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SMOKING AND AIRCRAFT: A REVIEY OF THE LITERATURE

Alrling passenpers and flight attendants are inuroasingly cowplaining about eye
irritation, headaches, nose and throat irritatiun and breathing discomfort as a result of
flying. Tobaoso smoke has been pointed to ss una very visible component of air vu
board aircraft, and therefore has been suggesicd to be the majer cause of these
symptoms. This, along with claims about the effests of environmental lobscco smoke
(ETS) on health, has led 1o the banning of smoking on board cormercial aircrsft in
many éountries around the world

For many years now, air travellers have been provided by zlmost all sitlines with the
choice of seating cither in smoking of nonsmoking sections of the aircraft. Althongh
this approach has worked well over the years for the vast pjedty of passengers, and
despite the lack of scientific justificabon for alweting e situation, 'many airlines are
considering banning smaking on board their aircraft, and many governments are
ptoposing legislation to institute such bane fermaliy. Such propeszls abandon any
effort 10 accommodate the preferences of both st:okers and nonsmokers, and instead
merely impose, without good selentific juctifiestion, a rarhical “sohution” favoured by
some anti-smoking activists.

More importantly, efforts to ban swoking ¢n beard sizoraft in no way address
fundamental concems about cabin air quality that have besn raised by weny groups
over the years. By focusing solely on cavironmenal tohacco smoke, critical
constituents of the aircraft environmemr such as ozene, cosmic sadiation, low
humidification, respirable suspended parsicics, end inisrcbiz! aeroscls, arc being
ixmorcd, as arc problems with aircraft ventifation or fitvation, Whilst many sec banning
smoking as a “"quick fix" 10 a complex probicm, those who have seriously considered
the Svientific issues (ranging in the United States, for sxzmple, from the National
Academy of Sciences to the Department of Transportation:) appear to agree that
responsible regulatory action in this zrea depends on sarckal consideration of the
complex mix of elements in cabin sir, not merely on ahservation ol any siugle
component.

In fact, studies of KIS in airline passeuper cabins sonsistently find that average
concentrations of ETS arc very Jow - and significantly lower in nonsmoking sections
than in smoking sections. These repoed concensrations of ETS constinents such as
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nicotine are so low that they arc well below, for exsniple, the maximum exposure
levels set by the US Occupational Safety and Hesith Adminmistration (OSHA)
Although some nonsmoking passcigers may repot heing annoyed by cxposuce o ETS
cven at these vory small levels, there is no sclentilic dam indicsting that exposure to
ETS at these or any other fevels poses a health vk, In: fact, the Saa snougly suggest
(hat it is poor ventilation, low humidity, and 2 baild-up of substences such as azatie in
the cabin that cause passenger discomfort and the symptoms noted sbove.

Air Quality Problems nn Board Alrcraft

Just as in “"sick buildings”, the lack of adcquate ventilation w arcraft reduces ai
quality by permitting pollutants to accumulate. Some ol these substances and some of
their sources include carbon divxide, produced by humnan breathing and dry ice in
airplane walleys; atmospheric ozone; fibres and dust: niwrugen oxides; volatile organic
compounds from fuel, cleaning (luids and other sources; bacteria. tengi and viruscs
from foud and passengers.

The ventilation system that is intended to dilute (hese substances gencrally utilises
outside air brought through the engines. The aic is frequently recycled, howover,
mizing the outside air with "used” air from the vabin,

Most aircraft today would be adequately ventilaed if their systems were allowed 0
operate at capacity. But because reducing vemtilaticn saves fucl, the systems are
increasingly being cut back to use morc reeycied air and less frash air in response to
the fuel crists, McDonnell Douglas issued 2 repert in 1530 contonding that reducing
fresh afr cabin intake in its DC-10s by 30 per cent would save (.3 per cent on fuel, and
that the airlines could save o maximum of 62,068 gatlons of [usl per year by installing
r_ccyéied air systems 1n their aircraft. However, o closer examination shows the savings
from reduced ventilation to be shortsighted For example. on board the average Boeing
747 aircraft, increasing ventilation from 10 cubic feet per minute (cfin) W 4 unnimum
recommendcd rato of 20 cfm per passcager on 3 five-hour flight on board a full plane
would result in a total cost increasc of US $ 240, or approximaicly 50 cents per

passenjier.

