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Abﬂ(ty/t/@ admlnlster inhaled Nitric Oxide to
ﬁaflents including Neonatal patients, during
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e ﬂlght in pressurized fixed wing alrcraft \
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Nitric oxrde is a colourless odourless and toxic gas
. Hazardous at concentration levels above 25 ppm.~
Ve May be lethal at concentration levels above 100 ppm

. Reacts with air to produce Nitrogen Droxrde NO whrch (£
more hazardous and should be Irmlted to exposure levels of
Iess than 1 ppm. ~ "\

. Nrtrrc oxides react wrth water to- produce Nitric Acid

-Nrtrrc oxides react wrth VOC's to produce Ozone (O,)




bottle at 1800 psi
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Existing Safety AdV|ce

U
ﬂ

o If the cylmder rs Ieaklng eliminate all potential ignition sources and evacuate

area of persennel Inform manufacturer/supplier of leak. Wear appropriate PPE
and carefully move it to a well ventilated remote area, then aIIow to d|scharge

- U'se,_..W[th adequate natural ventilation. Open windows and d_o'iOr_s...where poss-l.ble"".'"‘-‘.:_,____
~ In poorly ventilated areas, mechanical extractionventilation{is recommended. \

.Ma‘intain vapour levels below the recommended expos'ure étandard.

‘- Wear safety glasses and leather gloves Where an lnhalatlon I‘ISk exists, wear a
Type NO (Nitrogen Oxides) Resplrator or an Alr Ilne respirator.
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. Rotary wmg Aeromedlcal aircraft have an un

pressurised cabin. 4
P 2 Ioors and windows can be opened In fI|ght
..." "Therefore fresh air is readily available.

T|me to evacuate the alrcraft > must nclude \)
descent and landing. 4

\_— Interim protection measures may be needed dependant
on local terrain. :




pe egi/ xed wing Aeromedical aircraft have
surised cabin. g
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* Asthe cabln is pressurlsed
— Openlng doors and windows isn't possible

f- Avallablllty of fresh air is limited-to-capacity-of alrcraft alr" |
' condltlonlng |/ pressurisation system.

Typlcal pressurised cabin volume is 10 20m3

- /— About the same as a smalt-motor home by any
measure this is a confined space: - |

' Time to evacuate the alrcraft must mclude transit
tlme to nearest smtable alrfleld and landing.
— Interim protection measures must be used
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. CrJtlcal Fallure Cases — Total Ioss of

bcjttle contents to occupied space

V. Bottle rupture
3._ ‘Bottle / shut-off valve separation :
/ — Failed Pressure regulator valve (Open flow)

\All of these failu reSW|I|bereadl|y detected.
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. Lateﬁt Faﬂ ure Cases — Undetected loss of
bottle contents to occupled space 4

/ - Low pressure hose failures

Ve 4 Regulator failure (unintended flow)

;:'— Ventilator failure (unintended flow)

/" — Human error (incorrect flow set)

~These failures could go~ undetected until
._exposure symptoms are apparent.

—~
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Reg ulatory Enwron ment
// To/SUm up Civil Aviation:-
/ P /Safe flights use registered and /
// // Cerificated aircraft, —— _ " i
/ Maintained by qualified people, - “ﬁx
o F 7 Flown by qualified people in alrspace 7 A~ \
Controlled by qualified people £ T R
/ of 8 "\\\ “":-\.}:
AII Clvﬂ aircraft are certified by CASA under Part21 of the ®|V|I Aviation )
‘Séfety Regulations 1998. B A W

‘ The type design standard of the alrcraft IS aglteed at the time of certification
. and must-be strictly adhered to at alI tlmes

12
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Regulatory, Enwronment

2 / /_//_,
// s / J//,.-" /
/ An A/eromedlcal aircraft is also a place of work
i @ccupatlonal health and safety legislation-can be appllcable «\
/_,/ 4 ,/,/ P4 '/_ 5 \\\\
"// // /'// x’// / /'/’;{ A \\

/ /7 AN
/ / ‘) -

NetWthstandlng the regulations; there is a “Duty of Care” placed on al] ‘of us
when COnductlng any business which can affect }he safety of ourselves ahd
others. Z N\

/ -, -
E / o //';7’ \ /

‘ / f | --'_';7"’
Recently introduced CASA regulatlons Part21M now requires the person
authorlsed to find compliance with- th__e regulatlons for design changes to also
‘state the design change is“Safe for its intended use”.

