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BACKGROUND 

I n  December 1989, an independent con t r ac to r  f o r  t h e  U.S. 
Department of Transpor ta t ion  (DOT) completed i ts  year  long study 
of the  a i r  q u a l i t y  i n  a i r l i n e r  cabins. The purpose of t h i s  work 
was t o  develop information on exposure t o  va r ious  p o l l u t a n t s  t h a t  
were suspected of represent ing a hea l th  r i s k  f o r  a i r l i n e r  cabin 
occupants. These p o l l u t a n t s  included tobacco smoke, carbon 
dioxide ,  microbial  ae roso l s ,  ozone, and cosmic rad ia t ion .  The 
study was conducted dur ing t h e  period when smoking was banned on 
scheduled commercial f l i g h t s  having du ra t i ons  of two hours o r  
less, pursuant t o  Publ ic  Law 100-202, and preceded passage of 
Publ ic  Law 101-164, which bans smoking on p r a c t i c a l l y  a l l  
scheduled domestic f l i g h t s .  Geomet Technologies, Inc. , of 
Germantown MD, performed t-he study f o r  t he  Department. 

ASUREMENT 

Overal l  Procedure - I n  order  t o  a s s u r e , t h a t  t h e  cond i t ions  sampled 
were f u l l y  represen ta t ive  of t h e  i n - f l i g h t  cond i t ions  t h a t  t h e  
pub l ic  a c t u a l l y  experiences,  y e t  not  cause undue alarm t o  

assengers ,  measurements were taken using small ,  unobtrusive 
fnstruments,  packaged i n  compact carry-on bagsowof t he  type  
t y p i c a l l y  c a r r i e d  because they can be stowed under a i r l i n e r  s e a t s .  
Technicians booked passage a s  ordinary  revenue passengers on a 
t o t a l  of 92 f l i g h t s  between Apri l  and June of 1989: 23 nonsmoking 
and 69 smoking f l i g h t s ,  inc luding e i g h t  on i n t e r n a t i o n a l  routes.  
F l i g h t s  were s e l ec t ed  randomly out  of t h e  schedule f o r  a l l  f l i g h t s  
between t h e  n a t i o n ' s  70 l a r g e s t  a i r p o r t s ,  i n  such a way a s  t o  be 
s t a t i s t i c a l l y  r ep r e sen t a t i ve  of t h e  a i r l i n e s ,  types  of a i r c r a f t ,  
f l i g h t  dura t ions ,  and times-of-day f o r  depar tures .  

On smoking f l i g h t s ,  f ou r  t echn ic ians  were posi t ioned i n  coach, one 
each i n  the  srnoking s ec t i on ,  t h e  no-smoking boundary region ( t he  
t h r e e  nonsmaking rows nea re s t  t h e  smoking s e c t i o n ) ,  t h e  middle of 
t h e  no-smoking s ec t i on ,  and the  p a r t  of t h e  no-smoking s ec t i on  
t h a t  was t h e  most remote from the  smoking sec t ion .  On nonsmoking 
f l i g h t s ,  t e chn i c i ans  were placed a t  two l oca t i ons ,  t h e  middle and 
t h e  r e a r  of the  plane. The instrument package was t y p i c a l l y  
placed on t he  t e c h n i c i a n ' s  l a p  o r  l a p  t r a y  t o  ob ta in  measurements 
of contaminants most r ep r e sen t a t i ve  of passenger b rea th ing  l e v e l s .  

Measurement of Smokinq BY-~roduc t a  - There a r e  l i t e r a l l y  hundreds 
of by-products l e f t  i n  t h e  a i r  a f t e r  smoking, i n  t h e  form of gases  
and suspended p a r t i c l e s ,  which a r e  c o l l e c t i v e l y  termed environ- 
mental tobacco smoke (ETS). To e s t a b l i s h  t h e  l e v e l s  of ETS i n  



a i r l i n e r  cabins,  th ree  of these by-products were sampled : 
nicot ine  and carbon monoxide in  t h e i r  gaseous form, and respirable 
suspended p a r t i c l e s  (RSP). RSP was measured using two d i f f e ren t  
types of instruments--optical, and gravimetric--of which the 
op t ica l  is more accurate when concentrat ions a re  low. In  the case 
of RSP, because the  instruments measure suspended p a r t i c l e s  f tom 
a l l  sources, including sources other than ETS, it was necessary t o  
use RSP l e v e l s  measured on non-smoking f l i g h t s  t o  e s t a b l i s h  a base 
l i n e  from which t o  compare the  higher l e v e l s  a t ta ined  when smoking 
was permitted. Counts of people smoking and of c i g a r e t t e  bu t t s  
l e f t  i n  ashtrays  were a l s o  maintained concurrently. 

