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ABSTRACT 

A nunber of commercial a i r l i n e s  have moved r e c e n t l y ,  under pressure  from government 
or on t h e i r  own i n i t i a t i v e ,  t o  ban smoking on a t  l e a s t  some f l i g h t s .  Yet 
measurements of t h e  c o n s t i t u e n t s  of environmental tobacco smoke ("ETS") f a i l  t o  
support claims t h a t  exposure l e v e l s  in  a i r c r a f t  a f f e c t  adversely  t h e  h e a l t h  of 
non-smoking passengers or crew. It  appears ,  moreover, t h a t  the  discomfort t h a t  can 
be caused by p o l l u t a n t s  or environmental condi t ions  aboard commercial a i r c r a f t  o f t e n  
i s  n i s a t t r i b u t e d  t o  E T S  because of ETS's v i s i b i l i t y .  

INTRODUCTION 

Cons iderahlz  controversy surrounds the  quest  ion of whether ETS, in  t h e  many s e t t i n g s  
where i t  i s  found, adversely  a f f e c t s  t h e  h e a l t h  of non-smokers. Where s c i e n t i f i c  
evidence i s  l ack ing ,  assumptions and opinion o f t e n  f i l l  the  vacuum. The controversy 
concerning ETS has been fueled in s i g n i f i c a n t  p a r t  by t h e  news media, which 
frequent ly  f a i  1 t o  recogn i s e  faul t y  research  methodology o r  t o  d i s t i n g u i s h  between 
sub jec t ive  symptomatic r e p o r t s  and s c i e n t  i f i c a l l  y  e s t a b l  ished f a c t s .  Even when 
ob jec t ive  research counte rs  s u b j e c t i v e  impressions ,  moreover, pub1 i c  p ressure  has  
induced some dec i s ion  makers t o  ignore p e r t i n e n t  s c i e n t i f i c  f ind ings .  

Some c o u n t r i e s  have imposed r e s t r i c t i o n s  or o u t r i g h t  bans on smoking aboard 
commercial a i r c r a f t .  Some a i r 1  ines  a l s o  have developed r e s t r i c t i v e  smoking p o l i c i e s .  
Such s t r i c t u r e s  have been based on t h e  assumption t h a t  in - f l  igh t  exposure t o  ETS 
of ten  i s  a  cause of discomfort o r  can harm t h e  h e a l t h  of non-smoking passengers o r  
crew. 

The purpose of t h i s  review i s  t o  examine the a v a i l a b l e  d a t a  on cabin a i r  q u a l i t y .  
S c i e n t i f i c  d a t a  i s  reviewed in four c a t e g o r i e s :  

1. Stud ies  of Air Qua l i ty  on Commercial A i r c r a f t ;  

2 .  Other S i g n i f i c a n t  Findings;  

3 .  Health E f f e c t s  of In-Fl ight  Cabin Air ;  and 

4. E f f e c t s  of V e n t i l a t i o n  and Air F i l t r a t i o n .  



1 .  S t u d i e s  of Air  Qua1 i t y  on Commercial A i r c r a f t  

Fev s t u d i e s  t o  d a t e  havtl comprehens ive ly  examined t h e  p o s s i b l e  h e a l t h  e f f e c t s  of ETs 
i n  c o n j u ~ \ c t  ion wi th  o t h e r  f a c t o r s  a f f e c t i n g  b r e a t h a b l e  i n - f l i g h t  a i r .  T h i s  revie\, 
summarizes t h e  l i m i t e d  d a t a  t h a t  a r e  a v a i l a b l e .  

Carbon Monoxide: FAA/KIOSH ( 6 )  r e p o r t e d  a  mean of 2.8 ppm ca rbon  monoxide with a 
maximum of 5.0 ppn. Seve ra l  i n d i v i d u a l  o b s e r v e r s  a s  well  a s  a i r l i n e  d a t a  r e p o r t e d  by 
t h e  Nat ional  Academy of  Sc i ence  ("NAS") i n  t h e  U.S. ( 1 4 )  and L u f t h a n s a  (10) note 
v a l u e s  never  exceed ing  5 . 0  ppm. A French s t u d y  ( 2 3 )  r e c o r d e d  a  maximum o f  5 . 0  pp. 
" a t  t h e  end of t h e  l onges t  day f l i g h t s  when a  l a r g e  number of smokers were on board". 
These c o n c e n t r a t i o n s  were f a r  below F r a n c e ' s  t hen  50 ppm maximum s t a n d a r d  and t h e  
s t a n d a r d s  s e t  by t h e  Environmental  P r o t e c t i o n  Agency ("EPA") and t h e  Occupational 
S a f e t y  and Hea l th  Admin i s t r a t i on  ("OSHA") i n  t h e  Uni ted  S t a t e s .  

