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Foreword

This safety investigation is exclusively of a technical nature and the Final Report reflects
the determination of the AAIU regarding the circumstances of this occurrence and its
probable causes.

In accordance with the provisions of Annex 13? to the Convention on International Civil
Aviation, Regulation (EU) No 996/2010% and Statutory Instrument No. 460 of 20093,
safety investigations are in no case concerned with apportioning blame or liability. They
are independent of, separate from and without prejudice to any judicial or
administrative proceedings to apportion blame or liability. The sole objective of this
safety investigation and Final Report is the prevention of accidents and incidents.

Accordingly, itis inappropriate that AAIU Reports should be used to assign fault or blame
or determine liability, since neither the safety investigation nor the reporting process
has been undertaken for that purpose.

Extracts from this Report may be published providing that the source is acknowledged,
the material is accurately reproduced and that it is not used in a derogatory or
misleading context.

1 Annex 13: International Civil Aviation Organization (ICAO), Annex 13, Aircraft Accident and Incident
Investigation.
2 Regulation (EU) No 996/2010 of the European Parliament and of the Council of 20 October 2010 on the
investigation and prevention of accidents and incidents in civil aviation.
3 Statutory Instrument (SI) No. 460 of 2009: Air Navigation (Notification and Investigation of Accidents, Serious
Incidents and Incidents) Regulations 2009.




AAIU Report No: 2025-008

State File No: IRL00924012
Report Format: Synoptic Report

Published: 14 August 2025

In accordance with Annex 13 to the Convention on International Civil Aviation, Regulation
(EU) No 996/2010 and the provisions of SI No. 460 of 2009, on 10 May 2024, the Chief
Inspector of Air Accidents appointed John Owens as the Investigator-in-Charge to carry out
an Investigation into this Serious Incident and prepare a Report.

Aircraft Type and Registration:
No. and Type of Engines:
Aircraft Serial Number:

Year of Manufacture:

Date and Time (UTC)*:
Location:

Type of Operation:

Persons on Board:

Injuries:

Nature of Damage:

Commander’s Licence:

Commander’s Age:

Commander’s Flying Experience:

Notification Source:

Information Source:

Airbus A320-214, EI-DEJ

2 x CFM 56-5B4/3

2364

2005

24 April 2024 @ 12:25 hrs

During descent into Dublin Airport (EIDW)
Commercial Air Transport

Crew —2 Passengers — Nil
Nil

Nil

European Union (EU) Flight Crew Licence (FCL), Airline
Transport Pilot Licence (ATPL), issued by the Irish
Aviation Authority (IAA)

42 years
10,623 hours, of which 5,896 were on type
The Operator

AAIU Report Forms submitted by the Flight Crew
AAIU Desk Investigation

4 UTC: Co-ordinated Universal Time. All times in this report are quoted in UTC unless otherwise stated; local time
was UTC + 1 hour on the date of the occurrence.
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SYNOPSIS

The Airbus A320-214 aircraft, with two pilots on board, was on a positioning flight to Dublin
Airport (EIDW), Ireland, from Madrid-Barajas Airport (LEMD), Spain. There were no passengers
or cabin crew on board. After take-off, the Commander detected what he described as a ‘slight
chemical-type’ odour. The Commander stated that the odour eventually dissipated in the
flight deck but was detectable in the aft galley. The Commander reported that during the
subsequent descent into EIDW, when passing approximately 6,500 ft, a ‘very strong chemical
odour was detected in the flight deck, and that due to its severity, he immediately ordered
the donning of the flight crew oxygen masks. The Flight Crew donned their oxygen masks and
subsequently removed them at approximately 600 ft to aid visibility and communication. The
odour was reported to have diminished at that stage but that it was still noticeable. The
aircraft landed normally on Runway (RWY) 28L at EIDW and taxied to its parking stand. The
Flight Crew immediately attended a hospital, where physical examination, blood tests, X-rays,
and ECGs were conducted. No abnormalities were detected and both crew members were
discharged a number of hours later.

The probable cause of the fumes was contamination of the aircraft’s air conditioning system
due to oil from an external oil leak at the Auxiliary Power Unit (APU) being ingested by the
APU’s load compressor.

NOTIFICATION AND RESPONSE

The Operator submitted a Mandatory Occurrence Report in relation to this event. Following a
review of the occurrence, the AAIU commenced an Investigation.

1. FACTUAL INFORMATION
1.1 History of the Flight

On 24 April 2024, the aircraft, with two pilots on board, was on a positioning flight to Dublin
Airport, Ireland (EIDW) from Madrid-Barajas Airport (LEMD), Spain, where it had been
undergoing landing gear maintenance. There were no passengers or cabin crew on board. The
aircraft took-off from LEMD at approximately 10:25 hrs. After take-off, the Commander, who
was the Pilot Flying (PF), detected a ‘slight chemical-type odour’, which he stated was similar
to ‘when a hot iron burns clothes’. The odour was not detected by the First Officer, who was
the Pilot Monitoring (PM), and the flight was continued. The Commander reported that the
odour was ‘light’ and that during the cruise it eventually dissipated in the flight deck but was
detectable in the aft galley.

The Commander reported that during the subsequent descent into EIDW, when passing
approximately 6,500 ft, ‘a very strong chemical odour was encountered in the flight deck’ and
that due to the severity of the odour, he immediately ordered the donning of the flight crew
oxygen masks. The First Officer had also noticed the odour at this stage. The Commander
stated that because the aircraft was already turning towards the localiser® for Runway (RWY)
28L at EIDW, no assistance was sought from ATC and the approach was continued. The
Commander reported that the oxygen masks were removed at approximately 600 ft to aid
with visibility and communication, and at that stage, the odour had diminished but was still
noticeable.

5 Localiser: A component of an airport’s Instrument Landing System (ILS) which utilises a directional radio signal
to guide approaching aircraft along the axis of the runway.
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1.4

The aircraft landed normally on RWY 28L at EIDW at approximately 12:35 hrs and taxied to its
parking stand. It was reported that during the taxi, both cockpit windows were opened for
ventilation and that the odour was no longer apparent after engine shutdown.

The aircraft’s Auxiliary Power Unit (APU) had been running while on the ground in LEMD
before the occurrence flight and bleed air had been selected on. The APU was shut down once
the aircraft’s engines had been started in LEMD and was not used again until arrival on stand
in EIDW.

Injuries to Persons

No injuries were reported to the Investigation. However, following the occurrence flight and
upon consultation with the Operator, both Flight Crew members travelled by taxi to a local
hospital, where physical examination, blood tests, X-rays, and ECGs were conducted (Section
1.8.3). No abnormalities were detected and both crew members were discharged a number
of hours later.