Ofb~-Hgpsusemlents - Levels of carbon dioxide (CO2) and ozone were 
measured throughout the  f l i g h t .  Temperature, r e l a t i v e  humidity, 
and cabin a i r  pressure were a l s o  monitored. There was no need t o  
sample cosmic radiat ion,  s ince there  a re  already well-based 
methods fo r  forecast ing its l e v e l s  ( r i s k  analyses were conducted, 
however, and are  described below). Samples of microbial aerosols  
(bac te r ia  and fungi)  were taken near the  end of each f l i g h t ,  pr ior  
t o  descent, and l a t e r  analyzed. 

E n v i r o n ~ e _ n t _ a l , , T 9 b ~ ~ ~ ~  - The findings regarding l e v e l s  of ETS 
contaminants a re  summarized i n  Exhibit 1. I t  may be seen t h a t  
concentrat ions of RSP were highest i n  t he  smoking sect ion,  
averaging near 175 micrograms per cubic meter (pg/m3) compared t o  
a background leve l  of 35 t o  40 pg/m3 on nonsmoking f l i g h t s .  The 

P differences  between the  no-smoking- sec t ions  of a i r c r a f t  where 
smoking was allowed versus nonsmoking f l i g h t s ,  were small, except 
t h a t  l eve l s  of smoke i n  the boundary sect ion were found t o  be 
about 35 t o  50% higher than l e v e l s  on nonsmoking f l i g h t s .  I t  may 
be seen t h a t  t h i s  migration of,ETS contaminants i n t o  the  boundary 
region was even more pronounced when considered in  terms of one- 
minute peak RSP concentrations. Measured n ico t ine  l e v e l s  also 
show some penetra t ion but a r e  l e s s  conclusive because t h e  l eve l s  
of n ico t ine  were frequently too low t o  be measured by the  
miniaturized instruments used. 

- The r e l a t ive ly  high C 0 2  l e v e l s  found a r e  
xh ib i t  2. On 87 percent of the  f l i g h t s  they 

averaged ai3r 1,500 p a r t s  per mill ion (ppml, subs t an t i a l ly  higher 
than the  Lr.OOO ppm leve l  t h a t  the  American Society of Heating, 
Refrigerating and Air Conditioning Engineers (ASBRAE) assoc ia t e s  
with s a t i s f a c t i o n  or  comfort. 

Dzond - Ozone l e v e l s  were r e l a t ive ly  low--an order of magnitude 
below the  FAA three-hour standard of 0.10 ppm and never exceeded 
t h i s  l eve l .  

~ o ~ ~ @ Q &  - Measured bac te r ia  and fungi l e v e l s  were i n  ~1 

a l l  cases below the  l e v e l s  generally thought t o  .pose a r i sk  of 8 
cX1 

i l l n e s s .  co Q 



SK ASSESSMENT 
I 

ETS - Estimates of l i f e t ime  lung cancer r i sk  f o r  nonsmoking f l i g h t  
a t tendants  and passengers were developed by applying the  measured 
RSP concentrat ions t o  well-known heal th-effects  models from t h k  
s c i e n t i f i c  l i t e r a t u r e .  Two such models were used, one which 
assumes tha t  r isk  is l i n e a r l y  re la ted  t o  exposure (phenomeno- 
log ica l  model) and one which assumes t h a t  the  development of 
cancer occurs i n  stages,  and takes  i n t o  account the  age a t  which 
exposure begins (mu1 t i s t a g e  model 1 . 
To t r a n s l a t e  the  r e s u l t s  of these models i n t o  cancer r i sk ,  it was 
necessary t o  make ce r t a in  assumptions about the  numbers of hours 
flown by passengers and crew, and the  duration of t h e i r  careers.  
For f l i g h t  a t tendants  a t yp ica l  career  was assumed t o  s t a r t  a t  age 
25 and cons is t  of 960 hours per year f o r  20  years,  i n  a i r l i n e r  
cabins where smoking was permitted. A frequent f l y ing  business 
passenger was assumed t o  f l y  fo r  480 hours per year f o r  30 .years, 
s t a r t i n g  a t  age 35. 