P a r t i c u l a t e  M a t t e r :  FAA/NIOSH ( 6 )  r e p o r t e d  a  mean of 40 pg/m3 w i t h  a maximum of 
120 pg/mj f o r  p a r t i c u l a t e s .  Drake ( 4 )  r e p o r t e d  an a r i t h m e t i c  mean o f  41 u g / m 3  i a  
smoking s e c t i o n s  and I!+ pg /n3  i n  non-smoking s e c t i o n s  of wide-body a i r c r a f t  on long 
d i s t a n c e  f l i g h t s .  

Seve ra l  o t h e r  i n d i v i d u a l  o b s e r v a t i o n s  and a i r l i n e  d a t a  have been r e p o r t e d  by NAS (14) 
and Luf thansa  (10) .  Aside i r o c  t h e  FAA/NIOSH d a t a ,  most KAS d a t a  ( r a n g e  of 10 to 
1000 pg/m3) a r e  si tetchy a t  b e s t .  The  methodology and i n t e r p r e t a t i o n  of  such data 
must be viewed wi th  c a u t i o n .  
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I 
(14 )  ha~s  r l  

Connor, g s. ( 3 1 ,  have d e s c r i b e d  a  method f o r  e s t i m a t i n g  t h e  upper bounds of the nose and t i , !  
f r a c t i o n  o f  p a r t i c u l a t e  m a t t e r  a t t r i b u t a b l e  t o  ETS. Using t h a t  method, O ldake r ,  et a d d i t  i o n ,  ti;. 
a l ,  ( 1 7 1 ,  i n  t h e i r  wide-bodv s t u d y ,  r e p o r t e d  a  geome t r i c  mean u l t r a v i o l e t  p a r t i c u l a E  - 
m a t t e r  ("UV-PII") c o n c e n t r a t  ion i n  s ~ o k i n g  s e c t  i o n s  o i  3& p g / m 3  and i n  non-smoking According t . 
s e c t i o n s  o f  1 2  pg/m3. ozone s t a n a ~  

s t a n d a r d  1 i 
Also  well  below EPA, @St14 and i n t e r n a t i o n a l  s t a n d a r d s ,  p a r t i c u l a t e  exposu re  a t  the three-hour  
l e v e l s  noted  above should  pos? no s i g n i f i c a n t  h e a l t h  t h r e a t .  r educe  ozonc 

N i c o t i n e :  h ' i c o t i n e ,  which i s  e s s e n t i a l l y  s p e c i f i c  t o  t o b a c c o ,  has  been used by so..? R e l a t i v e  H U T  
a s  a  s u r r o g a t e  t o  measure ETS e s p o s u r e .  Pluramatsu, e t  g .  ( 1 2 ) ,  r e p o r t e d  an - crew d i scoo :  
a r i t h rne t  i c  mean o f  1 5 . 2  p g / r 3  a i r e r  measur ing  n i c o t i n e  i n  seven commercial a i r c r a f t .  h e a t e d ,  rest11 
More r e c e n t l y ,  Murarnatsu, g s. (131 ,  found an a r i t h m e t i c  mean of 13.5 p g / m 3  in symptoms i n (  
smoking s e c t i o n s  compared t o  5 . 3  p g / r 3  i n  noo-smoking s e c t i o n s .  d ryness  can 

mis taken1 p bc 
Oldaker and Conrad ( l b )  r e p o r t e d  9 . 2  pg/rn3 n i c o t i n e  in  smoking s e c t i o n s ,  a s  the 
geomet r i c  mean, v e r s u s  5.5 ug/n3 i n  non-smoking s e c t i o n s  of narrow-body a i r c r a f t .  F A A ~ N I O S H  ( b  J 

