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1. Introduction

1.1. Context and objectives

Pension reforms are currenlly a major concern worldwide. Demographic changes, the global economic
crisis and a shift in the labour market dynamics result in a great deal of debate in many countries about
the end of active life and the specific condilions for retiremenl. Particularly, the mandaltory relirement
age has recenlly increased for many professional categories in Europe, including aviation cabin crews.
Yet, arduous working conditions may bave significanl impact on workers' health and has been
demonstrated {o be one determinant faclor in explaining life expectancy discrepancies amaong socio-
professional calegories.

More specifically for cabin crews, many lactors of the work environment may produce long-term effects
on cabin crews' health and justify a debale about early relirement for these professionals. The ralionale
for such special pension schemes is that arduous work increases morlalily (i.e. shorter life expeclancy)
or morbidily (incidence of work-related diseases} for these workers, thus reducing the time retirement
benefils can be enjoyed. Hence, earlier access to pension benefits would compensate for a shorter life
expeclancy without disabilily.

In this context, EwrECCA wishes lo review the lalest scientific evidence regarding lhe relationships
between working conditions and health, in order to inform the debate on early retirement age for cabin
crews and iniliate the social negotialions with the aviation authorities.

1.2, Methodology

The present reporl aims at examining the arduous nature of the cabin crew occupation by identifying
the main work-related risk factors which may produce long-term effects on cabin crews' health and affect
life expectancy without disabililies. Hence, the primary goal of this report is to provide a synthesis of
available scientific evidence on the relationships belween exposure to arduous work conditions and
long-lerm consequences on health.

An international expert in the field of aviation medicine and aircrews’ physical aplitude, Professor Henri
Marotte, has been consulled as part of the project. Following this interview, the main risk factors for the
cabin crews have been idenlified, which was useful to refine the scope of the project and identify the
firsl key elements lo be addressed. Serge Volkoff, a renowned expert in epidemiological occupalional
health was also consulted on the specific issue of pension schemes, including early retirement.

Various sources of information (epidemiologic, ergonomic, sociclogic and occupalional health) have
been analysed. The main scientific dalabases (such as Science Direct and PubMed) have been used
lo gather the relevant papers on work-related risk factors and their consequences on health. Studies
focusing specifically on cabin crews have been idenlified and analysed. A number of research reports
addressing the issue of arduous work and early retirement age in the European Union have also heen
reviewed in order to feed into the overall reflexion on retirement age and provide EurECCA with the key
elements in their negotiations with the national authorily.

The report reviews the long-lerm efiects of a number of risk factors, with a focus on cahin crews' specific
risk factors and work conditions. It is important lo understand that this report does not intend to define
an age above which cabin crews should be allowed lo retire. Allhough the issue needs a lhorough
scienlific underslanding, defining retiremenl age for the cabin crews remains a political decision and
should involve social negolialions belween the trade unions and the relevant national authority.
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Hence, the report aims at reviewing the existing evidence which may juslify the cabin crew occupalion
to qualify as arduous wark. The report also suggesls possible ways o inlegrale these scientific elements
into the argumentation for a special pension scheme.

A summary of the main scientific evidence and their potential relationships with early relirement is
presented in the following seclions. A more delailed review of all scientific data has been conducted and
is provided in Appendix 1.

2. Arduous work and early retirement

2.1.What is arduous work?

The simple question of what qualifies as arduous work is not straightforward and does not lend itself lo
an easy definilion. Despile the absence of a common definition at the European level, there is actually
clear evidence of arduous occupalions. Pragmatically, each country has attempted to define its own list
of arduous jobs, with significant differences from one country lo another. For example, a journalist in
one country might be in a risky occupation, whereas his counterpart in anolther may not be.

Achieving an appropriate and consistenl definilion of arduous wark is a difficult lask because it refers to
a number of issues with different stakes. The following definition has been used in a research project
on behalf of several European trade unions, which has compared special pension schemes due to
arduous work in Europe {100]:

“Occupations invalving the exposure of the worker over a period of time to one or several faclors leading
lo profassional situalions susceplible lo leave fong-lasting and irreversible effects on his/her health;
these faclors are relaled o physical consltraints, psychosocial risks, an aggressive physical
environment, working organisation and working rhythms, including shift work”,

Several studies have demonstrated that arduous working condilions and work organisations can directly
or indirectly affecl workers’ health at the end of active life and beyond ([87], [90], {91]}.

2.2.Intensification of work demands

Occupaltional risks prevention policy as well as technological, economic, and social progress have
resulted in some particularly arduous activilies being reduced or to disappear (e.g. miners). The boom
in service aclivities (lertiary seclor) and the emergence of modern lechnology should have resulled in
an overall improvemenl of working conditions across the past decades. However, these benefils have
been superseded by the negalive consequences of the recent intensificalion of wark demands over the
last decade.

Although activities involving physical workload and long duty length have progressively decreased, a
significant change in wark rhythms and organisations have occurred in the last decade with more shift
work {e.g. night work} and the intensification of constraints on work rhythms. The aviation industry is no
exception and flexible rostering involving irregular hours of work may be necessary lo cope with the
demand. The indusiry had therefare to adapt its work organisation, with a subsequent increase in mental
workload whereas physical workload remains significanl for the cabin crews, This lemporal pressure
reduces leeway in the execution of work and weakens even more older cabin crews who have less
abilily to adapl.

Arduous work is therefore a currenl issue although ils nalure has changed over the last decade.
Scienlific knowledge should be gathered in order to allow for a social debate on relirement age. Further
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refleclions on the necessary prevention measures lo be implemented in the workplace also need lo be
addressed.

2.3.Exposure to arduous work during the working life

Anolher issue when attempling to address the issue of arduous jobs and early retirement is that cabin
crews are nol necessarily exposed {o arduous work during their entire working life. This means that a
special pension scheme should take inlo account the periods during which lhe individual was aclually
exposed to arduous work and potentially consider a reduction in relirement age in proportion to this lime
spent working in the arduous occupation {102). Furthermore, the notion of *job™ may be too broad lo be
able to clearly identify the arduous nalure of each particular aclivity carried oul within the “job".
Depending on local prevention measures and work organisation, the same “job" may nol present the
same level of arduousness.

Itis also very difficult to determine an exposure threshold to arduous work above which the effect on
health may become irreversible. The relationship belween work-related risk factors and health is
complex and work constrainls often cumulate with other non-work-related faclors, It is also nol clear
how work-related faclors may cumulate during the entire working life to produce long-term effects on
health.

2.4, Measuring the consequences of arduous work

As menlioned earlier, working condilions have been demonsirated to impact on the health of workers.
In these studies, various measures have been used lo evaluale lhe consequences on heallh. Life
expeclancy is one interesting measure which can be delermined with a relatively good degree of
accuracy. If cabin crews have a risk of premature mortality, this may justify an earlier access to
retirement lo compensate for a shorler-than-average life expectancy. Other measures relale to cancer
or cardiovascular diseases occurrences, premalure aging or deterioration of life quality at old age etc.

Arduous work environment may actually resull in lwo different situations [100]:
- a deterioration of health, which may not become apparent at the time of exposure, leading to
chronic diseases;
o working careers may be reduced due to work-related disabilily or sickness
o premature mortality (diminished life expeclancy)
- adifficulty for the worker lo continue to carry out the same job or remain in the same occupation:
the job cannot be performed anymore as the worker gels older.

In one hand, arduous work has negative consequences on health, hence resulting in work-related
disabililies and premalure mortalily. On the other hand, the arduous job becomes too difficult for the
older worker who cannot perform the job anymore, although no long-term consequence on health is
reported. These two situations need lo be investigated considering the specific case of the cabin crew
occupation, as they may bolh be eligible to early retirement schemes.

In the first siluation, scienlific evidence related to morbidily and life expectancy need lo be analysed
whereas in the second situation, the nalure of the arduous occupation and ils sensitivity to older age is
to be evaluated.
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3. Review of scientific literature

Studies which have analysed the relalionship between arduous work and early relirement usually
distinguish different types of arduous working conditions. More specifically, four working conditions have
been identified as particularly likely to produce long-term risks on heaith:

- Exposure lo toxic agents {e.g. chemicals agents)

- Cosmic radiation

- Physical work (including postural conslraints and work pace)

- Shift work (irregular work hours)

These risk factors have been investigated for the specific case of cabin crews. Other risk faclors
perlaining to the aircraft environment (noise, vibration, pressurisation elc.} have alsc been evaluated
with regard to long-term risks on cabin crews’' health, wilh the aim to single out potential avenues of
reflection for a special pension scheme.

The risk factors reviewed in the next section have the polential to produce irreversible effects on cabin
crews' health and therefore lead to disabilities and/or shorter life expectancy. It should be noled that
health detericration may become apparent several years or decades after exposure and therefore, the
associaled risk factor may nol be experienced as arduous at lhe time of exposure (e.g. exposure (o
chemical agents).

3.1. Toxic agents

Toxic particles might be present in the aircraft cabin in the case where unfiltered air is provided from the
engine through the air supply system (the so-called “bleed air"), originaling from possible cil leakages
in the engine. Bleed air could also be contaminated by hydraulic and deicing fluids. The risk of aerotoxic
syndrome has received increasing atlention in the past years within the aviation community, as a
potenlial risk for cabin crews' heallh.

Following a conlaminalion event, inhalalion of toxic parlicles may lead lo a series of symptoms including
cardiovascular trouble (e.g. palpilations), respiratory anomalies (e.g. chest ache, lung irritation), and
neurclogical symptoms (e.g. headache, lrouble speaking, balance and vision problems, loss of
cansciousness). These symptoms may last several weeks after the contamination event. However, there
is currenily a lack of studies wilh regard lo the effecls of such contamination events on cabin crews’
health in the long term.

Volatile Organic Compounds (VOC) also conslitute a potential health risk in the aircraft cabin. They
include several chemical agenls originating from multiple sources. On the basis of actual VOC
measurements on several flights, the risk for sensory irritations (eyes and upper airways) in an aircraft
cabin has been estimaled at 84%. Adverse effects on health of VOC include irritating symptoms {nose,
throat, eyes), general fatigue, cognitive effects such as conceniration difficulties, and loxic reactions,
However, further studies are needed to determine the long-term effects of exposure to VOC in the cabin
crew population.

Itis currently not possible to ascertain whether exposure to toxic particles in the aircrafl cabin may result
in chronic health conditions. In all cases, consequences on health arising from acule contamination
events may be reduced by the means of appropriate prevention measures and monitoring of cabin air
quality. However, as explained more in delails in the Annex seclion (page 27), portable air sampling
devices exist {patented in US and EU) thal allow for continuous sampling of inflight cabin air and thal
can be used by non-technical personnel. Thus, cabin air qualily assessment could be performed
autonomously within an airline, and cumulative exposure also controlled.
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3.2. Cosmic radiation

Cosmic radialion from oulside the solar system is almosl absent on the earlh's surface while it increases
as allitude and latitude increase. Cabin crews are among exposed professionals for which appropriate
exposure limits have been sel. While the negalive effects for high doses of radialion on cellular DNA
{provoking cellular death)} are acknowledged, the effecls of moderate exposure on health are still
debated. In particular, protection measures must be laken during pregnancy. It has been demonstrated
that cosmic radiation during a solar particle event {(e.g. a flare) can increase significantly {even within a
single flight) so that exposure limits per year may be exceeded. Thus, a pregnant cabin crew who would
be exposed to such a solar particle event may exceed lhe recommended yearly limitation. It is also
known that high doses of radiation cause birth defecls in a developing felus. This is why special
prevention measures for pregnant cabin crews are recommended in relation to radiation exposure.

In all the reviewed sludies, measured annual radiation exposition rates amount to 2-4mSv for leng-haul
crews and 1-2mSv for shorl-haul crews. These values correspond lo 1/5 and 1/10 of inlernational
standard recommendation dose limils, respeclively. Based on calculaled (and aclual) values of radiation
exposure, it has been estimated thal the risk of developing a radialion-exposure induced cancer for an
aircrew member aver 20 years of service is very low, i.e. 0.4% (0.6% over 30 years). Furthermore,
mortality rates for many cancer- and non-cancer relaled causes (for example leukaemia), are not
significantly different from the general population.

The review of scientific dala does not show higher risk of mortality due to radiation exposure than in the
general population. Hence, the impact of ionizing cosmic radiation on chronic health is currently
considered as not substantial,

3.2. Physical factors

3.4. Noise

Noisy work environments have been demonstraled lo impact subjective slale, objeclive performance,
and health. International and European norms exisl which allows lo predict hearing impairment as a
function of age, noise levels and exposure time during the professional life {101). Hence, it is possible
to determine the exact contribution of past exposure to noise during the working life, and separate the
effecls of aging [93].