In the United States both ASHRAE (the Asscciasion of licating, Refrigeration and Ale-
Conditioning Engincers) and BOCA (the Bulding Officials aad Code Administrators)
lave sct ventilation standards for buildings. Dotk rscomnend 3 mintmum amount of 20
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ofm of fresh air per person. However, the &S Maticeal Acedemy nf Sciences in 1986
observed that in 2 typical Boeing 747 flight, passenyos i soonomy vlass veceived less
than 7 cfm - only 1/3 of that recommended in buildings {he zest of the air was
recycled from the cabin. In first class, because ¢f the smailer density of passengers,
fresh air was provided at the rate of 30 - 5C efm, whitc i (e cockpic frash air was

provided at the rate of 150 cfm.

If there is poor ventilation (e.g. insufficient vutside air in the overall mix), 4 build-up
of carbon dioxide results, which makes the cabm sivffy and can causc headaches and
lethargy, The US National Academy of Sciences, in its 1986 teport, found carbon
dioxide levels on aircraft well in excess of limits recvumssnded by ASHRAE and
NIOSH (the US National Institutc for Occupational Safety and Health); studics on
Lufthansa showed levels more than twice the standard when opcrating air packs at S0
percent capacity. Similarly. the US Department of Transpazt, in a study in 1989 (see
Nagda et al, 1991), noted that on 87 out of 92 flights studied, the average carbon
dioxide levels exceeded ASHRAE standards. Cverail aic quabity inevitably suffers as a
result and chemical constituents build up to levels ihat van cause dissomfors.

Most revicw studies have reported that, with [ow excsptions, low humidity and vzone
were the most likely causes of the most comaionly reporied sympioias by passengers
and flight attendants. The level of water vapuur in the atmosphere is berween 70 to 80
percent, although most people are comfortable vith a 30-85 percent iovel. However,
on vommicreial aireraft monitored by the US FAA, the Natienal Academy of Sciences
found relative humiditics on board aireraft to be extrzmely fow: frume 2 to 23 percent.
At valucs less than 40 percent relative huraidity, symptoms iaclude dry mucous
membranes, respiratory and skin irritation and irrizzted eyes, Flights of 2-4 hoors iu the
5-10 pércent humidity range will causc iritation of the eyes, throat and Tungs.

Lowhumidity is caused by ourside aic deying ez moisture is removed when the caging
énm‘pressors (reat the cold air. Airbarme viruses flourivh in low bumidity, so planes can
become highly infectious places if the ventilation system is inefficient. Bacteria and
fungal spores are also carried by air and may ludyge in scat fabric, staying active for
days.

Eleven percent of flivhis monitored by the FAA and icported in the NAS report
violated FAA standards for azone leveis, with aversiie levels well heyond the FAA
lirnits of 0.25 per passenger mile and sowe levels more thuu eight times higher than
fecommended, Excess ozone expusurs, even at levels helow this maximum, can
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produce symptoms of discomfort in eyes, nose and throat, can bring on a persistent
cough, and cause breathing difficulties.

In contrast to these findings, the 1986 NAS repert and other studies have found no
excessive levels of carbon monoxide, niccline or axborne particulates, all of which
have been linked to tobacco smoke as a source. Stadies of nicotine on board aircraft
showed lovels, both in smoking and nonsinnking scetions, 10 be wel] below ASTIRAE
and OSHA standards.

Environmental Tobaeco Smake

Environmental tobaceo smake is produced when twbacce products are smoked. ETS is
a combination of exhaled mainstrean smck= (the smoke that is exhaled after a pull iy
taken) and sidestream smoke (the smoke that coines off the burning end of the cigarette
berween pulfs). Defore cxposure occure, both forms of smoke undergo 2 variety of
changes - often referred to as "aging”. Even muss significantly, ETS is progressively
dituted in the air until it lcaves the particular =nvirorment by ventilation or is adsorbed
onto surfaces, | ike all other forms of smwke, ETS comprises gnses and particles.