Drake and Johnson ( 5 )  found 13.h and 2.5 ug/m3, r e s p e c t i v e l y ,  a s  t h e  a r i t h m e t i c  mean Luf thansa  
i n  smoking and non-saoking s e c t i o n s  of wide-body a i r c r a f t .  of 12  percent  

p e r c e n t  sympt ,- 
Such d a t a  show t h a t  smokers a s  we]  1 a s  non-smokers a r e  exposed t o  minimal amounts of 
E T S ,  o r  a t  l e a s t  t o  t h e  n i c o t i n e  component of E T S ,  on commercial a i r c r a f t  with 
r ea sonab ly  we l l  o p e r a t e d  v e n t i l a t i o n  s y s t e ~ ~ s .  They a l s o  t end  t o  con f i rm  t h e  e f f i c a c y  Other Chemica; 
o f  s e p a r a t i n g  smoking and con-smoking pas senge r s  on commercial f l i g h t s .  / vapor s  from r 

I odo r s  t h a t  c c  

Oxides o f  N i t rogen  and Ammonia: NO/N02 l e v e l s  measured by Luf thansa  (10)  showed 
c o n c e n t r a t i o n s  l e s s  t h a t  one - fou r th  of t h e  West German occupa t iona l  TLV, Another 

' as  Keros in  ( t o i  
Carbon Dioxide :  R A S  ( 1 4 )  r e p o r t e d  a pe r sona l  o b s e r v a t i o n  of  550-1200 ppm f o r  C02. 
Those v a l u e s  b racke t  most r e p o r t e d  by Luf thansa  (101, a l though  Luf thansa  r e p o r t e d  

v a r i e t y  o f  g r ,  
CO, N02, aldet , :  

o b s e r v e r ,  c i t e d  b y  KAS ( 1 4 1 ,  observed l e v e l s  of 0-40 ppb f o r  NO2. FAAJNIOSH (8) 
r e p o r t e d  l e s s  t han  O . U 2  ppn f o r  amaonia.  

FAA/NIOSH ( 8  1, 
d e t e c t i o n  I i m i :  
c o n c e n t r a t i o n  c 



some va lues  near 2500 ppm when o p e r a t i n g  a t  35,000 f e e t ,  p a r t i c u l a r l y  a t  reduced 
v e n t i l a t i o n .  

2 .  Other S i g n i f i c a n t  Findings 

Other chemical substances  not assoc ia ted  with o r  re levan t  t o  ETS a r e  commonly found 
in s t u d i e s  of cabin a i r  q u a l i t y .  Some have been a s s o c i a t e d  with  repor ted  symptoms by 
passengers and f l i g h t  crew. Ozone has been a s s o c i a t e d  with  eye d i scomfor t ,  ches t  
pain or t i g h t n e s s ,  b rea th ing  d i f f i c u l t y ,  nasal  i r r i t a t i o n ,  p e r s i s t e n t  cough and s o r e  
t h r o a t .  

Low cabin humidity has been observed t o  c o n t r i b u t e  t o  d ry ,  i r r i t a t e d  eyes ,  e s p e c i a l l y  
i n  t h e  case  of  con tac t  l e n s  wearers.  Several r e s e a r c h e r s  ( 6 ,  11) have documented 
ozone and dry cabin e f f e c t s ,  which a t  high a l t i t u d e s  o f t e n  occur in conjunct ion with  
reduced oxygen. 

The e f f e c t s  of these  condi t ions  as  well a s  t h e  poss ib le  presence of substances  o t h e r  
than ETS a r e  c r i t i c a l  in d i s t i n g u i s h i n g  the  causes of s u b j e c t i v e  symptoms. The 
a v a i l a b l e  da ta  suggest t h a t  what passengers and crew r e p o r t  a s  "a l l e rgy"  t o  ETS may 
be i r r i t a t i o n  a t t r i b u t a b l e  more t o  ozone and low humidity than t o  ETS components. 
Since ETS i s  easy t o  smell and s e e ,  however, passengers and crew n a t u r a l l y  tend t o  
asc r ibe  t h e i r  symptoms t o  the  most apparent substance. 