The Commander informed the Investigation that there was tingling in his left arm, and fatigue,
symptoms, which he said continued for several weeks. He said that he returned to work
approximately one month later, following a period of sick leave, rostered rest days, and annual
leave. The First Officer reported a headache. He said he also had a pain in his throat, which
lasted for several days. He returned to work on 28 April 2024 following three rostered rest
days.

Damage to Aircraft
There was no damage to the aircraft.
Personnel Information

The Commander’s and First Officer’s licences and medical certificates were valid at the time
of the occurrence. Further details are outlined in Table No. 1 and Table No. 2.

Age: 42 years

Licence: ATPL issued by the IAA

[\ (Lo [Tor| K eTgd)ilo-1{=HI Class 1, issued 17 October 2023
Total all types: 10,623 hours 12 minutes
Total on type: 5,895 hours 54 minutes

Last 90 days: 139 hours 57 minutes

Last 28 days: 50 hours 56 minutes

Last 24 hours: 6 Hours 23 minutes

Table No. 1: Commander’s Details



1.5

1.5.1

1.5.2

Age: 46 years

Licence: ATPL issued by the I1AA

(V[T [N eTadiilo1-HIl Class 1, issued 9 January 2024
Total all types: 8,244 hours 49 minutes
Total on type: 1,581 hours 47 minutes
Last 90 days: 88 hours 38 minutes
Last 28 days: 39 hours 53 minutes
Last 24 hours: 2 Hours 41 minutes

Table No. 2: First Officer’s Details
Aircraft Information
General

The aircraft, an Airbus A320-214, was manufactured in 2005. Its most recent Certificate of
Airworthiness (C of A) was issued by the IAA on 30 January 2008. The associated Airworthiness
Review Certificate (ARC) in force at the time of the occurrence was issued on 25 January 2024
and was valid until 2 February 2025. The aircraft had operated for a total time of 51,230 hours
from the date of manufacture until the occurrence date.

Auxiliary Power Unit (APU)

A Honeywell 131-9A Auxiliary Power Unit (APU), installed in a compartment in the tail of the
aircraft, supplies the aircraft with electrical power and bleed air, primarily during ground
operation. The APU is a single-shaft, constant-speed, gas turbine engine, comprising a
centrifugal compressor and a two-stage axial turbine (Figure No. 1). The APU has its own
lubrication system which utilises oil for lubrication and cooling; the lower section of the APU
gearbox serves as a sump for the oil. A chip detector is installed to collect magnetic particles
that may be present in the lubrication system for evaluation by maintenance personnel. The
APU incorporates a separate, single-stage, centrifugal load compressor to supply air to the
aircraft’s air-conditioning system through an APU bleed valve. The temperature of the air as
it exits the bleed valve is in the range of 150 to 185 degrees Celsius. A plenum chamber, fitted
with a debris screen, directs inlet air to the APU compressor, the load compressor, and a
cooling fan (not shown in Figure No. 1). The cooling fan, which is fitted to the APU gearbox,
draws air from the APU inlet plenum chamber and supplies it to the APU oil cooler (also not
shown). Air from the fan is also used for APU compartment cooling.

APU BLEED VALVE

FLAP ﬁ LOAD PLENUM L

MOTOR COMPRESSOR CHAMBER

FUEL NOZZLES

Figure No. 1: APU Schematic
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1.5.3.1

An air intake, fitted with a motorised flap, is located at the base of the APU compartment to
supply air to the plenum chamber (Figure No. 2). A drain mast, which drains fuel/oil from the
APU’s fuel control unit and other components in the event of seal leakage or other internal

leak, is located aft of the APU inlet.

———— APU
ﬁ —_— APU exhaust
|

Intake Mast

Alr’hlg_@ke Drain Mast

Figure No. 2: Location of APU air intake and drain mast
Pneumatic and Air Conditioning Systems

Pneumatic System

The aircraft’s pneumatic system (Figure No. 3) utilises bleed air from the engines and/or the
APU. Engine bleed air is extracted from the fifth stage of each engine’s high-pressure
compressor, through an Intermediate Pressure bleed Check valve (IPC), or from the ninth
(final) stage, through a High Pressure (HP) bleed valve, depending on the engine speed/power

settings.

AIR SUPPLY TO OTHER AIR SUPPLY TO OTHER
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Figure No. 3: Pneumatic system schematic (Airbus A320 Technical Training Manual)
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1.5.3.2 Air-Conditioning System

Two Flow Control Valves (FCVs) connect the pneumatic system to two air conditioning packs,
which cool and dehumidify the air coming from the engines and/or the APU (Figure No. 4).
The cooled air is supplied to a mixer unit, where it is mixed with air returning from the aircraft
cabin (recirculated air). Depending on the temperature selected by the Flight Crew, trim air
valves permit unconditioned hot air to be mixed with the air from the mixer unit. This air is
then supplied to the aircraft cockpit and cabin. The recirculated air is filtered by High Efficiency
Particulate Arresting (HEPA) filters, before it enters the mixer unit. The specification of the
HEPA filters installed requires a 99.97% removal efficiency for a particle size of 0.3 microns®
(DOP test’). The Filter Manufacturer’s published information notes that HEPA filters are
designed to remove particulate; the filters are not designed to remove gaseous
contamination/odours, but that aerosolised droplets may be adsorbed?® by the filters. The
published information also states that the HEPA filters installed have a microbial removal
efficiency of greater than 99.999% for bacteria and viruses.

The air supplied by the air-conditioning system to the aircraft cabin and cockpit comprises
approximately 60% from the air conditioning packs and trim air valves, with the remaining
40% being supplied through the recirculation system. According to the Aircraft Manufacturer’s
specifications, the normal change rate (renewal rate) of the air in the cockpit is once per
minute approximately, whereas the air in the cabin is renewed once every two minutes
approximately.
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Figure No. 4: Air conditioning system schematic (Airbus A320 Technical Training Manual)

5 Micron: One millionth of a metre i.e. one thousandth of a millimetre.

7 Dispersed Oil Particulate (DOP) test: A technique for measuring the fine particle arresting efficiency of an air
or gas cleaning system or device. The DOP test consists of challenging the filter with an aerosol mist of oil
droplets, with a mean size of 0.3 microns.

8 Adsorbed: Holding molecules of a gas or liquid or solute as a thin film on the outside surface or on the internal
surfaces within a material.
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1.6
1.6.1

1.6.2

Quick Reference Handbook

The checklist for ‘SMOKE/FUMES/AVNCS [avionics] SMOKE’, provided in the aircraft’s Quick
Reference Handbook (QRH), states, inter-alia, that flight crews dealing with smoke or fumes
should use the crew oxygen masks if required, and divert or land immediately if necessary.

