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INCIDENT

Aircraft Type and Registration:  BAe �46-300, G-JEBC

No & Type of Engines:  4 Lycom�ng ALF502R-5 turbofan eng�nes

Year of Manufacture:  �990 
 
Date & Time (UTC):  6 September 2007 at �248 hrs

Location:  En route from Belfast

Type of Flight:  Commerc�al A�r Transport (Non-Revenue) 

Persons on Board: Crew - 4 Passengers - 0

Injuries: Crew - None Passengers - N/A

Nature of Damage:  None

Commander’s Licence:  A�r Transport P�lot’s L�cence

Commander’s Age:  52 years

Commander’s Flying Experience:  �0,842 hours (of wh�ch 5,083 were on type)
 Last 90 days - �62 hours
 Last 28 days -   46 hours

Information Source:  AAIB F�eld Invest�gat�on

Synopsis

During a positioning flight from Belfast, the flight crew 
became aware of an unusual smell. There was no smoke 
or haze. The commander elected to put the crew on 
oxygen. He declared an emergency and diverted back to 
Belfast. The commander later descr�bed how he felt as 
similar to being inebriated and that he found it difficult to 
concentrate.  The co-p�lot �n�t�ally felt she had a reduced 
capacity to fly the aircraft, but this feeling quickly 
passed.  One cab�n crew member felt l�ght-headed, s�ck 
and d�stressed.  The other cab�n crew member felt t�red 
and sl�ghtly s�ck.  The or�g�n of the fumes was traced to 
the forward to�let and was probably due to a chem�cal 
�n the to�let.  The fumes may have been as a result of 
formaldehyde, released as a degradat�on product of a 
to�let chem�cal added dur�ng ma�ntenance at Exeter. It 

was not poss�ble pos�t�vely to determ�ne to what extent 
the symptoms of the crew were a result of the fumes, or of 
the stress associated with the in‑flight fumes emergency, 
or a comb�nat�on of both.

History of flight

The a�rcraft had recently completed a major ma�ntenance 
‘C’ check at Exeter on 4 September 2007.  It was flown 
to Belfast City Airport, the flight being described as 
normal other than, during the flight, the yaw damper 
fa�led.  When the crew selected the eng�ne a�r bleeds ON 
�n the cl�mb, there was a smell of “sweaty socks”. Th�s 
smell was descr�bed as “normal when the a�rcraft has 
been stand�ng for a wh�le”.  The smell qu�ckly d�ss�pated 
and gave the crew no cause for alarm.
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On 6 September the a�rcraft was requ�red at Southampton 

to replace an unserviceable aircraft, for a scheduled flight 

to N�ce, so �t was prepared for a non-revenue pos�t�on�ng 

flight.  The pre‑flight procedures were all described as 

normal and the crew, consisting of the two flight crew 

and two cab�n crew members, went out to the a�rcraft.  

The cab�n crew performed the�r secur�ty checks, wh�ch 

�ncluded a check of the to�lets, and they reported that 

everyth�ng appeared, and smelt normal.  The a�rcraft had 

carr�ed no cargo, or passengers s�nce �ts ‘C’ check, and 

hence the to�lets had not been serv�ced, and the cab�n 

had not yet been prepared for a revenue flight.

The  co‑pilot was the pilot flying (PF) for the sector 

and so she completed the �nternal checks wh�lst the 

commander performed the external walkround.  The co-

p�lot noted that, shortly after she selected the APU bleed 

a�r ON, she was aware of an unusual smell.  She descr�bed 

th�s as “not be�ng one of the normal smells that you get 

used to flying the 146”.  The commander completed 

h�s walkround, and he not�ced noth�ng unusual.  When 

the commander returned to the flight deck the co‑pilot 

ment�oned to h�m that she had smelt someth�ng unusual. 

He could not smell anything, and the start up and taxi 

then continued without any significant events.

When the a�rcraft l�ned up for departure, the commander 

attempted to engage the Thrust Management System 

(TMS) but �t would not engage, �nd�cat�ng that there 

was a fault w�th the system.  After a short per�od of 

troubleshoot�ng the commander elected to cont�nue the 

flight without the TMS.  He planned to have the fault 

rectified at Southampton.

