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“The aerotoxic syndrome”
The possible role of tri-ortho-cresylphosphates
(TOCPs) and individual sensitivities for neurotoxicity
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Meer onrust bij personeel ff Lucht in vliegtuigen soms ArkeFly maakt zich zorgen over cabinelucht

i ) CEZI uit die olie in het vliegtuig terecht komen. In motorolie voor

er kan motorolie lekken in de luchttof vliegtuigen zit ondermeer de stof TCP, die wordt toegevoegd om de olie
mogelijk een groot p In de nfl hitteb diger te maken. De verdenking gaat...

namelijk ook zogeheten TCP's, tricrefl NRC® smneniano 1 '
verwant...

nrc.nl> WEBLOG WETENSCHAP 1 DECEMBE Onderzoek naar gif in cabinelucht

QIR Europa moet medisch onderzoek uitvoeren naar de risico’s die
piloten en ander vliegend personeel lopen door blootstelling aan giftige

h

Onder vliegend personeel van KM grfl .z . g g gz
Viegtuigen. Volgens een intern bericht ]| O1f 111 Vliegtuigen risico
van de luchtvaartmaatschappij verschel§ CITNIN motorolie met zogeheten tri
de kwaliteit van de lucht in vliegtuigen vliegtuigeabine. Het gaat hierbij om
R : waarschijnlijk pas na jarenlange, v
lichaam...

NRC® INHET NIEUWS 1 DECEMBER 2012

stoffen (tcp’s) in de lucht van vliegtuigcabines. Het Europese...

NRCS BINNENLAND 13 JUNI 2013 A

Meer onrust bij personeel KLM over lucht in cockpit
QXY kan Aanleiding vormt de mini igheid van
restanten giftige deeltjes (tep’s) uit de motorolie van het vliegtuig. De
luchtverversing loopt via de motoren.Eerder dit jaar verscheen een studie...

ArkeFly: vliegveiligheid in g
oliegifdampen in'

NRC® INHET NIEUWS 28 AUGUSTUS 2013

Vliegen met een raar luch
CIZRD luchtvaartautoriteit FAA, dit
pilotenorganisaties.De stoffen, zogeh
toegevoegd aan motorolie voor straall

Meer onrust bij personeel KLM over luchtkwaliteit
in cockpit

in de motor passagiers en bemanning minerale...

Het gaat om tep's, zogeheten organofofl NRC# WETENSCHAP 1 DECEMBER 2012
NRC Eind vorig jaar, toen NRC Handel
nrcnl> o ve 2019

Kort
Oliedamp in de cockpit QR De oliedampen komen via de
[} Die wil vooralsnog alleen dat Eff aircosysteem de cabine en de cockpit

van de giftige stoffen waarom het gaat @ zitten tep’s, de giftige stoffen. NRCB4
Daarmee is echter de relatie met de ge7 Krijgt
steeds...

NRCS WETENSCHAP 8 JUNI 2013

Onder vliegend personeel van KLM groeit de zorg over de luchtkwaliteit in
vliegtuigen. Volgens een intern bericht dat zaterdag op de personeelssite
van de luch happi vragen “veel collega’s” waarom
de kwaliteit van de lucht in vliegtuigen “niet gemeten wordt”....

nrcenext WETEN 10 MEI 2013 arc.nl> 26 AUGUSTU
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“The aerotoxic syndrome”

manifest

50% 0%
by 34 Alrcrow Members

FIGURE 2. Frequency of complaints reported by 34 flight crew members (color figure available online).

MB Abou Donia et al Journal of Toxicology and Environmental Health, Part A, 76:363, 2013
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A total of 100 flights in 5 different aircraft types were monitored

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

Judith Murawski and Susan Michaelis

- Journal of Biological Physics an

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

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

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

The five-minute sample period do not represent the whole phase
of flight
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IOME),

Hasearch Report TMI11106
March

Cabin Air - surface residue study

Comparison of Different Locations within Aircraft: Report

Judith Lamb, Carolyn McGonagle. Hilary Cowie and
“For all four substances, the samples taken from th s
passenger compartment of the Boeing and

Airbus aircraft were significantly lower than in the
cockpit area, though the reduction was less
significant for TCP”

