e Data suggest abundant siloxane
background in the ReCIVA samples.

* Peak areas were tabulated for each
contaminant: Tenax TA Example.

e Data suggest baking reduces

siloxane background.

4

El?

Yes.

B Pre-Cleaning Breath
. Evaluation
D Control Samples

TIC - NL: 3.00E9

4.0 -
99.9%

o 5 ) "
x
D 2.0 4
<
- -
3 99.5%
o . [l Pre-Cleaning Breath

1.0 7 B Evaluation

i [:l Control Samples
79.5%; 100.0%! I 95% CI
0.0 - — — o
' #2 #3 #4 #5 #7 #8
m/z 75 m/z 147 m/z 207 miz 221  m/z 281 m/z 207 m/z 73
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5.1
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6 13.89
7 15.17
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disiloxane, hexamethyl-
cyclotrisiloxane, hexamethyl-
trisiloxane, octamethyl-

cyclotetrasiloxane, octamethyl-

tetrasiloxane, decamethyl-
p-trimethylsilyloxyphenyl-
bis(trimethylsilyloxy)ethane

64-17-5
1066-40-6
107-46-0 Doran et al.
541-05-9 Doran et al.
107-51-7 Doran et al.
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Results

Is there background associated with the ReCIVA sampler?

Yes.
Can the ReCIVA masks be cleaned? Yes.

3
. B Pre-Cleaning Breath
e Analysis: o | .
. : 3.00E9
e Data suggest abundant siloxan -

background in the ReCIVA san_ s.-
* Peak areas were tabulated for

(x109)

99.9%
2.04 ]
contaminant: Tenax TA Exam& :
x
. ©
@
e Data suggest baking reduced Il Pre-Cleaning Breath
il b K q 1.0 [l Evaluation
4.0 - SlioXane nacC g round. 197.0% 100.0% [] control Samples
86.9% 0% T 95% ClI
0
99.9% O_O_jT o .
#2 #3 #4 #5 #6 #7 #8
- 3.0 4 _ R A m/z 75 mlz 147 m/z 20? miz 221 mfz 281 m.-‘z 20? m/z 73
2 5 ' ' 10 Time (min)
< .
-~ Peak RT
j 511 ethyl alcohol 64-17-5
g A 99.5% 2 713 silanol, trimethyl- 1066-40-6
o 7o . Pre-Cleaning Breath 3 8.12 disiloxane, hexamethyl- 107-46-0 Doran et al.
1.0 1 . Evaluation 4 10.82 cyclotrisiloxane, hexamethyl-  541-05-9  Doran et al.
D Control Samples 5 11.91 trisiloxane, octamethyl- 107-51-7 Doran et al.
79.6% 100.0% T 95% CI 6 13.89 cyclotetrasiloxane, octamethyl- 556-67-2
0.0 4 Wy o — 7 15.17 tetrasiloxane, decamethyl-  17928-28-8
#2 #3 #4 #5 #6 #7 #8 8 16.65 p-trimethylsilyloxyphenyl-
m/z 75 m/z 147 m/z 207 miz 221  m/z 281 m/z 207 m/z 73

bis(trimethylsilyloxy)ethane
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Results

Can duplicate samples be acquired across ReCIVA banks? Yes, 5TD.
Do different TD tubes perform similarly in the ReCIVA sampler? No.

* Analysis:

* All ReCIVA samples were
guantified for isoprene (ng) and  1o00-

plotted as box-whisker plots.
800 -
)
C 6004 p=0.0091
£ P=0.0091
[+]
S §. - T T p=0.8791
e Data shows similar mean results g 47 —
are obtained between banks for m' —/
5TD tubes only. = L 1=
e Results illustrate a difference in 0
. Bank A B A B
exhaled isoprene across — —_
adsorbent tube types. Test 2: ReCIVA Software

v. 1.46
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Results

Can duplicate samples be acquired across ReCIVA banks? Yes, 5TD.
Do different TD tubes perform similarly in the ReCIVA sampler? No.

* Analysis:

 All ReCIVA samples were
qguantified for isoprene (ng) and
plotted as box-whisker plots.

e Delta bank results for each
replicate were calculated and
plotted as box-whisker plots.

e Data shows similar mean results
are obtained between banks for
5TD tubes only.

* Results illustrate a difference in
exhaled isoprene across adsorbent
tube types.

e Data suggests banks may not
give equal results with a bias in
Bank B for Tenax TA tubes.
Further analysis will be required.
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Results
Does the ReCIVA sampler perform similarly to breath bags?  Yes.

. 40 -
* Analysis:
O
* All ReCIVA and bag isoprene & p=0.0691
areas were internal standard o 301 '
: @ —_ T
normalized and plotted as box- 5 8
whisker plots. N g
L © 'g 20+
e Data shows similar results are £ 3
obtained from the ReCIVA 2 <
compared to bags for Tenax TA ‘ic’ 0l L -
tubes. S
=
0

Test2 Test2
ReCIVA Bag

Test 2: ReCIVA
Software v. 1.46
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Results
Does the ReCIVA sampler perform similarly to breath bags?  Yes.

. 40 -
* Analysis:
O
* All ReCIVA and bag isoprene & p=0.0691
areas were internal standard o 301 '
: @ —_ T
normalized and plotted as box- 5 8
whisker plots. N g
L © 'g 20+
e Data shows similar results are £ 3
obtained from the ReCIVA 2 <
compared to bags for Tenax TA ‘ic’ 0l L -
tubes. S
=
0

Test2 Test2
ReCIVA Bag

Test 2: ReCIVA
Software v. 1.46
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Conclusions:

e Data suggests:

e The ReCIVA control software version is CRITICAL to the
proper function of the ReCIVA device.

e Baking can significantly reduce the siloxane background
observed from the ReCIVA masks.

e Duplicate samples maybe obtained across banks of the
ReCIVA sampler for the 5TD tubes.

e Tenax TA TD tubes have a bias to Bank B within the ReCIVA
sampler.

e Similar isoprene abundances are observed between the
ReCIVA sampler and breath bags for Tenax TA.
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Future Directions:

e Evaluate multiple ReCIVA units to look for consistency
among collectors.

e Evaluate the impact of breathing rate on ReCIVA
collections.

e Work to further evaluate means for mask decontamination
and reuse.

e Evaluate the impact of different breathing gases i.e. 100%
O2 on results.

 Work with the manufacturer to provide feedback based on
results observed. i.e. calibrating for Tenax tubes.

*\Work toward developing a field applicable version for
testing.
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