- 
-- - - - -  

Ozone: Though not an E T S  c o n s t i t u e n t ,  ozone in s u f f i c i e n t  concen t ra t ions  i s  known t o  
c rea te  physical discomfort.  Few s t u d i e s  document a i r c r a f t  ozone concen t ra t ions .  NAS 
( 1 4 )  has reported t h a t  with a  0.3 ppm concen t ra t ion ,  eye d i scomfor t ,  headache and 
nose and t h r o a t  i r r i t a t i o n  occur.  Decreased pulmonary func t ion  a l s o  may occur.  In 
a d d i t i o n ,  N A S  has repor ted  as thmatic  symtoms a t  0.15 ppm. 

According t o  NAS, 11 percent of FAA-monitored f l i g h t s  from 1978-1979 v i o l a t e d  t h e  
ozone s tandard -- genera l ly  a t  a l t i t u d e s  of 30,000 t o  40,000 f e e t .  The FAA ozone 
standard l  imi t s  exposure t o  0 . 2 5  ppn above 32.000 f e e t  or 0.1 ppm dur ing  any 
three-hour f l ight . C a t a l y t i c  c o n v e r t o r s ,  now found on most commercial a i r 1  i n e r s ,  can 
reduce ozone but must be proper ly  maintained t o  be e f f e c t i v e .  

Relat ive  Humidity: Dry cabin a i r  i s  recognised a s  a  major source of passenger and 
crew discomfort .  At f l i g h t  a l t i t u d e s ,  c o l d ,  dry a i r  i s  brought i n t o  t h e  a i r c r a f t  and 
heated,  r e s u l t i n g  in low humidity. A t  va lues  l e s s  than 40 percent  r e l a t i v e  humidity,  
symptoms include dry mucous membranes and i r r i t a t e d  eyes.  Bl inking t o  r e l i e v e  
dryness can produce f u r t h e r  i r r i t a t i o n  and even increase  s e n s i t i v i t y ,  which may 
n i s taken ly  be reported as  an " a l l e r g i c "  r e a c t i o n .  

FAA/NIOSH (8) reported r e l a t i v e  humidity of 10-20 percent on commercial a i r c r a f t .  
Lufthansa (10)  reported 8.5-25.0 percent .  V i e i l l e f o n d ,  e t  e l .  ( 2 3 1 ,  noted an average -- 
of 1 2  percent in French a i r l i n e r s .  These va lues  f a l l  well below t h e  suggested 40 
percent symptom thresho ld .  

Other Chemicals or Vapors: Other p o t e n t i a l  i r r i t a n t s  noted in  cabin a i r  inc lude  
vapors from r e f u e l l i n g ,  o u t s i d e  and i n t e r i o r  exhaust vapors and g a l l e y  o r  t o i l e t  
odors t h a t  could c o n t r i b u t e  t o  passenger discomfort .  NAS ( 1 4 )  suggested t h a t  a  
va r ie ty  of ground fumes sometimes invade commercial a i r c r a f t  cab ins .  These inc lude  
CO, N02, aldehydes ( inc lud ing  formaldehyde), p a r t i c u l a t e s  and polynuclear  aromatics .  

FAAJNIOSH ( 8 ) ,  however, found no aldehydes or v o l a t i l e  hydrocarbons above ppm 
detect ion l i m i t s .  FAA/NIOSH did discover  polynuclear  benzo-[a]-pryene a t  a maximum 
concentrat ion of a f r a c t i o n  of 1 ug/m3. Lufthansa (10) measured what was descr ibed 
a s  Kerosin ( t o l u o l ) ,  r e p o r t i n g  5 ppm in cabin a i r  fo r  30 minutes a f t e r  t ake  o f f .  



Airborne  B i o l o g i c a l  P o l l u t a n t s :  Kllile 6 A S  ( 1 4 )  c o n j e c t u r e d  t h a t  b a c t e r i a ,  fungi  a.. - --- 
i t - .  I , ; I I . d r i  , .,II,:~ cd)n:t,;.l~t z ,  no s y s t e ~ a n ~  i c  i nves t  i g a t i o o s  I , ~ , ,  

y e t  been r e p o r l e d  on t t i a t  t o .  Ki\S ( 1 4 )  a s  well  a s  t h e  U.S. Department ,.: 
T r a n + p s r t a t  i ; ! i l ,  i n  :I,-, 1 -  i ' j b ?  i e p o : - t  t o  Cona r r s s  ( 2 2 1 ,  d i d  d e s c r i b e  0:: 

conf irined i n s t  a ~ c e  o f  4 csnniun i cab l  e d i s e a s e  -- i n f l u e n z a  -- spi .cd l  ing wi th in  a -  
a n : i ! ioper.bh vClit i l a t i o n  sys tem.  F e r t l ~ e r  s t u d y  of t h i s  i r r r .  
o!)vioi~sl  !' i  - neei-it.!. 

