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This publication presents a c ollection of BC Disease News articles on so-called 6 aer ot o x /i c, wsichweshave beerd
monitoring as an emerging health risk for more than 5 years (since September 2014). Naturally, there is some repetition, as
we consistently refer back to previously written articles in consolidation of present day knowledge . Nevertheless, this Guide
is a comprehensive examination of condition , potential causes and scope for future EL/PL claims

Feature:

Are Aerotoxic Syndrome Claims in the Air? d Part 1
Edition 64 of BC Disease News (9 September 2014 )

INTRODUCTION

A developing field of interest for disease practitioners isso -called 6 a er ot o x i ¢, acopdiiahthatisgaid to arise from
exposure to contaminants in the air of aircraft cabins that have their source in aircraft engines. This series will exploret he
background to the issue, whether it can be said  @erofoxic syndrome Oexists and the obstacles any future claim will have to
surmount.

The first part of this series focuses on the background to the issue and whether there is suchathingas é6aer ot oxi c. syndr
BACKGROUND

As de Graaf et al explain, although the air from the turbine engines of commercial jet aircraft is used primarily for the
propulsion of the aircraft, some is also used to refresh and replenish air in the cabin of the aircraft. The air in the cabin
(including the cockpit) is a mixture of air from the outside environment, recirculated filtered air from the cabin, and air bled

off from the engines & knownas @/eed air & Thisisthe case with almost all modern commercial aircraft, although a notable
exception is the new Boeing 787 Dreamliner, which does not draw any cabin air from the engines. 2 As a result of oil-seal
leakage in the engine system and auxiliary powers units (APU) (which provide power to aircraft when the engines are not
running), engine oil and hydraulic fluid, additives present in these products and the products of their pyrolysis (thermal
decomposition) can contaminate the  d/eed air dentering the cabin air and consequently be inhaled by passengers and
crew alike dthese are 6 f u me & Feme kweridsoare often accompanied by malodorous aromas suchas 6o/ /[ y*smel | s
These contaminants in the air include volatile organic compounds (VOCs), low molecular weight organic acids, esters,
ketones, and organophosphates. ° Organophosphates are the ch ief concern & and in particular tricresyl phosphate (TCP)
isomers @ since they are highlytoxic and can result in neurotoxicity (nerve damage), causing pain and serious paralysis of
limbs, and bowel and lung disorders, often with a degree of permanent disa  bility.°

It is said the presence of organophosphates in the cabin air environment can result, both in cases of short and long -term
exposure,ind aer ot oxi c. Thegyndome igiespeciallylikely to affect cabin crew owing to the statistical probabil ity
of them being exposed more frequently for longer periods of time, but passengers can also be affected. !

While all aircraft employing bleed air systems may be responsible for fume events & and therefore contaminants in the air o
particular concern has arisen in relation to the BAe 146 series of aircraft (which includes the subsequent Avro RJ series) and
the Boeing 757 series of aircraft (particularly those 757s fitted with Rolls Royce RB211 -535C engines).®

lde Graff et al, 6 Aerotoxic Syndrome: Fact or Fictiond (2014) 158 Ned
< http://www.ncbi.nlm.nih.gov/pubmed/24713335 >accessed 11 September 2014.

?See Aerotoxic Association, 0 Why Dhttp/faerotdxie.orglabduti -aeratoxic-syridrene/> Giocassed Ii nat e d 6
September 2014.

SCommittee on Toxicity, ©06Statement oldealthindicRiGrawsand thefPossilleReldiashipto Envi r on
Smoke/ Fume Events in Aircraftd (COT Statement 2007/ 06, September 2007

4 Ibid [37].

SHouse of Lords Science and Technology Committee, 0 A48 HIPamwe439and He a
SI'bid [4.47]. See also: House of Lords Science and 199-2000) ldLIPapgni21)Co mmi t t
[4.37].

"Merotoxic Association (n 2) 06Can Anyone be Affectedo.
8 COT (n 3) [20], [66].
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WHATISSAEROTOX/ C S?YNDROMEGéG

6Aer o6 g xidc ésme dnrecognised medical term introduced by Winder and Balouet in 2000.  ° According to the
Aerotoxic Association, which supports those allegedly affected by the condition, the syndrome can entail the following
symptoms, either acutely or chronic ally:

I Fatigue &feeling exhausted, even after sleep;
Blurred or tunnel vision;
Shaking and tremors;
Loss of balance and vertigo;
Seizures;
Loss of consciousness;
Memory impairment;
Headache;
Tinnitus;
Lightheadedness, dizziness;
Confusion/cognitive problems;
Feeling intoxicated;
Nausea;
Diarrhoea;
Vomiting;
Coughs;
Breathing difficulties (shortness of breath);
Tightness in chest;
Respiratory failure requiring oxygen;
Increased heart rate and palpitations; and
Irritation of eyes, nose and upper airways.

= =4 -8 -4 -8 -8 -8 8 _—a _a _—a _a 8 _a -8 -2 _a _—9 -2 -9

HOW MANY ARE AFFECTED?

If @erotoxic syndrome dis a condition, how many are affected by it? As it has already been noted, air crew are statistically

mo s t |l i kely to be affected. With respect to passengers, in 20
showed that out of a total of 48,000 written passenger complaints in the 10 years from January 2001, just 244 (0.5%) were

categorised as medical. Of those, the main health problems were pregnancy issues, skiing injuries, infectious diseases,

allergies (typically from peanuts), food po isoningand passengers being scalded by hot drinks. *° Therefore a low number of

passengers appear to be affected by  dume events &

DOESHAEROTOX/C SYNDROMEXIST?

Aerotoxic syndrome bis not presently a recognised medical condition. However, are  dume eventsécapable of inducing il
health as a result of exposure to organophosphates?

The issue received some initial consideration by the House of Lords Science and Technology Committee in 2000. The
Committee concluded that there was no evidence of harmful contaminants (or harmful levels of contaminants where they

were present).” Thus concerns about significant risk to the health of passengers and crew were found not to be

substantiated. D espite that finding, it recommended  that airlines should continue to assess air quality. *

In February 2004, the CAA published a detailed review of the toxicology of pyrolised aircraft engine oil and measurements
of cabin air quality in response to a number of symptoms and incidentsreport  ed by aircraft crew. The CAA concluded that
there were no identifiable components of pyrolysed engine oil which had the potential to cause the symptoms reported by

Wi nder and Boulet, O6Aerotoxic Syndrome: Adverse Health Eihfects Follo
Eddi ngton, O6Towards a Safe and Civil Society, Proceedings of Internat
Brisbane, Australia, 4-6 September 2000) 196 -199.

YDepartment for Tr ansdForretguednCalbyi nAsAk ed Quuaed sittiyons (fags)d6 (Gov.uk, 21
< https://www.gov.uk/government/publications/cabin _-air-quality -fag > accessed 11 September 2014.

1 House of Lords Science and Technology Committee (2000) (n 6) [1.68] -[1.73].

12 ibid [5.48] -[5.51]
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staff.’® Symptoms of irritation may have been induced by short chain organic acids formed dur ing pyrolysis of aircraft
lubricants. However, like the House of Lords Committee, the CAA also recommended further air quality monitoring.

In 2007, the Department for Transport asked the Committee on Toxicity (COT) to undertake an independent scientific ~ review
of data submitted by the British Airline Pilots Association (BALPA) relating to concerns about the possible health effects fr om
dume events don commercial aircraft. Pilots had estimated that  dume events doccurred on approximately 1% of all flights
However, the COT investigation found that dume events doccur on approximately 0.05% of all flights (thatis 1 in 2000 flights),
although that might vary depending on airframe, engine type and servicing. Itis worth noting by way of an aside that more
recent Department for Transport figures show that in 2010 there were dume events 6on just 0.018% of flights (that is one in
5,555 flights)."® The COT consideled as a general point that it would be prudent to take appropriate action to prevent dume
eventsé® However, it concluded, on the basis of the available evidence |, that there was no causal association between
dume events &either generally or following incidents)andill -health inany commercial aircraft crews. Butitdid note a number

of dume events Swhere the temporal relationship between reports of exposure and acute health symptoms provided
evidence that an associatio n was plausible, though it did not say it was established. " Moreover, it recommended further
investigation of neuropsychological impairment in pilots.

The Department for Transport Aviation Health Working Group (AHWG) commissioned Cranfield Universityto carry out air cabin

monitoring for contaminants on 100 flights across five different aircraft types & the BAe 146, the Boeing 757 and the Airbus

A319, A320 and A321." A series of air samples were taken at defined points during all phases of flight (climb, cruise and

descent) with the objective of detecting and identifying any VOCs, semi  -VOCs, particles and carbon monoxide. In the case

of some of the substances tested for, the European Standard, 6 A/ rcr aft I nternal Al r Qual ity
Determina t i on M6 EN46K32009) set health and safety limits. In the absence of a specific cabin standard or limit,

the study referred to other standards and guidelines established for domestic or occupational exposures.

The report, published in March 2011, found that no guidelines or standards were exceeded. Specifically, the Workplace
Exposure Limits (WELS) established by the Health and Safety Executive (HSE) for organophosphates including tri -orthocresyl
phosphate (TOCP), the most toxic form of TCP, and tributyl phosphate (TBP) 8 were not breached. % Indeed, it was noted that
in 95% of the cabin air samples, no detectable amounts of TOCP or other TCPs were found. TBP was detected more routinely,
but not in the majority of samples; TBP levels were highestduring first engine start.?* Levels of other substances, such as
carbon monoxide, toluene and xylenes, were comparable to levels of indoor pollutants seen in domestic homes. 2

The AHWG also commissioned the Institute of Occupational Medicine (IOM) to determine whether there was contaminant
residue which had accumulated over time on the internal surfaces of cabins. The study focused on the residue of 4
organophosphates & TCP, TBRbutyl diphenyl phosphate (BDPP) and dibutyl phenyl phosphate (DBPP). A total of 17 aircratft,
5 airport-based vehicles and 2 offices were evaluated, with a total of 86 locations sampled. The report was published in
March 2012. % TBP, BDPP and DBPP measuréd the surface deposits from aircraft cockpits were generally higher than those
from passengerseats, with the exception of the BAe 146. The levels of TBP, BDPP and DBPP were higher in aircraft and airport
vehicles than in offices. Factors potentially con tributing to these differences included

1 Proximity to oil sources;
The presence of electronic equipment;
Cleaning regimes;
External sources of organophosphates ; and
Lighting levels, which may promote the decomposition of the organophosphate compounds.

= =4 —a -

BCAA, o06Cabin Air Qualitydé (CAA Paper 2004/ 04, February 2004) Chapter
< http://www.skybrary.aero/bookshelf/books/2083.pdf >accessed11 September2014).
1 ibid Chapter 1, Section 5.
15 Department for Transport (n 10).
16 COT (n 3) [85].
7 ibid [86].
18 ibid [94].
Yl nstitute of Environment and Health, Cranfield UniverMarch3011l) 6 Ai rcr aft
< http://www.cranfield.ac.uk/about/people  -and -resources/schools-and -departments/school -of-applied -sciences/groups -institutes-
g)ndcentres/ieh -reports-/air-pollution/aircraft -cabin -air-sampling -study partl.pdf > accessed 11 September 2014.
Ibid.
21 |pid.
22 bid.
21 0M, o6casumfa#adé¢e Residue Study: Reportdé (Research Report TM/11/06, Ma
< http://www.iomworld.org/pubs/IOM_TM1106.pdf >accessed 11 September 2014.
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The amount of TCP measured was highest in planes. Estimates were then made of the theoretical maximum airborne
concentrations of TCP and TBP; these estimated concentrations were low and comparable to earlier studies.

In April 2013, Schindler et al investigated the levels of organophosphate metabolites in aircrews by analysing urine
samples.* Levels of some organophosphates & butnot TCP&were found to be significantly higher compared with unexposed
persons. None of the samples contained TOCP metabolites above the limit of detection. It was concluded that elevated
metabolite levels could be dueto  dume events dor due to release of commonly used flame retardants from the highly flame
protected environment in the aircraft. In any event , there was a slight occupational exposure of air crews to
organophosphates.

In December 2013, after discussing the issue and considering the research, the COT adopted an agreed position paper
with respect to cabin air. It concluded:

OMore generally, t heahatadomienmechargse forahe illisess thathas been reported in temporal relation
to fume incidents is unlikely. Many different chemicals have been identified in the bleed air from aircraft engines, but to
cause serious acute toxicity, they would have to  occur at very much higher concentrations than have been found to date
(although lower concentrations of some might cause an odour or minor iritation of the eyes or airways). Furthermore, the
symptoms that have been reported following fume incidents have  been wide -ranging (including headache, hot flushes,
nausea, vomiting, chest pain, respiratory problems, dizziness and light -headedness), whereas toxic effects of chemicals tend
to be more specific. However, uncertainties remain, and a toxic mechanism for s  ymptoms cannot confidently be ruled
ouro

The CAA endorses this position?

InJanuary 2014, Schindleret al soughtto determine whether aircraft technicians were exposed to organophosphates. Levels

of metabolites were established from urine samples. Ag ain, no TCPs were detected, butthere were significantincreases in
other organophosphates post -shift compared with pre -shift. It was concluded there was occupational exposure to
organophosphates and further studies were necessary to collect information on sources, routes of uptake and varying
exposures during different work tasks, possible health effects and protective measures. %

In June 2014, de Boer et al highlighted the current gaps in understanding concerning cabin air quality. % They noted that
measured levels of possibly toxic substances in cabins contain a very high level of uncertainty and there are no proper
studies considering doses during an actual dume event & Further, they noted that studies so far have failed to consider
individual sensitivities.

DISCUSSION AND FURTHER DEVELOPMENTS

There does not appear to be, on the evidence so far, any proven risk to those on aircraft from organophosphate exposure
as a result of dume events @3 aerotoxic syndrome does not appear to exist. Indeed  Professor Michael Bagshaw, a professor

of aviation medicine at Kingds Coll edsoLdmdom,s scnelndddd ci re vAw
to establish to date, the amounts of organophosphates to which aircraft crew members could be exposed, even over
multiple, long -t er ms exposur e, are [insuff¥Pcient to produce neurotoxicit

Despite the COT concluding that there is unlikely to be any toxicity arising from dume events§ it has not ruled out the
possibility.Indeed, there are considerable gaps in knowledge as de Boer et al have identified. Moreover, it has previously
endorsed ongoing research. The COT&6s position paper i s uel i kel

%Schindler et al, &6Occupational Exposure of Air Crews to Trdarcresyl P
Fume Eventso (2013) httpiwwk.ncbi.nim.milmgowpabméd/28179%56 <>accessed 14 September 2014.

%COT, O6Position Paper on Cabin Airdé (December 2013)

< http://cot.food.gov.uk/cotstatements/cotstatementsyrs/cotstatements2013/cotpospacabair ~ >accessed 11 September 2014.

®CAA, O0Cabi ndwhatistheQQaulailtitx y of Air on Board an Aircrafto (fags)

< http://www.caa.co.uk/default.aspx/default.aspx?Catid=923&pagetype=70&gid=924&faqid=907 >accessed 11 Septem ber 2014.
’Schindler et al, O06Exposure of Aircraft Maintenance TechniPdil @ns Stta d@r
(2014) 217 Int J Hyg Environ Health 34.

®de Boer et al, O0Tricresyl Pho $Hight&eweMembedsdCher Aat oGagsci SyKdowmedged (

Chemosphere < http://www.ncbi.nlm.nih.gov/pubmed/24925093 > accessed 11 September 2014.

®Mi chael Bagshaw, OHealnhhsEf hediscaofafColCadmn Aird (Summary Report v2.
< http://www.asma.org/asma/media/asma/Travel -Rublications/Health -Effectsof-Contaminants -in-Aircraft-Cabin -Air-Report-v2-5-Aug13.pdf >

accessed 17 September 2014.
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of @erotoxic synd romed The Aerotoxic Association is one such example, as noted above. Moreover, following the release
of the COT86s position p a p*earconsulantclidiaalnaunopsychatokistat @GLewroR tothe COT on
13 May 2014, criticising the wa y in which her own study had been dismissed by the Committee and its failure to properly

evaluate her study. *

With respect to further developments, on 14 July 2014 , British Airways circulated an email to crew updating them on the
latest evidence and providing incident reports to report any  dume events dill-health effects. *

On 31 August2014, it was reported that medical experts believe that former British Airways pilot, Richard Westgate, who died
aged 43 in December 2012, died of sustained exposure to organophosphates.  * Westgate suffered symptoms including
headaches, loss of memory and numbnessin hislimbs. Abou -Doniaet al carried out a number of tests pre - and p ost-mortem
and noted:

0D/ fferenti al di agnosi s showed that t he work environment, cl i
nervous system injury are consistent with organophosphate -induced neurotoxicity. The results also showed that expos ure to
organophosphates rendered the nervous system and heart tissue sensitive and predisposed to further injury 0 .