Particularly, noise level in an aircraft cabin is significanlly assacialed with higher perceptions of
symploms such as headache, tiredness, swollen feet, and pain in the back [12]. Furthermore, sensitivily
to environmental factors (including noise) increases with age, thus decreasing lolerance to chronic
exposure. As a conclusion, prolonged exposure o noise should be considered a risk faclor for chronic
acoustic health conditions, Non-acouslic long-term effects of noise, e.g. a higher risk for breast cancer
in female chronically exposed lo noise wilh respect lo non-exposed females, are under study and need
further evidence lo be confirmed,

3.5. Cabin pressurisation

Effects of altitude are associated with cabin pressurisation, whose prescriptive limils are expressed in
terms of altitude (between 1524 and 2438m). With increasing allitude, compensation mechanisms are
triggered by the human body, due lo reduced oxygen concentration in the air (hypoxia). The efficiency
of such mechanisms depends on several factors (e.g. altilude at which a person lives, climb rate, final
altitude, and most importantly general health slate}. Huge individual differences can be observed.
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Other symploms resulting from high altilude originate from gas expansion. Physiological adaplations in
the ear and thorax/abdomen normally occur, with potential difficullies in case of some specific health
conditions (recent surgical intervention, bowel obslruction).

It has been demonsirated through objeclive pressurisation measurements lhat cabin altitude legal limils
mighl be exceeded during cruise, probably as a consequence of aircraft fuselage's air leaks which may
develop after years of operations. Anyhow, these exceedances can be considered as minor and
associated physiological adaptations would remain limiled.

Although many individual differences exist in relalion to lolerance to allitude's changes {and to
symploms’ occurrence), available knowledge aboul long-lasting exposure to altitude changes and
chronic effects on health is slill insufficient to establish an exposure limil.

3.6. Humidity rate

Cabin humidity level is normally low, for safely and heallh reasons (bacteria proliferation). Objeclive
measures have shown thal relative humidily is syslematically below the recommended range for aircraft
cabin, especially during cruise, This may resuit in dry eye syndrome with consequences ranging from
light to major visual impairment.

Scientlific dala about the effecls on health of long term exposure to low relative humidity is still insufficient
to conclude: it is currently not possible to establish a relationship between humidity and health
consequences. However, as lolerance to wark environment characleristics decreases with age, il is
likely thal dryness symptoms have higher impact on older cabin crews.

3.7. Physical workload

Physical workload gathers a number of faclors which may result in musculoskeletal disorders: repelilive
movemenls of the upper limbs, postural constraints, mechanical vibrations which are lransmitted to the
whole body, and load handling. These faclors are all relevant to the cabin crew occupalion which
involves repelitive movements when serving the passengers, handling heavy trolleys and being exposed
to the vibrations of the airgralt. This physical workload may greally vary from one company to anolher
depending on the type of aircrafl, trolleys, local operating procedures, workforce management, and
available countermeasures currenlly in place lo alleviate the issue.

Health problems due to vibration among cabin attendants oflen relates lo neck, shoulder, and lower-
back injuries and pains, The highest rate of vibralions has been measured in the rear seals of the cabin,
especially during landing. Meteorological conditions may also increase vibration doses and their
amplilude. The reviewed sludies reported measured vibrations within the regulalory limits. However,
there is no clear threshold beyond which exposure {o vibralions may have long-term effects on health.

Cabin crews also have to deal with significant physical workload during shifts, especially in relation to
pushing and pulling trolleys on an inclined cabin floor. In some field observations, the adoption of
ergonomically unfavourable postures may result in musculoskeletal disorders, especially among female
flight attendants {85). The occurrence of musculoskeletal disorders in relation to physical workload may
be frequent during a cabin crew's working life, with potential incapacilation stales which may remove
tempararily the cabin crew from duty. However, physical waorkload may also have irreversible impact on
health. Older workers may suffer long-term disabililies due to premature wear of their body associated
wilh physical workload ({87], [96]. {97], [92]). The hypothesis of a premalure wear due to physical
workload may be difficult to emphasise in the sludies because of the health selection process which
removes these warkers from duly. However, several sludies have highlighted the dose-response
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relationship betwean physical warkload and musculoskelelal disorders. When several physical factors
combined, an increase in musculoskeletal disorders was observed.

Physical faclors have been demonstrated as impacting workers' health in the short and long terms,
sometimes irreversibly. The dose-response effects of these factors have been clearly shown in several
studies. However, it is very difficull to define clear thresholds since the effects of physical factors are not
systemalically irraversible and are very variable depending on the aircraft, the local work procedures
and the mitigation measures implemented by the airline. Nonetheless, these physical factors combine
with each other and conlribule lo lhe overall arduousness of the work carried out. They may result in
musculoskeletal disorders.

In the contexlt of early relirement scheme, simple criteria may be retained lo evaluate arduousness of
the aclivily. Typically, accumulation of several physical factors producing potential premature wear and
musculoskeletal conditions over severa) years may be considered as an indicalor of arduousness (e.g.
repetiive movemenls, slanding position elc.}, although it is nol possible lo delermine precisely,
considering lhe current scienlific knowledge, an exposure duration threshold beyond which the risk
becomes significantly higher,

3.3. Shiftwork

Foltowing the worldwide intensificalion of work rhythms across the last decade, the need lo carry out
24/7 activilies has emerged. As a consequence, the number of workers exposed to shift work has
sharply increased with growing concerns on the long-term effects of irregular hours of work.

Circadian disruptions may occur as a result of shiftwork. Yel, people have been shown to become less
tolerant to circadian desynchronizations and jet lag with age. Long term effects of shiftwork aclually
combine with those of aging, and it is often difficult to disentangle the eflects af aging from those of
exposure lo shiftwork. Consequently, the risk of suffering from chronic fatigue and several other health
conditions increases for older people exposed to shiftwork.

Recent studies have highlighted the relationship belween nighlshift and some forms of cancer. In
particular, importanl modifications in the hormone production cycle occur when the individual is awake
during night: melalonin's production is slopped while it is normally released during the night. Melatonin
is an important regulator of other hormones, with an oncostalic effect {(decrease risk of cancer} for a
variely of tumours. As a consequence, some hormones are overproduced during nighlshift, leading to
the development of hormene-sensilive lumours. It has been reported that the risk for female cabin crews
exposed lo nightshifl to develop a breaslt cancer is 48% higher than in the general population. Lack of
melatonin secretion during a nightshift has been demonstrated as the main contributing factor to breast
cancer in female cabin crews. Circadian disruption has also been demonstraled as the main contributing
factor of prostate-cancer, which also is a hormone-dependent cancer. The risk for prostate-cancer
development in male cabin crews has been reported as 40% higher than in the general population.

Hence, exposure to shiflwork {and especially nightwark) increases the risk of developing some specific
hormone-dependent cancers for the cabin crew population. The increase in hormane dependent
cancers have long been associated with exposure to cosmic radiations while it actually is a direct
consaquence of shifl work.

The risks associated with shift work are therefore delayed in lime and may become apparent only years
afler exposure, often beyond the working life. However, it is very difficult to establish a cumulative
exposure duration threshold associated with a significant increase in morbidity. Criteria used to evaluate
exposure lo shift work and level of arduousness experienced throughout the working life generally
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consider exposure duration to shift work above 15 years. Several sludies have also highlighted the
difficulties lo carry on night work more than 10 years (Volkoff & Mclinie, 1995).

It is interesting to nole that the new EASA Flight Time Limitations (FTL) regulation {2016) does not
consider exposure duration to irregular work hours and ils long-term consequences on aircrews’ health.
Hence, there is no parlicular consideration and proteclion with regard to age and exposure lo shift work
throughout the working career. Yet, it may be necessary lo consider schedule adjustments for these
older cabin crews who may experience grealer difficulties lo adapt to shift work as they gel older. This
particular issue needs lo be addressed within the airline Fatigue Risk Management System {FRMS) in
order to improve warking conditions for the older cabin crews.

3.4.Psychosaocial factors

So far, physical factors and shift work are the two main types of risk faclors lo be considered wilhin the
framework of an early retirement scheme for cabin crews, as they have been demaonstrated to have
long-term effecls on health. However, there is another type of risk factor which also need to be
considered in lhe context of evaluating arduous work. It corresponds lo psychosocial factors which are
more subjeclive by nature and which are mainly associaled with the cabin crews’ perception of their
working condilions [101].

Psychosocial factors include any lype of psychological tensions and stressful situations in relation with
working conditions, which may expose the individual to short or long-term psychialric decompensation
or disorders, sometimes associated with coronary risks. Although the long-term effects on health and
life expectancy may not be clearly ascerlained, they may resull in physical and psychological symploms
which may cause incapacitation during the aclive life and impact end-of-career choices.

Stress is a typical psychosocial factor which may arise from mulliple causes, work-related or not. High
job demands, lower perceived availability of resources, lower control aver job aclivilies, and scarce
social support are among the factors that contribute lo chronic stress. Although consequences on health
largely depends on slress talerance mechanism, there are objective evidence of Ihe effecis of siress on
health: the link belween chronic stress and hypertension, gaslrointestinal problems, and depression of
immune systems has already been demonsltrated. While these studies are nol specific to the cabin crew
population, it is interesting to note that in a study by Sveinsdoltir et al. (2007), cabin crews have been
found lo be more affected by siress than olher prolessionals generally affecled by siress issues and
burnouls (e.g. nurses). Cabin crews reported occurrences of several symptoms, highlighting how
chronic stress should be addressed when considering long lerm effects on cabin crews’ health,

Psychosocial factors may anse from increasing levels of requirement imposed on the cabin crews along
with a lower perceived level of aulonomy, thus resulling in states of nervousness and fatigue leading lo
increased risk of muscular contraclions and other osteo-articular pains {including neck pain more
specifically). Studies have also demonstrated that lower back pains are slatislically associated with
workers reporting lack of time and resources to achieve quality work [103]. Hence, psychosocial factors
may resull in various health problams which, if nol always associated with serious health disorders, may
be difficult to cope with over time. Moreover, stressful work condilions have been shown to cause
premature ageing {Conseil d'orientation du lravail, 2001} Psychosocial faclors have also been
demonstrated lo play a significant role in musculoskeletal disorders (National Research Council (US)
and Instilule of Medicine (US} Panel on Musculoskeletal Disorders and the Workplace, 2001).

Work-related psychosaocial factors often interact with other psychosocial faclors such as anxiely or sccial
isolation [101], thus contributing to “chronic stress” as a consequence of hoth work and personal issues.

10
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Hence, the contribution of work-relaled psychosocial factors is difficult lo isolale in the context of
evaluating lheir effects on chronic health conditions

In practice, it may be maore appropriate to address work-related psychosocial factors by reducing
exposure to these factors at the workplace (change of work procedure or other work assignmenlt for
older cabin crews within the company), in order lo avoid potential health delerioration into more sericus
medical conditions in the long term. Improvement of working conditions and management of laie career
are particularly crucial lo address psychosocial factors: such measures should conlribule to maintain
employability of older cabin crews and prevent any development of psychological and physical disorders
arising from psychosocial faclors.

11
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4.Discussion

Cne first observation is thal there is no generic justification of a special pension scheme with an early
retirernent age for cabin crews which has been consistently applied across the Eurcpean Union. Defining
workers who may benefil from preferential ireatment in the pension system is a complex issue, mainly
because arduous occupations involve mullilude of faclors which are difficult to disentangle.
Nonetheless, arduous work is a reality and may have negative impact either on the mortality rate {in
relation lo cardiovascular diseases and cancers) or resull in long-lerm disabililies in relation to
musculoskeletal disorders and premalure aging.

4.1.Main factors contributing to arduousness

The relationship between health and work cannot be limited to a simple causal effect involving one single
factar and linear consequences. A specific work condilion may have several impacls on health. Equally,
an occupalional disorder may originale from several work-related causes, to which other non-work-
related factars may add to. It shouid also be noted that exposure to arduous work does nal necessarily
result in chronic medical conditions and lhe associaled reduced life expectancy without disability.

The most significant risk factor associated with long-term consequences on cabin crews' health is shift
work. Particularly, there is a clear relalionship between night work and the occurrence of hormone
dependent cancers. The long-term effects of shift work may therefore be irreversible and incapacitating.
Shift work is recognised as a major health risk for the workers exposed lo irregular work hours. Yet, the
new EASA FTL regulation does not comment on the chronic effects of exposure to shift work and does
not suggest any adjustments for older aircrews. It is therefore essential thal the issue of age be
specifically addressed within the airline’s Faligue Risk Management System (FRMS).

Physical faclors are the second most important risk factor with regard to early retirement pension
provisions. They include several different factors, such as physical workload: the cabin crews' duly
involves repetilive movements of the upper limbs associated with temporal demand, postural constraints
due to the aircraft cabin configuration, and prolonged standing position. Several sludies have highlighted
the relationship between physical workload as experienced by the cabin crews and the occurrence of
musculoskeletal disorders during the laler stages of working life and beyond. Furthermore, the whole
body is subjected lo the aircraft vibralions and noisy environment, with also established effects on
chronic health conditions.