Heal th  E f f e c t s  o f  I n - F l i g h t  Cabin Air  

The to1 lo\,:ing r ev i ek  or ileal t f i  c i t e c t a  i n  r e l a t i o n  t o  c a o i 2  a i r  q u a l i t y  concentrate,  
on t t rrec popLl l  a t  i on ; :  

. passenge r s  t i i t h  c o c p r o ~ r ~ i i i n p  medical  c o n d i t i o n s ;  and 

In c o n s i d e r i n g  t h e  p o s s i b l e  h e a l t h  s i g n i i i c a r l c e  of c a b i n  a i r  qua1 i t y ,  an importan: 
temporal  i n g r e d i e l ~ t  l - t t ~ q t  be bornc if! niinri, Fven t h e  n o s t  f r e q u e n t  t r a v e l e r s  se ldo .  
spend  oior2 tiiarl I;; i i < > u ~ . s  per month on ave rage  in  a  commercial a i r c r a f t .  For moc: 
p a s s e n g e r s ,  t h e  a v e r a g e  t !  i g t ~ t  t i m i .  i s  cons ide rab l> r  l e s s  than  10 h o u r s  per  montt,. 
A i r l i n e  c a b i n  creK5 ~ ~ n d c ~ i l b t e d l y  r e c e i v e  t h e  n o s t  exposu re  t o  c a b i n  c o n d i t i o n s  of t h e  
t h r e e  p o p u l a t i o n  noted above. h'AS ( I & )  r e p o r t e d  t h a t  80 p e r c e n t  o f  1I.S. fligh: 
a t t e n o a n t s  i n  1365 : I ? L . :  7 0  t ~  c o  tiours per  month, which i s  l e s s  t han  one ha1 f of the 
t  ime used to r  t h e  d r v - 1  ,.>p;:e7t o f  1i1,rst o c c u p a t i o n a l  s t a n d a r d s .  Add i t i ona l  l v ,  s inc t  
a t t e n d a n t  hours  cover  exti3:?d?c p e r i o d s  when smoking i s  n o t  pe r in i t t ed  ( l o a d i n g  an: 
u n l o a d i n g ,  t a k e  o f f  and l a n d i n g ,  a i r f i e l d  d e l a y s ) ,  ETS exposu re  -- though no: 
exposu re  of o t h e r  c a b i n  c o n d i t i o n 5  -- i s  l i m i t e d  t o  t h e  t i m e s  pas senge r  smoking it 
p e r m i t t e d .  In  l i g h t  ; ~ i  such l i m i t e d  a n d  i n t e r m i t t e n t  e x p o s u r e ,  a h e a l t h  effec: 
i n v o l v i n g  ETS vou l l nor 5c ? spec t e r ; .  

Air t r a n s p o r t a t  ion ca.1 ;;~.t.s?::: a vari ; . ty o f  p r o b l e a s  t o  peoplt' s u f  i e r i n g  irom var iou i  
i l l n e s s e s  -- i n c l u d i n g  c i l rL)nic  cal-djovascu1a1- d i s e a s e ,  pulmonary c o n d i t i o n s  such ac 
c y s t i c  f i h r o s i c  , c\~r-i)r?i ,  enphyse-:,n, cyanot i z  c o n g e n i t a l  h e a r t  d i s e a s e ,  c h r o n i c  as thr t  
and co rona ry  i n s u i i j c i e ~ ~ c y .  A 5  a  consequence ,  t h e  American Yedica l  A s s o c i a t i o n  ( I ) ,  
among o t h e r s ,  bas recomnended t irat  c e r t a i n  compromised i n d i v i d u a l s  c o n t e m p l a t i n g  a i r  
t r a v e l  s t ~ o u l d  seek  n l r d i c o l  a d v i c e  b f f o r e  t r a v e l  ing .  Zn son? c i rc l ly i :ances ,  a i r  
t r a v e l  by conpro!njsr.J i n 2 i v i d u a l s  rnay be c o n t r a i n d i c a t e d .  