APU-Related Smoke, Odours and Fumes
Introduction

The APU’s lubrication system utilises a fully synthetic turbine engine oil. Ordinarily, oil should
not enter the aircraft’s air-conditioning system. However, if there is oil leaking from a
component fitted to the APU, or from the APU drain mast (as a result of a component with an
internal leak), or from the APU oil filler cap due to over-servicing (over-filling with oil), the
potential exists for this oil to enter the APU air intake and consequently the plenum chamber
and load compressor. The oil can then become mixed with hot, high-pressure air from the load
compressor and enter the air-conditioning system. An internal leak in the APU (e.g. from a
leaking load compressor seal) that results in the presence of oil at the load compressor will
have the same effect. Internal leakage within an aircraft’s engine can also result in oil entering
the aircraft’s air-conditioning system.

Oil entering the air-conditioning system can result in smoke, odour or fumes in the aircraft
cabin and/or cockpit. It is also possible during aircraft de-icing procedures for de-icing fluid,
which is glycol-based, to enter the aircraft’s air conditioning system through the engine or
APU air intakes. The fluid can be heated by bleed air and can also result in fumes in the aircraft
cabin. External fumes ingested by the APU, such as main engine exhaust gas fumes or fumes
from another aircraft can have the same effect.

Odour Descriptions and Causes

According to the Aircraft Manufacturer, 12% of all APU-related, odour, fume or smoke events
that occur on the aircraft type (all operators) are due to APU internal oil leakage (oil leaking
from the APU’s lubrication system through the load compressor seal and into the plenum
chamber) and 88% are related to external re-ingestion (leakage from a component or external
area being ingested via the APU air intake into the load compressor). Of the re-ingestion
events, 17% are related to APU over-servicing, 45% are related to re-ingestion of external oil
leaks at the APU, and 38% are related to ingestion of non-APU-related contaminants (such as
de-icing fluid).

In June 2020, the Aircraft Manufacturer issued an ‘In Service Information’ Bulletin (ISI
21.00.00139), titled ‘Digest for Smoke, Odors® and Fumes (SOF). It includes a table which
describes cockpit and cabin odour types and their primary causes, with the most reported
listed first. The most relevant odours are included in Table No. 3.

Description Primary Cause (most reported listed first)

Acrid Electrical equipment/in-flight entertainment
Chemical Contaminated bleed ducts, APU ingestion,
leakage of rain repellent fluid

Dirty Socks | APU or engine oil leaks

Oil Engine or APU oil leak

Table No. 3: Odour Descriptions and Primary Cause (Aircraft Manufacturer)

° Odor: This spelling, when used in this Report, reflects the spelling contained in the original document.



1.7 Inspection Requirements and Maintenance History
1.7.1  Aircraft Maintenance Programme Requirements

The Operator’s Aircraft Maintenance Programme for the aircraft includes all scheduled
maintenance tasks as developed by the Aircraft Manufacturer and the additional
requirements developed by the Operator. There are several APU-related tasks, including the
following which were developed by the Operator:

e A ‘leak check of the APU’, to include cleaning of the APU compartment, the access
doors and the air intake flap, to be performed every 1,000 flight hours.

e An inspection of ‘the APU and its components using a black light®° to check for leaks
and rectify as required’, to be performed every 1,200 flight hours.

1.7.2  Maintenance Tasks Specified by the Aircraft Manufacturer

Following a report of smoke, odours or fumes on board an aircraft, operators are required to
perform troubleshooting in accordance with the Aircraft Manufacturer’s Troubleshooting
Manual (TSM). Task TSM 05-50-00-810-831-A (‘Identification of the Cause of Cabin Odor,
Smoke or Fume’) refers. This task outlines the possible causes of the smoke, odours or fumes,
and highlights the relevant sections of the Aircraft Maintenance Manual (AMM) and other
TSM sections which must be followed. TSM 05-50-00-810-831-A includes the following
definitions for odours, smoke and fumes:

‘Odor: An odor is a physiological response to airborne substances that trigger the human
sense of smell.
Smoke: A smoke is a visible suspension of particulate matter in the air, usually emitted
from a thermally decomposed or burning substance.
Fume: An emission which is not visible but perceived as aggressively odorous and/or
irritating’.

The level (severity) of the odour/smoke/fumes is defined in the TSM as follows:

‘Level A: Temporary odor, smoke or fume.

Level B: Persistent. The odor, smoke or fume stays after the event and dissipates after
some time.

Level C: Continuous odor, smoke or fume that causes discomfort’.

A decision table is included to assist maintenance personnel in identifying the most likely
cause. If the APU is identified as the cause, maintenance personnel are directed to the relevant
sections of the AMM and TSM. If an internal leak in the APU is identified, an APU replacement
is normally required, although maintenance personnel may initially render the APU
inoperative to expedite the aircraft’s return to service. Once replaced, the removed APU is
sent to the APU manufacturer or an approved repair agency for repair/overhaul.

To decontaminate the ducts and the air-conditioning system following an odour/fume
occurrence, the TSM task refers to three levels of decontamination procedure — Level A (least
extensive), Level B, and Level C (most extensive). Information provided by the Operator
indicates that the Level A procedure takes two hours to complete, the Level B takes 8 hours,
and the Level C takes 48 hours. The correct decontamination procedure to follow is
determined by the level (severity) of the reported odour. Each decontamination procedure
requires, amongst other items, the air-conditioning system to be operated using engine or
APU bleed air, or air from a ground cart to clean contamination from the system and
associated ducts, following rectification of any identified oil leaks.

10 Black light: A lamp that emits long-wave (UV-A) ultraviolet light which can be used to detect oil leaks.



1.7.3

Maintenance Tasks Developed by the Operator

Odour, fume or smoke events are recorded by the Operator’s flight crews in the aircraft’s
technical logbook. The Operator also utilises a ‘CABIN AIR CONTAMINATION REPORTING
SHEET, which is contained in the technical logbook and allows flight crews to provide further
details regarding an event, including flight phase, engine power, APU bleed valve status,
maintenance or de-icing performed before flight (if any), type and strength of odour, and
symptoms experienced (if any).

The Operator provided the Investigation with a document titled ‘Technical Review APU Odour
in Cabin’ relating to odour in cabin events on its and other operators’ Airbus A320 fleets. It
outlined several preventative measures being considered by the subject Aircraft and APU
Manufacturers and by aircraft operators, and the maintenance procedures, in addition to
those contained in the TSM and AMM, being considered.