RESEARCH

e

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

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

v' Injet oil, TCP is used in the formulation of lubricants as an anti-wear additive
to enhance load bearing properties and improve tolerance to increasing
speed of rotating or sliding motion.
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The Toxicity of Commercial Jet Oils
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Mechanism of TOCP bioactivitation and detoxification
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OP-structure Exposure to tri-o-cresyl phosphate detected in jet airplane passengers

Mariya Liyasova **, Bin Li *, Lawrence M. Schopfer *, Florian Nachon , Patrick Masson “*,
Clement E. Furlong ¢, Oksana Lockridge ***
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IRAS Risk Model TOCP for cockpit crew

genetic variation
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IRAS Risk Model TOCP for cockpit crew

Total CF 24105 |

(ST |

Correction factor (CF) 10
for cockpit crew based on

main cabin measurements
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osure scenario
(e.g- 3 daily flights of each 2 hours)
40 ng/kg/d

Uncertainty factor (UR) = 5
Overt ciinical neurotoxicity
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Worst case scenario .
Lowest effect level humans Exposure scenario

5 mglkg/d / 2105 = ~ 25 nglkg/d (e.g. 3 daily :E;hts of each 2 hours)

Calculated for a highly genetically sensitive subpopulation
due to high P450 and low PON1 enzyme activity
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Individual aircraft personnel still has signs of
‘““aerotoxic syndrome” in spite of the lack or
extreme low levels of TOCP

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

Journal of Toxicology and Environmental Health, Part A, 76:363-380, 2013
Copyright © Taylor & Francis Group, LLC

ISSN: 1528-7394 print / 1087-2620 online

DOI: 10.1080/15287394.2013.765369

AUTOANTIBODIES TO NERVOUS SYSTEM-SPECIFIC PROTEINS ARE ELEVATED IN
SERA OF FLIGHT CREW MEMBERS: BIOMARKERS FOR NERVOUS SYSTEM INJURY

Mohamed B. Abou-Donia’, Martha M. Abou-Donia', Eman M. EIMasry', Jean A, Monro?,
Michel F. A. Mulder?
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FIGURE 3. The levels of the sera circulating Ig-G-class
autoantibodies against neuronal and glial proteins from controls
and flight crew members. The results are expressed as means of
optical density arbitrary units normalized to albumin optical den-
sity from each serum as fold of healthy controls and represent
means = SE of triplicate assays (color figure available online).
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AUTOANTIBODIES TO NERVOUS SYSTEM-SPECIFIC PROTEINS ARE ELEVATED IN
SERA OF FLIGHT CREW MEMBERS: BIOMARKERS FOR NERVOUS SYSTEM INJURY

Mohamed B. Abou-Donia’, Martha M. Abou-Donia', Eman M. EIMasry’, Jean A, Monro?,
Michel F. A. Mulder?

TABLE 3. Sera Autoantibodies Against Neuronal and Clial Proteins From Case-Study Pilot Before and After Exposure®

12 d after CKPQ’S-’UIL“ 16 mo after exposure 21 mo after exposure
Time “0” before 3 .
Proteins exposure, level! Level | Change® Level* Change” Level Change”

MAP-2 3.03 16.7¢ [ 533 2.05 0.60 1.28 0.42
TAU 1.09 5.56f 510 | 1.21 m 0.94 0.86
Tubulin 0.34 2.86° | 17.24 | 7.67¢ 22.00 3.78° 11.12
MBP 0.33 2.85° | 8.64 3.45° 1045 2.33° 7.06
NFP 0.35 0.20 \ 057 | 1.01° 2.88 0.68 1.94
GFAP 0.32 0.72 225 | 0.93° 2.90 0.43 1.30
S-1008 0.03 0.15 \5.00 0.82° 27.00 0.04 1.33

after flight in case-
study with one pilot

Some conclusions regarding the aerotoxic syndrome

Clinical symptoms are real, appear associated with frequent flying
and indications for genetic susceptibility for a small part population
Increase in autoantibodies neurodegenerative/cyctoxic processes
measured after flights reason for concern and further research
Role of TOCP unlikely with data modern KLM B737’s, that indicate
levels well below estimated by IRAS model to be hazardous

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

Any questions?
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