Regarding taxic particles, scientific studies are currently not sufficient lo establish whether they may
have long-term effects on cabin crews' health. It should be noted that there is nc scientific evidence of
the effects of cosmic radiation on cabin crews' health. Furthermore, available information from scientific
studies is still insufficient to conclude on lhe long-term effects of cabin pressurisation and humidily rale
on cabin crews’ heallh.

Allhough it has been demonsilrated that exposure to psychosoctal risk factors (tensions at the workplace,
slress arising from working conditions) may negatively impact on the health of cabin crews, multiple
faclors are aclually involved and il is, in practice, very difficult to establish the exact contribulion of work-
related factors. Mareover, these risk factors are most of the time difficult to objeclively quantify.
Therefore, it is in practice difficull to consider psychosaocial faclors in the provision of early retirement
scheme. Psychosocial facters may actually be more effectively addressed directly by the aifline through
the implementation of preventive actions at the workplace so as to avoid any long-term consequences
on health.
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4.2, Life expectancy

Stalistics on life expeclancy clearly emphasise significant differences among the European countries,
ranging from 75.3 years in Serbia to 83 years in Spain and Switzerland {Eurostat, 2017). Large
differences are also observed belween socio-professional calegories. This difference may reach up to
7 years belween males belonging lo the higher socio-professional calegories (managers, general
practitioners etc.) and male workers of the lower socio-professional categories {101].

However, these differences cannol be fully attributed lo the work environment: chronic health disorders
are generally caused by multiple faclors and also involve individual characleristics of the warker. It is
currently not possible lo measure precisely, for a given cccupalion, the fraction of life expectancy which
may be direclly attributable lo professional exposure. Subsequently, it is even more complex to establish
the contribution of one specific risk factor in life expectancy.

An impartant issue o be considered when sludying cabin crews’ health conditions is recurrent medical
checks normally performed within cabin crew population {twice per year, after 40 years old), which help
detect medical conditions compared to the general population. Therefore, when comparing incidence of
medical conditions between cabin crews and the general population, the “healthy worker effect” may
actually affect the results. Cabin crews often show lower incidence rates of medical conditions, due lo
the fact thal in case of detection of such conditions they are no longer allowed lo carry oul their duly. As
a consequence, they also show higher life expectancy (4 to 5 years) than lhe general population and
are more prone to follow medical advice and lo develop healthy lifestyle, thus reducing the risks of
developing chronic health condilions.

Several aspecls of cabin crews wark environment have an impact on cabin crews’ health, on both the
short and the long terms. While short lerm effecls may be managed by improving local working
conditions, some health disorders may become apparent only years after the exposure. On the other
hand, some chronic conditions {e g. allergy) may aclually disappear as soon as exposure lo the toxic
agents stops, with no consequences in the long term on health. This raises another issue as lo the
difference between life expeclancy and life expectancy without disability. If simple life expectancy is
considered, all workers exposed to physical arduousness leading to musculoskeletal disorders may not
qualify anymore for an early retirement scheme as there are no consequences on life expeclancy.
However, musculoskeletal disorders significanlly impact life qualily at old age. This is why life
expectancy “withoul disability” may be rather considered in the debale aboul earlier retirerment age, in
order lo account for the effects of physical arducusness which do not direclly impact life expeclancy.
Particularly, a relationship between physical arduousness and long-term musculoskeletal disorders
have been demonstrated and may conslitute retevant evidence of eligibility regarding early retirement
scheme.

While life expectancy has been shown to be significanlly higher for lhe cabin crews than the general
population, cabin crews nonetheless exhibil higher risk of malignant melanoma (skin cancer}, breast
cancer for female cabin crews, and prostate cancer for male cabin crews. The causes of the increased
incidence of melanoma for cabin crews compared lo the general population has still lo be explained
(Rafnsson et al. (2003) as there is a lack of longitudinal sludies. Shift work (especially nightshiit) is
involved in the two other forms of cancers (breast and prostate cancer).

4.3. Managing older cabin crews

The functional ability of each individual nalurally decreases with age. Although the ageing process is
specific to each individual, the working conditions may exacerbate the effecls of ageing. Hence,
repetitive movements may accentuate joinl disorders and shift work may increase sleep disorders, which
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belh nalurally occur in older age. Without appropriale counlermeasures and faced with high time
pressure, older cabin crews may be penalised twice over:
- Time constraints may require the older cabin crew to resort lo functional abililies which have
declined with age
- Time constrainls provide less leeway to draw on his/her own operational experience and self-
knowledge to adapl their geslure and behaviour to the siluation (better anticipation, change of
posture elc.).

Older cabin crews are alsc more affecled by irregular hours of work, as they have maore difficulties to
readapt their circadian rhythms when exposed to shiftwork and/or jet lag. This resulls in an acule
desynchronization because of the misalignment belween the body clock and the sleep-wake paltern.
Most importantly, chronic desynchronization may contribule to weight gain/obesity, melabolic
syndromeftype || diabetes, and cardiovascular disease.

Wilh age, sleep also changes in terms of bolh quantily and qualily. Regarding sleep quanlity, the
greatest difficullies relate lo maintaining sleep, meaning that with age, people have difiiculties slaying
asleep, so thal wakeup time occurs earlier. This contributes lo an increase in daytime sleepiness. As a
result of all hormonal, physiclogical, and environmental changes, elderly people also sleep less
efficienlly {lime in bed does not correspond to actual sleep lime). For example, at 55 and above, 8 hours
in bed result on average in 7 hours of actual sleep, the difference corresponding lo time to fall asleep
and mulliple shorl awakening episodes during the sleep. For a young aduil, correspondence belween
time in bed and sleep time almost perfectly mach. The different sleep slages also change their
distribution with age. Deep sleep {restorative sleep from physical fatigue} decreases with age, while the
quantity of light sleep increases (8-15% more, on average).

Besides reduced sleep efficiency, other sleep-related consequences of aging include an increased day
time sleepiness and need for napping during the day, an advancement in sleep wake cycle (i.e. tendency
lo wake up earier in the moming, and to go to bed earlier). All these eflects of age are amplified in
workers exposed lo shiftwork, with further health's consequences associaled with nightshift. Importantly,
besides the effects of aging on sieep, difficulties in obtaining adequate sleep quantity and gquality may
also originate from other chronic medical conditions (e.g. gastrointestinal problems, arthrilis, elc.} which
further conlribute o sleep difficulties.

Beyond the provision of early relirement for cabin crews, improving daily work conditions and preventing
occupational discrders should be a priority focus. This is especially important as sensitivity to arduous
work increases with age. These mitigalion measures may include: medical follow-up, changes in work
procedures, adaplalion of hours of work, training, ergonomic equipment elc.

However, in some specific jobs such as cabin crews, despite efficient mitigation measures, the arduous
nature of working conditions cannol be fully prevenled as ilis “part of the job”. Two options may therefore
be discussed: either the management of late career for older cabin crews (reappoiniment to other non-
flying activities within lhe airline) or allowing early retirement lo compensate for the risks taken during
their career.

Another important consideration in the management of aging within the aviation industry is the benefils
of extensive operational experience from older cabin crews. This should be borne in mind as these older
workers represent a good asset in terms of both safety risks and management of unexpected silualions.

4.4, Special pension schemes

There is no consensus on a common definition of arduous work. Generally, arduous work incorporates
both an objective component and a subjeclive component associaled with the workers’ perception of
their own job. In the conlext of juslifying special retirement scheme for cabin crews, it is imporiant to
facus on objeclive indicalors. The following indicators may be used to measure the effects of arduous
work on health: indicalors of premature aging, indicators of morbidity {symptoms, diseases occurrence,
disabilities elc.), or life expectancy. It is important to note that indicators of occupalional accidents and
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recognised professional diseases may only partially represent the issue, as they do not cover the
multitude aspecls of work-relaled disorders and may actually under-estimate the prevalence of such
disorders (underreporting of occupational disorders).

Whatever the type of indicators used lo evaluale arduousness of the job, it is unfortunately impossible
o scientifically establish levels and/or duration exposure which may be associated with a significant
increase in he level of risks of developing a chronic health condilion. Either siudies were unable to
establish a recognised lhreshold, or the compilexily of work conditions and relalionship between health
and work requires to take into account oo many paramelers. In this context, it would seem preferable
lo define these thresholds through social negotiations. More specifically, arduousness may be evaluated
considering the exposure duralions lo several risk faclors which have been demonsitrated to produce
negalive effects on the cabin crews’ health (i.e. physical factors, shift work). A eombination of these
estimated exposures may therefore serve as a basis lo grant early retirement,

Early retirement age is nol the only mechanism which may be proposed to compensate for exposure o
arduous work. Other social policies such as disability benefits, long-term sickness leave, pensions for
inability to work may also be used to address the issue of arduous work. The main difference with the
garly retirement scheme is that they are offered on individualised bases, hence largeting specifically
those in need of a special treatment. Thus, only workers with disabilities or reduced work capacily may
benefil from these special schemes, especially if they have difficulties in finding a suitable job in later
stages of their working lives [102]. These alternalive schemes may therefore allow older warkers with
serious health conditions to stop work before the normal relirement age and benefit from disability
pensions on an individual basis. Alternatively, job mabilily may be offered lo older workers in order {o
avoid early retirement.

Another inleresling perspeclive on early relirement schemes is how the issue is lackled differently in
olher European countries or worldwide. In some countries, defining a maximum age may be considered
as discriminalory and workers may conlinue working as long as they are considered fit for duty, without
regard for age.

Beside the impact on individuals, the provision of such special retirement schemes also has
organisalional consequences which should not be neglecled from the airline point of view. Hence, early
retirement age means early retirement of cabin crews having a greal deal of know-how and operational
experience.
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5.Conclusion

The rationale behind early retirement is to award special pension benefits as an exchange for work-
related risks which may negatively impact on life expeclancy or reduce the length of one’s working life.
There are currenlly no scientific grounds to determine objectively a precise reliremenl date for a specific
job. The main issue is the complexily of measuring cbjectively expasure to occupational risks and
provide an accurate picture of the arduous occupaltion. Hence, there is no predefined procedure to
address lhe issue of arduous work and its consequences at old age within the conlex! of early retirement
pension provisions.

Nonetheless, this report highlights the exlent to which the cabin crew occupation invaolves work which
poses significant challenges to the personnel. As the consequences of arduous work increase with age,
it may actually shorten the working career. Particularly, physical demands are significanlly high in the
job and older cabin crews may face serious challenges in continuing duties as they gel older. Hence,
arduous work also raises the issue of managing later slages of work life and the need lo implemenl
transitional measuras for these older workers. The improvement of working conditions should be
debated within the professional branch in order to avoid exclusion of these workers. Furthermore, the
cabin crews also run a higher risk of disabilily as they experience bodily wear and tear due to physical
workload. They are also particularly exposed lo hormone dependent cancers due to shift work. Hence,
there is evidence that cabin crews’ life qualily at old age may be impacled by work-relaled faclors.
Allhough not direclly shorlening life expectancy, they result in poorer heallh during later stages of
working life and beyond. In this context, eligibility of the cabin crew occupalion lo access compensalions
in the form of early retirement may be debated.

Beside the debale on early retirement age, it is essential lo enforce preventive measures, especially
when long-term effects on health have been shown, in order to ensure that the cabin crews reach
retirement in overall good health. Targeted convenlional social policies should be implemented, for
example in terms of medical follow-up, adaptation of hours of work, or ergonomic equipment. As one of
the main risk factors, shift work is a major issue with regard lo consequences on cabin crews’ health
and the prevalence of hormone dependent cancers. Prevention measures need to be implemenled as
part of the airline’s Fatigue Risk Management System (FRMS): typically, adjustments of work schedule
may be considered for older cabin crews who have difficullies to adapt lo disruptive dulies. In Lhis
conlext, the airline's FRMS should address bolh the short-lerm consequences of shift work (acute
fatigue, performance decremenl and potential safety issues} as well as the long-term effects on health
{chronic fatigue and hormone-dependent cancers).

Yel, such measures may not be sufficient to prevent long-term consequences on health. As arduous
work is also known to cause premature aging, compensatory measures in the form of special retirement
scheme may lherefore be considered for lhe cabin crews. The objective of such special pension
schemes is to adjust the retirement eligibility age lo compensate for a shorter life expectancy without
disability, in relation to musculoskeletal disorders and prevalence of hormone-dependent cancers.

It is mosl important that any decision about early retirement age be based on scientific evidence
However, considering the great complexity of the issue, scienlific data may only provide food for thought
and feed into the reflexion on retirement age by idenlifying the key elements in terms of risk faclors and
their consequences on workers’ employability and life expectancy without disability. Defining an early
relirement age for the cabin crews therefore remains a political decision which should result from social
negotiations between the trade unions and the relevant national aulhority.
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6. Appendix 1: Long-term effects of work environment characteristics on
cabin crews’ health: a scientific review.

6.1. Vibration

Heallh problems due to vibration (especially during landing) among cabin attendants relales to neck,
shoulder, and lower-back injuries and pains. Resulis from studies on Whele-Body Vibralion (WBV)} and
comfort of aircraft seals (static and dynamic) have also been reviewed.