They concluded:

60One s drawn to the concl usi on that the most !/ | k @idyced c a u s e
neurotoxic ity

Abou-Doni a sai d Westdganebefcabe wasst cases ofheloadeuerseerpHegado hat e p

6/ n all my speci aslpescadf itcesawst damt inbeoudrioes he was the worst by f
overlooks vital components of organophosphate poisoning: the combined effects of multiple compound exposure o)

repeated low dosage exposure is justas dangerous as a singlelarge dose (often more so)  dand the genetic predisposition

to toxicity of the indivi dual 6 s° genesd

An inquest into Westgateds death is ongoing, th® outcome of wh

On 4 August 2014, the Daily Express published an article where it was claimed by TravelWatch that travellers need more
warnings on to xic air after 15 passengers apparently suffered stinging eyes, sore throat, coughing and nausea after a dume
eventoéon a flight from Bulgaria to Manchester. ¥

As to the position of pilots, BALPA states in a position statement of 1 January 2013 , that their thinking is aligned with that of
the European Cockpit Association and Building Research Establishment (ECA).** The ECA®s posi tion dates f
It says:

30 An expert heavily involved in research on organophosphate sheep dips, pesticides, Gulf War syndrome and now aerotoxic syndrom e.

She was one of the claimant expertsin the original Organophosphate Litigation concerning sheep dips, which concluded in the Court of

Appealas Snell v Robert Young & Co Ltd [2002] EWCA Civ 1644, [2003] CP Rep 25.

51 < http://aerotoxic.org/wp -content/uploads/2014/05/S.M.Ross-cotletter2014v2.pdf >accessed 11 September 2014.

2 < http: //aerotoxic.org/wp -content/uploads/2014/07/British -Airways-email -to-crew.pdf > accessed 14 September 2014.

¥pDavid Learmount, OBA Crew Autopsies Show Organophosphate Poisoningd
< http://www flightglobal.com/news/articles/ba -crew-autopsies-show-organophosphate -poisoning -402138/> accessed 15 September

2014.

% Abou-Donia et al, ©6Autoant i bodynamassdciatedsvithpdst -matan histbpatticdogicalaleratiarts of a

neurologically -i nj ured pilotd (2014) 14 Journal of Biological Physics and Che
< http://www.farmlandbirds.net/site s/default/files/autoantibody%20markers¥%20westgate 0.pdf >accessed 15 September 2014;

< http://www.colbas.org/jbpc/poap.htm > accessed 15 Sept ember2014.

35 See Learmount (n 33). It is worth noting that Professor Abou-Donia and Dr Mackenzie Ross are the claimant experts of choice inthe fields

of organophosphate sheep dips, pesticides, Gulf War syndrome and now aerotoxic syndrome, alongside Dr Pe ter Julu and Dr Goran

Jamal.

%David Learmount, OUK Coroner Investigates OAerotoxico6 Cased (Flightog
< http://www.flightglobal.com/news/articles/ukcoroner _-investigates-39aerotoxic39 -case-398272/> accessed 16 September 2014.
"Ted Jeory, O0OTravellers ONeed More Warnings on Toxic Aird (Daily Expr

< http://www.express.co.uk/news/uk/494959/Travellers-need -more-warnings-on-toxic-air> accessed 11 September 2014.
®¥BALPA, 0Cabi htp#www.balpa.erg/Abouy {BALPA/Publications/PositiorBtatements/Cabin -AirQuality.aspx > accessed 11
September 2014.

7| Page


http://aerotoxic.org/wp-content/uploads/2014/05/S.M.Ross-COTletter2014v2.pdf
http://aerotoxic.org/wp-content/uploads/2014/07/British-Airways-email-to-crew.pdf
http://www.flightglobal.com/news/articles/ba-crew-autopsies-show-organophosphate-poisoning-402138/
http://www.farmlandbirds.net/sites/default/files/autoantibody%20markers%20westgate_0.pdf
http://www.colbas.org/jbpc/poap.htm
http://www.flightglobal.com/news/articles/ukcoroner-investigates-39aerotoxic39-case-398272/
http://www.express.co.uk/news/uk/494959/Travellers-need-more-warnings-on-toxic-air
http://www.balpa.org/About-BALPA/Publications/Position-Statements/Cabin-Air-Quality.aspx

3C

BC LEGAL

BRINGING CLARITY

6Cabin air contami nati on by chemi cal s [ r onrtauseskort ienmgeéakheffeasi | , /s
which compromise flight safety when a fume event occurs. ECA wants to raise awareness with regulatory bodies at EU level

that improvements can be made to existing procedures. At the same time ECA calls for continuous develop  ment of new
technologies that can assistin further reducing the occurrence and effects of fume events. Studies need to be run to identif y

iflong-t erm heal t h®*effects existd

Although the evidence indicates toxicity is unlikely,the COT has nevertheless advised it would be desirable to prevent  dume
eventsé What progress has been made in this regard? As to the aircraft manufacturing industry, it has largely failed to
implement any preventative measures. With respect to Airbus, itappears to believe there  is noissue with air contaminants.
John Leahy, Chief of Operations, referred to the possibility of air cabin contaminants as 0 a b s;de canfirmed none of
Ai rbusd ai @leadaifdtee.vindedd, itbrew A350 XWB aircraft, which isin the late stages of flighttesting and due
to be first delivered later this year, ** has adopted a d/eed air 6system for cabin air. > Meanwhile , Boeing has taken some
measures, introducing the 787 aircraft which does not use d@/eed air &or cabin air. That said, the removal of the d/eed air 6
system does not appear to have been related to concerns about cabin air contaminants; instead, Boeing says the system
was so designed to improve fuel consumption. “* Moreover, a d/eed air Gsystemremai ns on Boei ngds othee her n
latest incarnation of the 747, the 747 -8.* With respect to the airlines, some action has been taken. For example, in 2012,
Lufthansa announced that it was working to reduce  dume events don its fleet of Airbus A380 aircraft. “> The airline said that it
had experienced an unusual number of such events, particularly when outbound from Singapore 0 the airline said it
suspected that climate conditions might have had a causal role. Itinsisted, however, that dume events & o not cause health
problems and that measures were being taken to avoid unpleasantodours inthe cabin. It subsequently installed protective
covers in front of the d@/eed air dnlets inside the Rolls Royce Trent 900 engines to prevent dume events 1t also commissioned
the installation of sensors in cockpits to record concentrations of substances in the cabin air once pilots notice an unusual
odour. Could it be that , in the fullness of time, the positions adopted by manufacture rs and airlines have an impact on any
future claims? We will consider this issue in the next part of the series.

CONCLUSIONS

Current evidence indicates that the occupants of aircraft can be exposed to organophosphates. The apparent source of

this exposure is contaminated air as a result of dume events 6 However, the levels of contaminants are not anything like the
known hazardo us levels. Accordingly, the current medical and scientific evidence indicates that @erotoxic syndrome édoes
not exist. If it does exist, it has not yet been proven. There remain considerable gapsin our knowledge, particularlythe le  vels
of contaminants d uring actual dume eventsd Could it be that these as yet unknown levels are high enough to induce
neurotoxicity? Perhaps legal claims are in the air after all. With this in mind, in the next part of the series we considert he
obstacles that would have to be surmounted in any future claim.

Feature:

Aerotoxic Syndrome Claims: in the Air? o Part 2
Edition 65 of BC Disease News @6 September 2014 )

INTRODUCTION

A developing field of interest for disease practitioners isso -called 6 a er ot o x i c, a sopditichthatisesdid to arise from
exposure to contaminants in the air of aircraft cabins that have their source i n aircraft engines. This feature series explores

®ECA, OECA Position Paper on Cabi n btgsiww@.eunocockpit.be/storieis/20020125/egsb - J anuary 201
positionpaper -on-cabin -air-contamination >accessed 11 September 2014.
“YAerotoxic Associationg 4A&#Kr B wbttp/agrétdxic.oralblog/dirbus babserd -airbusurd/> accessed 14

September 2014.
“Airbus, 6The A350 XWB Embar ks on F ihttp#iww&3s0xwbicon/timeline/l0837 >fatcessed 1@ (24 Jul vy
September 2014.

2Bl ogjfa, ©06A350 XWB Cabin Air Qualit y50]COutside’ (A350XWB News, 16 November2012) e Fl i ght
< http://bloga350.blogspot.co.uk/2012/11/a350 -xwb-cabin -air-quality -wil-make.html >accessed 12 September 2014.

“Boei ng, -Beg@dSysteids Saving Fuel and EnhancingOper at i onal Efficienciesd (Aero, QTR_4.07)
< http://www.boeing.com/commercial/aeromagazine/articles/qtr 4 07/article 02 2.html  >accessed 12 September 2014.

“Berrard Fitzsimons, 06Cabin htip#wwimroinetwork.com/analysis/2003/08/cabinr -airysystems/1455>

accessed 16 September 2014.

“Jens FIl ott aWwo,r kilLnugf tthoa nRseaduce A380 Cabin Fume Eventsd (Aviation Week,
< http://aviationweek.com/awin/lufthansa -working-reduce -a380-cabin -fume -events>accessed 12 September 2014.
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the background to the issue, whether it can be said that @erofoxic syndrome bexists and the obstacles any future claim will
have to surmount. The first part of this series focused on the background to the issue and whether there is such a thing as
bdaerot oxi ¢ ltxgncudeddhate,fon the current evidence , it cannot be said that @erofoxic syndrome fexists.
Nevertheless, the possibility of claims is clear. The second part of this series therefore considers the obstacles that future
claims will have to surmount to succeed.

THE APPLICABILITY OF ENGLISH LAW

Intuitively, any claim brought by an employee member of aircrew for organophosphate  -induced neurotoxicity is likelyto be
presented as a claim for negligence or breach of statutory duty. But a preliminary issuethat requires determination before
those claims are considered is whether En glish law appliesto the claim at all. After all, whilesome of the  dume events dthat
are alleged to result in neurotoxicity will occur in British airspace, where they will be subject to English law, “® many wil
inevitably occur in international airspace or airspace belonging to another nation. Does English law apply in these situation s?

One option of course is that the parties to the claim & the employee aircrew member and the employer airline & willhave
freely contracted in advance for any disputesto be resolved according to Englishlaw. Similarly, the parties may contract
after-the-event that any disputeis to be resolved according to Englishlaw. Thatis an entirely acceptable resolution thatis
endorsed by article 14 of Regulation 864/2007/EC (the 6 Rome [/ /| Foe the lavwaapplicabléto non -contractual
obligations).

Beyond an agreement to be bound by English law, it might be thought that the applicable law could be derived from the

Convention for the Unification of Certain Rules for International Air Carriage (1999) (t he 6 Mont r eal Yosincedlays/ on 6
down rules for the carriage of persons by air. However, itis clear from the terms of the Convention that the relevant rules only

applyto the passengers on board the aircraft, not the aircrew. Therefore the Convention will not regulate a cl aim made by

a member of aircrew against their employer for organophosphate  -induced neurotoxicity.

Thesolution to the issue appears to reside in the Rome Il Regulation, which seemingly applies to events givingriseto damag e
that occur after 19 August 200 7, where the applicablelaw is determined by the court on or after 11 January 2009.  “*® Thus it
would apply to dume events 6occurring from 20 August 2007 onwards , where the applicable law was determined after 10
January 2009. Although the Regulation does no t make express provision for torts committed on aircraft, ithas been submitted
that such torts fall within the general rule of the Regulation. “° The general rule is that the applicable law is the law of the
country in which the damage occurs (manifests its elf),*® irrespective of the country in which the event giving rise to the
damage occurred and irrespective of the country or countries in which the indirect consequences of that event occur:
article 4(1). However, where the claimant and the person allegedt o be liable both have their habitual residence in the
same country at the time when the damage occurs, the law of that country applies: article 4(2). *! Finally, where it is clear
from all the circumstances of the case that the tort is manifestly more closel y connected with a country other than that  which
isindicated by articles 4(1) and 4(2), the law of that country  applies : article 4(3).

Applying those rulesto an 6 aer ot o x i c clanyivwillnotrabvdys be clear where the organophosphate  -induced
neurotoxicity/aerotoxic syndrome occurred , since it entails a number of symptoms which do not necessarily immediately

result from exposure; there may be a latency period in those cases w here there is prolonged low -level exposure. It is
suggested , therefore, that damage 6 o ¢ ¢ whersitds medically diagnosed, which will ordinarily be in England or Wales for

aircrew that live in England or Wales. Thus, English law would apply , as that is the country in which the damage d6 oc c.lnr s 6
any event, it will ordinarily be the case that both the claimant member of aircrew and defendant employer airline will be

habitually resident in England or Wales, therefore English law would apply. Finally,itwi llalso ordinarily be the case that the
alleged breach of duty will manifestly be most closely connected with England and Wales, where the aircraft will normally

be maintained, the airline will have a base, and the member of aircrew will be based. Accordin gly English law would also

apply in consequence of that formulation.

46 English law would apply since Britain has complete and exclusive sovereignty over the airspace above its territory: article 1 of the
Convention on International Civil Avi ati on ( 19dlybytheClvilhAgiaticnBdii982a go Conv e
and the orders and regulations made under it. A nat i oi€dngentibreBritish t ory i n
territorial waters extend 12 nautical miles from baselines established by O rderin Council, which are normally the low -tide mark: see the

Territorial Sea Act 1987.

47 Enacted in the Carriage by Air Act 1961, Schedule 1B.

48 See Baconv Nacional Suiza Cia Seguros Y Reseuros SA [2010] EWHC 2017 (QB) [61].

“Hal sburyds |2alt)sol 195ar&657% d n

®That occurrence should be treated synonymously with manifegamti on arp
v BAI (Run off) Ltd (in scheme of arrangement) [2012] UKSC 14, [2012] 1 WLR 867.

51 The habitual residence of a company, such as an airline, is the place ofiits central administration: article 23 of the Regula tion
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LEGAL OBSTACLES

Having determined that English law would applytoa potential claim made in England or Wales, attention can now be given

to the legal issues that would have to be surmoun ted in particular claims. As it has already been said, such claims are likely

to be for negligence and/or breach of statutory duty, both of which require proof that ad uty of care was owed & that this
duty was breached & and thatthe breach caused damagei n consequence. Issues may arise with each of these elements.

DUTYOF CARE

With respect to the duty of care in negligence, itis trite law that a duty only arises when the risk of harm is reasonably
foreseeable; there must be knowledge of the risk or the risk ought to have reasonably been foreseen. In an @erotoxic
syndrome éclai m, what the defendant airline would know or could be expected to know would depend wholly on the state

of the knowledge at the material time. The test was established by Swanwick J, in Stokes v Guest, Keen and Nettlefold (Bolts
and Nuts Limited).

0 T bwverall test is still the conduct of the reasonable and prudent employer, taking positive thought for the safety of his
workers in the lightof what he knows or ought to know; where there is a recognised and general practice which has been
followed for a s ubstantial period in similar circumstances without mishap, he is entitled to follow it, unless in the light of
common sense or newer knowledge it is clearly bad; but, where there is developing knowledge, he must keep reasonably
abreast of it and not be too  slow to apply it and where he has in fact greater than average knowledge of the risks, he may

be obliged to take more than average or standard precauti

Applying this test in lightof knowledge (or lack of knowledge) about the toxicity of cabin air (discussed above ), it becomes
clear that it would be difficult for a claimant member of aircrew to establish that a duty of care arises in respect of dume
events@ and certainly in relation to exposure to organophosphates.  While it is foreseeable that dume events boccur, the
evidence suggests they do not cause exposure to levels of organophosphates that can induce neurotoxicity. Since the
evidence has not established that the risk of this type of harm isreasonably foreseea ble, itisarguable no duty of care arises
in respect of it. Moreover, even if aduty could be established, it might be possibleto establish itonly inrelation to particular
aircraft which are knownto suffer dume events dmore often, resultingin more f requent & and possibly higherlevel 0 exposures
to organophosphates. This would likely require statistical and engineering evidence that particular aircraft or engines, or
indeed specific combinations of particular aircraft and engines, are more susceptibl eto dume eventsd For example, of the
aircraft identified as being of particular concern, the Bae 146 andthe Boeing 757, there a multiple airframe iterations and
engine options. As to the BAe 146, airframes include the Bae 146 -100, -200, and -300, as well as the Avro RJ70, RJ85 and
RJ100%® Engines include the Lycoming/AlliedSignal /Honeywell ALF 502R-3, ALF 502R5, and the LF-507. With respect to the
Boeing 757, airframes includethe 757 -200and 757 -300, while engines include the Rolls - Royce RB211-535¢, RB211535E4,
and the Pratt and Whitney PW2037, PW2040and PW2043.% It may be thatonly specific combinations of aircraft and engines
could give rise to a duty of care.

