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Aviation	
  industry…	
  

Is	
  a	
  major	
  component	
  of	
  modern	
  economy	
  with	
  3,2	
  billion	
  passengers	
  in	
  2014,	
  
doubling	
  every	
  10	
  years.	
  
	
  
Facing	
  different	
  environmental	
  challenges,	
  including	
  the	
  Kyoto	
  Protocol,	
  as	
  
well	
  as	
  sustainable	
  development	
  issues	
  (airports,	
  recycling,	
  toxic	
  compounds).	
  
	
  
	
  but	
  also	
  a	
  major	
  health	
  issue	
  related	
  to	
  its	
  use	
  of	
  neurotoxic	
  compounds	
  in	
  its	
  
aircraI	
  hydraulics	
  and	
  lubricants,	
  contaminaJng	
  aircraI	
  cabin	
  air	
  at	
  an	
  
esJmated	
  rate	
  of	
  one	
  incident	
  	
  every	
  200	
  flights,	
  	
  and	
  thus	
  exposing	
  an	
  
esJmated	
  16	
  million	
  passengers	
  and	
  crews	
  a	
  year.	
  	
  	
  
	
  
	
  
Organophosphates	
  were	
  first	
  mass	
  produced	
  during	
  second	
  World	
  War	
  as	
  
chemical	
  warfare,	
  also	
  known	
  as	
  nerve	
  gases.	
  	
  
	
  
	
  
	
  



A	
  brief	
  history…	
  
	
  
By	
  1949,	
  Organophosphates	
  were	
  used	
  as	
  7lame	
  retardants	
  additives	
  in	
  
aircraft	
  7luids	
  (Messerschmidt).	
  	
  
By	
  1953,	
  	
  bleed	
  air	
  systems	
  	
  were	
  designed	
  and	
  	
  7itted	
  in	
  jet	
  aircraft	
  and	
  
Aerospace	
  Medical	
  Association	
  expressed	
  their	
  concerns	
  about	
  the	
  toxicity	
  
risks	
  of	
  cabin	
  air	
  contamination	
  by	
  hydraulics	
  and	
  lubricants	
  
By	
  1955	
  International	
  Society	
  of	
  Automotive	
  Engineers	
  	
  refferred	
  to	
  bleed	
  
air	
  contamination	
  «	
  because	
  of	
  internal	
  oil	
  leakage	
  into	
  compressor	
  air	
  ».	
  
	
  
	
  

Jet Blue flight 

How to get fresh air … 



A	
  brief	
  history…	
  Continued	
  
1974	
  :	
  Garrett	
  Corp	
  	
  establishes	
  	
  least	
  favourable	
  location	
  of	
  exhaust	
  inlet,	
  
as	
  for	
  cabin	
  air	
  contamination:	
  	
  
1977	
  	
  :	
  7irst	
  documented	
  and	
  published	
  case	
  of	
  toxicity	
  following	
  jet	
  oil	
  
exposure	
  and	
  adverse	
  health	
  problems.	
  On	
  an	
  acutely	
  	
  incapacitated	
  7light	
  
crew	
  .	
  Asma	
  publishing	
  same	
  concerns.	
  	
  	
  
1984 :	
  Problems	
  of	
  oil	
  contamination	
  	
  with	
  air	
  conditioning	
  system	
  on	
  Bae	
  

146.	
  
1989	
  :	
  Allied	
  Signal	
  notes	
  that	
  «	
  the	
  current	
  compressor	
  seal	
  has	
  shown	
  an	
  
unacceptable	
  rate	
  of	
  failure	
  which	
  can	
  result	
  in	
  smoke	
  in	
  the	
  cabin.	
  
1992	
  :	
  Industry’s	
  substantial	
  information	
  is	
  circulated	
  	
  
1999-­‐2000	
  :	
  Australian	
  Senate	
  Enquiry	
  …	
  
	
  
BY	
  2015,	
  AVIATION	
  INDUSTRY	
  KEEPS	
  DENYING	
  THAT	
  THERE	
  IS	
  A	
  PROBLEM	
  
	
  
When	
  thousands	
  of	
  other	
  evidences	
  available	
  throughout	
  the	
  planet.	
  	
  
 
See also www.aerotoxic.org     and 
https://www.youtube.com/watch?v=fOLQRNnWYH4 
	
  



Aerotoxic	
  syndrome…	
  

First	
  presented	
  in	
  1998	
  by	
  Balouet	
  &	
  Winder	
  at	
  ASHRAE	
  /	
  ASTM	
  meeting.	
  
Published	
  in	
  1999	
  by	
  Winder,	
  Fonteyn,	
  Balouet	
  

Chris Winder 
15-8.1951 † 21.5.2014 

Chris Balouet 

Named after Air (and aircraft : aero) and the neurotoxic compounds  used in 
aircraft fluids (hydraulics & lubricants) as well as flame retardants and pesticides.  
 