A firsl study [2]. is a field study based on reports from the European Union. Il was observed how some
aircraft were frequently associated lo vibration-related injuries of neck, shoulders, and lower-back,
especially those with a longer tail behind rear wheels {e.g. B737-800). In facl, vibration-relaied injuries
were dealing more wilh rear cabin positions than lo seals in the front part, and lo landing rather than to
take-off and cruise. Furthermore, exposure to multiple shocks, as for instance during banked turns,
generales heallh issues for flighl attendants.

The study implemented objective measurements of vibration by means of a triaxial seat accelerometer
under the cabin crew seat's cushion for periods of 20 minutes during three landing sequences. A specific
model of aircraft (B737-800) was chosen, as il was the most cited within vibration reports. Table 1 shows
mean frequency acceleration, calculaled vibration dose values (VDV}, crest faclor (a measure of how
exlreme are the vibration peaks within the frequency waveform), and acceleration dose valuaes (ADV).
An equivalent daily stalic compressive stress value on lumbar vertebrae is also provided (S).

Resulls confirm the specificity of rear cabin seals for vibralion issues {more than 50% as compared to
front seat) especially in the up-and-down (z)} dimension, allhough horizontal vibrations (x and y
dimensions) are not negligible.

Table 1
The mean frequency (weighted and un-weighted) aceeleration (m;s%) us well as the calculated VDV fmis'"™) and crest factor on i front
andd rear crew seal, respectively, during the different landings in the three vibration directions (5, » 2}

Crew seul front Crew seat rear

X ¥y o Y X ¥ I hY
Acceleration 0.6 (0.0) 0.4 (0.0 0.9 (0. 1.5 (0.0} 09 (0.2 L4101}
Acceleration (weighted) 0.3 () il (0.0} 0.6 0.y 0.2 4y 4 (0.2) 4%
VDV 26(.3) 1.8 (0.1} 3.240.0) 2000 34 (0.3) 5.2(0.6)
Crest fsctor 7.1 (0 T.6¢1.00 .2 {04 7.0 (0.5) 7002 T8(23)
ADYV 5.7¢0.6) 39000 7.4(0.3) [RE(12] 4.5 (0.5) 74 (0.4 1.8 2.4) 0.5 40.1)
The table presents the calcutated ADV (m/s) and corresponding caleulated equivalent daily static compressive stress (3] in the lumbar
vertehrae (MPa). The standard deviation is in parenthesis.

Table 1- vibration values as measured during landing phases of a B737-800. Data refer to [2].

Although results show high values of vibration doses during landing, especially in rear seals, the study
concludes that daily exposition o whole-body vibrations for cabin crews is within the limit established
by European Directive [69], which reports a VDV limit value of 21m/s""*far a period of 8h. The directive
also envisages the possibility (approprialely justified) of exemplions for cabin attendants of the aviation
sector. However, by comparison, a VDV value of 5.2m/s" % found in the rear seal during aircraft landing
(z dimension) is higher than thal measured under driver's seal of a combine fravelling at 20km/h
(4.27mis'"%) [3], for which less than 2 hours of expasilion is sufficient to harm body.

The recorded vibration values recorded in {2]) show how seat position must not be overlooked when
caonsidering impact of vibralions. Other studies have performed the same measurements on passenger's
seals installed on a shaker table [1]: obtained values were lower to those plot in Table 1, probably
because an “average” vibration signal was used to excite the table, without considering seat's position
and aircrafl type either. Oblained VDV value was 3.85m/s""® for an economy class seat.
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Finally, as acknowledged in the study, vibration measurements were done during “normal landings”. In
bad weather conditions vibration doses are likely to increase significantly, due to the more unslable
position of aircrail during landing. Therefore, a risk for health due to vibration cannol be excluded for
cabin altendants, especially in relation to exposition to multiple shocks {see also the crest factors in
Table 1).

To improve the design of lhe seal is the best mitigalion measure logether with appropriate training about
the best position to be kepl during landing. Experiences from road vehicles [3] suggesl thal seals wilh
air suspension altenuate vibrations (at least lhose above 4Hz) belter than those with mechanical
suspension, and increase driver's comfort. Applicability of such design alternatives for cabin seats in
commercial aviation should be reviewed in lhe future,

Knowledge abaut long lerm heallh effects of prolonged exposure to vibralions is insufficient {o establish
a direct link belween vibrations and chronic health conditions, as well as lo draw some conclusions
aboul lhe effecls of chronic exposure to vibration as a function of age. Al the reviewed sludies on cabin
crews' environment only limited themselves to report measured vibrations to be within regulatory limils.

6.2. Radiation

Being frequenlly on air, the quanlily of cosmic radiation that hits flight crew members is significanlly
higher than normal people spending almost their whole life on earlh’s surface. While the DNA damaging
effecls of ionizing radialions are scienlifically proven and find some applications in medicine (e.g. in
radiotherapy), the effect of cosmic radiation on health is slill somelimes a malter of debate. Prescriptive
limits of exposure are established within the aviation domain, and constant, periodic monitaring is
required.

Galactic cosmic radiation comes from oulside the solar syslem and ils aclion is miligaled by the
presence of atmasphere, and of earth's and sun’s magnelic fields. Dose rates arriving on earth’s surface
depend on magnelic latitude, altitude, and solar cycle, Like other radiations, cosmic radiation is
measured in Sievert or its multiples {the most common in use being the milliSievert, mSv}.
International reference standard for maximum exposure lo ionizing radialion published in 1991 by the
International Commission on Radiological Protection (ICRFP) was revised in 2007 [70, 71]. A European
directive [72] completes the regulatory frame for the European context. In both reports, the indicated
maximum mean exposure limit for human body is 20mSv/yr (averaged over 5 years, with a maximum in
any 1 year of 50mSv} [4], as reported in Table 2.

The effects of cosmic radiation are abviously more important for aerospace flights and astronauts than
for commercial aviation crews. However, its impact on commercial aviation crews should not be
overlooked [7]. For example, it has been observed a significantly higher distribution {double rates) of
skin melanoma among airline pilots compared to the general population (cf. section about life
expeclancy): immune-suppression effects of cosmic radiation are considered as a contribulory cause,
but further studies on causes are needed [73]. DNA damages (necrosis, apoplosis, or mutations) are
the most important consequences of exposilions lo great doses of ionizing radiation [7). However, recent
resulls exclude cosmic radiation as possible cause skin melanoma among cabin crew population. As
explained later in the lext, ultraviolet radiation is more implied than cosmic radiation in melanoma
occurrence.

Importantly, the European direclive establishes that for professionals likely to be exposed to more than
1 mSviyr, the employer must pravide measuremenl of actual exposure, consider this exposure during
scheduling, appropriately inform workers aboul exposure's risk, and ensure special prolection for female
aircrew during pregnancy (for whom the exposure limit is eslablished at SmSv/yr [8]} in order o enable
informed decision making about acceptable risk [4] [7] [8].
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ICRP EU FAA
General public 1mSvyr* TmSvyr ' 1 mSvyr*
Occupationally 20mSvyr ', Syr average, but 20mSvyr ', Syr average, but 20 mSvyr ', 5yr average, but
expased not more than 50mSv in tyr not more than 50mSv in 1yr not more than 50mSv fn 1yr
Foetus equivalent  1mSvyr ' 1mSv for declared term of 1 mSv maximum, but 0.5mSv in
dose pregnancy and ALARA any month
Control level N/a bmSv N/a

Table 2 - Maximwm mean effective dose limits, as established in ICRP, EU, and FAA regulations. Table extracted from [4),

In-flight radiation measurements have ailowed validation of computer modelling programs [4].
Simulation algarithms for radiation prediction of specific flights have been developed in recenl years [6].
One simulation software freely available from Federal Aviation Administration (FAA) is CARI-6 [cf.
webography section]. CARI-6 has been used lo calculale radiation exposure for some inlernational
routes [74). For example, in a flight from Lisbon to New York with a duration of almosl 7h, the lotal
radiation rate would be 0.0289mSv [8].

As reported through several studies, calculated annual radiation rates for European crews operating at
maximum Flight Time Limitations (FTL}, are of 2-4mSv for long-haul pilots and crews and 1-2mSv for
short-haul. These rates correspond to 1/5 and 1/10 of ICRP recommended dose limil, respeclively [4].
Figure 1 shows how many flight hours would be needed for an aircrew member lo reach a 6m3v
exposition rate in one year, as a funclion of 2 latitudes and 3 allitudes [75].

8 .
/ V4
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. // _/_z_ - SR
4 * /
4 /

Effective dose E /mSv

1000

Number of hours on air

legend 30000 { __ ), 40000ft (_ _ _) and 500001t (_. )

Figure 1 - Minimum number of flight hours needed to ahtain annual dose of 6 mSv in polar amd equatorial regions for
three flight altitudes. Figure extracted from [75].

Based on calculated {and actual) values of radiation exposure, it has been estimated thal the risk of
developing a radiation-exposure-induced cancer for an aircrew member who has accumulaled a 5 mSv
annual exposure over 20 years of service is very low, i.e. 0.4% (0.6% over 30 years) [4]. As for
comparison, the general risk of dying of a cancer in the weslern population is 23%. Over the same
working service span, the risk for a child of inheriting a cancer from an exposed parent (SmSviyr}, is
1/2500 (1/50 is the incidence of genetic abnormalities in the general poputation). Risks for the felus
during pregnancy deriving from exposition to radiation are also eslimated as insignificant. In order to
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reach lhe eslablished limil for a pregnant woman of 1mSv, seven New York-Tokyo round trips in one
year would be needed [9).

Thus, epidemioclogical studies on effects of exposure to cosmic radiation do not show any strong relation
belween cancer occurrence and exposure rates, confirming weak probabilities of effects on health due
lo radialion exposure for cabin crew (and passenger} [9]. This was also confirmed by an international
study in the framework of a European Project (ESCAPE) that involved 8 EU members and that focused
on mortality causes, both cancer- and non-cancer-related [10]. The sludy managed data from a lotal of
more than 44000 cabin crew members, providing large-scale data for computation of mortality rales, as
required by previous invesligations [11]. More precisely, it was observed how morlalily rales among
cabin crews were nol significantly different from those of the general popuiation. No significant
differences for lung cancer, leukemia, and breast cancer, with the latter being slightly higher in women
cabin crews but the difference did not reach stalistical significance. Maortality due lo cerebrovascular,
cardiovascular and respiratory diseases was significantly lower among cabin crew members. Analyses
on cardiovascular morlality also considered “lime since first exposure®, meaning time since first
employment, confirming a lower cardiovascular moriality for both female and male cabin crew as
compared lo the general population (60-70% and 30-40%, respeclively). Conversely, significant higher
mortality rates for male cabin crew as compared {o the general population were found for melanoma
and non-melanoma skin cancer (while lower in female cabin crew). Table 3 shows the standardized
mortality ratios (SMR), i.e. the ratio between observed and expecled cases, for male and female cabin
crews in the before- and after-jet eras [10]. The most remarkable conclusion of such a wide-scale study
was that evidences showed no different rates of cancer-related monrtality {and of leukemia, which would
be the mosl evidenl consequence of excessive cosmic radiation exposure rate}, while higher rates were
found for some non-cancer-related disease, as AIDS (in male cabin crew), or aircrafl accident. The
impacl of ionizing cosmic radiation on cabin crew mortality was thus estimaled as not significant.