Banning airline smoking on health wruunds cannot be justified by the available data.
ETS has not been shown to cause disease in nonsmokers or {0 pressat a significant
health risk to nonsmokers with pre-existing medicai problemns (see, for example,
Ecobichon & Wu, 1990).

A number of studies have been carried out that messurs levels of nicotine in the air on
board aircraft, 1o give an indication of the levels of ETS to winch people are ¢xposed,
and the cxtent to which ETS influences overall air quality. The results are summarised
in Table 1.

LY

Many authors have attempted to compare their measurements of nicetine ju the air with
the amount of nicotine that the average swuker sakces in from smioking one cigarette.
From the ruporled studics, it has been suggested that nonsmoking passengers in
nonsmoking sections ate cxposed w bLetwesn the cquivalent nicating of 0.00094
(Matson et al, 1939) and 0.0082 (Oldaker ot ai, 1987) ¢igarctles per hour, Oldaker &
Conrad (1987) m fact estimated that it would take ¢ight 23-hour round-trip flights from
New York to Tokyo for a passenger seated in a no-smoking scat to be sxposed to the
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nicotine equivalent of one cigarette, This amounts {c 224 hours: just ovee one-quarter
of the average flight attendant's annual in-fligi time.

Studies have also measured exposure to respirable suspended particles (RSPs) in the air
i.e. particles that are small enough to be bresthed in. However, such pariicles are not
unique to ETS, but occur froin a variety of other soarcss on board aircraft. Those
studies have therefore madc another measurement: alraviolet particulate matter
(UVPM), which is believed to give a more accuraty refleciion of the portion of RSPs
due to ETS. UVPM, however, may still occur from oiber sources and give an
overestimate of pariicles that can be attributed to ETS. Nevertheless, the results from
the studies that have looked at this are sumrnarised in Teble 2; again, the sipnificant
differences in both RSP and UVPM between smoking and nonsmoking sections of
aireraft suggest that present policies of segregation work effectively.

One further type of study has been carried out: those that have measured levels of
nicotine in the body fluids of flight attendants and vassengers (Foliarr et af, 1983;
Mattson et al, 1989). One group of authors (Foliart er al, 1983) concluded that
physiological effects were unlikely from the low levels of nicotine observed.

The results of these studies have been summarised by Holcomb in 1988, who
concluded that:-

“The available scientific evidence does nut support the prohibition
of smoking on commercial aircraft. The data that are available
reveal low concentrations of substancas thar can be fraced o
ETS in smoking sections, and even lower cencentraiions

" ndn-smoking sections, thus confirming the efficacy of current
in-flight smoking policies.

"The available data also suggest that factors or substances other
than ETS may be major contributors to subjuctive complaints of
discomfort by passenger and flight crew. Finally, given the
limited and intermittent occasions for exposure, sven in
the casc of compromised individuals and flight attendants,
adverse health effects from exposure to TS aboard aircraft
are highly unlikely.”
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It is interesting 1o note that US occupational stundurds recormmpend 2 maximum
exposure of S00 micorgrammes of nicoting per sudic metre of air over an 8-hour
working day; clearly, the results in Table | indicute that isvels of nicotng on board
aircraft in no way approach this fevel, vanping fFom averages of 0.05-21.0
wiicrogrammes per cubic metre of air in nonmpokisg sesticas, to averages of 7.1-41.0
microgrammes per cubic metre of air in smoking seciions of aircrafi. It is therefore
difficult to conclude, as many anti-smoldng activists have, that tobacco smoking on
hoard aircraft is a major comtributor 10 poor ar guality aud 3 wmajor source of
discomfort to nonsmoking passcngers seated in the acusmoking seations of the mrcraft.
Given the potential for other majur sit quality probiems on board aircraft - in particular
the poor ventilation rates and low humidity levels - it is difficnlt to justify the
suggestion that banniny tobacco smoking on beard aireraft is @ major priosty.