Describing short and long term symptoms, from smoke events and long term/low 
dose repeated exposures.  
 
(also name of early international egroup started 1995) 
 



Aerotoxic issues and environmental forensics : 
•  The exposure events and their wordlwide incidence, 
•  The causes and mechanisms of contamination events 
•  the symptoms, health and safety hazards, 
•  The reporting of these events (crew to airline, to state officials) 
•  Propose procedures 
•  Establish which tests and methods to document the chemical contamination 

and the health effects (including genetics, bioassays, medical…).  
•  Identify the long term compliant solutions (by design i.e.  RAM air rather 

than bleed, less toxic additives …  
•  Answer scientific community, attorneys, Courts and governmental enquiries 
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So… what are Organophosphates 

They are used in aircraft 
hydraulic and lubricating fluids, 
as flame retardant , and as 
pesticides. 



Tri Cresyl Phosphate, fresh & used oils  

Eckels et al, 2014 

TCP has 10 isomers, at various concentrations. 3 found by conventional GC. 
150 compounds isolated in used oil (400°C), over 100 of which are not yet 
identified : GC x GC MS pending on fresh and used oils. 

Winder & Balouet, 2006 



USA 1929-30 : Ginger Jake Paralysis 20000 people in wheel chair, during 
prohibition times. Another 50 000 to 100 000 affected.,  
South Africa , Durban 1937 : 60 victims 
Germany, 1940 : dozens 
Switzerland 1952 :  92 victims  
Morocco  1959-1960 : 10 000 victims 
Bombay 1960, 58 victims. 
Fidji 1967 : dozens 
India 1988 : 1000 victims. 
1/3 world  : 2013: 200 000 annual fatalities (15%) with OP pesticides. 

A long history of OP massive poisonings 



FAR	
  /	
  JAR	
  25.831	
  	
  

	
  

Some rules 
…  

Only CO and CO2, airflow 
& cabin altitude  regulated 
by FAA/JAA. 
Only mandatory 
contamination measuring 
device is smoke detector.  

Commonly accepted threshold limit values do not apply to cabin environment, because of synergistic 
effects of contaminants’ mix, because of cabin altitude (8000’), because of exposed population including 
infants, elderly, or some passengers can suffer chronic condition (COPD…), or there is no way to open the 
window or escape the acft when at 30 000’, or in absence of breathing protective device.  



CAR	
  1988	
  

	
  

Some rules 
…  

How can an exposed 
crew safely fly an 
aircraft?  
Some flight crew left 
flight deck because 
nauseous, others forgot 
to slow down the acft 
before landing, or 
contact control, or 
prepare landing gear…   



Metabolic / Toxicity of TCP 

Reproduced from Clem Furlong 



Neurotoxicity	
  known	
  at	
  last	
  since	
  1899	
  when	
  	
  reported	
  for	
  
phosphocreosole	
  –used	
  then	
  in	
  the	
  treatment	
  of	
  tuberculosis-­‐.	
  	
  
	
  
Organophosphate	
  poisoning	
  	
  :	
  cholinesterase	
  inhibitors	
  /	
  
cholinergic	
  oversimulation	
  	
  :	
  early	
  symptoms	
  :	
  salivation,	
  lacrimation,	
  
cojunctivitis,	
  visual	
  impairment,	
  nausea	
  and	
  vomiting,	
  abdominal	
  pain	
  and	
  
cramps,	
  diarrhoea,	
  parasympathicomimetic	
  effects,	
  fasciculation	
  and	
  
muscle	
  twitches.	
  	
  
Low	
  level	
  intoxication	
  :	
  headache,	
  vertigo,	
  drowsiness,	
  lethargy,	
  dif7iculty	
  
in	
  concentration,	
  slurred	
  speech,	
  confusion,	
  emotionnal	
  liability	
  and	
  
hypothermia.	
  

Organophosphate	
  Induced	
  delayed	
  neuropathy	
  (OPIDN)	
  
With	
  progressive	
  neuronal	
  damage	
  
	
  
	
  
	
  
	
  
	
  
	
  

Toxicity of organophosphates 



Intermediate	
  syndrome	
  (neuromuscular	
  synapses):	
  proximal	
  limb	
  
paralysis,	
  weakness	
  of	
  neck	
  muscles,	
  inhibition	
  of	
  respiratory	
  muscles	
  and	
  
cranial	
  nerve	
  involvement.	
  	
  

Organophosphate	
  Induced	
  delayed	
  neuropathy	
  (OPIDN)	
  
With	
  progressive	
  neuronal	
  damage	
  

Chronic	
  Organophosphate	
  Neuropsychological	
  Disorder	
  	
  
(COPIDN):	
  	
  
	
  
Gulf	
  war	
  syndrome	
  

	
   	
   	
  Worrisome	
  for	
  7light	
  safety	
  and	
  health	
  
	
  
	
  
	
  
	
  
	
  

Toxicity of organophosphates 



OP Toxixity 
acknowledged … 

and describing same 
symptoms 





Some victims of Aerotoxic syndrome 

Freya Von der Ropp   Karen Burns 
     Annie Estes 
   



Coroner’s Enquiry 
Capt Richard Westgate  † 12/12/2012 

But several more deceased crews … 



Post-mortem 



Reporting?	
  	