As to statutory duties, the Control of Substances Hazardous to Health Regulations 2002 apply , since organophosphates are
captured by the definitonof 6 su b st ance haz a® Régulaton7(1) of thee2002 Reégdiations provides that every
employer must ensure that the exposure of his employees to substances hazardous to health is either prevented, or where
that is not reasonably practicable, adequately controlled. Specifically, regulation 7(7)(b) provides that control of exposure

will only be regarded as adequate if any workplace exposure limits are not exceeded. Workplace exposure limits have
been set both for tricresyl phosphate (TCP) and tributyl
TCR the long -term exposure limit (over an 8 -hour time-weighted average reference period) is 0.1 mg/m3; the short -term
exposure limit (over a 15 minute reference period) (STEL) is 0.3 mg/m3.% The longterm exposure limitfor TBP is 5 mg/m3 and
the STEL is also 5 mg/m37 Thus the duty is to ensure that exposure to organophosphates is prevented, or where that is not
practic able, to at least below the workplace exposure limits. Although the 2002 Regulations apply, it is important to note
that breaches of them from 1 October 2013 are no longer actionable , following the commencement of section 69 of the

52[1968] 1 WLR 1776, 1783.

6 The British-1Mé&Ho ¢ Aa o hitp:lwww.airinersnet/aircraft -data/stats.main?ld=45 >accessed 25 September 2014,
6The British Aerospace Avhttp//wrg.airlinhérg&net/aifcraff-datalstdts.mainidedZ - accessed2 September
2014.

6 The Boei0md 7(5A7 r http:/iwww.airlinersnet/aircraft -data/stats.main?ld=101 >accessed25Sept e mber 2015
Boeing757-3 006 ( Al r http:wsw.airlinersnetfaircraftdata/stats.main?ld=102 > accessed 25 September 2014.

%5 See regulation 2(1).

onsao.

phosrg

6The

HSE, OEH40/ 2@O0ExWoskpkalLimitsod (Secon-tadyphosphaeen, 2011) 29. Listed as

57 Ibid.
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Enterprise and Regulatory Reform Act 2013, which amended section 47 of the Health and Safety at Work etc. Act 1974 to
abolish civil liability; accordingly , the Regulations only impose an actionable duty for pre -1 October 2013 exposures. *®

Another statutory duty that migh t be applicableisregulation 6 of the Civil Aviation (Working Time) Regulations 2004, which
provides that an employer must ensure that each crew member , employed by the employer is , at all times during the course
of that employment , provided with adequate health and safety protection and prevention services or facilities appropriate

to the nature of the employeebds empl oyment. Unl i ke the 2002 R
under the Health and Safety at Work etc. Act 1974 and are the refore unaffected by the abolition of civil liability under that
Act. However, itis not at all clear that a breach of regulation 6 of the 2004 Regulations attracts civil liability; whether it does

depends upon whether the intention of the Regulations,con sidered as a whole and inthe ¢ ircumstances in which they were
made and to which they relate, was to impose an enforceable duty. %

BREACHOF DUTY

Turning to the issue of breach of duty, if it isassumed for a moment that a common law duty of care was established, could

it be said that it had been breached by the defendant airline if aircrew were exposed to organophosphates during dume
events®@ Putdifferently, would it be a breach of duty not to prevent exposure to organophosphates? For example, would it

be incumbent on all airlines to fit protective covers in front of the  d/eed air dnlets inside of enginesto prevent dume events§
as Lufthansa has done with its A380 aircraft? Or, would it be incumbent on airlines to use oils and lubricants that do not
contain TCP, such as French c o nfp &ertginly Nhese ondeasure§ wwauldl ceradicate i | 600
organophosphate exposure, as the Committee on  Toxicity has recommended, butwould failure to adopt these measures
fall short of the standard of care? Given that the evidence indicates no harmful levels of organophosphates enter the cabin
airduring dume events danyway, it is certainly arguablethat no particular measures need to be taken to meet the standard

of care, beyond ensuring that aircraft are well -maintained so that oil seal failures 6 and the resulting dume events 8 remain
the rare occurrences thatth e statistics indicatethey are. As the evidence presently shows that there is no established danger
from dume events§itis arguable that no specific action needs to be taken in relation to them. It is by no means clear that
failing to eradicate  dume eventsdor removing organophosphates from contaminants) would amountto a breach of duty.

With respect to the breach of statutory duties, regulation 7 of the Control of Substances Hazardous to Health Regulations
2002 requires exposure to organophosphatest o be prevented or, where that is not reasonably practicable, at least kept to
below the workplace exposure limits. All of the evidence indicates that the workplace exposure limits are not exceeded
during dume events § so the exposure is at least adequatel y controlled. The issue is whether itis reasonably practicable to
prevent exposure altogether? It is certainly possible in engineering terms, and it is at least arguable that it would not be
unduly onerous for airlines to install protective covers inside engines or to opt for oils and lubricants that do not contain
organophosphates to prevent exposure altogether. There is a prospect that this duty would be found to have been breached

in any future claim.

Finally, as to the 2004 Working Time (Civil Aviation) Regulations, regulation 6 requires employers to ensure that each crew
member, employed by the employer , is, atalltimes during the course of that employment , provided with adequate health
and safety protection. Given that the evidence indicates there is no established risk of harm from dume events dgenerally,
or from exposure to the low levels of organophosphates during dume events§ it is certainly arguable that no specific
protection needs to be provided to aircrew  to guard their health or safety. Merely maintaining the aircraft in the ordinary
way could be said to provide adequate protection.

CAUSATION

The greatest obstacle for any claimant member of air crew would undoubtedly be causation. The claimant would have to
prove, on the balance of probabilities,that , but for the exposure to organophosphates during  dume events §they would not
have sustained harm. This requires them to prove thatitis more likely than not that, firstly, their condition is the conseq uence
of exposure to organophosphates, and secondly, that they were exposed to sufficient quantities of organophosp  hates on
aircraft (rather than from another source) such as to induce their condition. On the present evidence , proof of these elements
is most unlikely. As was noted in part 1 of this series, the Committee on Toxicity has concluded that the symptoms repor ted
following dume events Gre wide -ranging and do notbear the specific hallmarks of neurotoxicity, and the evidence indicates

58 See Enterprise and Regulatory Reform Act 2013 (Commencement No.3, Transitional Provisions and Savings) Order 2013, article 2( f).

%9 X (minors) v Bedfordshire County Council [1995] 2 AC 633, 731.

David Learmount, O0Toxic Fumes in Airliner Cabins Ignored by Authorit
< http://www flightglobal.com/news/articles/toxic -fumes-in-airliner-cabins -ignored -by -authorities-223448/ > accessed 24 September 2014.
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that the levels of organophosphates present during dume eventsdare not nearly high enough (according to current
knowledge)to induce neurotoxicity. Thatbeing the case, itis difficultto see how a claimantmember of aircrew could prove
causation based on current evidence. In short,  @erotoxic syndrome éclaims would be most unlikelyto succeed for want of
proving causation.

AEROTOXIC SYNDROMELAIMS IN PRACTICE

Having identified the difficulties in bringing a claimfor  &erotoxic syndrome § itis unsurprising to note that there have been
no known successful claims inthe UK for @erofoxic syndrome 6 However, there is certainly the prospect of future claims being
brought. The family of former British Airways pilot, Richard Westgate, have indicated they will be bringing a claim, and the
firm of solicitors acting for them, Cannons Law, has indicated itis handling around 50 similar cases.®

Meanwhile, there has been litigation in other countries. Of particularinterest is the Australian decision of the New SouthW ales
Dust Diseases Tribunal in7umer v Eastwest Airlines Ltéf The claimant brought a claim againsther former employer, Eastwest
Airlines, for injuries allegedly sustained after being exposed to thick smoke during a 20 minute dume event don a BAe 146
flight to Brisbane, in 1992. The claimant, who was 5 months pregn ant at the time of the incident, said she experienced
coughing, a burning throat, sore eyes and headache. Her cough became chronic and she brought a claim, contending

her former employer had negligently exposed her to fumes, chemicals and dust, resultingi  n the chronic cough. The tribunal
agreed, holding that the dume event dwas foreseeable and that , on the facts, reasonable care had not been taken to
prevent it. It also held the toxic particles of vaporised Mobil Jet Oil caused her respiratory problems. The claimant was
awarded approximately $129,000 USDin total. The defendant airline appealed to the New South Wa les Court of Appeal
and then to the High Court of Australia, but lost both appeals. ® While this claim was successful, it isimportant to note that it
was not presented as an organophosphate -induced neurotoxicity/aerotoxic syndrome claim. The court accepted that
pyrolysed oil was harmful to the respiratory system, not that it was neurotoxic.

There has also been litigation in the United States. In 2002, a jury in Seattle rejected a claim brought by 26 Alaska Airline s
flight attendants against Boeing and Hone ywell, contending that exposure to toxic contaminants during  dume events on
McDonnell Douglas/Boeing MD -80 aircraft had caused their illnesses, ranging from flu -like symptoms to brain damage. The
jury said causation had not been established.

INn2007,t he Cal i fornia Workersd Compensati on,RBtoMedirth, afansthedemployerf, avour
Northwest Airlines. The claimant alleged that exposure to contaminants, including organophosphates, during a dume event 6

caused injury to her respiratory system, immune system, head, and neurological system. The Board agreed that exposure

had resulted in respiratory illness, but not damage to the immune system or neurological system; there was no medical

evidence to support damage to the immune or neurological systems. She was awarded damages for her respiratory

disability and other economic losses. ® Again, like the Australiandecision in Tumey the court only accepted that pyrolysed

oil was harmful to the respiratory system, not that it was neurotoxic.

However, in 2011, former American Airlines flight attendant , Terry Williamswas believed to be the first person in the US to
settle an @Gerotoxic syndrome éclaim againstBoeing. She contended that the aircraft manufacturer knew its MD-82 aircraft
and dleed air 6system were defective, but did nothing to prevent  dume events§ or exposure to toxic contaminants , as
American Airlines flight843 taxied to the gate at Dallas Airport , on 11 April 2007. The dume event dallegedly ¢ aused her to
suffer tremors, memory loss and severe headaches. Settlement was confidential. ©

The preceding comparative analysis shows thatthere has not, sofar, been asingle successful claimfor  @erofoxic syndrome 6
While some courts have accepted that dume events ocan result in respiratory harm, none have been prepared to accept
they are neurotoxic. Further claims will, however, indubitably follow.

51 | earmount (n 33).

62 [2009] NSWDDT 10.

63 See [2010] NSWCA 53 and [2010] hcatrans 238.

“Byron Acohido, 06XJuhrnty ARdjeenadtasn tAsidl iLnagvsFuiit 8 (USA Today, 20 May 2002)

< http://usatoday30.usatoday.com/money/biztravel/2002 -05-21-toxic -air-verdict.htm > accessed 25 September 2014.

“Ruth Medina v Northwest Airlines [ 2005] hitp/laekotoxicotghews/ruth -medina-v-i at i on, 14
northwestairlines-2005/> accessed 25 Septem ber 2009.

Mi ke Danko, O6First Settlement in Bleed Air Fume Event Cased6 (Aviatio
< http://www.aviation lawmonitor.com/2011/10/articles/lawsuits -1/firstsetiement-in-bleed -air-fume-event-case/>accessed 25 September

2014

12| Page


http://usatoday30.usatoday.com/money/biztravel/2002-05-21-toxic-air-verdict.htm
http://aerotoxic.org/news/ruth-medina-v-northwestairlines-2005/%3e
http://aerotoxic.org/news/ruth-medina-v-northwestairlines-2005/%3e
http://www.aviationlawmonitor.com/2011/10/articles/lawsuits-1/first-settlement-in-bleed-air-fume-event-case/

3C

BC LEGAL

BRINGING CLARITY

CONCLUSIONS

Current evidence indicates that the occupants of aircraft can be exposed to organophosphates during dume events 6 The
apparent source of this exposure is contaminated air as a result of  dume events 6 However, the levels of contaminants are
not anything | ike the known hazardous levels. Accordingly, the current medical and scientific evidence indicates that
@erotoxic syndrome 6does not exist. If it does exist, it has not yet been proven. There remain considerable gaps in our
knowledge, particularly the lev els of contaminants during actual dume events é Could it be that these as yet unknown levels
are high enough to induce neurotoxicity? It has been seen that, on the current evidence, claims for @erotoxic syndrome 6
will have to surmount considerable obstac les, particularly in respect of causation, if they are to succeed. Only further
evidence in time will tell if @erofoxic syndrome éclaims really are in the air.

Feature:

Aerotoxic Syndrome Revisited
Edition 86 of BC Disease News 6 March 2015)

INTRODUCTION

We initially covered the issueof @erofoxic syndrome 6in detail in editions 64 (here) and 65 (here) of Disease News. We now
revisit the topic in the wake of recent , extensive news coverage.

BACKGROUND

It will be recalled from our earlier articles that the issue concerns whether the occupants of aircraft are exposed to
organophosphatesduring 6 f v me  @wadonaft, sedulting inillness. d~ume eventsdoccur because of oil seal failures inthe
dleed air 6supply, which draws hot air from aircraft engines into the cabin air supply, with the result that engine oils and
lubricants d which can contain organop hosphates & can contaminate the cabin air.

Having considered the array of research on this issue,we concluded that the existence of @erotoxic syndrome dwas unlikely
on the current evidence. The culmination of the research was perhaps best summarised by  the Committee on Toxicity in
2013, when it said:

6More generall y, the Commi ttee considers that a toxic mechani s
to fume incidents is unlikely. Many different chemicals have been identified int  he bleed air from aircraft engines, but to

cause serious acute toxicity, they would have to occur at very much higher concentrations than have been found to date

(although lower concentrations of some might cause an odour or minor iritation of the eyes or alirways). Furthermore, the

symptoms that have been reported following fume incidents have been wide  -ranging (including headache, hot flushes,

nausea, vomiting, chest pain, respiratory problems, dizziness and light -headedness), whereas toxic effects of che micals tend

to be more specific. However, uncertainties remain, and a toxic mechanism for symptoms cannot confidently be ruled

outd’

Alongside the evidence, we also considered the prospects of success of a claim for @erotoxic syndrome 6by an employee
member of aircrew againsttheir employer. We concluded that, to ~ demonstrate the existence of a duty of care, breach of
that duty and causation would all be problematic. Indeed, we suggested that claims would be unlikely to succeed,
especial ly on account of the issue of causation.

RECENT DEVELOPMENTS
In our earlier articles, we considered the case of Richard Westgate, a former British Airways pilot, who died aged 43 in

December 2012, noting that medical experts had reported that it was believed he died of sustained exposure to
organophosphates. After pre - and post-mortem tests they concluded:

Committee on Toxicity, 6Position Paper on Cabin Airdé (2013) para vii
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o00One [ s drawn to the conclusion that the most !/ I k ardyced c a us e
neurot &xicityod

Westgate had started flying in 1996 and reportedly experienced  dume events éregularly on BAe ATP aircraft. By 1999 he
reported feeling that his brain was slower than normal, and began to suffer confusion. By 2008, he reported numbnessin his
hands and feet, up to his elbows and knees. His lastflightwas on 2 September 2011. He was referred forin -patientpsychiatric
treatment, in January 2012, but discharged himself 1 month later with no diagnosis ever having been made. A fat biopsy
showed the presence of organophosphate metabolites. In April 2012 , he was consulted in the Netherlands. He was
staggering , with a heavy g ait, and had difficulty walking. There was severe and constant pain, tremors and a decline in
mental acuity. An MRI scan showed no structural defects to explain his symptoms. He was found dead on 12 December
2012. Shortly before he died, itwas diagnosedt hathe had suffered the consequences of exposure to organophosphates. %
We noted, in our earlier articles , that an inquest was ongoing. There have now been developments in that case that have
captured the attention of the national press.