Fire Safety on Board Aircraft

A review of the causes of aircraft fires betwesn 1962 and 1992 (using 63 different dara
sources representing the most comprehensive end authoritstive aviation accidents and
incident compilations, widely used by avimicn safety professivnais znd the world
aviation twehnical community, including technical and reseacch papers prepured by fire
safety experts) indicates that, over the 30-year perind et ds were produced for 5980
accidents and incidents, less than 4 % of which involved firz as the prineipal factor.
The great majority of fires involved engine/powerplunt fires and smoke/fire with
clectrical system origin. However, of tha 25C in-flight fire ocsurrences, only one has
been officially atributed to a fire started by a sassoaped’s ciparetic. This wass in the casc
of a Russian-built Tlushyn IL-1R aireraft, which did ant inecrparate advanced fire
resistant materials or stringent in~flight cegalations regaeding cabin safcty.

Two additional vases, although not confirmicd or stated in official reports of findings,
coulé have involved the ¢areless nse of cigarates of, indeed. a match cr overheated
wiring or anullict causc of ignition; hawever, in onv of those the airline had not
complied with even the minimal requiremen:s for fire prowection and this was
considered to be the primary causal factor.

In fact, it has been widely suggested that if smaking is totaily banned on hoard aircraft,
passengers wha wish 10 smoke may be more likely w0 do so ia plases such as aircraft
lavatorics, where for safety reasons it is currantly forbiddern.
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Competitive and Economic Considerations

The sheer number of airlines who, having inmuduved smcking bans on board their
aireraR, have found it nccessary to rescind those bans becaise of passenger prossuie,
indicates the extent to which airline passenycrs belizve that present policy of provision
for both smokers and nonsmokers is the corruat one.

A nuinber of individual airlines (Virgin Atiantic, Lufthensa. Turhish Airlines, Qantas,
Swissair, Lauda Alr, Guemsey Alrlines and XLM) have decided nai to go ahead with
such bans. Guemsey Airlines sommented that the zirline felt it was wrong te fmpose a
ban when approximately one-third of the British pepulstion smokes. Sinoking bany in
sume countries, introduced by government igislation, have aiso been withdrawn: in
December 1990, for oxample, the Brazilian Supreae Court of Justice overmumed the
legislated smoking ban of domestic fligits ¢f two hours or iess. Smoking is now
permitted on a sepreyated basis.

Bans on smoking by individual airlines have on cecasion deen resclnded for 1cusons of
competition and ecanomics, as well as passenger pressure. in the fear that smoking
passengers will simply sclcot another airline. Ranc on dumestic flights in individual
countries or within regions have also caused concern because of the possibility that
passengers who wish to smoke may switch to aliarmative forms 1 wansvort. ’

Recent surveys by Conodian Airlines priar to a proposai io lepislate sruoking bans on
all Canadian carriers’ intemnal or intemational {lights, estimated that such a ban would
lead to 15 % of their customers switching to foreiys airlines whe wonld not be required
to impose such a ban. They also indicated that there would be no more than a 3 %
warket share gain from nonsmokers, which would it: o way compensate for the loss in
business. On Pacific routes alone, Canadian Airlines predicted 2 12 % drop in siwoking
passengers. Canadian Airlines also estimated thal on theit Japan to (Clanada route 53 %
of its passengers ate smokers and ther2fore the lnst revenue in business class alone
would be Canadian $ 16-24 million. They believed they would lose a substantial
proportion of their tevenue as @ result of such a han. as over 5G % of their operating
income comes from international routes. Air Canada alse confirmed that the ban would
cost them up to Canadian § 40 million 1n lost revenue. The Canadian camriers claimed
that they would he forced into uperating 2t n sonumercial disadvantage compared to
foreign airlines with routes out of Canada. Hewever, (e introduction of smoking bans
in Canada on international flights of Canadian carviars 1§ t0 be deferred until 1993,
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rather than being implemented immediely. Cansdizn sarriers clain that the ban
would undermine the competitivencss of the industry ot 3 fime when airlines are
already facing serious economic pressurds.