13
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Regulatory’Ep¥ironment:-
. Ai” W rthiness regulatlons
/  Example Aircraft:- P|Iatus PC 12 [47E "
// y = /‘/
/f he a réed certification basis for the aircraft is Unlted/S;ates Feder\e{
p / M ation Regulations Part 23 amendments 1 to/'SQ/lncJuSwe \
P4 /

Any c anges made to the aircraft must be compl ant/W|th ¢\hese regulatloﬁs\
/Cémpllance must be shown before the change can b/e/c

/ [ ,/

;‘led

i/
FAE F)

//
r

A1
\
\

.-/

Folldwmg the introduction of a Nitric OX|de capablllty specific compliance will

have to. be shown with at Ieast the followmg -

14
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o Alrworthmess regulations

j // F/AFQZ/S Subpart D — Design & Construction b
7 /,./’ //"
Sec. 23. 5531 7 A | A 4
o / e - . . «/ -
Vent )éyo/n / = \.}i\
/ > // / : / 7 \
(a) Each’ passenger and crew compartment must be suitably venﬁ[ate/d Carben \
# menoxld concentratlon may not exceed one part in-20, 000 parts -of air. \\_

éomp rtments must be free of harmful or hazardous” concenJ,Patlo of gases and
t/n 0 rs in normal operations and In the event of reasonably probable failures or
alfunctioning of the ventilating, heating, pressurlzatmn or other systems and
equipment. If accumulation of hazardous quantltles ‘of smoke in the cockpit area is
_reasonably-probable, smoke: evacuation-must be readily accomplished starting with
e ~full pressurization and without depr_essurlzmg beyond safe limits.

15
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Sec. 23. 13(59/ W
Equip

Stgfns and Installations.

7 0 er;zrf ion, or accuracy of any-- z
qui ment essential to safe operation; or

B

) In a single-engine airplane, must be deS|gn
in the\event of a probable malfunctlon or faHure

S

.

FAR23 Subpart F — Equipment

- . “capability of = awp\ane ‘GPtie ability of the crew to cope

-
of equment each system and each installation;”

Otlﬁer equipment unless there is a means to mtﬁrm the/;/)ﬂﬁt oNhe

Aeronautical Engineers Australia
Working together

Sec. 231300

Equipment, systems, and installations.

]
(@) Each item of equipment, each system, and each installation;
(1) When performing its intended function, may not adversely affect the response, operation, or aceurac§’
of any--

(i) Equipment essential to safe operation; or

(if) Other equipment unless there is a means to inform the pilot of the effect.
(2)1n a single.engn aiflane, must be descned to minimie nazards o .mm.ane Inthe event ot a
probable malfuncion or fare

(9108 mlinin ipiane st b desined ot e ffe aipane in e event ot

e in 8 somater ovegoy imiane, s be dosgnea o efeguard sganes hzards o g Alane
he event of their malfunciion or faiure.
(b) The design of each item of equipment, each sys;aaf and each installation must heéxamined
separately and in relationship to other airplane systéms and installations to deterifie if the airplane is.
dependent upon is funciion for continued saigight and landing and, for arplanés not limted to VFR
conditons, f falure of a system would sigafcanty reduce the capabilty o aipiane o the abiy of
ine w0 copewihaherseoperaupg Condions. Ech i of eupren, cach ysem, g cach
_ - fonctioning to fight and lancing, o whoss+ a the
adverse operating conditions, must be

designed to comply with the following additonal require
(1) It must perforis intended function under any fo
(2 e systems and sssoited componentsaregon
syst

{0 Th accurence of anyfaure condtion that woutd
aitplane must be extremely improbable; and

is:
eeable operating condition.
fered separately and in relation to other

t the continued safe fight and landing of the.

simane o the sl of thecr 1 cog it scvers par i coniors mist b improbable.
(3) Warning information must be provided to alert the crew (o system operating conditions and to
Sovbie them 1o ke approprals Soectve action Systems,coff \s nd associated moniorig and

7

(4) Compliance with the requirements of paragraph (b)(2) nhhls skction may [y by ana\ys\s and,

ringluding

malfunciions and damage fro
le. yawiﬂvesznn the probability or undetectes

ability o

ty of determining faults.
ing is required by this
ply. The power sources
ating combinations and

ts;
uﬁpé vesumng ewsws of the airplane g occupants, considering the
a ctt ORSE;--
he o ofwhose funci
.:

fer and that vequnes a| \ s an "essential
i e aystem st be able 1 uppl te alowg power
for probable dration

s:
WL -
e @ Eesentat o ater e o

d o the powe .
(i) Any one engine on two-engine airplanes; or
(i) Any two engines on an airpiane with tree of more engines: or
(i) Any pover converte or energy storage device.