  
Thousands	
  reports…	
  

&	
  several	
  tens	
  of	
  thousand	
  
incidental	
  Wlights	
  

	
  
From	
  dirty	
  sock	
  smell	
  to	
  
short	
  term	
  /	
  long	
  term,	
  
mild	
  symptoms	
  …	
  	
  
…	
  and	
  post-­‐mortem	
  

790 incidental flights in Germany (2006) and 300 
German complains filed, not one accounted. 



Reporting smoke / fume events (Australia) 
Incident reporting by crew (Ansett non-mandatory reporting). 53 in 6 weeks for 7 
aircraft only. But 3828 aircraft discrepancy reports in 4 years 

Commonly  acknowledged at one in 200 flights. 
 
Under-reporting? UK CAA suggests 1 smoke, gas or leak incident in 22,265 flights, 
but many incident reports not forwarded by British Airways to UK CAA. 



Confidentiality 
Agreement between Ansett and Est West Airlines, British Aerospace, Allied Signal 
and Avco Lycoming for 1 M $. Released in August 2007 by the Tasmanian Senator 
Kerrry O’Brien.  

« Installation of new filtration system had been successful and 
has had a signifcant effect on reducing the number of reports of 
this problem ». Bryan Girdwood, Engineering fleet manager. 
However, the sources of the leaks had not been addressed.  



Procedures :  
•  Ground leaking acft  
•  Fix leaking seals;  
•  Report smoke / fume events;  
•  Don oxygen masks (pilots) and invite PAX to breath through fabrics (pillow, blanket…).  
•  Tell the exposed what they have been exposed to (Human Rights);  
•  Have the symptomatic crew and PAX for medical examination.  

Engineering Solutions  

Use less toxic fluids … 

Use RAM air, not 
bleed… 

install CO detectors 
(compliance) … 



•  Sampling	
  on	
  selected	
  	
  Wlights:	
  no	
  smoke/fume	
  7light	
  sampled	
  nor	
  leaking	
  acft,	
  
nor	
  experimental	
  tests.	
  	
  

•  Chemical	
  analysis:	
  	
  limitation	
  in	
  equipment	
  air	
  sampling	
  (selective	
  duration	
  +	
  
detection	
  limits,);	
  Selecting	
  the	
  less	
  toxic	
  and	
  abundant	
  compounds	
  (i.e.	
  ToCP)	
  	
  

•  Symptoms:	
  Pretending	
  symptoms	
  are	
  of	
  another	
  cause	
  (i.e.	
  hyperventilation	
  
or	
  jetlag).	
  When	
  independent	
  medical	
  examination	
  expected.	
  

•  Toxicity	
  mechanisms	
  :	
  Parties	
  not	
  acknowledging	
  OP	
  toxicity	
  in	
  debate	
  and	
  
legal	
  cases	
  (whatever	
  acknowledged	
  by	
  International	
  Community.)	
  	
  

•  Low	
  dose	
  /	
  repeated	
  exposure	
  to	
  be	
  accounted	
  for	
  	
  
•  Genetic	
  condition	
  and	
  Low	
  dose	
  /	
  no	
  threshold	
  	
  (Calabrese).	
  	
  
•  Reporting	
  :	
  crew	
  to	
  airline	
  and	
  airline	
  to	
  Aviation	
  authorities	
  vs	
  

environmental	
  &	
  health	
  authorities.	
  	
  
•  Corporate	
  bias	
  &	
  ConWidentiality	
  	
  agreements	
  to	
  cover	
  up	
  the	
  issues	
  
•  Authorities	
  (Aviation)	
  :	
  safety	
  not	
  health.	
  
•  Legal	
  cases	
  :	
  settled	
  con7identially	
  to	
  avoid	
  legal	
  precedents.	
  	
  
•  Information	
  :	
  A	
  duty	
  and	
  a	
  Human	
  Right	
  to	
  know	
  …	
  

Main Ongoing Debates 



“The	
  Truth,	
  	
  The	
  Whole	
  Truth,	
  and	
  	
  
Nothing	
  But	
  The	
  Truth.”	
  

Dr Chris Balouet 
Environment International 
Secrétaire Général de la  Compagnie Nationale  

 des Experts de Justice en Environnement (CNEJE) 
2 ruelle du Hamet,  60129 Orrouy, France 
Tél : 0(033)3 4439 7312 
Balouet.jean-christophe@neuf.fr 

Thank	
  you	
  
	
  

See also www.aerotoxic.org     and 
https://www.youtube.com/watch?v=fOLQRNnWYH4 
  

Fidji Airways, Jan. 2015  