In areport, dated 16 February 2015, Sheriff Stanhope Payne, the coroner in the case and the senior coroner for Dorset, said

that his inquiries had 6 r evealtader ma gi vi ng P /Spedficallyp he saidithag it was of concern that
organophosphate compounds are present in cabin air and that the occupants of cabins are exposed to organophosphate

compounds 6 wi th cohbsEaebu@damage (" dMor¢oveg itwas &f eoacért thafino account is taken of genetic

variation in the human species, such as wouldr ender individuals tolerant or intolerant of the exposure, and that there is no

real-time monitoring to detect organophosphates in cabin air. "? Finally, it was of concern that impairment to the health of

those controlling aircraft may | ead to the death of oc cupants.” The coroner saidthat, inhisopinion, 6t here i s a ri sk
deaths will occur andbmgasactod@shouldbetakes. "t Therepart dias been sent to the Chief Executive

of British Airways and to the Chief Operating Officer of the Civil Aviation Authority, who each have until 13 April 2015 to

respond with details of action taken or proposed to be taken, or an explanation of why no action is proposed. "

Although the report can be said to be the first official recognition inthe UK of  &Gerotoxic syndrome § itis important to note

that it provides no further evidence in support of the existence of the syndrome. Moreover, it does not identify @erotoxic
syndromebas t he cause of Westgat e s-maemaexaminations gaveaduses of dehtalt of eithtee  p o s t
pentobarbital toxicity (drug induced toxicity) or lymphocytic myocarditis, individually or in combination, and that

lymphocytic myocarditis can result from organopho sphate exposure.” That is some distance from identifying &erotoxic

syndromed as the cause of death, given that lymphocytic myocarditis does not exclusively result from exposure to
organophosphates, and the death may have resulted from pentobarbital toxicity in an y event. We smogemt ed s p
reported the presence of pentobarbita |at a potentially lethal level. There was no evidence that Westgate had ever  been

prescribed pentobarbital. 7’

Notwithstanding those criticisms of the report, it nevertheless garnered significant attention in the media. In the Sunday

Tel egrflapfppgesst ory on the coronerds report, it was reported that
family, said:

% Mohamed B Abou -Donia, FRWvande Gootand MFA Mul der, O6Autoantibody Markers of Neural
postmortem Histopathological Alterations of a Neurologically -l nj ured Pil ot dé (2014) Journal of Biologic
(forthcoming).

%9 |bid.

0 Sheriff Stanhope Payne, 6 Regul ation 28: Report to Prevent Future Deaths (2)06 (R
16 February 2015) 2.

" bid.

2 |bid.

7 Ibid.

™ Ibid.

S Ibid.

¢ Ibid. While it is accepted that acute exposure to organophosphatescanr  esultin myocarditis, it is less clear whether chronic, low -level
exposure can induce myocarditis. See, for example: Christohpihkkkgg N Bank
Neurotoxic Organophosphor us C2018)8® Neorotexicaogyb75l nf | ammat i ond (

”MohamedB Abou-Doni a, FRW van de Goot and MFA Mulder, OAutoantibody Marker
postmortem Histopathological Alterations of a Neurologically -l nj ur ed Pil ot 6 ( 20 1sicsahdOhemissyl of Bi ol ogi ¢
(forthcoming).
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6Thi s report [ s dynamite. /'t s the first time a Britishm coron

airsomethi ng the i ndustry has been denying for yearsél D&@st bieenas
ignored f&r so | ongéd

He continues to represent in the region of 50 individuals in other alleged cases of  @&erotoxic syndrome 6 Meanwhil e, a
spokesman for British Airways said it would consider thertcorone
it detail. ”® The CAA added that thereport was 6 not hi ng t hat passengers or crew shoul d b

In other recent developments, in November 2014, a book entitled O0Aerotoxi c SyndbamkeesiAwSadn e@ind
released. % Written by former Pilot, John Hoyte, who founded the Aerotoxic Association and claims to suffer from  Gerotoxic
syndromeditis an account of the alleged evasion of the issue by the aviationindustry. On 27 February 2015, a film , entitled

0A Dar k Rwgréleased, whichié saidto be based on real events and explores the issueof  @erotoxic syndrome § it

was produced by Tri stan Loraine, another former British Airways pilot who claims to s uffer from @erotoxic syndrome &

On 3 March 2015, Robert Goodwill MP, Parliamentary Under Secretary of State atthe Department for Transport, responded
to a question from Angus MacNeil MP , who asked why it was not a requirement to monitor in real -time for organophosphates
in cabin air. Goodwill responded:

o/t has not been shown t hat cabi n air exposures, e -heafie r in
Responsibility for introducing any additional monitoring or detection system on board a commercial aircraft is the
responsibility ofthe EuropeanAv i at i on Safet y* Agency (EASA) O

DISCUSSION AND CONCLUSIONS

While recent events have attracted considerable publicity, no new scientific or medical evidence has been released that
substantiates the existence of @erotoxic syndrome 6 Publicity may, of course, increase the likelihood of claims being brought,
but it will not strengthen any potential claim. In that regard , the position has not changed; claims are unlikely to succeed
on the basis of existing evidence. Our conclusions reached in our initial treatment of this topic remain unaltered.

Feature:

Aerotoxic Syndrome o Further Developments
Edition 95 of BC Disease News (5 May 2015)

INTRODUCTION

We initially covered the issue of @erotoxic syndrome dn detail in editions 64 (here) and 65 (here) of Disease News, and again
in edition 86 (here). We now revisit the topic to detail further recent developments.

BACKGROUND

It will be recalled from our earlier articles that the issue concerns whether the occupants of aircraft are exposed to
organophosphatesduring 6 f v me  e@wadoraft, sedulting inillness. d~ume eventsdoccur because of oil seal failures inthe
bleed ai r supply,which draws hot airfrom aircraft engines into the cabinair supply .Consequently, engine oils and lubricants
0 which can contain organophosphates  d can contaminate the cabin air.

Having considered the array of research on the issue, we conclud ed that the existence of aerotoxic syndrome was unlikely
on the current evidence. The culmination of the research was perhaps best summarised by the Committee on Toxicity in
2013, when it said:

“"Andrew Gilligan, O6Warning Over Toxic Fumes in Plane Cabinsd The Sund
° |bid.
80 |pid.
8John Hoyte, Aerotoxic Syndrome: Aviationds Darkest Secret (Pilot Pre

2SeeFi lomo (A Da r hitp://mww.adarkreflectionicom/index.html > accessed 5 March 2015.
BoAircraft: Air Condbd225641&0: ( Weitpt/wwwiparliamentuk/business/publications/written -
guestionsanswers-statements/written-guestion/Commons/2015 -02-25/225418/> accessed 5M arch 2015.
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OMore generally, the Committ eismfia theibnésdibathas beem edoried in teroporal celative ¢ h a n

to fume incidents is unlikely. Many different chemicals have been identified in the bleed air from aircraft engines, but to

cause serious acute toxicity, they would have to occur at very much  higher concentrations than have been found to date

(although lower concentrations of some might cause an odour or minor initation of the eyes or airways). Furthermore, the

symptoms that have been reported following fume incidents have been wide  -ranging (i ncluding headache, hot flushes,

nausea, vomiting, chest pain, respiratory problems, dizziness and light -headedness), whereas toxic effects of chemicals tend

to be more specific. However, uncertainties remain, and a toxic mechanism for symptoms cannotconfi dentl! y®be rul

RECENT DEVELOPMENSBHE CORONERG®S REPORT

In edition 86, we revisited the case of Richard Westgate, a former British Airways pilot, who died aged 43 in December 2012,
noting that medical experts had reported they believed  he died of sustained exposure to organophosphates. After pre - and
post-mortem tests, they concluded:

60One [ s drawn to the conclusion that t he most osphakearidyced c aus e
neurot &xicityo

Shortly before he died, he was diagnosed as suffering the consequences o  f exposure to organophosphates. %

We returned the ongoing i nqgue dnouripraviousaricee o &reportf, dafed 6 Fepradrye?261s, deat h
Sheriff Stanhope Payne, the coroner in the case and the senior coroner for Dorset, said that his inquiieshad 6r eveal ed
matters gi vi ng® Bpedfieally he saidthat it was of Goncern that organophosphate compounds are present

in cabin air and that the occupants of cabins are expos  ed to organophosphate compounds 6 w/ t h @dial dagmgge

t o t hei FMoteaver, itiwasdt concern that no account is taken of genetic variation in the human species, such as

would render individuals tolerant or intolerant of the exposure, and that there is no real time monitoring to detect
organophosphates in cabin air. ® Finally, it was of concern that impairment to the health of those controlling aircraft may

lead to the death of occupants. * The coroner said that in his opinion, 6 t h e r e /asfutiae deaihs will otctir unless

acti on s 6tug ke atod should be taken. *

The report received significant media attention, as franepageot ed a't
story on the coronerds report, it was reported that Frank Cann
6Thi s report s dynamite. /'t s the first time a Britismh coron

air, something the industry has been denying for years é [see this as animpending tsunamifor the airlineindustry dit 6 s b een
ignored f&r so | ongd.

He continues to represent in the region of 50 individuals in other alleged cases of  @erotoxic syndrome 6

Notwithstanding those comments, we offered a number of criticisms concerning the report. Firstly, we noted, importantly,

that it provided no further evidence in support of the existence of the syndrome. Secondly, it did not identify ~ @&erotoxic
syndromebast he cause of Westgateds de a t-rhortemleraminaiansigave causesofdeathof hat t h
either pentobarbital toxicity (drug induced toxicity) or lymphocytic myocarditis, individually or in combination, and that

lymphocytic myocarditis ca n result from organophosphate e xposure.”® That was some distance from identifying @erotoxic

syndromed as the cause of death, given that lymphocytic myocarditis does not exclusively result from exposure to

8Committee on Toxicity, O6Position Paper on Cabin Airdo (2013) para vili
8 MohamedBAbou-Doni a, FRW van de Goot and MFA Mulder, OAutoantibody Marker
Mortem Histopathological AlterationsofaNeu rologically -l nj ur ed Pil ot 6 (2014) Journal of Biological
86 |bid.

Sheriff Stanhope Payne, O6Regulation 28: Report to Preva@totAutRarty,ur e De a
16 February 2015) 2.

88 |bid.

8 |bid.

9 |pid.

9 Ibid.

2Andrew Gilligan, &éWarning Over Toxic Fumes in Plane Cabinsd The Sund
% ibid. While it is accepted that acute exposure to organophosphates can resultin myocarditis, it is less clear whether chroni c,low-level
exposure can induce myocarditis. See, for exampl e: Chr ividehcelpnkigr N Bank
Neurotoxic Organophosphorus Compounds and I nflammationdé (2012) 33 Neu
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organophosphates, and the death may have resulted f rom pentobarbital toxicity inan y event . We sntogemmt e ds p
reported the presence of pentobarbital at a potentially lethal level. There was no evidence that Westgate had ever been

prescribed pentobarbital.

RECENT DEVELOPMENIBHE RESPONSES

Thereport was sent to the Chief Executive of British Airways and to the Chief Operating Officer of the Civil Aviation Authority,
who each had until 13 April 2015 to respond with details of action taken or proposed to be taken, or an explanation of why
no acti on is proposed. *°

In its response explaining why no further action was proposed, British Airways said that the evidence did 6 not support
conclusion that there is a risk that future deaths will occur unless actionis t a k ,éhatéhe evidence the coron er was presented

with (leadingto hisreport ) was 6 s e / eand that iewas provided only by one interested party. * Itadded that it follows the

6gui dance and resear candtook evelpisc Ir birte ais@ asdids jingledzdasyst ém of monitoring

such eYentsd

Similarly, in its response proposing no further action, the CAA said :

@& there is no positive evidence of a link between  exposure to contaminants in cabin air and possible acute and long — -term
health effects, althoughsu chalink cannot bé& excl udedd

It said it would review its position foll owi regeardthHoa which,sseel t s of
below).*® Furthermore, the CAA said the evidence upon which the report was based was & s e/ g and/thate i6 was
67 nappr ossuéteerepait without first inviting submissions from the CAA®

The inquest itself has not been scheduled.
OTHER RECENT DEVELOPMENTS

Aside from the ongoing Westgate case, it has now become clear that further research is  to be conducted on the issue.On
17 March 2015 , itwas announced that the European Aviation Safety Agency (EASA) had awarded contracts for  research on
cabin air quality. ™ Preliminary research will identify instrumentation to perform cockpit and cabin air ¢ ontamination
measurements, and provide initial indications of air quality levels, before a larger  -scale programme of air quality testing on
commercial aircraft with measurements to be take n during all phases of flight. *** The project will have a total durati on of 20
months, with the final results expected in October 2016. %

Elsewhere, the union, Unite, has now waded into the issue, saying that it would like to see a publicinquiry addres s the
concerns. Len McCluskey, L eader of Unite, said:

oL/ teradury @abi mfcrew members will have experienced a ofume ev
occurs sufficiently often for people to be concerned a beosurtdtOur

become a si™ ent kil l eré

No action has been announced in response to Uniteds call

% MohamedB Abou-Do ni a, FRW van de Goot and MFA Mul der, 6 Autoanti body Marker
postmortem Histopathological A lterations ofa Neurologically -l nj ur ed Pil ot &6 (2014) Journal of Biologic
(forthcoming).

% Ibid.

9 |etter from BLM on behalf of British Airways to Sheriff Stanhope Payne (13 April 2015).

97 Ibid.

% |_etter from the CAA to Sheriff Stanhope Payne (10 April 2015).

% Ibid.

100 |pjid.

WMEASA, OEASA Awards Contract for Cabin /oitps/wlw.easaietropa.ed/aewstoom e ho ( EASA,
andevents/news/easa -awards-contract -cabin -air-quality -research > accessed 14 May 2015.

102 pjid.

103 |pid.

Joel Hills, o6Union Calls for Public Enqusd y( !l hY oNeAves o p2 la nfep rCialb i 2n0 1A5 )
< http://www.itv.com/news/2015 -04-21/union-calls-for-public -inquiry -into-aeroplane -cabin -air-over-fume-event-fears/>accessed 14 May

2015.
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CONCLUSION

The issue of @erotoxic syndrome 6is now an increasingly fluid one, with developments becoming progressively frequent.
While there has been no new evidence that more convincinglyde  monstrates the existence of the syndrome, the increasing
attention given to the issue does increase the likelihood of claims being presented in the future. Thatis particularly so
following the involvement of Unite. Defence practition ers should ensure they are well -prepared for any claims that might
now be forthcoming.

As ever, BC Disease News will update on the dynamic landscape as developments occur.

Feature:

Aerotoxic Syndrome o Further Developments
Edition 145 of BC Disease News (7 May 2016 )

INTRODUCTION

For many years now, there have been concerns raised about possible health effects arising from exposure to the airinth e
cabins of commercial aircraft . These symptoms have been brandedas 6 aer ot o x i/ c. We lraweghrevionsty deatured

thisissuein editions 64 here), 65 (here), 86 (here) and 95 of BC Disea se News (here). We now revisit the issueto look at recent
developments.

It will be recalled from our earlier articles that the issue concerns whether the occupants of aircraft are exposed to a cocktail
of toxic chemicals during 6 f v me  ewadanalt, seéulting in ill health. d~ume eventsdare saidto occur asaresultof 6 b/ ee d
a I, which feeds the cabin via the aircraft engines, becoming contaminated by engine oil and hydraulic fluid, additives

present in these products and the products of their pyrolysis (thermal decomposition). The contaminants in the air are said

to include volatile organic compounds, low molecular weight organic acids, esters, ketones, and organophosphates.

Organoph osphates are the chief concern and in particular, tricresyl phosphate (TCP) isomers, since they are highly toxic

and can resultin neurotoxicity causing painand serious paralysis of limbs and bowel and lung disorders. Exposure to such

chemicals is said to giverise to a wide range of illnesses and symptoms , collectively labelledas 6aer ot ox/i ¢ syndr om

Aerotoxic syndrome 6was extensively reviewed by the UK Committee on Toxicity (COT)® in 2013, which said in a Position
Statement:

0 Mor e g e n eQomantitteeyconsitiels ¢hat a toxic mechanism for the illness thathas been reported in temporal relation

to fume incidents is unlikely. Many different chemicals have been identified in the bleed air from aircraft engines, but to

cause serious acute toxicity, they would have to occur at very much higher concentrations than have been found to date
(although lower concentrations of some might cause an odour or minor irritation of the eyes or airways). Furthermore, the
symptoms that have been reported following fume incidents have been wide -ranging (including headache, hot flushes,
nausea, vomiting, chest pain, respiratory problems, dizziness and light -headedness), whereas toxic effects of chemicals tend

to be more specific. However, uncertainties remain and a to  xic mechanism for symptoms cannot confidently be ruled out 6 .