~ (9 sl o wichan st st o s e, ol by m}ommg

d”on the power
s in probable o

vith the syst

Tules o this chapter, ater any faiure or malfunction n any one povier supply sySkgm,distbution system,
or other utlization sysiem
(9 ndeteinngcomplarce vt garagagh ()2) f s secton, h pover oo e assumed o

EF monitging procedure consistent with safety in the kinds of operations authorized.

led fight need not be considered for the two-engine-inoperative condition on
design and .ns-anamn umca\ environmental ic conditions, inclucing
(both

r mof engines,
o s smcton wth rgard o e lcaical power systemand i ot
energy and the

radio e

'to minimize hazardst “al SR
10) AS uscd in mws sccnon, "systems" refers to all Dncumaﬂc ‘systems, fluid systems, electrical systems,

Y Powemlam eveiems provided 2 per of o erfented engine.
(2) The flight structure (such s wing, empennage, control surfaces and thei systems, the fuselage,
enn mouning,andlareg oo and ek it iy stactinens) whos rcirement sro
specifcin subprts C and D of i par

16
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Iness regulations )
FAR23 Subpart F = Equipment 7 .
- - . i /
Systems and Installations / / /
p N

arhing information must be provided to alert the crew to unisafe system
rating conditions and to enable them to take ap/toforlate (:\c}:\s tive action.
stems, controls, and associated monitoring and’warningZ/means-must be designed
0 minimize crew errors that could create additional ha;z rds.




P
Aeronautical Engineers Australia ﬁ

RegU|atOl’y Ej/’ﬁ/lrg‘nment Working together
° Alyerthrness regulations

FAR23 Subpart G- @peratlng Limitations and Information ri /

/'/ ///
;c/’zx’b/ 585 [ — N
O er/atpg}pfocedures T \\
/ //
/ (a)Fol/II airplanes, information concerning normal, abnom]ai/(lf appi;cable)
/ / O)”nergency procedures and other pertinent information neeessa(y for safe ™ \\
4 /0p ration and the achievement of the scheduléd performan e must be furnlsﬁe\d\
/ / |n luding----------- P N Y

=

r i '

L‘/ Procedures for the safe operation of the alrplane s systems and equipment,
b th in normal use and in the event of malfungtton must be furnished

\\ F - - P

A . Usually achieved throu_gh a supp‘l_e__mer'it to the Aircraft Flight Manual
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Demonstra’ungﬁCompllance
There are many wa S)that compliance with the regulations can be / /
demonstr/af/ed But generally they will fit into one of the four categorles S
/ gt .
below: / / - £
- \
// / . Test // \\
/ / / * |nspection < e \ \
/ / p AR
/ . Demonstratlon/ o / N
\ - Analysis

19




Aeronautical Engineers Australia ﬁ
Working together -

iIng7Compliance

ide is concerned, which method will best show /
compliance with the regulatlons /

M
TREmmenetiall;

// . )\\

M%A
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Demonstratlng Compllance
Beech 200 - NJ{/IC /Gdé Testing. / 4
// s // /,.// ///
/ ; // /// - - - // ///,
Test Pjén” / b ,/ B e :_/
D)Sgharge a full bottle of Nitric oxide into a pressurised cabin to &mulate a CI‘I'[IC\%!
fa|}u FE/COﬂdltlon ‘f’,:._,;/ \
4 / 4 2 x;;?’/_-/""' S A
/ buﬂng{ the test, measure nitric oxide & nitrogen dIOX /e co,ncentratlon levels \\\*-.-.\_h
A ty(roughout the cabin. S - \\) \

/
{ Assgss the test data to determine if and fgr What pe /IOd the concentration levels
are above acceptable levels. __—~ _~-