The document refers to an Engineering Order (EO), R320-49-2012, titled ‘APU Troubleshooting
for Odor in Cabin events’, which was developed by the Operator. According to the Operator,
it ‘is based on the latest TSM, the APU Manufacturer’s recommendations and other operators’
best practices’ and is intended to be issued following an occurrence if the APU is identified as
the cause. The Operator informed the Investigation that Revision A of the EO (dated 21
November 2023) had not been utilised on its fleet and Revision B was issued instead (dated
28 June 2024). The EO directs maintenance personnel to identify the cause of the smoke,
odour or fumes and determine the level (A, B or C) in accordance with the TSM. If the APU is
determined to be the most probable cause, maintenance personnel are directed towards the
appropriate AMM section and instructed to clean the APU intake and the APU bay. The EO
refers to an annex, which contains a list of areas to inspect for ‘[0il] ingestion and any possible
external source’, including the following:

e APU plenum

e Load compressor cavity drain port

e APU line/tubes and tube fittings

e APU access doors rubber seal and compartment door seals
e Upper surface of air duct/access door

e Qilfiller cap or the oil reservoir pressure servicing port

e Lube module/oil pump assembly

e FCU

e Drain tank

e Qil level switch

The ‘Technical Review APU Odour in Cabin’ document also refers to ‘Proactive checks’, which
include a weekly APU check and a series of A-Check!! inspections. The APU weekly check, as
described, included the following tasks:

e Visual inspection of APU with black light

e Visual inspection of APU intake plenum and seals

e Qil level servicing — check to fill line — drain if over the limit
e Rectify any leaks identified in accordance with the AMM

11 A-Check: An aircraft maintenance visit comprising several maintenance tasks, which is scheduled every several
hundred flight hours.



The A-Check inspections, as described, included 17 specific inspections of the APU, including
a check of the APU load compressor witness drain, the oil cooler, cooling fan and discharge
duct, and an APU oil level check.

The Operator informed the Investigation that the additional weekly and A-Check inspections
of the APU were evaluated and were assessed to have limited potential effectiveness for
prevention of events and therefore were not implemented. The Operator advised that it has
performed a ‘black light’ inspection of the APUs in its fleet at each A-Check since 2017.

1.7.4 Maintenance History
1.7.4.1 Previous Reports of Odours/Fumes and Associated Maintenance

In the weeks preceding the subject occurrence, there were several reports of odours/fumes
on the subject aircraft, the first of which occurred on 29 February 2024. On arrival into EIDW
following a flight on that date, the flight crew reported the following in the technical
logbook: ‘odour experienced during flight on flight deck. Smell akin to burning oil [...]".
During subsequent troubleshooting performed the following day (1 March 2024), ‘oil
wetting/staining’ was found on the APU cooling fan. The APU cooling fan was replaced as a
result. A ‘Level A [de-]contamination run’ was carried out on 2 March 24 with ‘nil findings’.
The aircraft was returned to service on 3 March 2024 with the APU operative.

On 17 March 2024, the aircraft operated four sectors. Following the first sector, the cabin
crew reported an unusual smell in the forward galley when the aircraft was on approach. The
cabin crew reported that there were no physiological effects. When the aircraft arrived in
Dublin following the second sector, maintenance personnel conducted an inspection and
reported ‘Nil’ findings. On the next sector, the cabin crew noticed the same smell at the top
of the climb and that it was near seat rows three to row five. The cabin crew reported that
they were not unwell and that they were fit to fly. They operated on the return sector to
Dublin and reported the same unusual smell on the approach to Dublin but that it was stronger
than previous instances. An Air Safety Report (ASR) was raised by the commander of that
flight, which documented the smells that had occurred. A technical logbook entry for the final
sector reported the following: ‘Cabin Crew reported strange smell 10 mins to landing [...]".

During subsequent troubleshooting conducted the following day, maintenance personnel
reported that there was ‘evidence of oil noted in APU area’. However, it was also noted that
the engines and APU were operated for over one hour, that the APU and APU bay were then
inspected, and that there was ‘nil signs of oil leak’. A Level A decontamination run was also
carried out. The aircraft was returned to service on 18 March 2024 with the APU operative.

On arrival into EIDW on the night of 18 March 2024, following the second of two sectors
operated that day, the flight crew reported that there was ‘Odour/fumes evident below
15,000’ [feet/ft] when bleed system is on HP bleed valves. Odour/fumes cleared when thrust
increased on IP bleed valve’. The flight crew also raised an Air Safety Report stating that they
became aware of odour/fumes in the cockpit, which began at approximately 15,000 ft and
lasted a few minutes before clearing. The flight crew reported that oxygen use was considered
but as neither flight crew member felt any ill effects and the smell cleared after a few minutes,
it was not used. The cabin crew did not report any fumes/odours.



1.7.4.2

During troubleshooting performed on 19 March 2024, maintenance personnel noted that
‘Contamination [was] found in APU plenum post APU run. Source of contamination found. APU
made inop. De-contamination runs C/O [carried out]. No fumes or smells. Aircraft OK for
service with no APU’. The aircraft returned to service on 20 March 2024 with the APU rendered
inoperative. The APU, which had been installed on the aircraft since 23 December 2021, was
subsequently replaced on 28 March 2024 (S/N off P2788, S/N on P3216).

Two weeks later, on 11 April 2024, after landing following a flight from Dublin, the flight crew
reported the following: ‘During descent circa passing 5,000 feet, strong smelly socks [Section
1.6.2]. Info: Cabin Crew report chemical smell in cabin’. The flight crew also raised an ASR for
the occurrence, The following maintenance action was recorded: ‘Odours and mist in cabin
[...] procedure performed IAW TSM Rev Feb 01/24 26-15-00-810-808-A performed and Level A
decontamination of the Environmental Control System ECS performed IAW AMM 21-00-00-
615-802-A. No smoke or smell found’. Maintenance personnel rendered the APU inoperative.
Following the return flight to Dublin, the flight crew reported the following: ‘Cabin Crew
reported smell again during descent circa 5-6 mins prior to landing. Cleared more quickly than
previous flight. Nothing in FD [Flight Deck]’. The flight crew also raised an ASR for the
occurrence.

During subsequent troubleshooting carried out on the following day (12 April 2024),
maintenance personnel found oil on the ‘APU load compressor and inlet plenum’ and a further
decontamination run was carried out, as was an operational test of the ‘cockpit and cabin
temperature control system’. The aircraft returned to service on 13 April 2024 with the APU
inoperative. Following further troubleshooting performed on the night of 16/17 April 2024,
maintenance personnel noted the following: ‘APU chip detector found to have oil weep. Chip
detector O rings replaced and APU cleaned and ran for 1 hr with no further leaks or smells IAW
49-91-42-200-004. APU now serviceable’. The aircraft’s next flight was a positioning flight to
LEMD on 17 April 2024 for landing gear maintenance.

Maintenance Performed Immediately Prior to and After the Occurrence

The subject aircraft underwent landing gear maintenance at a maintenance base at LEMD
from 17 April 2024 until 24 April 2024 (the day of the occurrence). On the morning of the
occurrence, prior to the occurrence flight, which was a positioning flight back to Dublin
without passengers or cabin crew, and was the first flight following the maintenance visit, an
‘APU Oil Level Low’ warning message was ‘flashing’ in the cockpit. As a result, maintenance
personnel checked the APU oil level and found it to be ‘correct’.