Cawte of dean Ermyment ponog CSjerred e of m"&," et ‘5‘0""% BE% O
Fomale cabin crow
All causes Batore 1071 161 161 1877 0.86 0.73,1.00
Acrois 1971 120 120 1587 0.76 082,090
Aftar 1870 160 160 2069 0.77 .68, 0.90
Al cancer Belore 1971 72 718 914 0.85 067, 1.16
Across 1971 55 818 752 082 460, 1.1
Aner 1670 43 51 768 067 0.45,0.99
Branst cancer Batore 1671 24 264 208 1.28 081,202
Across 1971 18 204 203 100 057, 1.83
Aftar 1970 A 199 19.4 108 057, 1.69
All leukamia Balore 1971 5 54 27 204 0.68, 5.34
Acroas 1971 K] a3 28 1.18 024,273
Aftar 1070 1 1 a4 023 oo, 143
AD CaMBOvasCular dissase Batora 1971 7 73 257 029 011,084
Across 1971 2 23 149 0.16 002,082
After 1870 4 47 134 0.35 008,085
Male cabn crew
Al causes Betors 1571 12 132 108.2 1,22 102,145
Across 1871 09 209 259.3 0.81 0.7,092
Ahar 1970 220 230 1585 1.44 128, 1.64
All cancer Batore 1971 8 408 e 128 0.8t,1.88
Across 1971 51 56.4 - X 0.7 0.51,0.65
After 1670 20 132 28 1.0 067,15
All ymphama Belore 1971 4 41 12 147 0.95,9.66
Across 1971 4 a4 21 1.43 0.38, 386
Aftar 1970 3 a5 22 1.58 0.31,491
All leukamia Batore 1971 1 1 10 .98 0.02,584
Across 1571 2 22 27 080 0.08,3.12
Aftgr 1970 4 45 21 213 0.57.5.78
All cartiovascular arssase Betors 1971 24 259 3340 07g 051,1.24
Across 1671 < 382 631 0.57 0.39, 085
Aftar 1970 ] 3] 206 0.43 0.22,0.96
AIDSt Betora 1971 3 33 02 1979 41,821
Across 16Tt 27 a7 08 38.04 212,543
ARrar 1970 [:L:] 1017 8.0 16.87 128,209
« Cakulatad according ta the method of Aitgan and Becker (18)
1 SMR, standaraized martalty ratio; C1, confiaence nlervat; AKDS, acquired immunodahiciancy syndroma.
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Table 3 - Standardized mortality ratios (SMR) for female and male cabin crew, as a function of period of employment.
Tablz reproduced from [10],

A study of radiation exposure for air force members in Canada [5] performed both radiation exposure
calculation of past flights {by means of validated algorithms) as well as inflight measurements,
confirming the low exposition rates reporled above. The selecled period for calculation (30 months) was
divided in 2 one-year period and 1 six-months period, with 171, 179, and 128 monitored aircrews,
respectively: maximum recorded values were 3.4, 3.4, and 4.2mSviyr), and only about 10% of monitored
flighls had associated radiation values of more than AmSv/yr. Normalized (1 year} mean exposition
values for lhe three periods were 1.2, 1.2, and 1.8mSv.

in summary, objeclive in-flight measurements and simulation studies (by means of the use of predictive
algorithms) have demonsiraled how cabin crew expositions to cosmic radiation is well below the
established limit in the current regulations, and that such exposure rates are insufficient for generaling
radiation-related cancers or to increase mortalily rates within flight attendanls. However, special
allention must be always accorded to female cabin crews during pregnancy.

6.3. Noise

Noise level is one important parameter with negative impact on subjective feeling, objective
performance, and health, especially for long-haul flights.

A European project (HEACE) measured the effects of sound and noise (among many other parameters)
on performance and the medical response of cabin crews in both real and simulated flights [12]. The
project focused padicularly on long-hau! flighls, and showed the difference exisling belween different
zones of aircraft in relalion to noise measurements. More precisely, it highlights how noise increases
going aft within the cabin (a mean difference of 8dB approximately exists between business class and
economy class, with mean values of 71dB and 79dB, respectively), and how cabin is more affected by
noise than cockpit. Intereslingly, the noise values measured in real flights were used lo set-up different
simulation conditions and lo evaluate noise impacl on subjeclive evaluations of several symptoms. The
study demonslrates how noise increases subjective sensitivity o environmental conlext, as the
perception of some symploms {e.g. swollen feet and pain in the back) evaluated by means of
questionnaires was significantly higher in noisy conditions. Noise level was found to have significant
impact also on lhe level of distraction, level of annayance, overall satisfaction, perceplion of vibration
and movement, and further symptoms such as tiredness and headache. The effecls increased with flight
time.

Some important resulls have been related in the last years lo a new hypolhesis about non-acouslic long-
term effects of noise. Significant associations have been found between long term exposure {o traffic
noise and incidence of breast cancer in female population [82]. However, this hypothesis needs further
evidences in order to be confirmed.

6.4. Cabin Altitude

Effects of allitude are associaled wilh cabin pressurization. Although there are some prescriptive limits
to cabin pressurization, expressed in terms of altilude {e.g. 1524-2438m), individual differences exist in
relation to the tolerance to these limits [63]. The effects of pressurizalion on health (especially on cardio-
circulatory system) have been reviewed.

Compensation mechanisms are triggered by our body under lhe effects of allitude. Those mechanisms
have the function of reducing effects of hypoxia (diminished cancentralion of oxygen in the air, due to
lower air pressure) and to produce hypocapnia {reduction of carbon dioxide in the blacd) [13]. While at
sea level (Om allitude) the oxygen concentration in the air is about 20.9%, at 2400m (i.e. 8000ft),
concentration lowers at 15%.
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The efficiency of compensalory mechanisms depends on several faclors, like the normal allitude at
which a person lives, the climb rate, the final altitude of an ascent, and the general health slale of the
subject.

As observed in experimenis with hypobaric chambers, hypoxia eflecls can be already present at
altitudes of 2400m (the maximum altitude limit reproduced in pressurized aircraft cabins, oflen referred
lo as “cabin allitude"), with symptoms relaled to visual impairmenl, namely a reduced visual acuily
{contrast delection) and a reduced color sensilivity [15]. These effecls are explained on the basis of
different sensitivity to blood oxygen concentration level of cones and rods (the two types of lighl-sensilive
cells within the retina). The partial oxygen pressure in the blood changes from 95mmHg tlo 60mmHg al
the cabin allilude’s limit of 2400m, meaning a considerable reduction in oxyhemaoglobin saturation, from
95-100% at sea level to 90% at cabin allitude [14], as shown in Figure 2.

A 2438 m Sealevel
p———1 Cabin altitude
A

B

e e . o e A S S

Oxyhaemoglobin saturation (%)
b
S
|

T T 17 T T 1T 1711
0 10 20 30 40 SO0 60 70 80 90 100
Pa0, (mm Hg)

Figure 2 - Effect of cabin altitude on axyhemaoglobin saturation. At cabin altitude, oxygen pression is appraximately
&5mmllg (while being 90mmilg at sea level) determining an oxyhemoglobin saturation level of 90% (95-100% at seqa
level).

More important effects of hypaxia are cognilive-related and occur al higher altitudes, with lotal cognitive
impairment, loss of consciousness (and, eventually, death) beyond altitudes of 6000m {about 20000ft).
Therefore, effects of hypoxia and altitude for cabin crews should be minimal in pressurized cabins.
However, it has been demonstraled how commercial aircrafts often cross the threshold of 2400m,
leaving room for possible visual impairments in cabin crews and passenger. A sludy conducled in United
Slates in 2013 measured the peak cabin altilude on a series of domeslic flights and on severa! aircraft
types. Resulls showed thal 10% of measured flights (N = 200) exceeded the 2400m (8000ft) limit during
cruise. Importantly, the study also demonstrated how peak cabin altitude has grown throughout lime, as
the values obtained in a previous sludy in 1988 (by means of the same measuring method) were
significantly lower.

In any case, the physiological reaction for a change in altitude from 8000ft to 8500ft would be very litlle,
wilh a minimal change in the oxygen partial pressure.

Anolther effect of altitude and pressure variation on the body is body gas expansion. The law of Boyle
establishes that the volume occupied by a gas is inversely proporticnal lo the surrounding pressure. The
expansion during a flight is estimated at 30%. For a healthy subject, this expansion would mean minor
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abdominal cramping and adaptation mechanism in the middle-ear. Differenily, if some medical
conditions exist (e.g. recent surgical interventions, bowel obstructions, diverticulitis} Some recent
activities may also provoke difficulties in adaplation to gas expansion (e.g. recent scuba dive),
barotrauma could be more important.

As a conclusion, it musl be acknowledged that the effects of allitude and pressurizalion {cabin altilude)
are still to be investigated in depth, although is well known thal under 2400m (8000ft) compensalion
mechanisms (e.g. hyperventilalion) are not necessary, and lhat small excesses beyond this limit
generate minimal physiological stress.

It must be remembered that, although long-lasting effects of cabin altitude on health were nol found
within reviewed literature, cabin allilude might become a health issue with aging. Although knowledge
aboult cabin allijude effects is insufficient to eslablish an age limit for cabin crew, it is well known that
elder peaple show diminished tolerance to change, including altilude’s changes.

6.5. Temperature and Thermal comfort

As many surveys have pointed oul, lemperalure is often reported by passengers and cabin crew as
element of discomfort. In order to consider lemperalure's effects on health, other parameters might be
related to lemperature, the mast important being relalive humidily (RH}). For instance, low humidity rates
might be easily tolerated, unless temperalure becomes loo extireme. Considerations on temperalure
have been made in conjunction with hygromelry effects.

Cabin humidity is normally regulaled at very low level in aircrafl, with the aim of preventing corrosion of
metallic components, and of avoiding microorganism proliferation [35]. This low relative humidity is often
at the base of “dryness-induced” discomfort {and siress) among passengers and flight allendants [19].

In 2013 the updated version of “Thermal Environmental Conditions for Human Occupancy” was
published {superseding older version of 2004 and 1992) by “The American Society of Healting,
Refrigeraling and Air-Conditioning Engineers” (ASHRAE, 2013). Other international slandards are ISO
7730-2005 {80] and Chinese national standard {81].

As reported in [19], many studies had compared temperature and relalive humidity levels recorded
during several flights (real or simulaled) to optimal levels included in the standards, finding that recorded
values were considerably below recommended values (20.2-24.7°C in winler, 24.0-27.4°C in summer,
with RH of 50%. For example, temperalure, RH, and comfort were measured on different lypes of aircrait
[59]. Resulls related lo Airbus A320 are reporled in Table 4.
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Flight Altitude Load (max, Temp, Ave Lowest 0 bevels Avg COy
No. m 137Pay *C temp, ‘C  RH.% ppm ppm
[ 123 ] 11,900 - 23-14 238 5.4 742-1.568 B3 7
28 11,300 n -2 20 13 293684 0
2BA 14,600 - 21.23 119 w HY-1,016 53§ 5
i 11,900 b 21-24 )4 1.3 390-918 435.0
kL2 16,300 YU -2 9 49 355997 4346
113 11,900 63 2]-22 na 6.2 449-7T81 5652
WIA 11,300 62 -23 poL2 2 449-840 3323
748 10,700 17 20-22 1.6 131 $66=1,172 75313
T43A 11,5900 49 19-23 no 26 AW-1221 4783
Tie 11,300 50 0-23 1o 7 190-938 451.)
ms - 60 20-22 212 53 606-1,514 1540
Ti8A - 4 19-22 L I 4.4 312-628 408.0
7] B,%00 1M 23-24 ns 18,3 TBL=F, 446 1.091.2
RI2A 8.5 128 -4 n.a 18.2 731123 9789
[ 74 §,200 » 21-25 2.8 153 625-1.271 B0
£82C 11,300 137 22-24 236 76 654-1,622 VRN ]
84 10,700 103 -4 ns 28 $08-1.329 5942
LIZ¥Y 11,300 105 20-26 21 24 508-2,013 brANi
83 - - 21-33 20 21 171-957 3460
[[12.3 19,700 101 13-13 s 4.3 547-1075 278
e 9450 o3 -4 a2 24! TR1-1.290 1.003.3
1D 13.300 63 ? Y 1 488-1.038 420

Table 4 - Measurement of temperature, fowest RH, and €02 an 22 A320 flights. Data from {53,

As it can be observed, lemperature was rarely comprised within the recommended range (especially
the summer one), while RH was always well below recommended values. This was confirmed by
measurements performed on 14 commercial flights connecting Italian cities {19], as reporied in Table 5.

Minimum, maximum and average measured values of the air temperature, relative
humidity and mean radiant temperature from take-off to touchdown.

Flight Air temperature [*C] Relative Mean radiant
no. humidity [%] temperature [*C]

Min. Max. Average Min. Max. Average Min. Max. Average

1 247 255 250 10.5 550 202 258 266 26.1
2 230 258 240 8.7 515 202 241 270 251
3 231 257 2441 11.2 592 221 243 269 252
4 243 259 247 10.7 540 207 255 270 259
5 231 260 239 11.6 545 211 243 272 251
6 237 260 242 10.3 438 179 248 272 253
7 239 249 245 13.0 440 223 247 265 256
B 232 249 241 17.5 330 221 244 257 252
9 222 240 231 149 384 193 246 264 257

10 234 244 240 144 311 192 253 269 262
11 237 250 245 16.1 390 232 233 247 240
12 237 248 243 18.1 385 247 23.0 275 250
13 237 252 244 18.6 423 270 243 257 25.1
14 234 246 241 17.5 400 259 249 264 256

Table 5 - Recorded temperature and Rif in 14 commercial flights, From [19].

As it can be observed, RH ranged from 8.7% to 59.2%, with average flight values ranging from 17.9%
lo 27.0%. Therelore, passenger experienced low values of RH during their flights. However, there was
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no significant impact on subjective evalualions of thermal comfort. In any case, it is well known that main
effecls of prolonged "dryness” exposure are related lo possible irrilation of eyes, nose, and throat, rather
than to thermal comfort. Consequences of the dry eye syndrome can vary from subltle but constant
irritations of the eye to significant inflammation and even scarring of the front surface of the eye.
Furthermore, il must be remembered lhat lhe minimum RH values are always recarded during cruising,
i.e. the flight phase in which airliners spend mosl of the flying time.