The takeoff, at �239 hrs, was a normal, reduced thrust, 

takeoff w�th the APU a�r bleed on, and, as expected , 

the yaw damper fa�led.  The after takeoff checks were 

performed pass�ng the m�n�mum sector alt�tude (MSA) 

of 3,800 ft, and the eng�ne a�r bleeds were selected ON 

wh�lst the APU a�r bleed was selected OFF.  Shortly after 
th�s the commander became aware of an unusual smell.  
He also described the smell as not one that he normally 
assoc�ated w�th h�s exper�ence of operat�ng the �46.   The 
commander called one of the cab�n crew forward and 
asked her �f she could smell anyth�ng, but she could not.  
Pass�ng FL�00 the commander turned up the heat�ng and 
a l�ttle wh�le later he aga�n smelt someth�ng unusual.

The commander �nstructed the co-p�lot to go onto 
oxygen.  He then called a cabin crew member forward, 
and �nstructed her to put both cab�n crew members onto 
oxygen.  The cab�n crew member could now smell 
“someth�ng”.  

The commander went onto oxygen, and declared a PAN 
to Scottish Radar.  He requested a descent, initially to 
FL100, then further to 8,000 ft.  He then went through the 
smoke and fumes checkl�st although he later descr�bed 
cockpit communications as difficult using masks.

The a�rcraft d�verted back to Belfast C�ty A�rport 
uneventfully and was met by fire crews who assisted the 
crews �n ex�t�ng the a�rcraft.  The crew were all taken to 
hosp�tal, and tested for carbon monox�de po�son�ng.  The 
tests were all negat�ve and the crew were released.

Medical

The commander descr�bed feel�ng a sensat�on �n the 
aircraft like being drunk.  He felt it was difficult to 
concentrate, and he felt “fuzzy”.  He subsequently felt a 
l�ttle fa�nt at one po�nt, shortly after hav�ng got out of h�s 
seat to open the cabin door to allow the fire service to board 
the a�rcraft.  The next day he was suffer�ng from a headache, 
and he felt “woolly-headed”.  The commander had been 
�nvolved �n a ser�ous fumes �nc�dent e�ght years earl�er.
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The co-p�lot felt she was operat�ng at reduced capac�ty 
and she had difficulty in concentrating for the first few 
moments after putt�ng on her mask, thereafter she felt 
more normal. 
 
One of the cab�n crew smelt noth�ng unusual.  She felt 
t�red, and a b�t s�ck when on oxygen.  She had no �ll 
effects the next day.

The second cab�n crew member d�d not smell anyth�ng 
unusual up to the po�nt where the commander asked her 
for the second t�me �f she smelt anyth�ng. At that po�nt 
she smelt what she descr�bed as “sweaty socks”.  After 
go�ng onto oxygen, she felt l�ght-headed and s�ck.  She 
was also very concerned about the s�tuat�on and that the 
flight crew were on oxygen (the cockpit door was open).  
After landing she needed assistance from the fire crews to 
get �nto the ambulance.  She was very anx�ous about the 
�nc�dent and her doctor adv�sed her to spend “a couple of 
weeks away from the env�ronment” (off work).  She had 
been �nvolved �n a fumes �nc�dent three months earl�er, 
about wh�ch she was st�ll upset.

Examination of the aircraft 

Upon enter�ng the a�rcraft after the �nc�dent there was 
no d�st�nct�ve smell ev�dent to the �nvest�gators.  A full 
exam�nat�on of the eng�nes and the APU was carr�ed 
out, �nclud�ng an �nternal check, us�ng a borescope.  
These d�d not show any s�gns of o�l leakage or seal 
degradat�on.  Prev�ously there had been �ssues concern�ng 
ALF-502 eng�nes and cab�n a�r qual�ty;  these eng�nes, 
in G‑JEBC, had been modified with improved seals.

Both a�r-cond�t�on�ng packs were also exam�ned; the 
faces of the heat exchangers were clean and there were 
no s�gns of contam�nat�on of any of the duct�ng.  The 
duct�ng further downstream from the a�r-cond�t�on�ng 
packs was also exam�ned and found to be clean.

A full eng�ne and APU run at var�ous temperatures was 
carr�ed out w�th no s�gns of any unusual odour, or �ndeed 
any s�gn of fumes or smoke �n the a�rcraft.