More recently , in May 2015, the Aviation Policy Division of the Department for Transport (DfT) stated that:

dsiven the current understanding of the level of risk (from fume events) DfT does not plan to undertake any addi tional
research on this J[ssued

This contrasts with the position of the European representative body for some 38,000 pilots in the EU and their national pilo  t
associations-the European Cockpit Association (ECA), which said in De cember 2015:

GCabin air contamination by chemicals from the engine and/or hydraulic oill, is a known problem that can cause serious
shortterm health effects which compromise flight safety when a fume event occurs. ECA calls for improvements to be made

to existing flightand reporting procedures as well as introducing appropriate job specific training for all stakeholders. It ca IIs
for continuous development and application of new technologies that can assistin further reducing the occurrence and

105 An independent scientific committee advising government on matters concerning the toxicity of chemicals.
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effects of fume events. Studies need to be run to ascertain whether long term health effects do exist. In the meantime, the

As Low As Reasonably Achievable (ALARA) principle should guide action and measures in this area. 0
The UK Civil Aviation Authority also rebased a press summary, in June 2015, which stated:

AaWe rely on guidance from scientific experts based on the results of a number of independent studies and evidence reviews
dincluding Government commissioned research.  The overall conclusion of those studies is that there is no positive evidence
of a link between exposure to contaminants in cabin air and possible acute and long -term health effects, althoughsuch a
link cannot be excluded. Accordingly, we support the steps being taken by the European Av iation Safety Agency (EASA),
which maintains responsibility for approving the safety of aircraft and setting aviation standards for European airlines, and

/s carrying out further research into cabin air quality?o.

The EASA announced, in March 2015thatth eiré6 Ca b/ n A iresearChucantract iwgs@warded to a Consortium by ITEM&
MHH, both research institutes based in Hannover, Germany. ® The research consists of a preliminary in -flight measurement
campaign which is intended to put into place the adequate instrumentation to perform cabin/cockpit air contamination
measurements and provide some first indications of the cabin or cockpit air quality level. It also intends to prepare a large r-
scale campaign envisaged in the near future on -board commercially -operated, large transport aeroplanes. The results of
these studies are due to be published in October 2016. ***

Whilst it appears that dume events écan o ccur on aircraft (COT estimate the incidence at being 1 in every 2000 flights) the
very existence of @erotoxic syndrome éand how the wide range of purported symptoms could be caused by any exposures
remain controversial.

However, it was reported as recently as lastweek thata dume event don a flightfrom Cologne to Leipzig forced the aircraft
to return to Cologne for a safe landi ng, 25 minutes after departure. %

In April 2016, a Lufthansa Airbus, flying from Frankfurt to Dusseldorf, experienced a similarincident. A smellof 60/ d ,so0c ks o
0sweatand beéddn aasmaticedsby the occupants inthe cabin and the passengers were instructed to close their

air conditioning outlets. Subsequently one of the flightattendants noticed tingling arms and fingers and dizziness. Bood and

urine samples detected a number of s olvents which are said to be typical of contaminated leed air 6

RESEARCH DEVELOPMENTS

A study by Reneman and colleagues, published in June 2015, compared a group of 12 aircrew (with on average of 8,130

flying hours) reporting cognitive complaintsto 11 controls (with on average of 233 flying hours). *®° The participants underwent

a number of tests to asse ss cognitive function and mood and it was found that the aircrew had a significantly highernumber

of tests scored in the impaired range. However, itwa s noted that the extent of the observed cognitive problems was quite

Il i mited. MRI scans of the participants® brains showed defects
in the controls. The extent of cognitive impairment was strong ly associated with white matter integrity, but the estimated

number of flight hours was not associated with cognitive impairment, nor with reductions in white matter structure. Limitatio ns

of this study include the small sample size and the self-selection of the aircrew participant group. As no association was

observed between cognitive impairment and  the number of flight hours, further studies with larger samples and more robust

designs are needed to investigate whether there is a link with exposure to toxic cabin air .

Further to this, a review published in February 2016 compared the literature of exposure to various agents and health
outcomes for a ircraft crew and office workers .*'° The maximum daily intakes were estimated and compared  with reference
values, or tolerable daily intake values. The frequency of oil and smoke -related incidents in aircraft, as well as measured
concentrations of triorthocresyl phosphate poisoning (ToCP) in aircraft , were discussed in detail. It was concluded that, in

WEASA, OEASA awards contract for Cabi n Rtps//iwwweasaeutopa.elnewsroen -andd ( EASA 1
events/news/easaawards -contract -cabin -air-quality -research > accessed 17 June 2016.

WHouse of Commons, o6DebaatepsgchndCabi ot aix-006815 Yanct 2006jne 6 ( CDP 2016
simon Hradecky, olncident: Eurowings A319 at Cologne on June 12th 2
2016)< http://avherald.com/h?Article=499c3e32&opt=0  >accessed June 16th 2016.

109 Reneman, L. Et al. Cognitive impairment and associated lossin brain white microstructure in aircrew members exposedto engin e oil

fumes. Brain Imaging and Behavior 1 68 (2015). Doi:10.1007/s11682-015-9395-3  http://link.springer.com/article/10.1007/s11682 -015-

9395-3 accessed 7 April 2016

110 Wolkoff, P., Crump, D. R. & Harrison, P. T. C. Pollutant exposles and health symptoms in aircrew and office workers: Is there a link?

Environment International 87, 74 684 (2016). Http://www.sciencedirect.com/science/article/pii/lS 0160412015300921 accessed 7 April

2016
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view of the infrequent short-term exposure, which may be related to  &moke/smell incidents &though not necessarily to ToCP
exposure), the available evidence indicated that ToCP does not pose a health risk.

A link between dume eventséand 6 a er ot o x i c appears @ beona &udher established by the scientific evidence.
INDUSTRY POSITION

Notwithstanding the increased health concerns and media interest , regarding @erotoxic syndrome § the aircraft
manufacturing industry has been accused of largely failing to implement any preventative measures. With respect to Airbus,

it appears to believe there is no issue with air contaminants. John Leahy, Chief of Operations, referred to the possib ility of air

cabin contaminants as 6 a b s dihe dodfirmed thatnone of Airbusd ai rcrtalhdeedwtslew A360e bl eed
900 aircraft, which was first delivered on 22 D ecember 2014 to Qatar Airways, '*? has adopted a d/eed air dsystem for cabin

air.*®* Meanwhile , Boeing has taken some measures, introducing the 787 aircraft as an example , which does not use d/eed

airdor cabinair. That said, the removal of the d@/eed air Gsystem does not appear to have been related to concerns about

cabin air contaminants; instead, Boeing said the system was so designe d to improve fuel consumption. *** Moreover, a

dleedairss y st em remai ns on Bo e idtheldiestinoar natéon of thee?w7, thei 747c-8."&  t

With respect to the airlines themselves, some action has been taken. For example, in 2012, Lufthansa announced that it was
working to reduce dume events don its fleet of Airbus A380 aircraft. *® The airline said that it had expe rienced an unusual
number of such events, particularly when outbound from Singapore @it said itsuspected that climate condition s might have
had a causalrole. ' Itinsisted, however, that dume events &o not cause health problems: the measures were being taken

to avoid u npleasantodours in the cabin. **® It subsequentlyinstalled protective covers in front of the @/eed air dinlets inside
the Rolls Royce Trent 900 engines to prevent 6 f v me  &'Vltealsd cendmissioned the installation of sensors in cockpits to
record concentrations of substances in the cabin air once pilots notice an unusual odou r1z

LEGAL DEVELOPMENTS

In editions 86 and 95, we revisited the case of Richard Westgate, a former British Airways pilot who died aged 43, in
December 2012 , from alleged exposure to toxic cabin air. At the time, we noted thatin a report , dated 16 February 2015,
Sheriff Stanhope Payne, the coroner in the case and the senior coroner for Dorset, said that hising ui r i e seveh/ledd 6
matters gi vi ng Spetificadly, lesaiddhatit wasofrcancern that organophosphate compounds were present
in cabin air and that the occupants of cabi nwthowseqeentia/dgmg ed t o
t o t hei.Helisteddive ¢cohcérns:

1. Thatéorgahosphat e c ampresentiwasraiaft cabinair .
That people in aircraft cabins are exposed to them, with consequential damage to their health.
3. That impairments to the health of those controlling the aircraft - i.e. the pilots - may lea d to the death of the

occupants.
4. Thatthere is no real-time monitoring to detect such compounds in the cabin air.
5. Thatno account is taken of genetic variation in humans, such as would render individuals tolerant or intolerant of

exposure.

A

The coroner said therei nshasropknitbat O6uture dead 68 geetibdd 6 0c c u |
should be taken. The report was sentto the Chief Executive of British Airways and to th e Chief Operating Officer of the Civil
Aviation Authority, who each had until 13 April 2015 to respond with details of action taken or proposed to be taken, or an

Hlaerotoxic Association, O0Airbus; Absur d; htipi/aerotoxic.org/blog/airbus eabsurd-o x i ¢ Assoc
airbusurd/> acces sed 28 January 2015.

ATl rbus, O0Airbus Delivers First Ever A350 hitptwwwiaiobusten/newsevénisinews-y s 6 ( Ai r

eventssingle/detail/airbus -delivers-firstever-a350 -xwb-to-gatar -airways/> accessed 28 January 2015.

139 A350 XWB Cabin Air Quality Wi | I-50Ma®&eOuat sdodnefdo r(tAa3b10e XPVBI gNretw sA | t1h6o UNgphv
< http://bloga350.blogspot.co.uk/2012/11/a350 -xwb-cabin -air-quality -will-make.html > accessed 28 January 2015.

WMi ke SinneBlteed 78yYstNems: Saving Fuel and Enhancing Operational Effic
< http://www.boeing.com/co _mmercial/aeromagazine/articles/qtr 4 07/article 02 2.html >accessed 28 January 2015.

HBernard Fitzsimons, 06Cabin Air H#tp/iwwwmre-tetworkicom/analysis/2013/08(cabinl-aitviay 2013) <

systems/1455> accessed 28 January 2015.

%Jens Flottau, 6Lufthansa Working to Reduce A380 Cabin Fume Eventso |
< http://aviationweek.com/awin/lufthansa -workingreduce -a380-cabin -fume-events> accessed 28 January 2015

17 bid.

118 |bid.

19 |pid.

120 |bid.
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explanation of why no action is proposed. Both British Airways and the CAA concluded that the re was no positive evidence
of a link between exposure to contaminants in cabin air and ill health and so no action was tak en.'?

The inquest itselfis yet to be scheduled and the pre -inquest review has been a djourned from March 2016 to 21  July 2016.

In ad dition to this, a second inquestis due to open into the case of Matthew Bass, an airsteward for British Airways , whodied
suddenly,aged 34 , in January 2014 , after suffering unexplained health problems. The preliminary inquest, at Reading Court,

heard that a specialistpost -mortem found evidence of chronic  exposure to organophosphates. ** *** An article inthe Mirror,

on 15 July 2015, reported that Berkshire coron er, Peter Bedford, said that he needed dndependent evidence to rule out a

more Sstrai ghtforward cause of deat h b ef candghatbheingugestwag postponed g u e st
for 6 months.*®* The Daily Mail reported the following daytha tMrBedfordcompared the death to Westgat e

The pre-inquest review has been adjourned until June 2016 to allow for time to locate medical samples and instruct experts.

David Platt, QC, who acts for British Airways in this matter, was reported as saying that thereisé no evi dence tt hat /
Syndrome evaddingexi st s o

O0No heal th agenci es and no governments are accepting this exis

make. 0

However, following a third dea th of an air crew member, Warren Br ady, shortly after Matthew Bass, whichis suspected to be
related to @Gerotoxic syndrome § Cannons Law Practice LLP announced , in July 2015, that they were preparing a class action
in England from 40 affected individuals ,including both member s of the crew and passengers. **°

Li kewi se, Br i t aUniefrevealedin flagch R016itmat iowas pursuing legal action againsta number of UK
airlines on behalf of 61 cabin crew , after they were exposedto 6 t o0 x / ca /avhi@gviorking on board aircraft. In the press
statement, Unite stated that concern had been mountingover 6 f v me amnemdsyredto contaminated cabin air, with
the number of legal cases pursued by Unite increasing from 17 to 61 , amid calls by the union for an independentinquiry.
Howard Beckett, Unite Executive Director for Legal Affairs, said:

127

OThe issue of toxic cabin airis so serious that our cabin crew members are likening it to the impact of asbestos in the build  ing

industry. Increasing numbers of our members have come forward, seeking help and advice since we set up our toxic air h

helpline a few months ago. Some have been involvedinone -of f o6fume eventsdé whil e ot hers fe
term exposure to contaminated cabin airé

Unite is also working with the family of Matthew Bass, who is represented by Leigh Day solicitors.

Uni teds comment s preceded a House ,kefdonCld@ Manah 2816, feimvehicleJonathan t he i s
Reynolds (MP for Stalybridge and Hyde) requested an independent inquiry into the risks and hazards associated with

contaminated aircraft cabin air, and that efforts should be made to install cabin air monitoring and detection systems in

aircraft that operate using d@!/eed air 6In the same debate, Henry Smith MP called for the Government to investigate what

hetermed 6 a deadl! y i/l ness affecting cabd.n He ewe nmte mbrertso amuat |firreey ure
symptoms linked with Gerotoxic poisoning é&could be misdiagnosed as other conditions |, stating:

orhe symptoms that affect many cabin crew can be cdfhfused with

121 | etter from BLM on behalf of British Airways to Sheriff Stanhope Payne (13 April 2015).

22 http://mattbass.co.uk/why -matt-died/ Accessed 9 April 2016

123 hitps://www.leighday.co. uk/News/2015/July-2015/Warnings-over-Aerotoxic -Syndrome-from-pilots-lawye accessed 8 April 201

24 Was air steward killed by exposure to toxic cabin air? Available at:  http://www.mirror.co.uk/news/uk -news/air-steward-could -been -killed-

6074233. (Accessed: 9th April 2016)

125 Toxic air syndrome may have claimed life of BA steward. Mail Online (2015). Available at:  http://www.dailymail.co.uk/news/article -
3163452/Toxic-airsyndrome -claimed -life-BAsteward-Parents-say-second -post-mortem-levels-specific -toxins-linked -condition -son-s-

body.html. Accessed: 9th April 2016.

John Hoyte, 06Cannon Law Press Rel eas ehttpl/aerotoxicong/informatigh/tepoits -antle r ot o x i ¢ As
evidence/cannon -lawpress-release -15th-july-2015/> accessed 17 June 2016.

2Unite, O6Press Release: Toxic Air legal cases riseée6as mps prepare to
128 HC Deb 17 March 2016, Column 413 -447

http://www.publications.parliament.uk/pa/cm201516/cmhansrd/cm160317/halltext/160317h0001.htm

129 JohnHoyte, 06 Cr awl ey MP Repeats Call For Probe Into Deadly Illness Affec
Association 9 April 2016)< http://aerotoxic.org/information/reports -and -evidence/crawley -mp-repeats-call -probe -deadly -illnessaffecting -

cabin -crew -frequent -flyers/> accessed 11 May 2016.
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However, Robert Goodwill, the Minister for the Department of Transport, referring to the comments made by the Coroner for
the Westgate case, said that it would be inap propriate for the G overnment to comment b efore the verdict. He said that:
GFor the industry to drastically change the way the aircraft are air -conditi oned, or, indeed, to change the lubricants, there
would have to be clear evidence that shows that cabin air quality is harmiul to crew and passengers . 0

Itis evident that, in the UK, despiteincreased attention on the issue of @erotoxic syndrome §there appearsto belittle progress
of claims being brought againstairline companies. Additionally, there appears to be little appetite for change amongst the
airline manufacturers in relation to implementing any of the  so-called preventative measures.

Can the same be said for other jurisdictions?
OTHER DEVELOPMENTS OUTSIDE THE UK

Outside of the UK, there have been no successful claims for &erotoxic syndrome &'1n the U.S., 16 U.S. Airways pilots and flight

attendants sued a U.S. Airways contractor, ST Aerospace Mobile, over what they said was a failur e in maintenance at its

Mobile, Alabama servicing centre. They claimed that this resulted in 6 fume events on -oard the same Boeing 767 from 28

December 2009to 25 April2010. Among the ¢l ai mantds symptoms were headache
and nausea. Some alsocomplained of fatigue and cognitive difficulties. At least 2 of the claimants were pilots wholost thei r

medical clearances. In August 2015, the union representing 6,900 U.S. Airways flight attendants sent a letter to FAA
Administrator, Randy Babbitt, seeking an investigation of 87 purported air supply contamination events in 2009 and 2010,

41 of which were confirmed with mechanical records as  oil-contamination events.