No e f f e c t s  of ETS oil i l l  o r  compromised i n d i v i d u a l s  has  been documented. The U.S. 
Surgeon Genera l  ( 2 0 )  reviewed k e y  r e s p i r a t o r y  and c a r d i o v a s c u l a r  d a t a  b u t  found ns 
a d v e r s e  h e a l t h  e f f e c t s  r e s u l t  i n &  even from long-term ETS exposu re .  No r e l a t i o n s h i p  
was found betveer1 t h e  i nc idence  o f  sough ,  phlegm o r  wheezing i n  non-smokers exposec 
t o  ETS. Regarding  a s t h r i i ,  t h e  r e p o r t  uricovered no a d v e r s e  impacts  i n  reviewing 
r e s e a r c h  s t u d i e s .  Of c a r d j o \ ~ a s c u l a r  d i s e a s e  and ETS, t h e  r e p o r t  s t a t e d  t h a t  more 
d e t a i l e d  r e s e a r c h  wss  r e q u i r e d  b e f o r e  any c o n c l u s i o n s  cou ld  be r eached .  The NAS 
r e p o r t  (1;)  coni i rmed t t ! t<e  i i n d i n g s .  

The a v a i l a b l e  d a t a  i n d i c a t e  t n a t  t l  i g h t  a t t e n d a n t s  -- t h e  most h e a v i l y  exposed  group 
-- r e c e i v e  minimal doss s  of E'IS c o ~ l s t i l r l e n t s .  F o l i a r t ,  e t  a l .  ( 91 ,  s t u d i e d  f l i g h t  --  
a t t e n d a n t s  on 3 t r s ~ ~ s c c r a n i ;  i l  i , - t?t .  Slnod n i c o t i n e  i n c r e a s e d  from a  mean I .6 ng/ml 
i n  f i v e  ili s i x  * m e n  t o  3 . 2  ng, 'al .  A f t e r  comparing t h e s e  v a l u e s  t o  t h e  11-45 ng/ml 
i n  t y p i c a l  srriukeri, t n e  a u t h o r s  concluded t n a t  p h y s i o l o g i c  e f f e c t s  were u n l i k e l y .  
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4 .  E f f e c t s  of V e n t i l a t i o n  and F i l t r a t i o n  

Di spe r s  ing , s e g r s j a t  in* o r  r e m ~ v i n g  pol 1 u t a n t  c o n c e n t r a t  i o n s  depends l a r g e l y  on the 
v e n t i l a t i n g  sys tems i n s i d e  a i r c r a f t .  The c o n c e n t r a t i o n  of a l l  p o l l u t a n t s  a r e  
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diminished as a f u n c t i o n  of the number of a i r  changes t h a t  occur ,  t h e  e f f i c i e n c y  of 
f i l t r a t i o n ,  the  amount of  f r e s h  a i r  brought i n t o  t h e  cabin  and t h e  overall l eve l  of 
hygiene a s s o c i a t e d  w i th  the  v e n t i l a t i o n  syste ,~: .  Zoned or  s t r a t i f i e d  v e n t i l a t i n g  
systems, vent ing a i r  more f o r c e f u l l y  from s p e c i f i c  s e c t i o n s  of t h e  cab in ,  can remove 
or d i l u t e  vapors or gases  t o  improve o v e r a l l  a i r  qual i t y .  

Several recen t  s t u d i e s  ( 4 ,  5 ,  10,  14 ,  16) have reviewed the  movement and d e n s i t y  of 
pol lutant  concen t ra t ions  as a  funct ion of v e n t i l a t i o n .  Those s t u d i e s  have shown t h a t  
three a i r -condi t ion ing  u n i t s  or packs govern the  amount of f r e s h  a i r  in take  and 
i n t e r i o r  vent ing i n  nost  commercial a i r l i n e r s .  Each usua l ly  o p e r a t e s  independently 
-- a t  o f f ,  ha1 f capac i ty  or f u l l  capac i ty .  Because of t h e  design of most a i r c r a f t  
v e n t i l a t i o n  systems, t h e r e  i s  l i t t l e  mixing of a i r  from one a i r  t reatment  zone t o  
another. Cabin a i r  t y p i c a l l y  moves from c e i l i n g  t o  f l o o r ,  with only a  s l i g h t  flow 
from the f r o n t  of t h e  cabin t o  the  r e a r .  Although a i r  sometimes r e c i r c u l a t e s  within  
zones, the  design of  most systems prevents  the  r e c i r c u l a t i o n  of a i r  from one zone in  
the cabin t o  another .  