\.\_ >

\ Repeat test with unpressuriseﬂ'd' cab__i_"r'i..'._an'd""t)vith ventilation system inoperative. ’1
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W .
DemonstratinggCompliance Cabin
S 2 Pilot
// A4 = /.// . | t n)t,/'//
Beech 200 < Nitric Oxide Testing. InSmnSs
3 Hahet— e
P
BEECI BEECH200TEST 3 - PRESSURISED CAEINWITHVENTILLATION -
SYSTEM OPERATIONAL
e CONCENTRATIONLEVELS "NO2™
40 1 =
I 4.5
35 Jﬂl 4
a0 I | l\\ 3.8
/g™ N l " £ i \
/ g / A '] \"|I ﬁ‘"—. & 2.5 1 1 \\
* Wl 7 2 | | \>
%
15 15 I I
. 1 M MA
i o e i
R o ; ; v | '.ri |r FJ ) nrl'_qu I_|| fl'irr'lljii. I‘_llﬁLrLﬁ_'nn["ﬁn:_‘I" M A A
o 2'00 200 400 =00 200 1000 1200 1400 1&00 1200
Time elapsed (seconds)
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Risk I\/Iltlgatlon

Testing confirms that excess exposure will happen should a critical failure occur.
Therefore, other measures must be used to protect the crew and passengers to”
guard agalnst an undetected latent failure:- " ’
An INO detectton system is installed to alert the flight crew and/or.medical staff that
|NO has been detected. The trigger levels for the system are set as foIIows

; Independent medical advice obtained recommends a limit-of 5ppm |f p|Iot
performance is to remain unaffected. The flight crew. detector issmounted on the
nstrument panel and is set to trigger when the concentratlcm levelor the pilot’s
Losrtlon reaches 5 ppm. This requires the instrtument panel trigger to be setto 2 ppm.
A S|m|Iar approach is used to set the Medlcal crew iNO detector.

24
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Risk Mitigatio

The aircraft flight manual has the
following procedure added.

RGENCY PROCEDURES
1. The following symptoms may indicate an NO gas
leak. If'a leak is suspected, carry out the
emergency procedure specified in step 2.

rritation of the throat

Irritation of the eyes

rritation of the skin
usual odour

B : ______,.-/'/ 2 5
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Risk Mitigatio

2. In the event of an alarm being triggered (indicated
by an audible 95dB alarm and/oraflashing red LED)
by either of the environmental'monitors or any of the
above symptoms being experienced, immediately:

» Don oxygenmasks and smoke goggles
» Shut/off the INO delivery system
Land as’soon as practicable.

abin environment will return to an operationally safe envi [ ximately 8 minutes. The levels
experienced in the passenger cabin may result in 1 SOMK _ ide effects to the passengers, however
medical opinion has deemed the concc_an__t__r_atieﬁ’l/e erous nor harmful.

—

- . 26
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Certlflcatlan/ 7

Once the CQK © data is complete and the risk mitigation actlvmes/ /
agreed a,s/aﬁ acce ptable method for ensuring safety, the design chgn/ge /s«

}

s

/efse/nted to a CASA authorised-person for approval &

/ }W/O)/dré the Authorised person agre _d_,: ' 0 \
’ / comphance AND they . L \\\
/ “safe ford ed purppse i \\\\>
/ // \

t operatlons involving iNO can begin.

- &
o / g

v _/

27
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Contlnued Alrworthlness

There may be some aspects of the INO system that require ongoing
checks to er}sure tt/stays safe.

Typlcalty ey e 4

__-Checkfng the INO bottle has passed its structural mtegrlty (Hydroétattc)

test W|th|n the required test period before use-~— \
/ 2 \\

~Check|ng the INO detectors have been callbrated and the calibration

t:ertlﬂcate will not expire during use. - 7

Must be carried out regularly to- assure contlnued airworthiness of the

\“~.\.|NO system 28
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Next Steps 7 /

New technologlﬁa/e C ,tmually being developed. A
recent advance e use of Close Coupled Field

Technolo fp’n/a/erat

{be(s be/ used in Hospitals and Iaboratorles for
Im

/ / =

/ / —
/ Cp installed in aircraft has the ability to treat cabln /
/ ir/and simultaneously remove all known a|rborne//
aatho ens, VOCs and other unwanted gases lﬂdudlng /

'L, Nitrog 1 oxides. et S

\ Y i T
\ N e

._Future Aeromedical mstallatlons may weII adopt CCFT
asa risk mitigation technlque e 29
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hank you

Any Questions?
lan. kltson@aero;ryz/
%@W 049 252

g
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