Resultant est imates of l i f e t ime  lung cancer r i sk  (i.e.r premature 
deaths per 100,000 persons. a t  r isk1 fo r  nonsmokers exposed t o  ETS 
a re  summarized i n  Exhibit 3. The estimated r i s k s  were highest  for  
cabin crew members, who f l y  more f requent ly ,  spend a l a r g e r  
f r ac t ion  of t h e i r  time in  the  smoking sect ion,  and because of 
t h e i r  physical a c t i v i t y ,  exh ib i t  a higher resp i ra tory  r a t e  than 
nonsmoking passengers. Estimates from t h e  two models were q u i t e  
consis tent  except i n  the  case of business passengers; f o r  t h i s  
group, t he  assumption t h a t  frequent f l y ing  begins a t  a l a t e r  age 
resul ted in  lower es t imates  using the  mult is tage model. 

As may be seen in  Exhibit  3, estimated l i f e t i m e  lung cancer r i sks  
f o r  nonsmoking cabin crew members ascr ibable  t o  ETS exposure 
ranges from 12 t o  17 premature deaths per 100,000 individuals .  
Were smoking unres t r ic ted ,  1 4  premature deaths due t o  cancer would 
be expected over t h e  85,000 f l i g h t  a t tendant  population. The 
forth-coming Congressional ban, however, has ruled out smoking on 
over 99% of the domestic f l i g h t s  and 92% of a l l  f l i g h t s  by U.S. 
c a r r i e r s  ( including i n t e r n a t i o n a l ) ,  which reduces t h i s  r i sk  t o  
about 3 t o  4 premature deaths over 20 years. Risk f o r  nonsmoking 
frequent f l i e r s  is about 1/10 of these  magnitudes, and f o r  casual 
passengers i~ s l igh t .  

Cosmic R a d i a t i ~ n  - Exposure t o  cosmic rad ia t ion  depends on the  
a l t i t u d e  and l a t i t u d e  of each f l i g h t  taken; data  def ining t h i s  
exposure has been widely pub1 ished. The estimated 1 i f  etime cancer 
r i s k s  f o r  a s e t  of typ ica l  f l i g h t s  may be seen i n  Exhibit  4. R i s k  
f o r  cabin crew members range from 5 t o  61 premature deaths due t o  
cancer per 100,000 ind iv idua ls  f l y ing  f o r  20 years  on domestic 
f l i g h t s  and from 13  t o  30 premature deaths per 100,000 individuals  



f ly ing  f o r  1 0  years on in te rna t iona l  f l i g h t s .  Comparable f igures  
f o r  passengers f l y ing  480 hours per year range from 3 t o  30 
premature deaths fo r  f l y ing  20 years on domestic f l i g h t s  and from 
7 t o  15 deaths f o r  f l y ing  1 0  years  on in te rna t iona l  f l i g h t s .  In 
addit ion,  there  is pa r t i cu l a r  r i sk  t o  the unborn--fetal exposure 
during weeks 8-15 of gesta t ion grea t ly  e leva tes  the  r i sk  of 
re tardat ion.  

Conclusion6 - Of the  contaminants studied, only the  l e v e l s  of ETS 
.# 

and cosmic radiat ion were s u f f i c i e n t  t o  pose a heal th  hazard and 
t h i s  hazard was pr inc ipa l ly  confined t o  cabin crew and ver 
frequent f l ye r s .  The other po l lu tan ts  pose no heal th  prob T em 
although l e v e l s  of CO2, a by-product of respi  ra t ion,  exceed 
comfort c r i t e r i a .  