In fact, dynamic phases (i.e. climb and descent) are of particular interest, since these are the phases
where human body is experiencing lhe highest RH varialions. For short-haul flight, climb and descent
lime can reach half lhe duration of the whaole flight. As demonstrated by simulations in a climate chamber
[20] the changes of RH during climb and descent have an impact on human comforl, which is higher at
the highest values of lemperature and RH used in the study (28°C and 80%, respectively}). Thermal
sensalion, thermal comfort, humidity comfort, humidity acceptability, and air quality acceplability were
collecled throughoul the simulations by means of subjective rating scales. The study demonsirates how
subjecls were very sensilive to the change in RH, especially for the big changes (i.e. from 80% lo 20%).
However, the sensation of discomforl at low RH levels was nol reported, probably because time
exposure lo low RH in the study were quite short (30 minutes} and insufficient to produce thermal
discomfort and, more importantly, physiological effects on eyes, nose, and throat.

In summary, it is acknowledged how exposures lo low RH levels are at the basis of lhermal discomfort
with possible heaith effects (dry eye syndrome) for cabin crews, due lo the high experience of RH
changes {climb and descent phases). Symptoms of dryness were reported in all exposure conditions
{the range being ©.1%-43.9%) by parlicipants in a study within simulated flight environments [36}.
However, the control thal cabin crews can have over RH in cabin environment remains limited for safety
issues. Thermal and humidity comfort levels can be reached theorelically only by acling on temperature,
which is the only parameler over which cabin crews have the possibility of setling desired values.
Methodologies have been developed in the last years |21] [22], for predicting cabin temperature for
thermal comlort. Basically, they are based on a correction of the Predicled Mean Vole (PMV}, i.e. an
objeclive parameler for assessing thermal comfort and on the climale of departure cily. These
methodologies are presented as a possible lool for helping cabin crews in avoiding overhealing or
undercooling situations (thermal discomfort), lypical of some flighls (especially short-haul continental
flights),

Although many sludies have shown how low RH is lhe major cause of thermal discomfort, long term
effects on health of low humidity environmenl remain unknown, since scientific literature on this issue is
in practice inexistent. However, since elder people show a generalized increase of sensitivity (and
decrease in tolerance) lo several environmental aspects (like noise, lighting, vibration, elc.}, it is
reasonable o think that low RH and consequent dryness symptoms could represent a heallh issue for
older cabin crews.

6.6. Air Quality

Toxic particles might be present in the cabin in case unfiltered air is provided from engine through air
supply system {the so-called “bleed” air). Impact of aeroloxic syndrome among flight atlendants have
been assessed through literalure. Bleed air coming from the engines is normally supplied la lhe cabin
after having been properly cooled and its humidily lowered. In case of engine oil leaks, some loxic
particles would enter the air circuit and would be released in cabin environmenl, with considerable risk
for respiratory syslems of cabin occupants, as these synlhetic lubricants become extremely toxic as
lemperalure increases (i.e. when they are pyrolyzed) [40]. Aldehydes are loxic compounds whose
concentration in the air sensibly increase with oil pyrolysis. Bleed air from engine could also be
contaminated by hydraulic and deicing fluids. Consequenlly, the risk of aeroloxic syndrome has received
increasing atlention through the years.

Many sludies have focused on the concentration of several substances in the air supplied lo aircraft
cabin, e.qg. the tricresyl phosphate {TCP, an additive to lubricant oil} found in 25%-100% of aircrait air
samples, tributyl phosphates {TBPs, a conslituent of hydraulic fluids) found in 73% of sampled flights,
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and in low concentrations in 100% of urine samples, based on [58]. Diagnosed symptoms of aerotoxic
syndraome are described with precision in [23], and they are put in relation with cabin crew reporls (see
Figure 3, dala related lo pilols). For example, the 13% of the sample died or experienced long-lasting
consequences (i.e. unfil to fly anymore) after having repeatedly breathed toxic aircrafl cabin.

Chronic itl health

Medium-/long-term health effects

Immediate/short-term health effects
Reparted adverse heatih effects

Aware of contaminated air exposures

0 0 20 30 40 S50 40 7¢ BO 90 100
Percentage (%!

Figure 3 - Percentuges of pilots that reported having experienced discurbances due to toxic substances in the cabin air, as
a function of duration af consequences (N = 274). Data from {23].,

A collection of lypical symploms of toxic particles respiralion is provided in Figure 4, based on the
analysis of 15 incidents selected in [23]. Effecls can be cardiovascular (Cheasl pain/ tightness/variable
heart rate/palpitations/BP), neurobehavioral, neurological (headache, lrouble speaking, balance and
vision problems, loss of consciousness) and respiratory {chesl ache, lung irrilalion}, including also
chronic fatigue, multiple chemical sensitivity, cancer, and soft lissue damage. While some symploms
will disappear as soon as exposure is over, some others have been reported lo last for days, even weeks
[56], like headaches, neuropsychological symptoms (and cognilive ones, like recall impairment), or even
respiratory symptoms [30].

A syndrome is a collection of symploms, and since the listed symptoms are rarely present individually,
there is sufficient evidence for talking about aerotoxic syndrome. Furthermore, increasing atlention is
being paid in the lasl years to the consequences of low, continuous exposure, since it might be
responsible of the difference in vulnerability of cabin crews with respect to passengers. Although no
medical organization have already acknowledged the existence of aeroloxic syndrome officially [25], it
has been proposed thal protocols for betler managing the related health risks should be envisaged in
the next future [23), since there has always been substantial agreement among respondents when
reporting symploms afler exposure lo contaminaled cabin air [56]. Importanily, exposure does nol only
relate to flying phases, bul also to ground operalians, as for instance engines’ warm up.

26



\® oees

Hydracarbon fume inhalaven/chermecal injury on 1 RADS Reactve Arways Dystunction Syndromel/
| arcrat occupational a5 hma
E Adverse etfect an the vocal chords and trenchal i PTS0 Pest Traumatie Stress Disorter) 3
| tubes
Tricresyl phosphate (TCP}1n blood 1 Neurotenc inpury 1
Rarsed levels of VOCs. rachel, cell fegradaton 1 Tonee encephaiopatiy 1
| Dowble hernta due vormiting 1 Neurgpathy en vecat cherds/lmbs 3
Pmsanmg by non- madical agent 5 MCS (Muli:ple Ehemcal Sensitmsty] 1
SPO270% / 8% {peripheral captltary nxygen ? CFS [Chronic Fatigue Syndromed 1
saturauont
Abnarmat blood results: CK; EX-MAB; LDH, GOT 2 Arclety/depression 3
ISTL GPT (ALTH
Traumatc muscle damage and ischemia due 2 Cogmine dystunclien H
arcessive athletic sperts er contamenation
Texic effect of gas. tumes or smakz 2 Dernentiz 1
Poss:ble intubiion af tha ensyme AChe or other 2 ADHD lAtenton Delicn: Hyperactivity Disorder | 1
neuruspecitic esterase caused by organephosphates
Tesicopy 2 Sebrure discrder ]
cartmw yhemoglobn at or above the high normal 3 Begressien 1
range - expasure to burned organic chemicals
TOCP [Triortho cresyl phosphael adduct on Behe i Aprotonc syncireme i
Inhatlatan epury 1 Cherscal mjury at work 1
Organaphosphats 10PY type peisomngfinternal 1 Neurclogical chemucal ijury 1
blerd:ng
NS njury ]
G4 GBM fecpased] - [Gliobiasioma brain turnour] 1
¥allenan degeneration ]
Yocal pelyps 1
Heart attack + phosghate erposurs |2ecaased] 1
Frontal lobe damage 1
Dpec nerve damage 1
i Migrames 1

;'}E;re 4 - Symptams dingnosed by medical staff in the analysis of 15 selected accidents. Data from |23).

The bleed air system for cabin air supply exisls since the 1950s. However, it is only in recent years that
it has been recognized a general heallh problem with bleed air, as it has been demonstrated that oil
leakages are quite frequent during flights (although al low contamination levels), that TCP concenlration
in used engine oil is significantly greater than in fresh oil [24], especially during engines' power
variations, and that causalion links exist between oil leakages and acute and chronic symploms.

As explained in [26], the rate of contamination accidents is rather low but the rate of conlamination
evenls (and consequent symptoms) is relatively high, estimated in 0.09~0.388 per thousand flighls.
Notwithstanding Lhis, legislation slill seems to ignore some scienlific and pragmalic evidences, like for
instance the indication by European Chemical Agency (ECHA) lhat oil additives had never been lested
in aircraft environmenlt, and that reliance on currently defined safety limits and exposure limits would be
responsible of a considerable underestimation of aclual exposure and inhalation episodes. The open
letters of Global Cahbin Air Qualily Executive to EASA synthetize this siluation [see webography].

The underestimation of toxic evenls onboard is also explained by the underreporting, and somelimes
aircrew reluctance lo repori, due lo fear related lo job securily. The aclual frequency of loxic and fumes
evenls in the cabin remains malter of debate, as different stalistics are released depending on the
organizalion that is running the epidemiclogical study: for instance, CAA, Pilol Unions (BALPA), and
airlines in UK have often provided quite different frequencies [27]. In summary, the objeclive
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measurement of cabin contaminated air and the causal link with heallh problems is still an open issue,
due to melhodological difficulties that slill musl be overcome, e.g. focus on a limited set of loxic
compounds, smali samples of flights, and failure to consider cumulalive effects of even small exposure
to toxic chemicals. Rasearch in the next future will necessarily have o consider these methodological
issues, and set up reliable measuremenls bolh in the medium and the large terms, so that aclual
exposure can be considered in a large sample of flights. The fact that little leakage’s episodes occurs in
normal flight (e.g. with visible fume evenls) requires more allention on appropriate biomarkers thal could
inform about aclual exposure, and about the use of reliable measurement methodology, far example by
increasing sensor accuracy using distributed sensars measuring sel up [28).

Small personal air sampling devices have been tested in the last decade [32]. Such devices could be
used by non-technical people, they could guaranlee continuous sampling, and it would allow
assessment of cumulative exposure effects. The tests demonstrated an exposure to TCP concentration
between 31nanograms/m3 and B83nanograms/m3, and a sensitivily lo concenlralions above
4.5nanograms/m3. The device has been palented in the US (#8,945,127 B2) and in Europe (#
01973929.1).

Among other chemicals thal can contaminate cabin air, brominated flame retardanis {BFR) have also
received some altention, due la their acknowledged neurotoxicity. BFR contained in cabin air and dust
have been found in significant higher concentration in serum samples of cabin altendants’ (and even
more of pilots’ and aircraft maintainers) than of control group [29].

A lisl of possible exposure sources relalive {o cabin air quality is provided in Figure 5 [30].

Exposures Related to Normal Operations Exposures Related to Incidents
of the Aircrafl

Ozone Carbon monoxide

Carbon dioxide Smoke, fumes, mists. vapors from
Temperature leaks of engine oils, hydraulic fluids,
Relative humidity and deicing fluids and their
Off-gassing from interior material and combustion products

cleaning agents

Bioeffluents

Personal-care products

Allergens

Infectious or inflammatory agents
Ambient airpont air

Cabin pressure/partial pressure of oxygen
Pesticides

Jet exhaust fumes (runway)

Alcohol

Figure 5 - Exposure Sources Relevant to Afrcraft Cabin Air Quality [30].

Volalile organic compounds (VOCs) also are a cabin air qualily issue. In-flight measurements on 107
commercial flighls were canducted during @ 2 years pericds [37] and on average, 59 VOCs were
delected in each flight, out of a total of 346 detected VOCs. VOCs include hydrocarbons, e.g. alkanes
and alkenes, eslers, alcohols, ketanes, aldehydes, halides, and aromatics. Importantly, it has been
demansirated how their concentration can depend on factors like air roule, aircraft model, and seasonal
variations. Also phase of flight has an effect on VOCs concentration: alcohols and other aromalics are
higher during meal services than during climb or descent. However, peak values for the most part of
detected VOCs were produced during “before take-off* and “cruise” phases. Adverse health effecls of
VOCs include irritaling effects (nose, throat, eyes), general effects like faligue, cognitive effects like
difficulty in concentrating and maintaining attention, loxic effects, and even carcinogenicity {benzenes).
A list of 28 VOCs has been proposed as target compounds related lo cabin air quality, on the basis of
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their significant concenlration varialions during different flight phases [38]. The list and statislical lests
on concenlration levels are reported in Table 6

VOC species Mean (ugfm’) Std. Deviation (pg/m’)  p
B C. A, B C A
Benzene 95 7.0 BO 98 104 iLs 007
Toluene 328 183 257 423 166 33.0 0.00
Ethylbenzene 8.1 33 52 93 34 66 0.00
m-[p-Xylene 88 432 42 14 58 4.9 0.00
o-Xylene 94 58 53 87 56 48 0.00
Naphthalene 39 25 23 43 28 28 0.01
Tetrachloroethene 169 134 169 453 336 41.8 0.00
2-ethyl-1-hexanol 7.0 53 53 58 43 3.8 024
N,N-dimethyl <lOD <10OD <LOD 15 06 0.9 0.01
formamide
1,4-dichlorobenzene 7.7 10.2 29 58 43 38 0.02
1.3-dichlorobenzene <LOD <LOD <LOD 2.1 1.1 1.2 072
1.2-dichloroethane 1.2 <D <LOD 23 (1F:] 15 018
Nonanal 141 142 132 103 69 6.7 054
Acetone 127 103 171 19.7 144 528 0.02
2-methyl-1, <10D <10D 1.1 14 12 2.2 035
3-butadiene
Limonene 395 524 193 892 1483 195 0.01
Decanal 147 169 t&3 94 98 108 D23
6-MHO 1.7 36 49 38 5.1 6.6 0.00
Methacrolein <lOD <LOD <LOD 0.7 04 0.5 027
Dodecane 6.7 41 18 64 50 22 0.00
Octane 1.5 <lOD <LOD 19 10 1.3 0.m
Undecane 49 29 18 28 34 22 0.00
Nonane 2.1 <D <LOD 20 09 1.1 0.00
Heptane 1.1 <lOD <tOD I8 0.7 14 013
Decane 1.7 <{0D <LOD 4.1 20 1.7 0.01
Benzaldehyde <10D 99 74 1.7 B.1 63 0.00
Styrene 30 1.7 18 64 15 25 008
Benzothiazole <LlOD <10D <LOD 09 10 03 0
Ethyl Acetate 59 30 36 9.1 6.6 5.8 0.01
B.: before take-off: C: cruise; A: after landing.