Elsewhere in the U.S., it was reported, in June 2015, that 4 flight attendants were suing Boeing, following a flightth at made
an emergency landing. 4 attendants were taken ill after com plaining of fumes in the cabin .**° 3 of the m stated that tremors,
neurological and memory problems prevented them from returning to work. Also, itwasreported , in February 2016, that one
of the 4 flightattendants has won a pay -out from Boeing after being exposed to toxic fumes and claiming to have suffered,
among other symptoms, memory loss, tremors and speech and vision impairment. Whilstthe extent and conditions of her
out-of-court settlement remain confidential, Boeing and the airlineindustry maintain that cabin air, compressed air pumped
oré6bl,edd om t he p,lsaaeeBeaches arggexireneely rare with short -term exposure to the tiny amounts of toxic
substance s posing no health risk.

In Australia, it has been accepted in the courts that  dume events dcan result in respiratory damage. *** The same has been
accepted in California. ** Crucially, however, it was not accepted that  dume events &can be neurotoxic.

CONCLUSION

The issue of @erofoxic syndrome dis becoming increasingly dominant in the media but there still appearsto be no credible
evidence to demonstrate the existence of the condition or to causally relate the same to alleged toxic contaminants in
leed air &uring dume events 6

As ever, BC Disease News will update on this dynamic landscape as developments occur.

Aerotoxic Syndrome Inquest
Edition 170 of BC Disease News @7 January 2017 )

Socalled 6 Aer ot o xi c hasbeendiscassed & lengthin previous editions of BC Disease News. It will be recalled from
our earlier articles that the issue concerns whether the occupants of aircraft are exposed to a cocktail of toxic chemicals
during 6 f u me  ewagraraft,gedsulting inill health.

d-ume eventsdare said to occur as a result of the &6 b/ e e,avhich feedd the cabin via the aircraft engines, becoming
contaminated by engine oil and hydraulic fluid, additives present in these products and the products of their pyrolysis

130 sager, I. Toxic fumesin airplanes? Flight attenda nts sue amid claims of exposure. TODAY.com (2015). Available at:
http://www.today.com/news/toxicfumes -airplanes -flight-attendants -sue-amid -claims-exposure-t28016. Accessed: 12th April 2016

131 See Turner v Eastwest Airlines [2009] NSWDDT 10; [2010] NSWCA 53; [2010] hcatrans 238.

132 See Ruth Medina v Northwest Airlines [2005] < http://aerotoxic.org/news/ruth -medina -v-northwest-airlines-2005/> accessed 18 May
2015.
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(thermal decomposition). The contaminants in the air are said to include volatile organic compounds, low molecular weight
organic acids, esters, ketones, and organophosphates. Organophosphates are the main concern and ,inparticular, tricresyl

phosphate (TCP) isomers,which are highly toxic and can resultin neurotoxicity causing painand serious paralysis of limbs
and bowel and lung disorders. Exposure to such chemicals is said to give rise to a wide range of illnesses and symptoms
collectively labelled as @erotoxic Syndrome &

However, extensive medic al research into this condition has not established a link between dume events 6and &erofoxic
syndrome 6and the aircraft manufacturing industry do  es not consider that there is an issue with air contaminants.

Despite this lack of evidence, in editions 86 (here), 95 (here) and 145 (here), we outlined the case of Richard Westgate, a

former British Airways pilotwho died in December 2012 from alleged exposure to toxic cabin  air. Mr West gabmitds f am
that Mr Westgate was receiving treatment in The Netherlands for Aerofoxic Syndrome 6 However, at the pre -inquest review,

held in July 2016 by Dr Simon Fox QC, it was held that there w
linked to exposure to organophosphates and to conclude such would be speculation. He went on to say that:

60Even | f there was evidence to demonstrate that he was taking [
/ do not consider that it would be appropriate to include in the scope of my inquiry whether that condition should properly

in life have been | abell ed as oaerotoxicity?o or otherwi se as a ne
organophosphates. The correctness of a diagnosis made in life may be a matter for the family to investigate and challenge

in the Civil Courts; however, a Cooner 6 s [ nquest | s, In my view, not a proper for
such a possi bl e or specul ative [ ndirect and remote [ i nk at mos
deat ho.

As such, it was held that the queston of whet her Mr West gat &@msioxd Syadromedwaulsinotlieu s ed b
considered atthe full inquestdue to a lack  of evidence supporting a link between the two.

It is now known that the final i nqu e betheardmtApil 20lve* cause of Mr We

Cabin Air Quality Studies Published
Edition 179 of BC Disease News 1 March 2017 )

In recent years, there have been numerous reports of 6 f v me  ernvaéraraft, svbile flight crews have reported a range of
acute and chronic health effects, some of which have been attributed to cabin air contamination. There are a number of
potential sources of cabin air contamination, including:
1 Exhaustgases;
Volatile organic compounds from cleaning products;
Ozone;
De-icing fluids;
Particulate organic matter;
Organophosphates (OPs) from lubricants;
Hydraulic fluids; and
Engine oils.

= =4 =4 —a -8 —a -9

OPs are part of the same molecular family implicated in causingill -healthin sheep dip users and have been suggested as
a potential cause of the reported health effects.

On 17 March 2015, it was announced that the European Aviation Safety Agency (EASA) had awarded cabin air quality
research contracts to a consortium of the Fraunh ofer Institute for Toxicology and Experimental Medicine and the Hannover

B3Jane Reader, o6Landmark Ingquest To Darsetkcho2s Jaias/RO1f Toxic Fumes I n Al
< http://www.dorsetecho.co.uk/news/15045776.Landmark_inquest to_examine_risk_of toxic_fumes in_aircraft! >accessed 26 January
2017.
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Medical School. ** Last week, EASA published the results, along with another study, which characterised the chemical
composition of some turbine engine oils, including pyrolysis breakdo wn products. **

The objective of the cabin/cockpit air study was to determine whether there are cabin air contaminants that present safety
and/or potential long/short -term health risks. Intotal, 69 flight measurements were performed on 8 types of aeroplane /engine
configurations. Thisincluded 61 flights on aeroplanes equipped withengine  d/eed air systems (the main study) and 8 flights
on the Boeing 787, which does not have a  @/eed air 6system. For all flights, measurement equipment was installed in the
cockpit and cabin. At defined flight phases (taxi -out, take off and climb, descent and landing, complete flight), samples
were taken and then analysed using high sensitivity techniques. The results show that the air quality is similaror better th an
whatis observed in normal indoor environments (offices, schools, kindergartens or dwellings). *** No occupational exposure
limits and guidelines was exceeded. Special attention was paidto organophosphates, in particular, the isomers (forms) of
tricresyl phosphate (TCP), which is suspected to be a cause of symptoms reported by flight crew. OPs were found in all
samples, but reported concentrations wer e well below exposure limits.

According to the study findings, TCP concentrations in the cabin, if introduced as a continuous  d@/eed air &contamination,
ought to be constant. However, this is not the case for the individual aircraft included in the study. OPs and other
contaminants were generally at the highest levels during taxi-out and at lower levels during take -off/climb and
descent/landing. The researchers attribute the difference in concentrations to the rate of exchange of the cabin air. It is
remarkable that TCP was detected in the non -d@/eed air 6driven B787, especially as we have, in previous editions of BCDN,
featured the comments of Boeing claiming to have alleviated any risk of d/eed air Gexposure. In the B787, TCP alsodisplays
changes in con centration with flight phase. The hypothesis that TCP in the cabin air of aircraft derives from 6 b/ eed ai r ¢
contamination must therefore be questioned, because this study did not detect permanent TCP/engine oil entry through
leed air éand found that there were sources , other than d@/eed air &ontaining TCP, in aircraft cabins. However, for 3 flights,
each with a dleed air 6supply, the concentration of TCP did not follow the same pattern and there were increased
concentrations of TCP d uring particular flightphases. The increased TCP levels were unrecognised by the occupants of the
aircraft. Typical oil odour sensations in other cases, however, had no concrete analytical outcome.

Overall, the results of this campaign are consistent wit h findings obtained through other published studies on cabin air
quality. The observed frequency, pattern and concentration levels were similarto findings of other indoor environments. The
study suggests that chronic exposure to &6 e v e r Jredels pféOPs n the cabin would not be expected to cause health
problems. A number of ideas have been suggested for future studies that investigate cabin air contamination events,
including human exposure studies, such as biomonitoring of blood/urine and testing for neu  rotoxic effects.

The second study, published by EASA hoped to characterise the toxic effects of chemical compounds that are released

into the cabin or cockpits of transport aircraft. **” Experimental work was performed using 2 generally used brands of oil. Qil
and vapours were characterised when the oil was heated in combination with purified air and under pyrolysis
(decomposition) conditions. The flight stages, from ground level to top of climb and cruising altitude were simulated. Also,
toxic effects were studied, usingthe vapour from pyrolysis of the oil samples and an in vitro model of the human lung with

an air-liquid interface.

TCP was present in the analysed oils. However, no ortho-isomers could be detected. The study concluded that neuroactive
products were present, but that their concentration in the presence of an intact lung barrier was too low to be a major
concern for neur onal function. However, it could not be ruled out that higher concentrations might affect neuronal activity.
Furthermore, exposure for up to 48 hours resulted in decreased neuronal activity and it is therefore possible that effects of
pyrolysis products develop after prolonged exposure alone. The investigators a Iso considered the variation of human
sensitivity to certain compounds and were unable to rule out that some symptoms could not be explained by actual
exposure levels. Itis alsosuggested thatdiffe rences in coping strategies are well -known factors thatenhance stress reactions,
which, in their own right, can lead to acute health complaints and long -term health effects.

BTEASA, OEASA Awards Corntyr aRets efaorrc h@a h(i rE AAShitps:/Mwiveéasa\earopa.éu/néwsréom)- <
andevents/news/easa -awards-contract -cabin -air-quality -research>acc essed 14 May 2015.

135 EASA publishes two studies on cabin air quality | EASA. Available at: https://www.easa.europa.eu/newsroom -and -
events/pressreleases/easa-publishes-two-studies-cabin -air-quality. (Accessed: 29th March 2017)

136 EASA Final Report EASA_REP_RESEA 2014 4 Research Project: CAQ Preliminary cabin air quality measurement campaign
https://www.easa.europa.eu/system/files/dfu/EASA%20CAQ%20Study%20Final%20Report 21.03.2017.pdf (Accessed 29 March 2017)

137 EASA Final Report EASA_REP_RESEA_2015_2 Research Project: AVOltaCteisation of the toxicity of aviation turbine engine oils after
pyrolysishttps://www.easa.europa.eu/system/files/dfu/EASA%20AVOIL finl%20report_final%20version 160217.pdf (Accessed 29 March
2017)
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In summary, these studies do not provide evidence that OPs in cabin air are resp  onsible for the symptoms reported by flight
crew.

We have previously discussed the issue of contaminated cabin air on planes and daer ot ox/ cinalifionsbd (hem),6
65 (here), 86 (here), 95 (here), 145 (here) and 170 (here) of BC Disease News.

Proponents of Aerotoxicity to hold Conference on Aircraft Air

Contamination
Edition 181 of BC Disease News @1 April 2017)

Between 19 and 20 September 2017, leading proponents of aerotoxicity, such as the Global Cabin Air Quality Executive
(GCAQE) and the British Professi-cehatadheakhiahdsafety@onferenceomith 6 specific | h ol d
objectives:

1. Toprovide a historical overview of the contaminated airissue and its causes.

2. To map out the flight safety aspects of contaminated air through case studies, discussion and air accident

investigation findings.

3. To disseminate the latest medical and scientific theories and findings on the health aspects of exposure to

contaminated air.

4. To offer guidance on the regulatory aspects of cabin air quality.

5. Toexamine the latest development towards bl eed air filtration, contaminated air warning sensor systems and other

potential solutions.

6. To provide an opportunity for networking and sharing good practice, to facilitat e better inter -agency working. **
The legitimacy of so-called 6 a er ot o0 x/ ¢ asayocadpaiionaédisease is highly questionableand anissue  regularly
covered in BCDN. Most recently , in edition 179 of BCDN (here), we reported on the results of a study carried out by the
European Aviation Safety Agency (EASA), which sought to delve deeper into issues surrounding air contaminants, such as
organophosphates , which allegedly present safety and/or potential long/short -term health risks. EASA concluded that
chronic exposure to 6 e v e r jedebs yofborganophosphates in the cabin is unlikely to be the source of cabin crew
complaints.

We will be reporting further following this conference.

Feature:
New Aerotoxicity Study Purports to Show Causation
Edition 191 of BC Disease News @0 June 2017)

INTRODUCTION

Lastweek, a new study of aircraft cabin air and acute and chronic symptoms in flightcrew was published in Public Health
Panorama, a journal of the Wo rld Health Organisation (WHO).** The study was carried out by researchers from the University
of Stirling and the University of Ulster with a consultant respiratory physician from Melbourne.

Bl nternational Aircr af 7Arr@aticabin AiConfere@e < hitps:/www.airéraft¢abiinaincom/ > accessed19
April 2017.

139 3. Michaelis, J. Bordon, C.V. Howard, Aerotoxic Syndrome: A new occupational disease? Public Health Panorama, 3 (2) June 201 7,
141356 http://www.euro.who.int/__data/assets/pdf file/0019/341533/5 originalresearch_aerotoxicsyndrom ENG.pdf (Accessed: 24th June
2017).
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This study has received widespread media attention, and has bee n reported by The Independent, *° The Sun'* The

Guardian, ** The Daily Mail*** and The BBC!** Though the media articles tend to report the risks for passengers,eg. 6 F/ yi ng
should ocome with a heal th warningo as toxic fumes contaminate

suggestsdThe Sun), the research was actually carried out on airline staff. The NHS website reported that the study found that
there is a link between exposure to contaminated air and short -term problems such as drowsiness, loss of consciousness,
headache and tremors, and longer -term issues such as problems with memory or concentration and fatigue. ** However, in
this article we outline why this study in fact does not show a clear causative link between symptoms experienced and
contaminated air on flights , by con sidering the flaws inthe study, along with the particular biases of the authors. We suggest
that the aim of this study was to present evidence that supports the preconceived belief that a range of symptoms reported

by flight crew are due to exposure to en gine oil fumes.

Research into the health of airline staff and cabin air fumes is of interest to the thousands of airline employees that may be
exposed, and also to those employed in the agricultural sector and others who may be or have been exposed to
organophosphates (OPs), as they have been suggested as a possible source of adverse health effects resulting from cabin

air contamination. The quality of aircraft airand &6 a er ot o x /i ¢ hasepeenddisoussedpreviouslyinissues 64 (here), 65
(here), 86 (here), 95 (here), 145 (here), 170 (here), 179 (here) and 181 (here) of BCDN.

BACKGROUND

It will be recalled from our earlier articles that the issue concerns whether the occupants of aircraft are exposed to
organophosphatesduring 6 f v me ernvaiaraft, segulting in various illnesses collectively labelledas 6 aer ot ox /i ¢
d~ume eventséon certain aircraft are said to occur because of oil seal failures in the leed air supply, which draws hot air
from aircraft engines into the cabin air supply, with the result that engine oils and lubricants 8 which can contain
organophosphates & can contaminate the cabin air.

Having considered the array of research on the issue, we concluded that the existence of @erotoxic syndrome 6was unlikely
on the current evidence. The culmination of the research was perhaps best summarised by the Commit  tee on Toxicity in
2013, when it said:

syndr

6 More generall y, the Commi ttee considers that a toxic mechani s

to fume incidents is unlikely. Many different chemicals have been identified in the bleed a ir from aircraft engines, but to
cause serious acute toxicity, they would have to occur at very much higher concentrations than have been found to date
(although lower concentrations of some might cause an odour or minor irritation of the eyes or airways). Furthermore, the
symptoms that have been reported following fume incidents have been wide  -ranging (including headache, hot flushes,
nausea, vomiting, chest pain, respiratory problems, dizziness and light -headedness), whereas toxic effects of chemicals ten d
to be more speci fico.

More recently , in March 2017, the European Aviation Safety Agency (EASA), concluded , after having carried out 2 studies
on cabin air quality and the chemical composition of engine oils (including pyrolysis breakdown products)

0 Rearch and scientific reviews conducted over the past decades have concluded that a causal link between exposure
to cabin/cockpit air contaminants and reported heal t h sympto¥s s wunli kel yd

So does this new study tell us anything different?

