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• Pressurised air used to seal oil in engine & breathing air (seals leak)
• Oil contains hazardous substances: OPs, complex heated mixture…
• People are being exposed to:

• Continual background oil leakage  +
• Fume events 
1) Transient power/air supply changes – normal ops
2) Operational/failure incidents- less frequent

• + Other fluids… e.g: Hydraulic/ deicing fluids

1950s – 2020s

Design flaw

Flight safety impaired
Health effects-ST/LT



          Epidemiological data - 2017

Neurolgical
• CNS, PNS
Neurobehavioural
• Neurological, cognitive
Gastrointestinal
Respiratory
Cardiovascular
Rheumatological
Miscellaneous
Soft tissue
Irritation
Skin
Immune
Cancers



     Medical findings/ diagnoses – 15 fume events

Short-term No. Long-term No.

SPO2 70-80% RADS 6

Abnormal blood results 2 Toxic encephalopathy 1

Hydrocarbon fumes 1 Neuropathy on vocal 
chords/limbs

3

TOCP adduct on BChE 1 Cognitive dysfunction 4

Poisoning by non 
medical agent

5 Aerotoxic Syndrome 1

 toxic effect of 
gas/fumes/ smoke

2 Neurological chemical 
injury

1

Inhalation injury 1 Wallerian degeneration 1

Raised 
carboxyhemoglobin

4 Optic nerve damage

Examples



Recent industry actions* /position
• Not flight safety issue/Contaminants lower than houses/below government limits; 

acute effects/irritants; nocebo?
• Aviation industry/government actions:

– Oil pyrolysis studies –> complex mixture; neuroactive activity altered
– Cabin air monitoring studies -> Consistent pattern of OPs, VOCs, UFPs.
– ICAO (2015)- Fumes guidance training/education required
– EASA/EC (2017-2020)  ‘FACTS’cabin air study- Failed (2 mill euros)
– EASA/EC (2020-2024) Future cabin air research study (1.5 mill euros)- Very 

broad
– FAA (2020-2024)- Cabin air studies- Follow on from 2003-2015 funding
– ECHA (2016-2019) – TCP review
– CEN/SAE standardisation – Cabin air-chemical agents
– Manufacturer/airline patents….
– Medical care pathways- e.g: CAA/NHS, IATA- Not specific/not working

* Limited examples only



Legal actions
Civil actions
Successful: Turner V East west: High court of Australia (2010) – Oil is 
harmful to lungs
Settled
• Williams V Boeing (2011)
• Woods et al V Boeing/ Escobedo V Boeing (2020)

Workers comp (2020)
Andrew Myers/ Jet Blue (Oregon)

Successful

Other ongoing: E.g. Unite (UK)



Other actions

University of Washington (TAP biomarkers) – C Furlong
University of Augusta – A. Terry (non  cholinergic mechanisms/ LL chronic ex to OPs)
University of Kansas – B Jones - Pyrolysed oil generates UFPs- normal ops
Duke University -  M Abou-Donia – Glial autoantibody neuronal research
Harvard- Breast cancer: +66% in crew/ all cancers in female crew 115%
International conferences/films, documentaries/ filter & sensor development….



UFPs- causal mechanism for AS?

-Predominantly carbonaceous UFPs 
formed in engine, 1,500 C (bearings 
transient temps up to 30,000 C)
-Surface chemistry will lead to attachment 
of cresyl phosphates, and other moieties
-UFPs have maximal deposition in the 
alveoli, where a proportion cross the air-
blood barrier by endocytosis
-UFPs can act as ‘Trojan Horses’ to cross 
the Blood Brain Barrier, thus carrying their 
chemical coatings directly to the brain
Over a 20,000 hour career this represents 
a cumulative dose of toxicological 
significance



   Relative toxicity of O-CP isomers1

TCP isomers in  aircraft ducting 2

1. Winder C, Balouet JC (2001). Toxicological And Occupational 
Hygiene Aspects Of Aerotoxic Syndrome. In: Conference of the 
Australian Institute of occupational hygienists- 19th Annual 
Conference: The evolving face of occupational hygiene, Novotel, 
Northbeach, Wollongong, 1-5 Dec, 2001. 2001, pp. 1–5.

2. CAA (2004) Cabin air quality



Risk assessments inadequate

• Current regulatory/industry risk assessments do not 
acknowledge any of the literature showing irreversible 
changes induced by OPs.

• This has been reviewed by Terry (2012, 2018) and 
demonstrates a major effect of repeated low dose 
exposure to OPs on axonal transport

• The assumption that all effects of OPs are reversible is 
untenable – some toxicological damage will be both 
cumulative and irreversible

Terry et al. (2012) Pharmacol Ther. Functional Consequences of Repeated Organophosphate Exposure: Potential Non-Cholinergic 
Mechanisms. ) Pharmacol Ther. 134 93) 355-365
Naughton, Terry et al. (2018) Neurotoxocity in acute and repeated OP exposure. Toxicology. 408:101-112



CR contribution

• CR clinicians have been central to the 
development of a Medical Protocol, giving 
advice on how to deal with ‘fume event’ 
patients

• There is a need to have Aerotoxic Syndrome 
officially recognized as an occupational  
disease. Guidance by CR in achieving this 
through Codex Alimentarius would help



Main points

• There is a basic design fault in nearly all 
commercial aircraft – the cabin breathing air 
comes from the engine compressor 

• This air has been shown to contain a complex 
mixture of OPs at low levels and UFPs

• It is toxicologically plausible that chronic 
repeated exposure to this mixture would lead to 
the clinical picture seen in some aircrew.

• Current risk assessments are inadequate 
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