Due to the report �n the techn�cal log of the smell be�ng 
of a ‘chem�cal nature’, the to�lets were checked as a 
potent�al source.  On open�ng the forward to�let door, a 
very strong odour was �mmed�ately apparent; a s�m�lar 
odour was ev�dent �n the rear to�let.  The surfaces �n the 
to�let were clean and d�d not show any s�gns of a sp�lt 
chem�cal. The only area w�th�n the to�let compartment 
wh�ch was suspected was the to�let water, due to the use 
of chem�cals w�th�n �t; samples were taken from both 
to�lets for later test�ng.

The flight crew of the incident flight were invited back 
to the a�rcraft.  When the crew were exposed to the 
a�r �n the forward to�let compartment, the commander 
reacted to the smell and identified it as being similar to 
the smell he had experienced in flight.  The co‑pilot also 
confirmed that the smell seemed similar to that she had 
smelt during the flight.

Flight Recorders

The aircraft was equipped with a flight data recorder 
(FDR) and a cockp�t vo�ce recorder (CVR), capable of 
record�ng a m�n�mum durat�on of 25 hours of data and 
�20 m�nutes of aud�o respect�vely.  

Recorded information

The FDR and CVR were removed from the a�rcraft 
and successfully replayed at the AAIB.  The �nc�dent 
flight, from before engine start to aircraft shutdown, was 
recorded by the CVR.

Toilet description

The toilets fitted to G‑JEBC were of a recirculating 
chem�cal type, each w�th a capac�ty of 45 l�tres.  The 
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to�let �s �n�t�ally charged w�th �3 l�tres of a chem�cal 
deodorising fluid, usually a diluted mixture of water 
and chemical.  A four litre fluid reservoir is connected 
at the bottom of the ma�n tank, and �s used for the to�let 
flush.  A filter screen separates the main tank from the 
reservoir.  When the toilet is flushed, air enters a fluid 
reservoir which forces fluid through the flush pipe and 
around the bowl of the toilet, before the fluid drains back 
�nto the ma�n part of the tank.

For to�let serv�c�ng, on the ground, a p�pe �s connected 
to a ball valve at the bottom of the tank.  The serv�ce 
veh�cle connects to the outlet of the p�pe, v�a an external 
connect�on on the s�de of the fuselage and the ball valve 
�s opened.  The contents of the ma�n tank then empty �nto 
the service vehicle.  To empty the reservoir, the flush has 
to be operated wh�lst the ball valve �s st�ll open and the 
veh�cle �s connected.  Once the to�let �s empt�ed the ball 
valve �s closed.

Replen�shment of the �3 l�tre charge �s carr�ed out �n 
two ways.  If a serv�ce veh�cle �s ava�lable then a fresh 
water hose is connected to a fill connection at the toilet 
serv�ce panel, wh�ch then feeds the fresh water to the 
to�let tank.  A sachet of the deodor�s�ng chem�cal �s 
then put �nto the to�let tank v�a the to�let bowl.

If a serv�c�ng veh�cle �s not ava�lable, water �s poured �nto 
the to�let tank v�a the to�let bowl w�th the deodor�s�ng 
chem�cal added, e�ther as a sachet or a d�lut�on of the 
chem�cal �n the added water.

Toilet compartment ventilation

The to�let compartments on the BAe �46 are vent�lated 
by a�r suppl�ed from the a�r-cond�t�on�ng packs.  The 
cond�t�oned a�r enters the compartment v�a an a�r outlet.  
The a�r �s only vented from the compartment dur�ng 
flight, when the differential pressure between the cabin 

and the outs�de a�r �s above about � ps�.  The a�r �s vented 

overboard, through a controlled pressur�sat�on leak, w�th 

a�r taken from around the top of the to�let pan.

A test of the to�let vent�lat�on on G-JEBC found �t to be 

work�ng correctly once the cab�n began to pressur�se.

Aircraft maintenance

As noted above, the a�rcraft had undergone a major 

ma�ntenance ‘C’ check �nput at Exeter, wh�ch was 

completed on 4 September 2007.  The incident flight 

was the second flight of the aircraft following this 

ma�ntenance �nput, hav�ng �n�t�ally pos�t�oned from 

Exeter to Belfast.  Prior to these two flights, the toilets 

had not been serv�ced (us�ng normal ‘l�ne’ equ�pment) 

s�nce the ‘C’ check.