Table 6: Statistical comparison of VOC levels at different flight phases. Data from {38].

Correlational analyses have also been performed in order to betler define what VOCs mixtures are
present in cabin air, and to better identify potential VOCs sources [43]. Resulls showed very few strong
correlations at p<.001, suggesting lhe existence of multiple VOCs sources in aircrafl cabin. Howeaver, a
precise mapping between a specific VOC and its source within aircraft cabin is still missing (study [43]
envisaged further studies in order to oblain such results).

A compilation of recorded concentrations of non-reactive VOCs in aircraft cabins is provided in [42] and
reporied in Table 7. The reviewed sludy used maximum recorded concentration of VOCs lo simulate
multiple simullaneous exposure to VOCs, and combined them in a formula for calculating a Hazard
Index {HI) for sensory irrilation (eyes and upper airways), which finally resulied 84% for aircraft cabin.
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In summary, there has been an increasing interest in the last years about aerotoxic syndrome, due lo
many sludies focused on in-flight measurements of toxic particles' concentration that revealed the
presence of multiple toxic agents that could produce conlamination events. However, there is insufficient
knowledge to eslablish a direct link belween toxic particles and exposure’s period. Toxic agenls can
produce health damages independently of age. Therefore, in order to limil toxic particles and improve
aircraft cabin quality, constant monitoring and prevention (limit all personnel’s exposure) seem o be the
best preventive measure.
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6.7.Chemical Products

Insecticides, bactericides, and olther chemical praducts used for aircraft cleaning and maintenance might
increase the risk of disease for cabin crew, due lo their exposilion o areas cleaned with those
subslances.

Disinsection is lhe use of inseclicides to kill insects present on aircrafts and that are transported to zones
where they were not present, bul in which they can rapidly become endemic (especially disease-
transmilting insects, like mosquitos). The use of inseclicides, especially pyrethroid insactlicides onboard
cause flight attendants being exposed to such subslances, increasing the neurotoxicity risk level.
Exposure lo pyrethroids can cause malfunclioning of sodium and calcium vollage-sensitive cellular
channels, with negalive effecls on immune system, and chronic symptoms as headache, gastrointestinal
disturbances, and respiratory difficullies, among others. !l has been demanstraled how urinary
pyrethroids melabgliles levels are significantly higher in flight's atlendants working on disinsecied
aircrafts as compared to non disinsected aircrafts, with time between disinsection and flight being a
significant prediclor of urinary pyrethroids concentrations [44].

Similar to whal concluded in relation lo air quality of aircraft cabin, there is no specific knowledge aboul
long lerm-effects of exposure to chemical producls used for aircraft disinsection. However, considered
the lypical effects of age on health (i.e. diminished tolerance to enviranmental faclors), il is reasonable
to think that in case of contamination evenls, elder cabin crews would show worse consequences on
health as compared lo younger colleagues.

6.8. Stress

Effects of stress are different whether the short-term or the long-term is considered. Whereas “situational
slress” (also referred to as acule stress) produces normally reversible changes in specific body
functions, long term changes due lo prolonged stress reaclions {also referred to as chronic stress) alter
somstimes irreversibly body homeostasis and allostasis (i.e. the capacily of maintaining homeoslasis of
physiological functions through physiological and behavioral change).

Long-lerm stress might generate chronic body reactions thal can become unsustainable and evolve in
serious health problems, as in burnout reactions. Excessive siress can be generated by job demands
and the bad adaplation to situation requiremenls, and by emotional labor, i.e. by the need of regulating
emotional reactions and expressions in front of public or customers, while displaying emotional slates
that are in accord with organizalional objectives. The need for conlinuous emotional regulation can be
considered a further siress source (i.e. stressor) for flight attendanis with respect lo other professions
in which there is no such a constraint.

In terms of the job demands-conirol model ({D-C} proposed by Karasek in 1973 [77] and of its revised
version called job demands-resources madel (JD-R) proposed in [78], burnout is the result of prolonged
situations of greal job demands, low control over job aclivities, low perceived availability of resources lo
salisfy job demands, and low social support within job contexl {i.e. high isolation). It has been evidenced
how isolation and solilude highly conlribute to cabin crew stress levels [15] [79]. The isolation situation
is originaled by the fact thal a flighl atlendant works with a group (the crew) thal is disbanded after
service, and that has a high change rate. Temporariness of social relations lowers familiarity with
colleagues.

The measuremenl of isolalion, together wilh other construcls that could suggest high burnout risk, has
been performed in Taiwan [15] {1B] by means of a wide-scale questionnaire. The items that composed
the questionnaire were intended to collecl a measure of job demands (JD), job resources (JR),
exhaustion (EX), cynicism (CY), colleague isolation {IS), health problems (HP), and job performance
(JP). By means of struclural equalion modelling, relalionships between construcls were assessed. 1t
was confirmed that job demands and job resources are antecedenls of burnout, while {decreased) job
performance and health problems are the most important consequents of burnout. The model also
showed isolalion as construct linking job resources and job performance: the more available resources,
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the less the experienced isolation, and the beller job performance. Other contributors to burnout have
been identlified in the model, as for example work interference inlo family life and lack of career
advancemenl. Therefore, organizational policies for career advancement and a beller balance between
family and worktime are impaortant defenses against the incidence of burnout and stress in general.
Training programs focused on resources like colleagues’ supporl could conlribute to reduce flight
altendants’ isolalion feeling.

Another study aimed to measure stress incidence in flight atlendants, teachers, and nurses [16], in
Iceland. A questionnaire including items on socio-demography, working environmenl, and a symptoms’
list was used for dala collection. Resulis showed that cabin crew reporled higher rate of gastrointestinalt,
sound perception, and commen cold symploms than nurses and teachers. Furthermore, cabin crews
{and teachers) reported more frequent slress symploms than nurses. Again, cabin crews reporied
higher monotony and physical effort, togelher with lower job securily than the other job categories. The
sludy highlighted how cabin crews described their physical environment as particularly stress-
generating and more demanding, with specific attention on Ihe accountability for whatever event can
originale in a flight {viclent passengers, a fire, or a medical emergency}. Consequently, cabin crews
assessed their health as worse as compared lo the other job categories. However, more objective
sludies need to be conducted to beller disenlangle the impact of specific work environment issues on
cabin crew's health.

It must be kept in mind that the consequences of stress {the physiological respanse) on heallh depend
essentially on the personal mechanisms of adaptalion and on individual coping strategies. The
perceived level of slress is the resull of personal evaluations of the impact that a stressar will have on
one's own capacity lo maintain salisfaclory performance levels, and on a longer term, physical and
mental wellbeing. Therefore, the influence of physical work environment on stress will be medialed by
personal experience, individual differences, and cognilive attribution styles. There is no one-size-fits-all
countermeasure for stress management.

Psychological models of stress consider stress as the product of exogenous {or even endogenous}
stressors’ influence on body and mind (i.e. on coegnilion and decision making), mediated by personal
experience, familiarily, and current slate [17]. Consequenlly, when dealing with stress, the main focus
of investigalion are the interpretation mechanisms adopted by professionals and their stralegies (o cope
wilh perceived stress. This does nol mean that the consequences of stress are totally subjeclive and
impossible lo measure objeclively. The link between long-lerm stress and effects on health like
hypertension [17}, gastrointestinal disorders (e.g. ulcers), and depression of immune system are proved.
In order to evaluate the impact of siress within a group of professionals, it would be appropriate to carry
oul an exlensive qualitative work and take inlo consideration individual differences that would emerge,
bolh in lerms of causes of siress and coping strategies. A stressful working environment is one major
driver for developing chranic hypertension and high blood pressure, due lo predominant activalion of
sympathelic autonomous nervous system [17]. In fact, the parasympathetic (also referred lo as vagal)
component of aulonomous nervous system is inhibited by stress reaction, while its activity normally
increases under the influence of sport activily, and even meditation {(e.g. yoga, or mindfulness sessions).
However, working environment is one strong driver for chronic stress together with others thal are nol
easily measurable in an objeclive fashion, as for example family, social context, and lifestyle, which are
difficult to be monitored within job context, if not impossible. Family dynamics are likely to have an
influence also on daily work aclivities, but their management essentially relies (for the moment) on
professionals’ capacily to reappraise lheir influence. In summary, lifestyle and personal coping
stralegies are important as well as working environment in the eliology of stress, and they should be
targeted when promoling a campaign on health at workplace.

Inlerestingly, cabin crews have been found in some local contexts more affected by stress lhan other
professionals, "classically” affected by slress issues {and by burnoul situations), like for example nurses.
The fact that cabin crews report major incidence of several stress symptoms confirm that (chronic) stress
incidence should not be overlooked when considering long term cabin crews’ health.
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6.9. Shiftwork, Nightshift and Chronodisruption

6.10, Effects of shiftwork on sleep

Shiftwork requires people to continuously adapt their familiar commitments and social life to work
schedule, being obliged lo sleep at different periods. Consequently, their biological rhythms must
readapt rapidly in arder lo avoid {or at least limit) sleep debt and fatigue. It is acknowledged that peaple
become less tolerant to shift work {and to phenomena thal desynchronize body rhythms with light-
darkness cycle, like jet lag) as lhey age, as well as more subjecl to chronic fatigue.

People older than 60 years have less regular circadian rhythms: their temperature and melatonin
rhythms show lower amplitude and tend lo advance (i.e. to reach their minimum earlier and earlier in
the first part of the morning)} as compared lo younger people. For example, older people have greater
difficully in coping with jet lag [64], especially afler eastward flights. Thus, re-adaptation of body rhythms
(e.9. due fo shiflwork) is more difficult, as their sleep habils become more rigid. Chronic “jel lag”
(desynchron:zation) is also related to cortisol levels higher than normal, causing a reduclion of temporal
lobe’s volume in the brain and deficils in spatial learning and memory. Five years of exposure to high
levels of cortisol are sufficient to produce such modifications [68].

independently of how much we sleep and when, our circadian rhylthms will show quile slable palterns
and slow adaplations lo a new sleep-wake cycle. This means thal we will experience a circadian
minimum in the very first part of the morning (i.e. between 3:00am and 6:00am) and to a lesser extent,
in the first part of the afternoon {i.e. belween 2:00pm and 4:00pm}. The former period could be described
as “the besl pericd for sleep”, or the “primary sleep gate”, meaning that best sleep quality will be normally
experienced during this period. Consequentiy, the mast important sleep disruplions and effecls on
performance will occur while being alert in this period. It has been observed how the worse feeling of
impaired performance (and corresponding low levels of abjective performance) are more frequenlt during
nightshift for elder people, while during morming shift for younger peocple.

Circadian disruption caused by shiftwork produces an array of jet-lag-like symploms in the short-term,
like difficulty to adapt sleep rhythms, while it may contribute to weight gainfobesity, melabolic
syndrome/type |l diabetes, and cardiovascular disease in the long-run [67]. As explained later in the
text, shiftwork has also important effects on cancer's incidence.

Far example, sleep quality and quanlity are particularly sensitive o the number of consecutive nightshift,
with a considerable impact on elder people. Number of consecutive nightshift is one of the most
important criteria lo be considered when planning rosters within several industrial domains [65]. Recent
neurcimaging studies show how brain struclures devoled to sleep-wake modulalion might show subtle
structural changes {i.e. grey malter volume reduclion} in people exposed to shiftwork as compared to
day workers [66].

A longitudinal study [84] on aging, health, and work, evidenced both inter- and intra-individual changes
in workers' health as effect of age. Although it was difficult to separate "pure” effects of age from those
due to prolonged exposure to specific professional risks like shiflwork, it was anyway possible to see
how some sleep difficulty symptoms were more work-related than age-relaled, as they disappeared
after reliremenl, once exposure to shiflwork was over.