FAAIRIOSH ( 8 )  reported t h a t  average a i r  exchanges were about t h r e e  t o  four minutes ,  
or about 15 t o  20 per hour. Oldaker and Conrad (16 )  repor ted  22.7 t o  26.5 a i r  
exchanges per hour. Drake and Johnson (5) found t h a t  a l l  t h r e e  a i r  condi t ion ing  
packs were operated au tomat ica l ly  a t  f u l l  r a t e  throughout the  f l i g h t s  on which they 
neasured a i r  qua1 i t y .  

S A S  (14)  claimed t h a t  passenger smoking p a t t e r n s  cause h igh ly  t r a n s i e n t  
concentrat ions  o f  ETS in non-smoking s e c t i o n s .  But i t  o f f e r e d  no s c i e n t i f i c  
references t o  support the  claim. The repor t  a l s o  implied t h a t  ETS i s  r e c i r c u l a t e d  in  
tne cabin -- yet da ta  presented elsewhere in the  NAS r e p o r t  i n d i c a t e  t h a t  such 
rec i rcu la t ion  may be f a r  l e s s  common than implied. As noted p rev ious ly ,  moreover, 
tnere i s  l i t t l e  a i r  movement in the  modern cormercial  a i r c r a f t  between compartments 
or zones. 

Results of Oldaker and Conrad 0 6 )  and Drake and Johnson ( 5 )  show t h a t  a i r  qual i t y  
rodel s  must account f o r  the  unique v e n t i l a t i o n  c h a r a c t e r i s t i c s  of a i r c r a f t .  Models 
assuming the complete mixing of ETS in passenger cab ins  ( 1 9 )  have been shown by t h e s e  
recent r e p o r t s  t o  be inappropr ia te  f o r  B727-200, B737-200, B737-300, B747-100, 
5747-200 and s i m i l a r  a i r c r a f t .  

Commercial a i r l i n e r  v e n t i l a t i n g  systems provide f r e s h  a i r  a t  r a t e s  t h a t  g e n e r a l l y  
exceed s tandards  for  non-aviation environments recommended by t h e  American Soc ie ty  of 
Eeating, Ref r igera t ion  and Air-Conditioning Engineers (7 ) .  Examining seven t r a n s p o r t  
~ i r c r a f t  in 1981, FAA determined t h a t  v e n t i l a t i n g  systems provide 17.2 t o  25.7 cubic  
feet of f resh  a i r  per passenger per minute,  This  exceeds t h e  proposed r a t e  of 15 
:im/person for  a l l  t r a n s p o r t  modes now under cons idera t ion  by ASHRAE. 

CONCLUSION 

:he a v a i l a b l e  s c i e n t i f i c  evidence does not  support the  p r o h i b i t  ion of smoking on 
:omercial  a i r c r a f t .  The d a t a  t h a t  a r e  a v a i l a b l e  reveal  low concen t ra t ions  of 
~ s h s t a n c e s  t h a t  can be t raced  t o  ETS i n  smoking s e c t i o n s ,  and even lower 
:oncentrat ions  in non-smoking s e c t  i o n s ,  thus  confirming t h e  e f f i c a c y  of c u r r e n t  
. ? - f l igh t  smoking p o l i c i e s .  The a v a i l a b l e  d a t a  a l s o  suggest t h a t  f a c t o r s  o r  
i2bstances o ther  than ETS may be major c o n t r i b u t o r s  t o  s u b j e c t i v e  complaints  of 
:lscomfort by passengers and f l i g h t  crew. F i n a l l y ,  given t h e  l i m i t e d  and 
:ntermittent occasions  f o r  exposure,  even in  t h e  case of compromised i n d i v i d u a l s  and 
:;bin a t t e n d a n t s ,  adverse h e a l t h  e f f e c t s  from exposure t o  ETS aboard a i r c r a f t  e r e  
' i g h l  y  unl ikel  y. 
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