Dur�ng the ‘C’ check the to�lets were removed from 

the a�rcraft as complete modules.  The modules were 

then sent for deep clean�ng �n workshops and �nvolved 

the use of a cleaning agent ‘Honeybee 76’.  When the 

toilet modules were refitted, the chemical toilet was 

recharged.  As there was no serv�ce veh�cle ava�lable 

dur�ng the ma�ntenance �nput, the to�lets were charged 

(manually) by add�ng water and a d�lute m�xture of the 

deodor�s�ng chem�cal.  The a�rcraft was st�ll �n the hangar 

at Exeter at th�s stage and the ‘C’ check was completed 

on 2 September 2007.  The deodor�s�ng chem�cal used 

was ‘Aqua Kem Blue’ wh�ch was suppl�ed �n l�qu�d form 

(rather than sachets), and was used at a d�lut�on of 60 ml 

to � l�tre of fresh water.

Follow�ng the �nc�dent, and under AAIB superv�s�on, a 

service vehicle serviced the toilet.  The amount of fluid 

removed from the forward to�let was �6 l�tres.

After the fresh water had been added, the usual to�let 

chem�cal appl�ed to a�rcraft to�lets at Belfast, known 
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as ‘Honeybee Pak 44’, was used.  This was supplied 
as a sachet of predeterm�ned quant�ty, and added to the 
�3 l�tres of fresh water charge that had been pumped �nto 
the to�let.

Sample testing

The samples were taken to a forens�c laboratory for 
test�ng.  Included w�th these samples was a sample of 
neat ‘Aqua Kem Blue’ and a d�luted sample prov�ded by 
the ma�ntenance organ�sat�on at Exeter.

The results of the tests revealed that the three d�luted 
samples, that �s those from the to�lets on the a�rcraft and 
the d�luted ‘Aqua Kem Blue’, were very s�m�lar.  The 
only d�fference was some add�t�onal olfactory ‘notes’ �n 
the p�ne-l�ke odours g�ven off from the to�let samples.  
These add�t�onal ‘notes’, however, were not s�m�lar 
to those g�ven off from formaldehyde and were not 
identified.  All the liquids, including the neat ‘Aqua Kem 
Blue’, were pos�t�ve for ox�d�s�ng agents.  Methanol 
was not detected �n any of the samples, suggest�ng that 
formulated formaldehyde was not present �n the samples 
in any significant quantity.  It was not possible to identify 
�f any other chem�cal substance was present �n the to�let 
samples, over and above the ‘Aqua Kem Blue’ wh�ch 
had already been added at Exeter.

The AAIB Inspector who exper�enced the odour �n the 
to�lets at Belfast compared �t to the odour from vapours 
g�ven off from a sample of formaldehyde.  Although not 
conclus�ve, the smell was very s�m�lar.

One of the act�ve �ngred�ents of ‘Aqua Kem Blue’ �s 
‘2-Bromo-2-n�tro-2.3 propened�ol’, commonly known as 
‘Bronopol’.  Th�s chem�cal �s known as a formaldehyde 
releaser and can produce low concentrat�ons of 
formaldehyde when �t degrades �n alakal�ne aqueous 
solut�ons or at elevated temperatures.  ‘Bronopol’ �s 

commonly used as a preservat�ve �n cosmet�cs, shampoos, 
med�c�nal products and to�let ster�l�sers.

Formaldehyde �s a reduc�ng agent used to ster�l�se 
b�olog�cal matter and k�ll germs.  The chem�cal �s used 
�n domest�c cleaners, such as wash�ng-up l�qu�d.  It 
is also commonly used as embalming fluid as it fixes 
the body t�ssues.  The chem�cal �s usually formulated 
�n water w�th 37% by we�ght of formaldehyde and 
�0-�5% of methanol.  Formaldehyde produces a very 
d�st�nct strong and acr�d odour and �s not�ceable at low 
concentrat�ons.  As atmospher�c pressure drops, such as 
�n the a�rcraft cab�n dur�ng cl�mb, the chem�cal becomes 
more volat�le so fumes would become more not�ceable.  
In low concentrat�ons, formaldehyde does not pose a 
tox�c r�sk, but �t can cause a feel�ng of l�ght-headedness 
and �rr�tat�on to nose, throat, mouth and eyes.