Couclusions
The situation regarding smoking on board awrersit can te sumntnarised as toliows:

e Drovious attempts by individual airlines and by govempients o introduce sinokivg
bans have generally been unpopular with a significaut proportion of airline
customers;

e Smokers, although in most countries a rainority, naverihicless reprosent a significant
proportion of the population (in the EEC, for sxamiple, there are an estimated 100
million smokers in a total population of 300 millivu};

e Exposure to other people's tobacco smoke has not been conclusively proven to
cause discase in nonsmokers;

s Tobacco smake has not been shown the be the major contributor 1 poor cabin air
quality; indeed, inadequate ventilativn aliowing build-up of substances from many
different sources, together with low hurmdity, have been suggested to be the major
causes of air quality problems ou board aireraf;

® Available data snggests that factors such as poor vertiation. and low humidity,
along with high levels of substances such as pzone, arte in fect the major
contributors to passenger discomfort ¢n board airevaft, which 2r: commonly
aptributed by passengers to ETS;
~

e Measurement of levels of ETS constituenis on Loard aircraft shows them to be
extremcly Jow, well within US occupational stzndards, and significantdy lower ia
nonsmeking areas than smoking arcas, indicating that segregation works well in
reducing nonsmoker cxposure to ETS;

e It hias been cstimated that 2 nonsmoker &eates in 2 neasmoking section would have
to take eight 28-hour round-ip flights from Nuw York @ Tokyn ta be exposed to
the nicotina equivalent of smoking a single cigaretic;
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* A thorough review of the causes of fircs cn board sircraft does mot provide
evidence for the claim that cigarettes represint a major fire huzacd, or that
cigarettes are a significant contributor to aireraft fires over the past 30 years.

It is therefore difficult to justify the suggestion ther smoking should be baaned on
board aircraft. The present system of providing toth smokiny and nonsmoking sections
ensures that all passengers are vatvicd for, and has worked well for many vears now,
The insistencc of pressure groups on the necessity ‘o smoking bans on hoard aireraft
when the evidence simply docs not justify it, indicates 2 continuance of their aticmpts
to undcrmine the relationship hetween smokers and nonsmokers that has always been
hased upon commun sease, tolcrance and courtesy.
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CONCENTRATIONS OF NICOTINE ON BOARD AIRCRAFT

NICOTINE uvgm® | NICOYINE ug/m> NICOTINE ug/m3
AUTHORS
SMOKING NON-SMOKING WHOLE
SECTION SECTION AIRCRAFT
Muramatsu et al 1984 15.2 <
Muramatsu et al 1987 13.5 5.3
Oldaker & Conrad 1987 9.2 5.5
Qldaker et al 1988 7.1 1.1
Drake & Johnson 1988 10.48 | 2.54
Malmfors et al 1989 41.0 business 5.0
32.0 tourist 210
Matison et al 1989 12.0 2.0
Oldaker et al 1990 10.6 2.3
Nagda et al 1990 13.43 0.05
| Ogden et al 1989

(A8
TABLE TWO i
=
. o - 5
CONCENTRATIONS OF RESPIRABLLE SUSPENDED PARTICLLS {(RSP) ?3
AND ULTRAVIOLET PARTICULATK MATTER (UVPM) -
~ ON BOARD AIRCRAFT —
RSP ug/m> RSP ugjm? UveEM u;;ltn:’ UVEM ug/m3
AUTHORS
SMOKING | NON-SMOKNING SHMOKING NON-SMOKING
SECTION SECTICN SECTION SECTION
Oldaker et al 1988 23.0 8.0 14.0 5.0
Oldaker et al 1990 39.0 15.9 26.0 7.0
Drake & Johnson 1988 37.5 13.48 235 6.69
Nagda et al 1990 75.8 4.8