On arrival in Dublin following the occurrence flight, the Flight Crew made an entry in the
aircraft’s technical logbook, which stated the following: ‘Fume event during later stages of
descent. Very strong chemical smell passing approx. 6,500 ft until landing. O2 masks used’.
Initially, maintenance personnel performed a ‘Level A decontamination of [the] Environmental
Control System?? [ECS] with both engines supplying air’. The aircraft was returned to service
the following day with the APU rendered inoperative (25 April 2024).

12 Environmental Control System (ECS): This comprises the air conditioning and pressurisation systems.



On 26 April 2024, during subsequent troubleshooting, maintenance personnel ran the APU for
two separate hour-long periods and found no evidence of an internal or external oil leak.
However, following a cooling down period of another hour, a ‘small amount of oil was found
dripping down from within the inlet plenum screen’. Maintenance personnel recorded that
they suspected an internal leak was causing ‘a small build up of oil to sit in the seal between
the inlet duct and plenum’. The aircraft returned to service with the APU rendered inoperative.

On 30 April 2024, the APU cooling fan was removed, and the cooling fan inlet duct, cooling fan
and cooling fan outlet duct were found to be ‘contaminated with oil’. The parts were cleaned
and reinstalled. The aircraft was not returned to service at this time.

On 2 May 2024, further troubleshooting was carried out in an attempt to find the source of
the oil leak. It was reported that the ‘load compressor cavity plug’ was removed and that
oil-contaminated fluid ‘poured’ from the cavity drain. In addition, the load compressor’s inlet
lip was ‘found to be heavily contaminated’. The aircraft returned to service on 3 May 2024
with the APU remaining inoperative.

The APU (S/N 3216), which had been installed on the aircraft on 28 March 2024, was replaced
on 4 May 2024.

1.7.5 Workshop Reports for Removed APUs
1.7.5.1 APU Serial Number 2788

APU S/N 2788, which had been installed on the subject aircraft since 23 December 2021, was
removed from the aircraft on 28 March 2024 and was sent to the APU Manufacturer’s
workshop for inspection/repair. The workshop report recorded that the APU had been in
service for a total time of 23,769 hours since new and 3,209 hours since last (workshop) repair.
The workshop report noted that the external condition was ‘severely dirt contaminated’. It
was also noted that the inlet plenum was ‘found heavily contaminated [with oil]’ but that there
‘no oil indication at load compressor side’.

The following was also noted:

‘The customer's reason for removal could be confirmed. During receiving induction
including detailed black light inspection, the inlet plenum and the cooling fan and its
ducts showed signs of slight oil contamination indication. The FCU drain port and its line
was found oil wetted. Oil level of APU sight glass found above maximum — oil over
service. A slight leak indication noted on gearbox oil transfer tube (GB - oil cooler). The
load compressor witness drain line fitting was found clean without indication of oil
spillage [...]'.

The workshop report stated that there was an ‘ingestion of oil’, i.e. that oil leaking externally
was ingested into the APU.



1.7.5.2 APU Serial Number 3216
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1.8.1

APU S/N 3216, which was installed on the aircraft at the time of the occurrence (fitted on 28
March 2024), was removed on 4 May 2024 and was sent to the APU Manufacturer’s workshop
for inspection/repair. The workshop report recorded that the APU had been in service for a
total time of 19,663 hours since new and 67 hours since last (workshop) repair. The workshop
report noted that the external condition was ‘oil stained and dirty’. The following was also
noted:

‘The customer's reason for removal could be confirmed. During receiving/induction a
detailed black light inspection had been performed. The inlet plenum and the cooling fan
and its ducts showed signs of slight oil contamination indication. The FCU drain port and
its line was found oil wetted. Oil traces were found on [the] generator pad, lube module,
air/oil separator, oil filler port (oil over service cannot be excluded), gearbox oil transfer
tube bore. The load compressor witness drain line fitting was found slightly
contaminated. The cooling fan had been disassembled, oil found in front of carbon seal
[...] leak indication [...]."

The workshop report noted that there was an ‘ingestion of oil’, i.e. that oil leaking externally
was ingested into the APU.

Reaction to Odours and Fumes
Fume Event Contaminants

A paper'® on aircraft fume events, noted that contaminants may include various
organophosphates (used as anti-wear additives in lubricating oil), including Tricresyl
Phosphate (TCP — a non-flammable, non-explosive, colourless, viscous liquid). Other
contaminants are amines (antioxidants used to prolong the life of a lubricant), Volatile Organic
Compounds (VOC - gases that are emitted into the air) and ultrafine particles.

The Safety Investigation Authority of France (BEA'*) investigated an emergency diversion
which occurred in 2017 as a result of the partial incapacitation of the flight crew following
reports of an odour in the cockpit. The flight crew reported feeling unwell, dizzy and nauseous.
The associated investigation report!> discussed various potential causes of cabin air
contamination, including engine lubricating oil. The report stated that in the event of the oil
being pyrolyzed (decomposed through heating to a high temperature), a small proportion of
the TCPs in the oil ‘may be transformed into ToCPs (tri ortho-cresyl phosphate), ortho-isomers
of the TCP and neurotoxic, organophosphorous compounds’ and that ‘Although there is no
scientific consensus, certain studies into the quality of cabin air suggest that the ToCPs could
be behind various symptoms such as those experienced by the crew [in that case]’.

13 Burdon J, Budnik LT, Baur X, et al. Health consequences of exposure to aircraft contaminated air and fume
events: a narrative review and medical protocol for the investigation of exposed aircrew and passengers.
Environmental Health. 2023; 22:43.

14 BEA: Bureau d'enquétes et d'analyses pour la sécurité de |'aviation civile (Bureau of Enquiry and Analysis for
Civil Aviation Safety).

15 BEA Investigation Report, BEA2017-0658.en/November 2020.



https://bea.aero/en/investigation-reports/notified-events/detail/serious-incident-to-the-airbus-a320-registered-ec-hqj-and-operated-by-vueling-on-17-11-2017-en-route/
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1.8.2  Sensitivity to Odours

In relation to sensitivity to odours, the Aircraft Manufacturer’s ‘Digest for Smoke, Odors and
Fumes (SOF)’ bulletin states the following:

‘When an odor is smelt by a human, there are many different factors that affect the
response, or interpretation of the odor. [...]. Intensity, frequency, expectation all play a
part in the interpretation. We can interpret an odor in many different ways based on our
expectation and knowledge. For example, if you smell fuel when filling up your car fuel
tank, you will not usually be disturbed by such odor, because you understand where it
comes from, and expect to encounter it in that specific scenario. However, if you
encounter the same odor whilst watching TV, you would probably have a completely
different interpretation! In the second scenario, most people would interpret the fuel
odour as a threat, and therefore their stress level would probably increase. Increasing
stress levels can lead to real physiological effects’.

