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“The	
  aerotoxic	
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  role	
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  individual	
  sensitivities	
  for	
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“The	
  aerotoxic	
  syndrome”	
  

MB	
  Abou	
  Donia	
  et	
  al	
  Journal	
  of	
  Toxicology	
  and	
  Environmental	
  Health,	
  Part	
  A,	
  76:363,	
  2013	
  

Some	
  similarities,	
  but	
  not	
  
identical	
  to	
  either	
  OPDIN	
  or	
  

“painters	
  disease”	
  

Health	
  problems	
  are	
  
real	
  and	
  clinical	
  

manifest	
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A	
  total	
  of	
  100	
  flights	
  in	
  5	
  different	
  aircraft	
  types	
  were	
  monitored	
  	
  

A	
  critique	
  of	
  recent	
  air	
  sampling	
  data	
  collected	
  on	
  aircraft:	
  
how	
  much	
  exposure	
  to	
  neurotoxic	
  fumes	
  is	
  acceptable?	
  

	
  
Judith	
  Murawski	
  and	
  Susan	
  Michaelis	
  

	
  Journal	
  of	
  Biological	
  Physics	
  and	
  Chemistry	
  11	
  (2011)	
  147–151	
  

*  Semivolatile	
  organic	
  compounds,	
  including	
  TCPs,were	
  sampled	
  
near	
  floor	
  level	
  on	
  the	
  flight	
  deck.	
  

*  The	
  majority	
  of	
  the	
  samples	
  collected	
  according	
  to	
  
predetermined	
  phase-­‐of-­‐flight	
  schedule.	
  This	
  may	
  not	
  capture	
  
transient	
  conditions	
  (changes	
  engine	
  power	
  settings)	
  when	
  oil	
  is	
  
most	
  likely	
  leak	
  into	
  bleed	
  air.	
  

*  Not	
  clear	
  whether	
  “non-­‐TOCP	
  isomers	
  of	
  TCP”	
  included	
  all	
  nine	
  
isomers.	
  

*  The	
  five-­‐minute	
  sample	
  period	
  do	
  not	
  represent	
  the	
  whole	
  phase	
  
of	
  flight	
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Comparison	
  of	
  Different	
  Locations	
  within	
  Aircraft:	
  
	
  
“For	
  all	
  four	
  substances,	
  the	
  samples	
  taken	
  from	
  the	
  
passenger	
  compartment	
  of	
  the	
  Boeing	
  and	
  
Airbus	
  aircraft	
  were	
  significantly	
  lower	
  than	
  in	
  the	
  
cockpit	
  area,	
  though	
  the	
  reduction	
  was	
  less	
  
significant	
  for	
  TCP”	
  

One	
  order	
  of	
  magnitude	
  
higher	
  in	
  cockpit	
  

ü  TCP	
  has	
  been	
  a	
  commercially	
  useful	
  material	
  and	
  has	
  been	
  used	
  as	
  a	
  
plasticiser,	
  lubricant,	
  hydraulic	
  fluid,	
  paint	
  additive,	
  oil	
  additive,	
  dust	
  
suppressant,	
  and	
  so	
  on.	
  Most	
  commercial	
  uses	
  have	
  now	
  ceased.	
  

ü  In	
  jet	
  oil,	
  TCP	
  is	
  used	
  in	
  the	
  formulation	
  of	
  lubricants	
  as	
  an	
  anti-­‐wear	
  additive	
  
to	
  enhance	
  load	
  bearing	
  properties	
  and	
  improve	
  tolerance	
  to	
  increasing	
  
speed	
  of	
  rotating	
  or	
  sliding	
  motion.	
  