Age-related effects include sleep quality impairments that are noticeable since the thirties. A slowdown
of these impairments has sometimes been observed aiter the sixties, and aven the fifties, normally
interpreled in lerms of benefic effects of ratirement. This has been related to the benefit of retirement (a
work-relaled effect), namely a reduction of overall stress. In any case, a strict distinction belween age-
related effecls and work-relaled effects cannot be sustained, because age and work effects are
intermixed and combine each other. Furthermore, it mighl of low inlerest to distinguish belween pure
effects of aging and shiftwork, since cabin crews are exposed to both. Therefore, it might more important
to know the “nermal” effects of aging (for instance on sleep and on body rhythms adaplalion), without
forgelting that they are amplified by exposure to shiftwork (especially nightshift).
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6.11. Effects of age on sleep

Aging is a normal process of physical, psychological, and social change. Age has efiecls on basic sleep
physiology, sleep patterns, habits and quality of steep. With age, we become more sensitive to hormonal
changes, physiological conditions, environmental conditions (light, naise, temperature).

tn addition, important associations exist belween sleep and health (and disease), so that some sleep
disorders become more prevalent as we age. Some practical tips can help lo address sleep problems
in order to get a good night's sleep. However, seme changes in sleep patlerns and qualily due to the
narmal process of aging are quile inevitable and irreversible, independently of work aclivity and
schedules.

Consequently, the effects of shiftwork discussed in the above seclion, would result amplified by normal
aging processes, so lhat young people (in terms of both years of service and chronological age) would
be less affecled by shiftwork than elder people.

Aleng with the body and brain changes thal occur as we age, sleep also changes as part of the normal
aging process. Fram a physiological point of view, the quantity of deep sleep (namely, stage 3 and 4 in
a polysomnogram, i.e. the recording of brain electrical aclivity during sleep) sensibly diminishes in a
normal aging process, lhus diminishing the restaralive benefils of deep sleep in the recovery from
physical fatigue. In parallel, there may be longer periods of stage 1 and stage 2 sleep (light sleep), as
much as 8-15%. Most studies also demonstrate an overall decline in REM sleep, which is the sleep
stage in which dreams occur, and most importanlly that restores brain from experienced mental fatigue.
As we age, the secretion of hormones is altered. We release less growth hormone, which normally is
secreled during deep sleep and is particularly important to our muscles and tissue. The release of
cortisol, thal normally helps us become alert in the morning hours, increases in the evening around the
5th decade of life. Around or during menopause, women's estrogen levels decrease and hot flashes
occur. As a result, skin temperalure rises and women may experience increased hearl rates and
swealing that disrupts sleep.

A key sleep-promating hormane, melatonin, is ofien released in the evening during darkness. As we
age, we may not produce as much melalonin, and this makes il more difficult to fall asleep. Imparianily,
reduced melalonin production is linked lo nighishift [60] [(61], and lo the reduced beneiils of this hormone
in hormone-regulation. Metfatonin produclion’s suppression (due to both aging and nightshift) has been
indicaled as the main cause cf higher incidence rates among cabin crews of specific hormone-sensitive
cancers (breast, prostale}.

As said, the change in sleep archilecture that occurs is associated with the normal aging process, but
important disruplions in sleep can occur, due to the impact of specific medical conditions. It is
acknowledged thal the belter the health of older adulls, the more likely they are to sleep well. For
instance, the physical changes associated with chronic medical conditions such as arthritis and other
musculoskeletal problems, gastrointestinal problems such as heartburn and any pain add to ihe lilany
of sleep disruplions that can ocecur as we age. Medicalions laken for the symptoms of these conditions
may also lead to difficulties sleeping. Older people are also more sensilive lo environmenlal faclors,
particularly if they have more light sleep. While noise, light and temperature may have minimally affected
us as young adulls, these factors have a greater impacl on our sleep, causing arousals and further
disruptions as we age. Such fragmenled sleep means less conlinuous, efficient and deep sleep resulling
in daylime sleepiness and an inability to perform well during the day and experience a qualily of life.
As a resull of all of these physiclogical, hormonal, and environmental changes, older persons tend to
sleep less efficienlly. While they may be in bed 8 hours, at 55 years of age and older, both men and
waomen may be in actual sleep for just 7 hours or less.

in summary, most important consequences of age on sleep are: increased napping throughoul the day;
increased sleep lalency; increased number of awakenings {especially in the morning}); decreased slage
3 and 4 sleep (slow wave sleep, or deep sleep); increased stage 1 sleep (light sleep); decreased REM
sleep; equal distribution of REM sleep through sleep cycles (i.e. ng increase in REM at the end of lhe
sleep period as for younger people and adults), reduced sleep efficiency, i.e. increased difference
between lime in bed and actual sleep lime; phase advancement {i.e. lendency to wake up earlier in the
morning due to reduced sleep) and to go bed earlier due to increased daytime sleepiness, corresponding
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to more rigid sleep habits (and to a change in the chronotype); decrease of rhythm amplitude, which is
a sign of inadaptation; decreased melatonin levels; increased feelings of nonrestorative sleep.

Effects of shiftwork on sleep are the most evident, by they are not the unique. Shiftwork can produce a
number of perturbations in several body functions besides sleep, for example hormones’ regulalion, with
passible important consequences on {potential) cancer occurrences.

Night work has been indicated as potential contributing factor, if not a cause, of higher breast cancer
risk in female cabin crew as well as in other professions (e.g. nurses, cleaning services, etc.) due lo
melalonin suppression during night shift. A review and melta-analysis released in 2005 [47], considered
the relationship between night work and breast cancer in lerms of Relative Risk (RR) and 95%
Confidence Interval {Cl} or of Standardized Incidence Ratio {(SIR). RR compares the probability of an
event occurring (e.g. developing a cancer) in a group exposed lo a specific faclor lo a group non-
exposed lo the same faclor (e.g. smokers vs. non-smokers, nightshifl workers vs. regular shift warkers).
SIR compares the probability of occurrence of an event in a specific group and in the general population.
Two longitudinal studies with nurses checked the incidence of long-term night shift {e.g. 30 years and
more), and controlled for known risk factors of breast cancer. The first sludy reported a RR = 1.36 (95%
Cl, 1.04-1.78) for breast cancer when night rotaling shift were suslained for 30 years or more, wilh
increased RR for increasing number of years in nights shift work [55]. The second study reported a RR
= 1,79 (95% CI, 1.06-3.01) for breast cancer risk in wamen with at least 20 years history of night shift
[57] [62].

in the same review {47] a lotal of seven studies thal focused exclusively on female cabin crews are also
considered [33, 34, 39, 41, 49, 53, 54]. in all these sludies the risk for breast cancer of flight attendanls
was compared with the general population, and SIR used for risk quantification. All the values were
combined in the mela-analysis for cabin crews only, and for all female exposed lo night shifts. The
obtained overall values were (SIR 1.44; 95% CIl, 1.26-1.65) and (RR, 1.51; 95% Cl, 1.36-1.68),
respeclively, with a combined overall value for the 13 sludies of 1.48 (95% CI, 1.36-1.61) as reported
in Figure 6. This means that femmales night shift workers have a 48% of increased risk to develop breast
cancer mare than the normal population. When separating cabin crew personnel form other professions
results remain substantially unvaried.

Similarly, a review that included a lotal of 17 studies [52] reported a significantly higher SIR (1.04-5.24,
95% CI 1.00-17.38) for breasl cancer among female cabin crews. Mortality rates showed no significant
differences belween cabin crews and general populalion [Standardized Mortality Ratio, (SMR} 1.0-1.28,
95% Cl 0.54-3.7].

All these results have been connected to evidences of the effects of melalonin as oncostatic for a variety
of lumors. Cansequently, being alert during night (thus suppressing the normal melatonin’s production
process) causes an increase in hormone produclions that may lead to hormone-sensitive tumors at
breast level.

This explanation considers cosmic radialion exposition as uninfluential in breasl cancer's incidence (as
it has been believed for years}, and directly relates cancer incidence with night shift. Separated slatistical
analysis for cabin crews only and for other professions confirmed this interpretation, giving similar
results.

36



\® v

Pukkala {1005} : .
Lynge (1996)
Warstenberg (1098) — -
Ratnsson (2001) L-
Haldorson (200t} < o .
Raynolds (2002} —_—
Linnatsio (2003) — e
Tynes (1006) o
Hansen (2001) _._
Schermhammer (2001) - PSS R S
Davis {2001} .
Lie (2005) .| L
Schomhammar (2005) :
Cambined <t
b 1.48 53

Aifime Cabin Crow and Other Night Workers Combined

Figure 6: Meta-analysis of all female night workers combined and breast cancer risk in 13 studies [47].

NOTE: The dashed vertical line represents the combined estimate, and the diamond-shaped box represents the confidence
interval from the randam-effects model. The estimates are plotted with boxes; the area of each box is inversely
proportional to the estimated effect’s variance in the study, hence giving more visual prominence to studies where the
effect is more precisely estimated,

Chronodisruption (CD} and cancer have been analyzed also in [48]. CD is a set of disturbances related
lo physiological, endacrinological, metabeolic, and behavioral daily cycles. This review corrects the
estimated risk of breast cancer at 70% for flight personnel and at 40% for shift workers. However, as
the authors acknowledge, effective control of covariates might have been insufficient, thus
overestimating these indices. For instance, almost all the studies controlled for the effect of the age,
while only cne considered women's age at first childbirth, number of children, or number of ferlile years.
Importantly, the review connects CD to prostale cancer (hormone-sensilive cancer), and thus to an
increased relative risk for male flight attendanis, The meta-analysis was conducled on a tolal of 21
sludies, part of which were the same mela-analyzed in [47]. All the studies dealt with flight personnel
and with prostate (n = 9) and/or breast cancer (n = 12). Additionally, 9 sludies dealing with shift workers
were also considered. Results for flight personnei are reported in Table B. The combined risk index was
70% for breaslt cancer and 40% for prostate cancer,
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Table 8: Results of meta-analysis for flight personnel on incidence on breast and/or prostate cancer) [48]

Although significant lower incidence of some cancers and noncancer causes of mortality have been
reported within the scientific literature, this does not mean that cabin crews population shows better
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general heallh. A study [83] gives an overview of cabin crews’ health, as reporied by means of a
subjeclive survey. It has resulted that cabin crews show higher rates of some specific diseases than the
general populalion. These diseases relale ta chronic bronchitis (checked for smoking habits), cardiac
diseases in female flight altendanls, sleep disorders, depression, and faligue. Most importantly, some
of them showed higher incidence as a funclion of job lenure, meaning that the risk for such diseases is
higher for cabin crews with more operational experience. Even if conclusions mighl be affected by recall
bias, results provide important insights on heallh’s issues to be further invesligaled in the nexl fulure,

6.10. Life Expectancy

A review of 65 publicalions (since 1990} about cancer’s incidence and noncancer mortality among cabin
crew personnel has been proposed in [45]: cancer’s mortality was in general lower than in the general
population. A reduced standardized mortality ratio (SMR) of 0.65 was found for cancer mortality as well
as all-cause mortality, corresponding to (eslimated) 4-5 years higher life expectancy. Caonversely, a
significantly higher risk was found for breast cancer in female cabin crews, and for (malignant)
melanoma in both female and male cabin crews. As already shown in other studies, cosmic radiation is
considered as uninfluential on melanoma (due lo exposure rates that are insufficient for carcinogenesis),
while higher exposure to ultraviolet (UV) radiations is likely lo be more relaled to higher melanoma risks.
Another epidemiological sludy [46] drawn the same conclusions about melanoma and breasl cancer
incidence in cabin crew populations. Mela-analysis on the risk of melanoma within pilots and cabin
crews was performed on a lolal of 19 published sludies [S0]. Overall slandardized incidence ratio (SIR}
was 2.21 (95%CI, 1.76-2.77), meaning that pilots and cabin crews have twice the incidence of
melanoma as compared to the general population. The separale SIRs were 2.09 (95% CI, 1.67-2.62)
for cabin crews and 2.22 (95%CI, 1.67-2.93) for pilots. The major incidence of melanoma within pilot
and cabin crew populations in comparison to the general population could be intimately related to UV
radiation that a 9000m of altitude (a common flight altitude) is double as compared to ground level. The
cancerogenic effect of UV radiation is known, as il can cause DNA modificalions in skin's celis.
COccupational exposure to sunlight seems therefore more involved than “non-professional” exposure,
i.e. the personal characleristics and habits in relation to sun exposure. This conclusion was drawn in a
study that focused on polenilial risk factors for mefanoma in cabin crews and pilots [31], in which there
were no substantial differences with the general population with respect lo a series of potential
confounding variables, namely hair color, eye color, freckles, number of naevi, family history of skin
cancer and naevi, skin type, history of sunburn, sunbed, all sunscreen use, and number of sunny
vacalions, The study concluded thal these factors were not responsible for major incidence of melanoma
among cabin crews and pilots than in the general population. Occupational-related cumulative exposure
could be more responsible for such resulls.
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