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APrmcr-Bstwecn April and June 1989. 92 randomly v l o t d  flights wcrc manilorcd lo dclcminc 
prcvulinp Gvcls o l  environmcnhl l o b &  smokc (ETS) and othcr pollutmts in the airliner cabin 
snvironmcnt Thc monitored Rights included 69 smoking fliphq 8 01 which wcrc inlcrnalianal. and 23 
nonsmoking Rights d l  ofwhich werc dorncsdr klcstcd ETS ~ontlminanlr (nicotine. rcrpirable surpcnded 
paniclo and carbon monozidcL u wcll as ozone. microbial acrorolr, carbon dioxide and othcr cnrimn. 
mental rariablcr wcic mcarur+d in diRcrent parts olrirlincr cabins Panicle and nicotine conczntrrtions 
were highat in thcsmoking xnion and wcrcsomcwhat hipher in thc boundaq region near smoking than in 
othcr no-rmokinc sections or on nonsrnokinn Riehlr. Lcrcls of thew ETS t r s e n  wcrc cornlaled with - . = ~ 

amokingntcs abrcrvcd by ficld technicianr and their Icvcb in the boundary section wcre hi&r when morc 
proximrtc to the smoking s t i o n .  C02 lsrelr wcrc rufficicndy high and humidity lcvslr wcrcruKdcntly low 
to pau potential combn problems lor airmall occupants Ozonc levels were wcll vilhin czisting standards 
lor airliner cnvironmcncr and lcrclr of microbial aetosols wcre &low tho* in rnidcntisl =nvironmcnts that 
have been characlcrizcd through moss-sectional studies. 

Kcy word lndcr Indoor air quality. airlincr cabin. monitoring cnvironmcntal tobacco smokc. carbon 
dioxide, czonc. microbial aerosols nit exchangc random hmpling 

I. IhIXoDUCnOPi and microbial aerosols. Thc committee also rccom- 
mcndcd that smoking be banned on all commcrcial 

1.1. Bnckground flights to  lessen irritation and discomlon oi  non- 
Thc airliner cabin cnvironrncnt has k n  o f  great smoking passengers and cabin n e w  mcmbcrs, to 
concern lor the last 20 years t o  various elements olthe reducc potential health hazards lrom exposurc to  
U.S. Fcdcral Govcmmcnt, special interest groups cnvironmcntal tobacco smokc (ETSI and to climinatc 
organircd to  advocatc public or  industry posilionr. the possibility or fires caused by cigarcttcs. 
and thc general public irrcll. Pasxnecr complaints Public Law 100-200. cnactcd in 1987 and cfcctivc . 
about smoking Icd to  segregatingsmokingpascngcn lor 2 ycars bcginninp in April 1988, prohibited smok- 
in the early 1970s. Later concsms about strarosohcric ina bv Dasscnners on anv scheduled domestic com- 
ozonc prompted standards (0.25 p l f  - '  maximum in- 
stantaneous level and 0.1 pl I .' as time-weighted 3-h 
standard) lor the ozonc concsntration in airlincr ca- 
bins (Fcdcral Rcgistcr. 1980). 

During the mid-1980s thc Committct on Airlincr 
Cabin Air Quality, asxmblcd by the National Aca- 
demy of Sciences, pcrformcd a syrtcmatic review of 
existing information relating to  health and saltty 
aspects 01 the airliner cabin environment aboard Fivil 
commcrcial aircraft. The committez's report (NRC, 
1986) identified scvcral porential sourccs or cnviron. 
mental quality problcms on  a r c r a t  including 
tobacco smokc, ozone,. cosmic radiation, humidity 

- . .  " 
mercial Right of 2 h or  shorter duration. A1 the same 
time, the U.S. Department or Transponation (DOT) 
rcccivcd Congressional approval to  conduct a study to 
rcsolvc certain technical questions rclatcd to  potcntial 
continuation or  broadening 01 thc prohibitions in the 
law. 

Thc purpose of the study was to develop inlorma- 
tion to be used lor determining health risks from 
exposures l o  ETS lor nonsmoking airliner occupants. 
as wcll as risks from othcr pollutants ofconctm lor all 
airlincr occupants. This papcr rcpons on mcthods . . 
uscd lor and rcsults or air quality rncasurcmcnts 
conducred in the study; evaluation 01 health risks due 



l o  ETS. other pollutants and cosmic radiation as  u,cll 
as asscrsmcnt of mitigation stratcpics arc included in a 
D O T  rcpon (Nagda et al., 1989). 

1.2. Prior s rd i e s  

Early studies conducrcd in rcsponsc to  passcngcr 
complaints by thc Fcdcral Aviation Administration 
(FAA) and Public Hcalth Scwiuc (1971) mcasurcd 
cabin lcvcls of carbon monoxidc (CO), hydrocarbon 
vapors, total ruspcnded particulate matter and poly- 
a:omatlc h>drocarbons on 20 U S  Atr f oroc hllhlary 
Atrllft Command fl~ehrs 2no 14 domcsuc 81chts u \cr  
an  I8.month pcnod. Environmental simpling rc- 
\,calad vcry low Icvcls olcach contaminant mcasurcd, 
wcll below occupational and en\,ironmcntal air qual- 
ity standards, and thcsc contaminants wcre not judged 
to rrprcscnr a harard to nonsmoking pasrcngcrr. 