The bulletin also states the following:

‘A smell does not necessarily indicate a high concentration of contaminants. It is not an
objective criteria [sic] for air pollution. Similar substances can cause very different smell
impression at different intensities. Interpretations of smells are not purely innate
instincts, they are often based on experience and non-sensory information. Additional
sensory data complete our smell impression (e.g. eye irritation, nasal pungency etc.) A
smell can influence our belief about risk and health and can trigger conscious and
subconscious physiological reactions’.

1.8.3 Maedical Examination Following Odour In Cabin Events

Following the subject occurrence, medical examination at a local hospital, which included
blood tests, X-rays, and ECGs, detected no abnormalities, and both crew members were
discharged a number of hours later. The Operator informed the Investigation that a UK
National Health Service (NHS) ‘Care Pathway’ flowchart'® for ‘patients exposed to fumes
onboard commercial aircraft’ was used by the medical personnel in assessing the Flight Crew
members. The flow chart includes the provision, to ‘arrange investigations and/or referral
appropriate to the patient’s symptoms, clinical signs or concerns’, where necessary. However,
other bespoke medical examination protocols or specialist testing techniques could assist in
identifying levels of exposure to airborne contaminants.

One specialist technique is the laboratory analysis of hair samples obtained from affected
persons, because ‘exposure information is stored in hair structure during hair synthesis [...]'” .
This technique was used by the BEA in its investigation of the partial incapacitation of a flight
crew in 2017 (Section 1.8.1). In that case, the associated investigation report noted that
although contaminants were found, ‘The analyses did not find substances in quantities
corresponding to a one-off significant exposure in relation with the event. [...]”

The Operator informed the Investigation that it is working on the development of a bespoke
medical examination protocol to be used following fume events.

16 The flowchart was available on the UK Civil Aviation Authority (CAA) website in a section that contains
Information for health professionals on aircraft fume events.

17 peynet V. Hair Analysis: An Innovative Biomonitoring Tool to Assess Human Exposure to Tri-Cresyl-Phosphate
(TCP). International Aircraft Cabin Air Conference proceedings. 2017; 86:88.
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Meteorological Information

The meteorological conditions at EIDW around the time of the occurrence, as reported to the
investigation by Met Eireann, the Irish Meteorological service, were as follows:

The surface wind was easterly at 7-10 knots (kt); the wind at 2,000 ft was northerly at 10 kt;
the wind between the surface and 300 ft was varying between northerly and easterly at
7-10 kt; there were largely cloudy weather conditions with some sunny spells and light
showers, and a visibility of 20 kilometres (km); the surface temperature was 9 degrees Celsius
(°C); the dew point temperature was 5 °C; the Mean Sea Level (MSL) pressure was 1019
hectopascals (hPa); and the freezing level was 4,000 ft.

Safety Actions
Introduction

Several measures aimed at preventing odour in cabin events on the Airbus A320 aircraft type
are being evaluated/implemented by the Aircraft and APU Manufacturers and by the
Operator, some of which are outlined below.

Action Taken by the Aircraft Manufacturer

A cabin air quality project is ongoing with the Aircraft Manufacturer, which focusses on the
following three areas:

* The APU Electronic Control Box (ECB) power supply
e The APU intake air (fixed) ducting
e Air intake relocation

1.10.2.1 APU ECB Power Supply

If an APU is shutdown incorrectly, oil can remain throughout its lubrication system, as it may
not be pumped back into the sump, making the APU appear to need an oil service. If it is
serviced with additional oil, excess oil may leak from the oil fill port on the subsequent proper
shutdown. A modification to the ECB power supply is being implemented at production on all
new aircraft since the third quarter of 2024 to ensure that the APU always shuts down
correctly regardless of operator actions. In addition, a Service Bulletin (SB) has been developed
to allow operators to modify in-service aircraft.

1.10.2.2 APU Intake Air Fixed Ducting

As originally configured, a portion of the APU intake air ducting is fitted to the APU’s right-
hand access door. This ducting contains a flexible seal, which seals the interface between the
duct and the APU’s air inlet when the access door is closed. It is possible for external leaks to
be ingested into the APU at this seal interface and through other areas of the ducting.
Therefore, a modification has been developed to fit the intake ducting to the APU itself,
instead of the access door. The modification will also incorporate enhancements to the APU
drainage system (Section 1.5.2). The modification is being implemented at production on all
new aircraft since the third quarter of 2023 and has been fitted to several of the Operator’s
aircraft. A Service Bulletin has also been developed to allow operators to modify in-service
aircraft.
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1.10.2.3 APU Air Intake Relocation

Currently, the APU air intake is located at the base of the APU compartment (Section 1.5.2),
which may make it susceptible to ingestion of oil from external leaks. A modification is in
development to relocate the air intake to the top of the fuselage. Once finalised, it will be
installed at aircraft production. It is not intended to develop a modification for in-service
aircraft.

1.10.3 Action Taken by the APU Manufacturer

At workshop visits, an improved load compressor seal is being installed to help prevent
internal oil leakage. In addition, the cooling fan is being replaced with a modified type.
According to the Operator, the cooling fan on the APU installed on the aircraft at the time of
the occurrence (S/N 3216), was of an unmodified type; however, the improved load
compressor seal had been fitted.

1.10.4 Action Taken by the Operator

Over-servicing of the APU is one of the causes of oil leaks and subsequent oil ingestion and
odour/fumes in the aircraft cabin. Regarding this, the Operator informed the Investigation
that procedural re-enforcement has been undertaken by re-issuing a Technical Notice to
maintenance personnel (No. 2272, issue 05, dated 10 May 2024), which highlights the correct
APU shutdown procedure (correct shutdown reduces the risk of overfilling the APU with oil)
and the correct oil servicing procedure. In addition, a Technical Bulletin was re-issued to flight
crew (A320F 04/24 Rev 2, dated 2 May 2024), which also describes the correct APU shutdown
procedure.

The Operator advised that it is working with the Aircraft Manufacturer to implement ECB
power supply wiring changes (as described in Section 1.10.2.1) to ensure that the APU shuts
down correctly, even if the correct shutdown procedure is not followed, which will further
reduce the risk of over-servicing.

As outlined earlier, the Operator has developed an Engineering Order (EO R320-49-2012,
Revision B, dated 28 June 2024), which is intended to be actioned following an occurrence of
APU-related odour/fumes in the cabin/cockpit. According to the Operator, the Engineering
Order ‘is based on the latest TSM, the APU Manufacturer’s recommendations and other
operators’ best practices’. The Operator advised that the initiative behind the EO was that
rather than only following the TSM and stopping once one source of leak is confirmed, all
potential leak sources are inspected before the APU is returned to service. The Operator
stated that the EO has resulted in a significant reduction in both the overall rate of events and
the number of repeat events on the same aircraft.