Analysis

The source of the fumes that were detected by the 
a�rcraft’s crew was most l�kely from a chem�cal w�th�n 
the forward to�let.  The chem�cal could not be pos�t�vely 
identified in the sample taken from the toilet; however 
the smell was s�m�lar to that of formaldehyde.  As 
formaldehyde and methanol were not detected �n the 
samples taken from the to�let �t �s unl�kely that a product 
conta�n�ng formulated formaldehyde had been used.  It 
�s poss�ble, however, that formaldehyde was produced 
as a result of degradat�on of the chem�cal ‘Bronopol’ 
conta�ned �n the ‘Aqua Kem Blue’ to�let chem�cal that 
had been added during maintenance at Exeter.  However, 
the �ntroduct�on of an add�t�onal unknown substance to 
the to�let cannot be d�scounted.  S�m�larly, the add�t�on 
of another substance, such as one conta�n�ng an alkal�ne, 
could have prec�p�tated the release of formaldehyde 
from the ‘Bronopol’ �n ‘Aqua Kem Blue’.

The gas g�ven off from the chem�cal probably bu�lt up 
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�n the forward to�let compartment, wh�lst the a�rcraft 
rema�ned closed up and on the ground at Belfast.  It �s 
also poss�ble that dur�ng th�s per�od the ‘Bronopol’ �n the 
‘Aqua Kem Blue’ degraded, l�berat�ng formaldehyde.  
As formaldehyde �s volat�le �t would have become 
gaseous and entered the atmosphere of the to�let.  The 
a�r �n the to�let compartment would have rema�ned 
und�sturbed unt�l the to�let door was opened or the 
a�r-cond�t�on�ng packs were sw�tched on.  The act�on 
of putt�ng the a�r-cond�t�on�ng packs to ON would have 
st�rred the a�r, d�spers�ng the gas through the vent�lat�on 
paths, �nclud�ng some a�r enter�ng the cockp�t.  As the 
a�rcraft cl�mbed, the pressure drop �n the cab�n would 
have made the chem�cal more volat�le, thereby releas�ng 
more fumes.

The CAA Aeromedical Section confirmed that the 
symptoms suffered by the crew were cons�stent w�th the 
effects of a fumes event, such as would be exper�enced 
by a crew exper�enc�ng a low concentrat�on of 
formaldehyde.

The CAA Aeromed�cal Sect�on were asked �f there 
could be any alternat�ve explanat�on for the symptoms 
suffered by the crew.  They cons�dered that a poss�ble 
�nduct�on of mot�on s�ckness could be caused by the 

�noperat�ve yaw damper and lack of a thrust balanc�ng 
system (TMS), and that th�s could, poss�bly, pred�spose 
a crew to anx�ety.  The cab�n crew’s symptoms may have 
been exacerbated by hypervent�lat�on.

The CAA report added that, �n th�s case, there was no 
�nd�cat�on that any of the crew members would have had 
a part�cular pred�spos�t�on to anx�ety; feel�ngs of anx�ety 
would have been normal dur�ng an event such as th�s.

In summary, �t �s l�kely that th�s crew suffered from the 
effects of a low concentrat�on of formaldehyde and �t �s 
poss�ble that a normal anx�ous react�on to the unusual 
s�tuat�on aggravated the�r symptoms. 

Safety action

As a result of th�s �nvest�gat�on, the ma�ntenance 
organ�sat�on has put �n place a procedure wh�ch requ�res 
the chemical toilets on all aircraft to be flushed and 
serviced following maintenance and prior to any flight.  
They are also d�scont�nu�ng the use of ‘Aqua Kem Blue’.  
The operator uses ‘Honeybee 76’ when deep cleaning the 
toilet and ‘Honeybee 20’ when servicing the toilet whilst 
the a�rcraft �s �n ma�ntenance.  Ne�ther of these products 
�s bel�eved to conta�n formaldehyde or ‘Bronopol’.