MITIGATION MEASURES 

With regard t o  mitigation of ETS, procedural options such a s  
r e s t r i c t i o n  of smoking and technological options such a s  increased 
ven t i l a t i on  were assessed. Of these options, a  t o t a l  ban on 
smoking was estimated t o  provide the g rea t e s t  benef i t  a t  l e a s t  
cost  ( t h i s  has e s s e n t i a l l y  been real ized f o r  domestic f l i g h t s  w i t h  
passage of P.L. 101-1641. - 

Exposure management s t r a t e g i e s  a r e  considered the  only v iab le  
option f o r  reducing exposures of cabin crewmembers and passengers 
t o  cosmic radiat ion.  This would involve carefu l  scheduling of 
personnel t o  avoid pe r s i s t en t  exposure t o  higher cosmic rad ia t ion  
l e v e l s  generally associated with high-alt i tude f l i g h t s  and f l i g h t  
paths crossing extreme northern or southern l a t i t u d e s .  

S t r a t eg ie s  t o  reduce C02  could include removal by sorpt ion,  or  
increased ven t i l a t i on ,  the  l a t t e r  involving some fue l  penalty. 
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EXHI 81 T 2. AVERAGE CONCENTRATIONS OF SELECTED POLLUTANTS OH 
SMOKING AN0 MNWKING FLIGHTS 

h o k i n g  Fl ights 

Parameter 
h o k i n g  Hlddle Nonmklng 

ROWS ROWS Fl  ightr 

Average C02, ppma 1562 1568 1756 

Percent C02 S m l e s  
r 1,000 ppm 

Average Ozone, pga 0.01 0.01 0.62 

Percent Ozone Sunples 
r 0.1 ppn 

Average Breterlr '  , C N I I ~  162.7 131.2 131.1 

Avenge Fungi, c F U / ~  5.8 5.0 9.0 

8 
pplr: parts per ml l t ion  

'cm/d: colony forming units per c a ~ c  meter 



U(H1llT 3, ESTIUATED LIFETIME RISKS Of PREMATURE LUNG CANCER DEATH 
ASCRIBABLE TO ETS ON SMOKING FLIGHTS PER 100,000 
NONSMOKING CAB IN OCCUPANTS 

Cancer Risk per 100,000 Cabin Occuprnts 

Type o f  Fl ' lght /  Cabin Craw Business Casual 
R I  sk Model Mmberl Passenger8 Passengera 

Oanestlc F l i  h t s  
7 m i d F r l  W e 1  12.06 0.83 0.11 

n u l t f s t r g e  Wodel 14.86 0.27 0.08 

I n t ~ r n a t f o n a l  F l i gh t s  
Phrnamrnoloalcrl M e 1  

1 Assumed t o  f l y  960 hours per year fo r  20 years, s t a r t i n g  a t  age 2s. 
¶ A s s m d  t o  f l y  480 h o u n  per  year for  30 years, s k r t l n g  a t  age 3s. 

a Assurmd t o  f l y  48 hours per  year for 40 y u r t ,  s t r r t l n g  a t  age 25. 



EXHIBIT 4. ESTIMATED LIFETIME R I S K S  OF PREMATURE CANCER OEATH 
ASCRI BA8LE TO IN-FLIGHT COSMIC RAOIATION EXPOSURE PER 
100,000 FLYING CMIH OCCUPANTS 

. 
Type o f  F l  ight /Pr th 

- - -- - 

Cancer Risk per 100,000 Cabln Occupants 
- 

Cabin Crew Umbers Passengers Flying 
Flying 960 Hours 480 Hours 

Per Ytrr Per Year 

Domrstic F1 1qhtsL 
East-West ($2 hours) 
East-West (>3 hours) 
North-South ($2 hours) 
North-South (>3 hours) 

fn te rn r t l on r l  Fl  !ghts8 - 
Long, e l re rnpo l r r  (13 hours) 30 1 S 
Uedlun, non-el reunpolrr 

(7 - 9 hours) 23 t o  29 l l t 0 1 4  ' 
Short, non-el rcunpolrr  
(s3 hours) 13 t o  17 7 t o  9 

L A3SWRItlg 20 y8WS o f  ftyl l lg. 

¶ Aaamlng 10 years o f  f lylng. 