In addition, the Operator advised that a portable analyser, capable of identifying the presence
of compounds of engine and APU oil, hydraulic fluids and contaminants, has been acquired to
facilitate the identification of sources of contamination and to ensure that no contamination
remains after a de-contamination procedure has been carried out.

The Operator informed the Investigation that it is implementing several APU component
upgrades through Vendor Service Bulletins on the most common sources of APU leaks,
including the cooling fan and load compressor seal. The Operator stated that these are being
implemented on each APU during workshop visits.
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The Operator stated that it is also working with the Aircraft Manufacturer to explore the
installation of a new Volatile Organic Compound/Ozone Converter (VOZC) when available,
which is specifically designed to target oil and hydraulic compound contamination and remove
them from the air supply.

Regarding medical examination, the Operator informed the Investigation that it is working on
developing a bespoke protocol to be used following fume events.

ANALYSIS

Introduction

After take-off on a positioning flight to EIDW, the Commander, who was the PF, detected a
‘slight chemical-type’ odour. At this stage, it was not detected by the First Officer, who was
the PM. However, during the descent into EIDW, when passing approximately 6,500 ft, both
Flight Crew members detected a ‘very strong chemical odour’. Consequently, the Commander
ordered the donning of the flight crew oxygen masks. The masks were subsequently removed
at approximately 600 ft to improve visibility and communication. The odour was reported to
have diminished but that it was still noticeable. The aircraft landed normally on RWY 28L at
EIDW and taxied to its parking stand.

Reaction to Odours

If oil enters an APU’s load compressor, it can become mixed with the hot, high-pressure air
being generated by the load compressor and cause odour, smoke or fumes in the aircraft cabin
and/or cockpit.

As outlined in the Aircraft Manufacturer’s In-Service Information Bulletin on the subject of
odours in the cabin, ‘a smell does not necessarily indicate a high concentration of
contaminants’ and ‘is not an objective criteria [sic] for air pollution’. The bulletin also notes
that a smell can ‘influence our belief about risk and health and can trigger conscious and
subconscious physiological reactions’. Nevertheless, odours or fumes in an aircraft cabin
(and/or cockpit) have the potential to cause adverse symptoms. To minimise the possibility
of any adverse consequences, flight crews are directed by the QRH checklist for
‘SMOKE/FUMES/AVNCS [avionics] SMOKE’ to don the crew oxygen masks if required.

In this case, following the flight, the Flight Crew immediately attended a hospital, where
physical examination, blood tests, X-rays, and ECGs were conducted. No abnormalities were
detected and both crew members were discharged a number of hours later, although they
continued to report symptoms for a period of time. However, in the absence of any detected
medical abnormalities, it is not possible to attribute the reported symptoms to a specific
cause.

A UK National Health Service (NHS) ‘Care Pathway’ flowchart for ‘patients exposed to fumes
onboard commercial aircraft’ was reportedly used by medical personnel during their
examination of the Flight Crew. However, other bespoke medical examination protocols or
specialist testing techniques could further assist in identifying levels of exposure to airborne
contaminants, such as the laboratory analysis of hair samples obtained from affected persons.
The Operator informed the Investigation that it is working on the development of a bespoke
protocol to be used following fume events.



2.3 Previous Reports of Odours/Fumes

In the weeks preceding the occurrence, there were several reports of odours/fumes on the
aircraft, followed by extensive troubleshooting by maintenance personnel, during which
instances of contamination and oil leaks were identified, maintenance actions were carried
out, and decontamination runs were performed. Troubleshooting resulted in the APU being
replaced on 28 March 2024. This APU (S/N 2788) had been installed on the aircraft since
23 December 2021.

The removed APU was sent to the Manufacturer’s workshop, where it was found that the
external condition was ‘severely dirt contaminated’. It was also noted that the inlet plenum
was ‘found heavily contaminated [with oil]’ but that there was ‘no oil indication at load
compressor side’. The workshop report recorded that there was an ‘ingestion of oil’, i.e. that
oil leaking externally had been ingested into the APU.

The replacement of the APU would be expected to prevent further occurrences. However, two
weeks later, on 11 April 2024, following a flight from Dublin, the flight crew reported a ‘strong
smelly socks’ odour during the descent and that the cabin crew reported a ‘chemical smell’ in
the aircraft cabin. Maintenance personnel performed troubleshooting and a Level A
decontamination run, noting that there was ‘No smoke or smell found’. Maintenance
personnel also rendered the APU inoperative.

When the aircraft returned to EIDW, the flight crew recorded that the ‘Cabin Crew reported
smell again during descent circa 5-6 mins prior to landing. Cleared more quickly than previous
flight. Nothing in FD [Flight Deck]’. The fact that a smell was reported while the APU was
inoperative and a Level A decontamination run had been carried out, indicates that the
decontamination run was ineffective and that it is likely some contamination remained in
the ECS at that time. During subsequent troubleshooting carried out the following day (12
April 2024), oil was found on the ‘APU load compressor and inlet plenum’ and a further
decontamination run was carried out. The aircraft was returned to service on 13 April 2024
with the APU remaining inoperative.

During further troubleshooting performed on the night of 16/17 April 2024, maintenance
personnel noted an ‘oil weep’ at the APU chip detector. An external oil leak, such as a leak at
the APU chip detector could result in oil leaking onto the APU cowlings, entering the APU air
intake and contaminating the inlet plenum and load compressor. The chip detector o-rings
were replaced, and the APU was ‘cleaned and ran for 1 hr with no further leaks or smells [...]".
The aircraft was released to service with the APU operative. The following flight was to a
maintenance base later that day (17 April 2024) for landing gear maintenance. The next flight
was the occurrence flight, which was the return flight from the maintenance base, one week
later.

The APU had been running on the morning of the occurrence flight until the engines were
started. It is therefore possible that an APU oil leak remained from before the week-long
maintenance visit, and that when the APU was running prior to engine start-up, it
contaminated the air conditioning system and caused the odour on the subject flight.
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2.5.1

2.5.2

Maintenance Actions following Occurrence Flight

Initially, following the subject occurrence, maintenance personnel performed a
‘Decontamination of [the] Environmental Control System with both engines supplying air’ . The
aircraft was returned to service the following day with the APU inoperative (25 April 2024).
On 26 April 2024, during subsequent troubleshooting, maintenance personnel found evidence
of oil in the APU’s inlet plenum. Then, on 30 April 2024, the APU cooling fan, and cooling fan
outlet duct were found to be ‘contaminated with oil’. On 2 May 2024, maintenance personnel
removed the ‘load compressor cavity plug’ and oil-contaminated fluid ‘poured’ from the cavity
drain. In addition, the load compressor’s inlet lip was ‘found to be heavily contaminated’. The
APU (S/N 3216), which had only been installed on the aircraft since 28 March 2024, was
replaced on 4 May 2024. The subsequent workshop report noted that the external condition
was ‘oil stained and dirty’. that there was an ‘ingestion of oil’, i.e. that oil leaking externally
had been ingested into the APU.