ü  Similarity	
  in	
  neurotoxic	
  mechanism	
  of	
  action	
  with	
  organophosporous	
  ester	
  
pesticides	
  (parathion	
  etc)	
  and	
  chemical	
  warfare	
  agents	
  (sarin,	
  VX	
  etc)	
  

Tri-­‐ortho-­‐cresylphospate	
  (TCOP)	
  	
  
as	
  causal	
  agent	
  of	
  aerotoxic	
  syndrome?	
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TOCP	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Other	
  T(O)CPs	
  
can	
  have	
  a	
  5	
  to	
  10	
  
times	
  higher	
  toxic	
  

potency	
  than	
  
TOCP	
  

	
  
	
  
	
  
	
  
	
  

Mechanism	
  of	
  TOCP	
  bioactivitation	
  and	
  detoxification	
  

	
  
	
  

T½	
  humans	
  	
  butyrylcholinesterase	
  	
  
approx	
  12	
  days	
  

Paraoxonase	
  
(PON1)	
  -­‐>	
  
hydrolyses	
  
OP-­‐structure	
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NIOSH/OSHA	
  TLV	
  8hr	
  	
  
0.1	
  mg/m3	
  

Craig	
  and	
  Barth	
  estimated	
  
a	
  no-­‐effect	
  level	
  (NEL)	
  for	
  
humans	
  of	
  0.13	
  mg/kg/	
  d	
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IRAS	
  Risk	
  Model	
  TOCP	
  for	
  cockpit	
  crew	
  
Expected	
  genetic	
  variation	
  for	
  bioactiviation	
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IRAS	
  Risk	
  Model	
  TOCP	
  for	
  cockpit	
  crew	
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Based	
  on	
  only	
  one	
  TOCP	
  isomer	
  !	
  
(Mixture	
  toxicity)	
  

Calculated	
  for	
  a	
  highly	
  genetically	
  sensitive	
  subpopulation	
  
	
  due	
  to	
  high	
  P450	
  and	
  low	
  PON1	
  enzyme	
  activity	
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  Return	
  flights	
  
Boeing	
  737	
  700,	
  

800,900	
  

Concentrations	
  TOCP	
  <	
  1	
  ng/m3	
  	
  
OSHA/NIOSH	
  =	
  0.1	
  mg/m3	
  (8	
  hrs)	
  	
  

Concentrations	
  TOCP	
  <	
  1	
  ng/m3	
  	
  
IRAS	
  TOCP	
  model:	
  

Hazard	
  Quotient	
  <	
  0.001	
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Individual	
  aircraft	
  personnel	
  still	
  has	
  signs	
  of	
  
“aerotoxic	
  syndrome”	
  in	
  spite	
  of	
  the	
  lack	
  or	
  

extreme	
  low	
  levels	
  of	
  TOCP	
  

Can	
  adverse	
  health	
  effects	
  objectively	
  been	
  measured	
  in	
  
case	
  of	
  the	
  “aerotoxic	
  syndrome”	
  ?	
  

Indications	
  for	
  	
  
neurodegerenerative	
  

and	
  cytotoxic	
  
processes	
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Effects	
  measurable	
  
after	
  flight	
  in	
  case-­‐
study	
  with	
  one	
  pilot	
  

Some	
  conclusions	
  regarding	
  the	
  aerotoxic	
  syndrome	
  

*  Clinical	
  symptoms	
  are	
  real,	
  appear	
  associated	
  with	
  frequent	
  flying	
  
and	
  indications	
  for	
  genetic	
  susceptibility	
  for	
  a	
  small	
  part	
  population	
  

*  Increase	
  in	
  autoantibodies	
  neurodegenerative/cyctoxic	
  processes	
  
measured	
  after	
  flights	
  reason	
  for	
  concern	
  and	
  further	
  research	
  

*  Role	
  of	
  TOCP	
  unlikely	
  with	
  data	
  modern	
  KLM	
  B737’s,	
  that	
  indicate	
  
levels	
  well	
  below	
  estimated	
  by	
  IRAS	
  model	
  	
  to	
  be	
  hazardous	
  

*  Real	
  causal	
  agent(s)	
  or	
  cause	
  remain	
  unkown	
  (unknown	
  or	
  de	
  novo	
  
formed	
  chemicals,	
  radiation,	
  hypoxia?)	
  	
  

HYPE	
  ?	
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Thank	
  you	
  

Any	
  questions?	
  