140 Contaminated air on flights could be making you sick. The Independent (19th June 2017). Avai  lable at:
http://www.independent.co.uk/travel/news -and -advice/airline s-contaminated -air-recirculated -sicknessaerotoxic -syndrome-
passengerscabin -crew -university-a7797321.html (Accessed: 24th June 2017).

141 FLIGHT HEALTH WARNING Toxic fumesin aircraft cabins could cause serious health problems, scientists warn. The Sun (AQune 2017).
Available at:  https://www.thesun.co.uk/living/3831225/scientists -discover -link-between -toxic fumes-in-aircraft -cabins -and -serious
healthproblems/ (Accessed: 24th June 2017).

142 Contaminated air on planes linked to crewill -health, study finds. The Guardian (19th June 2017). Available at
https://www.theguardian.comAvorld/2017/jun/19/contaminated _-air-on-planes -linked -to-crew-ill-health -study-finds (Accessed: 24th June
2017).

143 study shows links between airplane fumesand i Il health. Mail Online (19th June 2017). Available at:
http://www.dailymail.co.uk/~/article4616462/index.html _ (Accessed: 24th June 2017).

YElight safety 0degr aidBBCHtIune2047). tAaiableras hittpe//dww.bbc.com/news/uk -scotland -tayside -
central40327434 (Accessed: 24th June 2017).

YWNHS Choices 06Cont ami nedtodehlthgprobletns o Hiealih Neavs-e\NslS Choiaek (2017). Available at:
http://www.nhs.uk/news/2017/06June/Pages/Contaminated -air-on-planes-linked -to-health -problems.aspx (Accessed: 24th June 2017).
46 https://www.easa.europa.eu/newsroom -and -events/press-releases/easa-publishes-two-studies-cabin -air-quality .
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THE STUDY

Thiswas a combination of 2 studies, 1 involving a survey of pilots from the UK and the second being an analysis of 15 case
reports of potential cabin air quality incidents. Both studies aimed to look at the circumstances and symptoms of aircrew
working in the pressured air environment of aircraft, and to determine whether reported symptoms and diagnoses are
consistent with exposure to engine/aircraft fumes.

The first study was a survey of UK British Airways pilots between 2005 and 2009. Lists of all knom UK certified 6 B A e pilog 6 0
were obtai ned, and 274 (14 %) responded to a telephone interview or written questionnaire. They were asked whether they

were aware of exposure to contaminated air, how they thoughtthe  contaminated airaffected them andabout anymedical
diagnoses they had. Data were collected on demographics, flying history, flight desk air quality history, health effects and

other comments. Of the 274 who agreed to participate, 88% were aware of exposure t 0 aircraft contaminated air, 34 %
reported frequent exposures and 7 % reported visible smoke or mist. Overall, 63 % reported immediate (i.e. acute, occurring

during the fli ght) adverse health effects; 44 % reported acute or short -term effects (la sting for days to weeks) and 32 %
reported medium term (lasting for weeks to months) chroniceffects 6 consi st ent wi th suspected cont:
142 reported specific symptoms and diagnoses, 30 reported adverse health effects, but provided no detail, while 77
reported no heal th effects and 25 failed to advise either way. Adverse effects included cardiovascular, gastrointestinal,

general (fatigue, performance decrement) irritant, neurobehavioral, neurological and respiratory eff ects. Of the 274 pilots,

36 (13%) had died or had experienced chronicill health ,leading to permanent loss of fitness to fly.

The article also reports that dhe chronic cohort (13 %) reported ill health at 37 -433% a b ov e t h eHowewen ther@ig s . &

no mention of the recruitment of a non -pilot contro | group, so one can only assumethatthe 6 ¢ on t r o isthape mlosp &

who did not report exposure to fumes in the flight deck. Further, there is no discussionthat the o6 cont rol/wergr oupd
comparable to the exposed group; a control group should be compa rable in terms of age, overall health, smoking, lifestyle

and demographic factors, etc, in order to reduce the effect of confounding factors.

The second study involved analysis of 15 case reports of dume incidents drom Australia, the USA, Germany and the UK. These
particular cases were chosen because the health problems reported, such as acute hyperventilation and hypoxia, were
suggestive of exposure to contaminated air. Extensive data on the aircraft fligh t history, medical diagnoses and
maintenance findings were collated. This study included specific symptoms reported per incident, rather than per person.

The incidents occurred in seven different aircraft types and 87 % (13 out of 15) were linked to maintenance fin dings of oil
leakage. Symptoms ranging from in -flightincapacitation to impairment were reported in 93% of events, with the majority
(73%) involving pilots and 33 % including full or partial incapacit ation of 2 pilots. In all, 53% of events included long -term
adverse effects in one or more crew members. In total, 73 % of events were associated with some form of medical
investigation soon after the incident. Chronic medical findin gs/diagnoses were found for two -thirds of events, including
cardiovascular, neuro behavioral, neurological and respiratory symptoms, chronic fatigue, multiple chemical sensitivity,
aerotoxic syndrome, cancer, soft tissue damage, and chemical exposure. 9 pilots either became unfitto fly or died.

In the discussion section of the paper, the dleed air dsystem is described and implicated as the source of oil leakage
products entering the flightdeck or cabin. It is stated that chronic exposure is caused by tiny amounts of oil vapours relea sed
by oil leaking continuously over the seals dur ing engine power changes (e.g. climbing). The researchers conclude that the
population exposedto low -level oil fumes is considered to comprise all crew and passengers. Itis mentioned in the discussion
that, dhe debate on cabin air contamination commonly focuses on ad hoc air -monitoring findings undertaken during
nor mal f/ i g hHoweven thereaig no discusssion of the findings from such studies. Instead, previous case studies of
0 f ume eivvéhicht syniptoms were reported, are discussed.

The discussion also outlines the known health effects of acute OP exposure, such as inhibition of acetylcholinesterase,
suggesting that the authors assume that OPs are the component of engine oil fumes that is responsible for the symptoms
reported, andref ers to a study in which chronic symptoms due to OP exposure are supposedly reported. There is no mention
or discussion of the overall unusual working conditions of air crew, which includes changes in temperature, pressure,
gravitational forces, radiation a nd exposure to low air pressure. They also experience unusual routines, shift work, long duty
hours and time zone changes.

The article concludes that:

606Al rcraft air supplies contaminated by pyr ol ysbelihkedtaagriteraad oi | an
chronic symptoms, findings and di agnoses, thus establishing ca
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It appears that the authors have reviewed data on the health effects of exposure to substances in engine oils, particulardy

OPs, searched for specific data in w hich such symptoms were found among flightand cabin crew, and then attributed the
symptoms to oil exposure. Statements, suchas 6 Numer ous arguments have been wused o der
syndrome as a new o csuggesithaftieraahors baves pra £andived notionthat 6 aer ot oxi ¢ sy ndr
does indeed exist. The discussion of alternative findings, i.e. that there is a lack of evidence for the existence of @erotoxic

syndromed is limited to statements, such as:

0 éthe effects are said to be inconsistent with tri -o-cresyl phosphate -associated, OP-induced delayed neuropathy, while
ignoring all other indicators of toxicity é 6

The lack of inclusion of counter -arguments in the discussion and the apparent 6 ¢ h eri rcyk of dagadhat supports their
hypothesis gives a rather one -sided view.

CAUSATION CLAIM

Despite the authorsé claim that they have demonstrated cause a
first study did not link the reported sympto ms with on-board air samples. The possibility thatthe acute symptoms experienced

may have an alternative cause was not sufficiently addressed; it is noted that hyperventilation and hypoxia (insufficient

oxygen levels in tissues) have been suggested by oth er studies as a cause of the reported symptoms, butthe article notes

thisinthe context that the current authors disagree with these findings. In addition, no attempts are made to offer or elim inate

alternative causes of chronic effects. The data in the pilot survey was self-reported, which is subject to bias for several

reasons. Participants may simply not remember, their awareness of being exposed to contaminated air may not accurately

reflect their actual exposure, health effects may be exaggerated and they may even be involved in current litigation. The

proportion of pilots who agreed to partic ipate was extremely low(14 %) , and it i s | ikely that those
not experienced any health problems. The authors do not comment on the low response rate, or that the small number of

participants may have had different experiences  compared to the large number of non -respondents.

In the second study, the criteria for a case to be included was that symptoms consistent with exposure to contamin ated air
were reported and that other data , such as maintenance data , was available. However, there was no measured air quality
data from the flight deck or cabin, and so the levels of contaminants, and thus the amount of exposure, due to the dleed
airésupply , are unknown. There was no comparison with, for example, reported oil leaks with no reported symptoms. 87% of
symptoms were related to oil leakage, but no explanation w  as offered for the remaining 13 %. This study suggests that oil
leakage may be a cause of some of the acute symptoms reported, but that there are additional causes of such symptoms.
Physical data, such as blood test results, were not available to determine  whether symptoms were speci fica lly caused by
OPs in the 87% of cases with oil leaks.

STUDY QUALITY

In general, the discussion section of a journal article usuallyincludes detailed reports of all the possible caveats within the
study 0 however, there is no such discussion in this study. Even the obvious limitations, such as the self -reports of cabin air
quality in the first study and the low participation rate, are not mentioned.

Without objective measurement of exposure, it is very difficultto determine that contaminated airist o blame. EASA inits
study on cabin air quality , states that cabin/cockpit air quality is similar of better than what is observed in normal indoor
environments (offices, schools, kinder gardens or dwellings). No occupational exposure limits and guidelines were
exceeded.

Unsurprisingly, the website of the Aerotoxic Organisation, aerotoxic.org, features numerous articles reporting this new study
including links to all the sources mentioned at the beginning of this article.  **” The limitations of the study outlined here are
not mentioned in any of the articles featured by the Aerotoxic Organisation.

7 Category Archives: Daily News & Articles Aerotoxic Organisation Available at:  http://aerotoxic.org/news/articles -and -features/
(Accessed 25th June 2017).
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THE AUTHORS
Susan Michaelis

A testimony by the lead author of the paper, Susan Michaelis, appears on aerotoxic.org.  *® She s a former airline pilot who
stopped flying due to ill -health, which she attributes to exposure to oil fumes. She says that she regularly experienced short -
term symptoms while flying the 6 B A e addsdul@ smell fumes when the air supply was switche d on:

6/t was c¢l/ ear that the symptoms were related to oil contaminat

She describes a range of symptoms and that they became more intense and more frequent, but disappeared within 3 hours
of finishingwork. On 1 occasion, her symptoms continued after finishing work, and worsened. She now experiences a number
of chronic symptoms, which are listed in the testimony, and claims

60These findings have been cl earl y sluiremk edh IBA ee xipdebr tasi rtcor aniyt or.e p e

She claims that, regarding the avi at i o rhealtmadduos fumeg, 066 kmnmavl edge/
knowl/l edge dates back for dec a.dBbesookalegalaciios againstNatomaklét y Systems andBAe v e 6
Systems, though her case never went to trial . She also makes various claims relating to hidden or secret documents. S he

undertakes consultancy work for Michaelis Aviation Consulting, with the aim of improving aviation safety and providing

guidance on cabin air quality. Several published papers are listed on the website, including a 2005 paper cited only 6

times,**® and these generally argue a link between oil exposure and health symptoms with little scientific content. She has

also written a PhD thesis on this topic and used some of thisdata in the current study. Her personal experiences and claims

suggestthat sheis not researching thi s topic with an impartial view and her background includes notraining in epidemiology

or statistics,which are essential tools for determining cause and effect.

Dr Jonathan Burdon

Dr Jonathan Burdon, a consultant respiratory physician,is a Isofeatured on Aerotoxic.org, **° and has written papers arguing

the existence of @erotoxic syndrome &' He is of the opinion that the air transport industry and its regulators are, & é
apparently ignoring the problem or altematively finding other more attractive explanations for the presenting symptom
compl exo

Professor C Vyvyan Howard

Professor C Vyvyan Howard is a toxico -pathologist , specialising in the action of toxic substa nces on the foetus and infant. >
A large part of his current research is the investigation of toxicology of nanoparticles, and he has addressed the House of
Lords Select Committee on Science and Technology investigating the use of nanotechnology in food. He also completed 6
years as a toxicologist on the DEFRA Advisory Committee on Pesticides. He is quoted by The Independent as saying, inthe
new study:

60 The ai rl I nesegingilthisnway gnd igneresrald research that is inconvenient to them.  However, this is the most
comprehensive study donetodat e and shoul d nd®t be i gnoredd

8 Susan Michaelis Story Aerotoxic Association 13th June 2009. Available at  http://aerotoxic.org/information/testimonies/susan -
michaelisstory/ (Accessed: 26th June 2017).

149 winder, C. & Michaelis, S. Crew Effects from Toxic Exposures on Aircraft. In Air Quality in Airplane Cabins and Similar Enclo sed Spaces
(ed. Hocking, M.) 229 6248 (Springer Berlin Heidelberg, 2005).
Http://www.susanmichaelis.com/pdf/Hocking%20book%20%20crew%20effects -%20.pdf (Accessed 27th June 2017).

150 Dr Jonathan Burdon letter to BALPA (2013) Aerotoxic Association February 17, 2013 Available at:
http://aerotoxic.org/information/drjonathan _-burdon -etter-balpa -2013/ (Accessed 27th June 2017).

13, Burdon, The 0 Adaaednditznodlight offarty? Austel@n and New Zealand Journal of Health, Safety and
Environment 2011 27 (2) http://www.susanmichaelis.com/pdf/J%20BURDON%20 2011 27.pdf (Accessed 27th June 2017)

2 professor C. Vyvyan Howard- Brief Biography. Available at: http://www.chaseireland.or_g/Documents/profvhowardbiography.htm
(Accessed: 27th June 2017).

158 Contaminated air on flights could be making you sick. The Independent (2017). Available at:
http://www.independent.co.uk/travel/newsand _-advice/airlines -contaminated -air-recirculated -sickness aerotoxic -syndrome -passengers-
cabin -crew -university-a7797321.html (Accessed: 27th June 2017).
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THE JOURNAL

Public Health Panorama is the journal of the W HO Regional Office for Europe.”™ It has existed since June 2015 and, 6 é

provides a platform to scientists and public health practitioners for the publication of lessons learned from the field, as w =/}

as original research work, to facilitate the use of evidence and good practice for publ i c hhewlitghoitact /i on.
website, the mission of Public Health Panoramais 6 ét o contri bute to [ mproving heal th I n
providing timely and reliable research, evidence,  infornmation and data for public healthdecis i on maki ngd

SUMMARY

In summary, it appears that the aim of this study was to present evidence that supports the hypothesis that a range of

symptoms, reported by flightcrew , are due to exposure to engine oil fumes. The first study does not provide evidence of a

link between air quality (data regarding which is self -reported) and symptoms. The second study provides some evidence

that oil fumes may contribute to acute symptoms, but does not rule out other causes of acute symptoms, provide evidence

for the cause of chronic symptoms, or determine which component of the oil fumes is responsible (if any). The authors are

known proponents of &erotoxic syndrome 6 Though it received w idespread media coverage, most articles discussing this

study did not mention its |imitations (the exception tosthis b
Thus, the public, including potential future claimants, have been given inaccurate and incomplete information regarding

the health effects from aircraft cabin air.

Aircraft Cabin Air Quality Conference 2017
Edition 201 of BC Disease News @2 September 2017 )

We have reported several times in BC Disease News on the conditionk n o wn Ases o& o x/ c¢ . |Swillberecallerefrém
these articles that the issue concerns whether the occupants of aircraft are exposed to organophosphates during O0f ume
e v e noh airéraft, resulting inillness. 6 F v me  eoecar/dcauge of oil seal failures in the @/eed air 6supply, which draws

hot air from aircraft engines into the cabinair supply . The result of this isthat engine oils and lubricants 8 which can contain
organophosphates & may contaminate the cabin air. The aviationindustry has never recognised &erotoxic Syndrome das a
legitimate illness caused by the airin cabins. Instead, putting illnesses down to several other causes.

However, it was announced earlier this week that EasyJet airline will be the first airlineto fit 6 ¢ dilters idito its planes, in order
to prevent toxic fumes entering the cabins and cockpits. EasyJet have joined up with commercial supplier, Pall Aerospace,

to develop and design a new cabin air filtration system for testing. The filter was officially presen  ted at the International
Aircraft Cabin Air Conference this week by Pall, which BC Legal attended and is discussed in greater detail ~ , below.