Safety Actions
Action Taken by the Aircraft Manufacturer and the APU Manufacturer

The Aircraft Manufacturer’s ongoing project in relation to cabin air quality on the aircraft type
focusses on three measures: modification of the APU ECB power supply (to prevent incorrect
APU shutdown and consequent over-servicing with oil); modification of the APU intake air
ducting (fitting it to the APU itself, instead of the APU access door, to reduce susceptibility to
the ingestion of external oil leaks); relocating the APU air intake to the top of the fuselage,
instead of the base of the APU compartment (to reduce susceptibility to the ingestion of
external oil leaks).

The modifications to the ECB power supply and the APU intake air fixed ducting are currently
being implemented at production on all new aircraft. The modification to relocate the APU air
intake is currently in development.

The APU Manufacturer advised that at workshop visit, an improved load compressor seal is
being installed to help prevent internal leakage of oil. In addition, the cooling fan is being
replaced with a modified type.

In light of these actions, no Safety Recommendations are made by the Investigation to the
Aircraft Manufacturer or the APU Manufacturer.

Action Taken by the Operator

The number of reports of odours and fumes and the repetitive nature of the reports despite
the completion of extensive maintenance following the reports, highlights the difficulties in
positively identifying and rectifying the causes of these occurrences. Additional inspections of
the APU were initially considered by the Operator, including an additional weekly APU check,
but were subsequently assessed to have limited potential effectiveness for the prevention of
events and were not implemented. However, other actions were taken, including the
promulgation of publications to highlight APU shutdown and oil servicing procedures and the
development of an Engineering Order to be used in addition to the TSM, following an
occurrence of APU-related odour/fumes. The Operator has also acquired a portable analyser
to facilitate the identification of sources of contamination and to ensure that no
contamination remains after a de-contamination procedure is carried out.



In addition, the Operator advised that it is implementing several APU component upgrades on
the most common sources of APU leaks during workshop visits and that it is working with the
Aircraft Manufacturer to implement the ECB power supply wiring modification to ensure that
the APU shuts down correctly, even if the correct shutdown procedure is not followed, which
will reduce the risk of over-servicing.

The Operator also said it is also working with the Aircraft Manufacturer to explore
implementation of a new Volatile Organic Compound/Ozone Converter (VOZC) when
available, which is specifically designed to target oil and hydraulic compound contamination
and remove them from the air supply.

Regarding medical examination, the Operator informed the Investigation that it is working on
the development of a bespoke protocol to be used following fume events.

The Investigation notes these actions, and therefore no Safety Recommendation is made to
the Operator.

3. CONCLUSIONS

3.1 Findings
1.  The aircraft’s airworthiness certification was valid.
2.  The Flight Crew’s licences and medical certificates were valid.

3. There were several reports of odours/fumes in the aircraft cabin/cockpit since
29 February 2024.

4.  Maintenance actions, including decontamination runs, were performed following the
reports of odours/fumes. However, the maintenance actions were unsuccessful in that
reports of odours/fumes continued to be raised.

5. APU (S/N 2788), which had been installed on the aircraft since 23 December 2021, was
replaced on 28 March 2024 (with APU S/N 3216).

6. On 11 April 2024, two weeks after the installation of a replacement APU (S/N 3216),
there were further reports of odours in the aircraft. During subsequent troubleshooting,
oil was found on the APU load compressor and inlet plenum; as a result, the APU was
rendered inoperative.

7. During further troubleshooting performed on the night of 16/17 April 2024, an oil leak
was found at the APU chip detector. The chip detector o-rings were replaced, and the
APU was cleaned and was operated for one hour with no further leaks or smells. The
aircraft was released with the APU operative and operated on a positioning flight for
landing gear maintenance.

8.  When operating the aircraft on a positioning flight to EIDW, following a week-long
maintenance visit, the Flight Crew donned their oxygen masks when a ‘very strong
chemical odour’ was detected in the flight deck during the descent.
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3.3

10.

11.
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17.

An odour does not necessarily indicate a high concentration of contaminants and is not
an objective criterion for air pollution. Nevertheless, certain studies of cabin air quality
suggest that certain contaminants in odours and fumes could be associated with adverse
symptoms.

The Flight Crew attended a hospital immediately following the occurrence, where
physical examination, blood tests, X-rays, and ECGs were carried out; no abnormalities
were noted and both Flight Crew members were discharged a number of hours later.

The Operator informed the Investigation that a UK NHS ‘Care Pathway’ flowchart for
‘patients exposed to fumes onboard commercial aircraft’ had been used by medical
personnel in assessing the Flight Crew members and that work is ongoing to develop a
bespoke medical examination protocol to be used following fume events.

The Commander informed the Investigation that tingling in his left arm and fatigue
continued for several weeks after the occurrence. He reported that his symptoms
improved, and he returned to work approximately one month later, following a period
of sick leave, rostered time off, and annual leave.

The First Officer reported a headache. He said he also had a pain in his throat that lasted
for several days. He returned to work on 28 April 2024 following three days of rostered
time off.

In the absence of any detected medical abnormalities, it is not possible to attribute the
reported symptoms to a specific cause.

Troubleshooting carried out by maintenance personnel following the occurrence
identified evidence of oil at the APU’s inlet plenum screen. The aircraft returned to
service with the APU rendered inoperative.

On 4 May 2024, the APU (S/N 3216), which had been installed on the aircraft on
28 March 2024, was replaced.

The workshop reports for APU S/N 2788 (removed on 28 March 2024) and APU S/N 3216
(removed on 4 May 2025) found that there was ingestion of oil in both cases, i.e. oil
leaking externally had been ingested into the APU.

Probable Cause

Contamination of the aircraft’s air conditioning system due to oil from an APU external oil leak
being ingested by the APU’s load compressor.

Contributory Cause(s)

Maintenance actions following previous reports of odours/fumes did not identify the source
of the odours/fumes.

SAFETY RECOMMENDATIONS

As a result of the actions taken by the Aircraft Manufacturer, the APU Manufacturer, and the
Operator, this Investigation does not sustain any Safety Recommendations.



In accordance with Annex 13 to the Convention on International Civil Aviation, Regulation (EU) No. 996/2010,
and Statutory Instrument No. 460 of 2009, Air Navigation (Notification and Investigation of Accidents,
Serious Incidents and Incidents) Regulation, 2009, the sole purpose of this investigation is to prevent aviation
accidents and serious incidents. It is not the purpose of any such investigation and the associated
investigation report to apportion blame or liability.

A safety recommendation shall in no case create a presumption of blame or liability for an occurrence.
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