This development has been hailed by organisations such as the Aerotoxic Association and the Global Cabin Air Quali  ty
Executive (GCAQE), as a huge step forward for the recognition that toxic cabin air has been causing passengers and cabin
crew ill health. However, in an EasyJet statement , it was made clear that the airline was still refraining from taking a position
on Aerotoxic Syndrome whichtheysaid, 6 r e mai me aamfa sci ent°fi c uncertainty?od

Elsewhere this week, BC Legal attended the International Aircraft Cabin Air Conference, held at Imperial College London
over two days. The conference was organised by Capta in Tristan Loraine BCAI, of GCAQE and endorsed by Pall Aerospace,
the European Sealing Association (ESA), UNITE, the International Joint Policy Committee of the Societies of Epidemiology
(IJPCSE) and several other organisations.

Thetwo-day eventincluded speakers from the scientific community, academics, engineers, researchers, aircraft and engine
manufacturers, politicians, airaccident investigators and aircabincrew . The topics discussed,included a historical overview
of the contaminated airissue, ¢ ase studies of those affected, regulatory aspects of cabin air quality and the latest medical
and scientific research.

4 About Panorama. (2017). Available at:  http://www.euro.who.int/en/publications/public _-health -panorama/about -panorama_ (Accessed:

27th June 2017).

B paily Mail Online, 6Do easyjetds New Filters Show o0ToxFearsAiro | s A |
O0Aerotoxome8yingdd RePpanhsbbé& Polots anim 18Sepemlder ( Dai | y Mai | (0]

2017)< http://www.dailymail.co.uk/news/article -4894088/Do -easyje t-s-new-filters-toxic -air-problem.html| > accessed 21 September 2017.
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New Research Disputes Theoryoné Aer ot o x i/ ¢ PhSnpomerano me ¢
Edition 258 of BC Disease News (L8 January 2019)

In edition 191 of BC Disease News fere), we reviewed the validity of a study, which, according to the NHS, purported to

show causation between exposure to polluted co mmercial aircraft cabin air and symptoms of so -called 6 Aer ot oxi c
Sy n d r.orheseéinclude drowsiness, loss of consciousness, headache, tremors, loss of memory or lapses of concentration

and fatigue.

Nevertheless, the condition has been disputed among medical and aviation industry experts. In previous editions, we
provided frequent updates in regards to the inquest of former British Airways pilot, Richard Westgate, who believed that his
ill-health was the result of inhaling contaminated 6 b / e efibm aircraft@&nginesduring 6 f ume event sé

I'n April 2017, the Coronéexcnud eda,ihpestyve pildemaNdatytegheadaches, loss of
cognitive ability, clumsiness and inability to sense temperature had been the consequence of an unintended sleeping
tablet (pentobarbital) overdose, as opposed to an industrial disease.  **®

Since edition 201 (here), when we reported that the Aircraft Cabin Air Quality Conference had taken place, itis noticeable
that the hysteria surrounding 6 Aer ot o x i ¢ hasStaperedroth me 6

In November 2018, however, researchers at Manchester Metrop ol i t an Uni versityds Ecol ogy and
Centre revealed that components of low toxicity 6 b / e e @fe naticanderted into more harmful chemicals when they mix
with engine lubricant vapours. *** Their findings have been publis hed in the Chemo sphere journal. **®

The study was funded and co -authored by Frank Cannon, an aviation lawyer, former pilot and former airline owner, who
has experience of representing ex -pilots and ex-cabincrewin 6 Aer ot o x i c litigajion @jaimsaalidie employers.

In earlier research, lead author, Dr David Megson, observed that aircraft oil does not contain a group of toxic
organophosphates, called ortho -substituted tricresylphosphates (ooo -TCPs). Organophosphates are considered to be the
predominant source of 6 Atroxi ¢ Syndr omed

In the latest study, the Senior Lecturer in Chemistry and Environmental Forensics sought to investigate whether less harmful
TCP isomers (TCP molecules with the same number of atoms, but in a different arrangement) could become ooo -TCPshy

way of transisomerisation.

It was hypothesised, pre -investigation, that transisomerisation could occur as 6 b / e e @asses thraligh the palladium
catalytic systems of aircraft cabins.

Having replicated in -flight conditions, by heating oil to 400°C in  a laboratory catalytic converter, the team of researchers
was able to identify that transisomerisation did not take place.

Accordingly, Dr Megson acknowledged that:

6/t was ... I mportant for our study t osouesd ed-IGPsamdmord facts shaul@d o7 | ¢
be pl aced on i nvestigating other potential sources?oé

5BA pilot who feared toxic cockpit ai (ThedGuaeddan)of overdose, inquest to
< https://www.thegquardian.com/business/2017/apr/13/ba_-pilot-who-feared -toxic-cockpit -air-died -of-overdose -inquest-told > accessed 16
January 2019.

"o Aerotoxic syndrome: ar e | e txiclyaigrafraie-cwinl? 6c ¢ @B o N o d/enotbstar Me@opit8o
Universityy < https://www2.mmu.ac.uk/news -and -events/news/story/8929/> accessed 16 January 2019.

158 Megson et al., Investigating the potential for transisomerisation of trycresyl phosphate with a palladium catalyst and its im plications for
aircraft cabinair quality. Chemosphere. Volume 215, January 2019, Pages 532 -534

< https://www.sciencedirect.com/science/article/pii/S0045653518319374 >accessed 16 January 2019.
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Unite Issues Call for Public Inquiryinto6 Aer ot ox/i ¢ Syndr on
Edition 261 of BC Disease News 8 February 2019)

Last week, Unite, the trade union, reiterated its call for a full public inquiryintoso -called 6 aer ot ox /i ¢c**°

syndromeé
Various experts believe that long -term exposure to contaminated air, which enters aircraft cabins through unsealed jet

engines (also known as 6 b/ e e)uriay a fou me eaauses DK@ r ot o x i/ c. TheyCrvibAviatiore Authority (CAA)
recognises the conditonas 6 aerot.oxi ci t yoé

Common symptoms of 6 a er ot o x i cinclugeitadiingomseréness of the eyes, nasal discharge, sore throat, coughing,
nausea, dizziness and cognitive impairment, while some consider the condition to be potentially fatal.

Throughout the inquest into the death of former British Airways (BA) pilot, Richard Westgate, it was submittedthat 6 aer ot ox i/ ¢
s y n d r waséhé lethal cause, though these accusations were not tested by the Coroner at Swindon Coroners Court, in
April 2017.

Following a more recent post -mortem inquestinto BA cabin crew member, Matt Bass, whodied aged 34, the Senior Coroner
overseeing the inquest wrote an unprecedented letter of concern to the Chief Coroner. As a result, all coroners are now
obliged to call f or additional tests in suspected casesof 6 aer ot oxi ¢ syndr omeo.

On 29 January 2019, Unite was prompted to call for a public inquiry into the controversial industrial disease, when news
surfaced thata 6 f v me et @eurred on a return flight from Bost on to London Heathrow (BA212), one week -prior.

Figure: British Airways Boeing 747400 (Source: Wikipedia)

On the outbound BA flightfrom Heathrow (BA213), cabincrew complainedofa 6 st r ang e ivoertheplaseimeded/ &
on US soil. An official Ar Safety Report logged this incident, butthe aircraft waspronounced 6 s a f e -6 6y BA endineers
in Boston, after having completed 6t horough checksé

However, 1 hour and 41 minutes post -departure, flight BA212 was forced to divert back to Boston , after smoke flooded the
cabin at 30,000 ft. The pilotdeclareda & Ma y démargedcy. '

10 crew members were taken to hospital for medical assessment, of whom 2 crew members were 0seri ocamcsliwgs 7/ [ 6
oviolentl!ly unwell é.

Hajera Blagg, 0Toxic cabin ai rUnedemshtpi/unitelivd.orglaerctaxié -public Sinquinsfume cevent> 2 0 1 9
accessed 5 February 2019.

St ephen Moyes and -SSlaRn MAYDAY iRr, i t6ilhD Airways flight dec!| asteegewe mer ger
in hospital o (7228uyXx httpsidfwwwthesun.co fik/news/7172405/british -airways-cabin -crew -smoke-hoods-toxic -fumes-

nice -flight/>accessed 5 February 2019.
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The Boeing 747-400 remained grounded for 3 days, while it was probed by a team of experts. Subsequently, it was flown
back to London without passengers. Almost immediately after arrival, the aircraft was cleared to embark on a commercial
flightto New York.

0 Fume eliketmetirgident on flight BA212, are not uncommon. As a matter of fact, in the pastyear alone, there have
been multiplereported 6 f v me  e@wBAAlighdsdn August2018,a6 f u me @ecoured at20,000 ft, 20 minutes into an
Airbus A320 flight (BA345) fran London Heathrow to Nice. ** Just one month later, another 6 f v me eceuged Atdn an
A320 flight (BA2960) from London Gatwick to Glasgow. **

It is accepted that toxic organophosphates, known as ortho  -substituted tricresylphosphates (ooo -TCPs), are fourd in toxic
0 bl e e.WNhatis mothccepted, however, is the source of contaminantsin 6 b/ ee.d ai r 6

Toxic organophosphates are not detected in engine oil itself and, in edition 258 of BC Disease News ( here), we analysed
the results of Manchester Metropolitan University research, which discovered that transisomerisation, a process that occu rs
inaircraft airconditioning systems, does not convert harmless organophosphatesinto  0oo-TCPs. Ultimately, the study findings
suggest that more emphasis should be placed on identifying alternative 0 b/ e e pblluants; flich as hydraulic fuel and
anti-freezing fluid.

BA bosses have attributed the 6 f v me  duiing flightA212 to de -icing chemicals, used on the Boston runway in negative
15°C temperatures.

According to a BA spokesperson, employees are encouraged to report safety incidents on fligh  ts and details of these
incidents are passed on to the CAA. However, the spokesperson told Sun Online Travel that:

6There has been substantial research [ nto questions around cab.
not shown that e xposure to potential chemicals in the cabin causes long -t er m [ 1** heal t hd

Not all airlines have downplayed the effects of daer ot o x i c, hasveveradwitlo Basydet announcing, in 2017, that it
would be installing new Pall Aerospace air filters on its f leet to reduce the risk of exposure to 6t ox it ai r o

Amid fears that 6 f v me éavebeénsird@er -reported, Unitehascreateda 6 Fume EvenGeeheey/ st er o
Will the Government submit to unrelenting trade union pressure and launch a public enquiry into bdaerotoxi c? syndron

As an emerging employersd |liability (EL) and public liability
developmen ts in future editions of BC Disease News.

More Than 50 Airline Employees Commence 6 Aer ot oxi ¢ Sy nc

Claims
Edition 269 of BC Disease News b April 2019)
Earlier this year fhere), we reported that Unite, the trade union, had reiterated its call for a full public inquiry into so  -called

daerot oxi c, aferyardfrwme 6eceuaed fod British Airways (BA) flight 212 from Boston to London Heathrow, in
January 2019.

1St ephen Moyes and Sam Christie, 6'UTTER PANIC' British Airoveays pass:¢
Ot oxic odour 00 [héSupehttps:Hwwiy.thesuntd.uk/Bews/7172405/british -airways-cabin -crew -smoke-hoods-toxic -fumes-

nice -flight/>accessed 5 February 2019.

2 TerrAnn Wi |l | i ams, 0 Bedioxydesrhaskandifive ergwsverp seht o hospitalicver fears toxic fumes had leaked into

plane cabin' 0o ( 9hePa)pMar <https:#wwik.dailytnail.co.uk/news/article -6147913/British-Airways-pilot-used-oxygen -

mask-five-crew -sent-hospital -toxic -fume-fears.html> accessed 5 February 2019.

B Kar a Go df-MERGENCYFAarskat air passengerscoulbe br eat hing in deadly 6toxic fumesd sp
Toxic fumes on pl aTkeduy<hbttbs:/Nivewthesun.co.uktravel8316704 /deadly -toxic-fumes-on-planes-investigation/>

accessed 6 February 2019.

®Andrew Gilligan, odeasyjet to fil t7éaSundaylimeas<httpsyiwwwithetimesled.uk/article/dadyjet - Se pt e m
to-filter-toxic -air-in-cabins -6qzrf6sjx> accessed 6 February 2019.
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b |

BC LEGAL
Engineers completed 6 ¢t h o r o u g hof the fgreunded Bdeing 747 -400, which led company bosses to conclude that this
specific 6 f u me was eamged by residual de -icing chemical exposure. Of course, proponents of aerotoxicity believe

that 6 f u me ®acwr wites tide cabin is filled with toxic 6 b / e e, dhica énterd through unsealed jet engine systems.

BC Legal hasbeen monitoring 6 aer ot ma i ema&d/an emerging risk for over 4 yea
liability and publicliability (EL/PL) claims, we published our expansive collection of articles in edition 265 of BC Disease  News
ere).

Last week, Unite confirmed that 4 pilots and 47 cabin crew
1 EasyJet;
T BA
1 Thomas Cook;
1 Virgin Atlantic; and
1 Jet2!®

80% of these claims affect BA, which has the largest fleet of aircraft of all UK airlines (see the table below).

Unite has specified that 6 / e g a/ hasdeen 6 8 @ r, theughdit is unclear whether this refers to service of the Letter of
Claimor service of the Claim Form. Regardless, Unite has intimated thatitcouldtake o6 v p o foathexaseastode heard
attrial, which infers thatthese 6 a er ot o x / ¢ clasmg willeventurdlylitigate, if they have not alread  y.**®

In support of the c¢claimantsd | egal action, Howard Beckett,
that:

rs a

hav

uni

6/ ndependent expert evidence concludes that air on board jet pl

that potentially damage the nervous system and may lead to chronic irreversible health problems in susceptible individuals

.how many more must be put at ri sk bef%re the airline industry

Reading between the lines, it is likely tha t the claimants will argue an association between long -term exposure to
contaminants in 6 b / e e,c.g.ahe pnrganophosphate compound, tricresyl phosphate (TCP), and the onset of chronic
irreversible neurological damage,i.e. symptomsof 6 aer ot oxme.6 s yndr o

Accordingl vy, aerotoxic claims wil/| n o té O roecaungl Sifetrend &7 c8)dmartigueo n a | e »

feature of this aircraft, asis evident from the table below, isthat itboasts a 6 o/ e eletifical systems architecture. '*® This
system was designed to:

1 Improve consumption and efficiency;

1 Reduce costs;

1 Enhance reliability; and

1 Extend range.

oAirlines face | awsuits ove BBJ<htps//vww.bbcrce.uk/news/business -47740523 > Macesseti 2 Ap 1 9
2019.

Al ex Flynn, o6Pilots and cabin crew |l aunch court Uamtion against
< https://unitetheunion.org/news -events/news/2019/march/pilots -and -cabin -crew -aunch -court -action -against -airlines-in-toxic-air-
dispute/?fbclid=IwWAR1IRfG95dnecilpSKCYoWXP01uGP0YY8Q43ieZtxhjvHvoPJCCO1laDPxXTd cessed 2 April 2019.

®¥"Kara Godfrey, O6LOAD OF HOT AIR? Five major UK airlines aeakh bein
problemsdbut t he carriers insi st t helhdSuym hbtps:/dwwntliesun.couk/travell87463994k -aitineswedsy- 2 0
jet-ryanair -british-airways-sued-toxic -air/> accessed 2 April 2019.

¥ Mi ke SinneBlteed 78ystNems: Saving Fuel and Enhameeingg Operational

< https://www.boeing.com/commercial/aeromagazine/articles/qgtr 4 07/article 02 1.html >accessed 2 April 2019.
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Table. Airline Fleets Facing Aerotoxic Syndrome Claims

However, claimants may struggle to demonstrate causation on this basis for the following reasons.

In edition 179 (here), we reported that the European Aviation Safety Agency (EASA) had identified that cabin air quality on
aeropla nes equipped withengine 6 b / e e systems wad similar to (or better than) air quality in normal indoor environments
(offices, schools, kindergartens or dwellings) and organophosphate concentration levels were well below the workplace
exposure limit.** What is more, in a finding thatwas contrary to expectation, Boeing & Dr e a ndaliinvaiesardples detected
TCP, despite havingno 6 b / e e system/imp8ing that bleed air is not the only source of organophosphate exposure.

169 EASA Final Report EASA_REP_RESEA_2014_4 Research Project: CAQ Preliminary cabin air quality measurement campaign
< https://www.easa.europa.eulsystem/files/dfu/EA SA%20CA Q% 20Study%20Final%20Report 21.03.2017.pdf> (Accessed 2 April 2019).
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