Morc recmtly, Oldakcr and Conrad (1987) m a s -  
urcd vapor-phase nicotinc in no-smoking and smok- 
ing sccrionr of thra: t?pcs of commcrdal aircraft 
(Bocing 727-200, 737-200 and 737-300). .Avcra~c 
nicodnc conantrations (?standard dcviation) wcrc 
22.4+_28.4pgm-' in smoking sections, 10.659.7 
pgm- '  io thc boundary rcdon of no-smoking sec- 
tions, and 3.3+3.6 pgm- '  in the rcmaindcr of the no- 
smoking wctions. Thc inr~cstigaton did not find any 
significant correlation bctwcco nicotinc conantra .  
lions and thc n u m k r  of smokcn: howcvcr. smoking 
rat- wcrc not mcasurcd. 

Data on nicotinc cxposurcr, cotininc (a major 
mctabolitc of nicotinc) crcrction Icvcls, and acutc 

s).mploms from a subsequent study of passive smok- 
ing on commercial airlincr flights showed that a total 
scparation of smoking and nonsmoking sections was 
not achic\,cd (Martson el 01.. 1989). Thc study was 
conductcd with ninc subjccts on four Rights lasting 
approximately 4 h cach. Two of thc four flights wcrc 
on aircrdt with 100% outsidc air vrntilation (Bocing 
727) and the olhcr two werc on  aircraft with 50% 
recirculation (Bocing 767). Thc obscrvcd nicotinc lev- 
els wcrc similar to  thosc mcasurcd in thc Oldakcr and 
Conrad study: 1 3 . 6 + 2 3 . 0 p g 1 ~ - ~  in lhc boundary 
region of no-smoking ecctions and 16 .52  17.1 
in smoking sections. Aircraft with no recirculation had 
rignificanrly lower nicotinc concentrations than rhosc 
with rccjrculation. 

Although thcsc studics havc b a n  usciul in suggcs- 
tjng rangcs of conantrations of ETS t r a a r s  cncoun- 
tcrcd in thc gcncral airlincr cabin cnvironmcnr. thc 
monitored flights wcrc not randomly slccfed and the 
number of obrcn~at ionr  was gcncrally small, pre- 
cluding any gcncralitdrion of tbe rcrulu. Similarly, 
dcrermining lac ton (c.g. smoking ratcr. \.entilation 
systcrns, seating patterns) o l  ETS conantratioor lor 
thc gcncral airlincr cabin cnnronmcnt wcrc not in- 
vcstipatcd in dcpth. 

2 METHODS 

Air pallulantr vcrr wlcctcd lor monitoring that had 
known or rurpccrcd sou- in rhc aircrdl and a u l d  be 

Tnbic I. Mcarurrncnl paramctcn and methods 

Sample collstion Analysis 

I 
Panmctcr mcthod mothod Rcrcmna I 
ETS c o n r o m i ~ n r r  

Carbon rnanoridr canlinuour monilar solid polymcr Nagda and 
E I C L . I ~ O I ~ I C  K w n u  (1985) 

Nicotine sodium-bisulratc gas chramarognphy- H a m a n d  cr d (1987) 
ticaisd f i l w  nitrogcn rclcc~iuc dclector 

Rnpirablr filtrrtion with ~ n v i m ~ t r y  H a m a n d  rr oL 11987) 
panicla cyclone rcparamr 
(inlrgraled) 
Rcrpirrblc C D ~ ! ~ ~ Y O U I  monitor nrphclomctry lnpbrcrhrcn rr 01. (1988) 
panicln 
(cootinuour) 

Microbial rrrorol~ 
Fungi impaction cullurc/micmwepy Burgc t r  al. (1987) 
Bactcria impaction mllurc/microxopy Burgc er 01. (1987) 

Polluronrr 
Otonc MBTHm-coalcd filler rpcctropho~amcrry L-rnbcn n 01. (1989) 
Carton dioxide dctcrlor lube Ikngth or stain Lynch (19811 

Olhrr p o r m r r r r r  
Tcmpnlurc continuour platinum RTD ASHRAE (19851 
Rclaziw conlinuous lhin~film diclcc~tic scnrar ASHRAE (1985) 

ul 
humidilr 2 

piczorrrirnna ASHRAE (1985) L 
A i r  cichangc sorbcnl t u b .  (parsirc) &a. ~ h r o m ~ t o g r a ~ h ~  Diru and Colc (1982) 

or p~r f l~o r - rbon  l r a c t r  (PF1) ~ 





Fig I. Rcpracntadvrncrs a1 domulic smoking Riots  with r a m 1  lo tgpc o f n i r c n k  

Tnbic L Nominal md m c ~ u r e d  alr trchanfr ra ln  by type olaircnR' 

- - .  --- 
Bocing 737.103 
Ba ing  737-203 
McDonncll Douglar DC9-30 
McDanncll DouJnr DCIO-I0 
Lockhad LIOII-]/IDS 

H l t h  rrcirrulorion 
Bming 737.303 14.2 17.7i10.019) 
Bming 747 14.7 22.4 i 8 . 5  (51 
k i n g  757 15.6 27.5 i 10.9 14) 
Bocing 761 10.4 19.5k9.7 (4) 
McDonnell Douglsr DC9-801 197 25959.7 113) 

MDSO 

'Aircrart ~ y p s  u.ith only onc monitored flight arc cxcludcd. 
t Avcragcislandsrd dcvialian (number 01 fliehlr). 

Incornplctc mixing 01 rhc Irassr grr rmullcd in criorr  in rncsurc- 
men%. 

f rom 23 l o  27 h - '  in most u s c s  (Tablc2). ~ h c s c  
nominal valucs a t  a cruisc altitudc 019.1 k m  arc bascd 
O I I  information providcd by cquipmcnt manufacturcrr 
and airline opcrators  (Lorcngo a n d  Poncr. 1985). 
For aircraft withour rccirculation. thc rncasurcd a i r  

exchange rater  wcrc i l  rcrious c n a r  ( r h r u  to  five times 
highcr than  the nominal valucs lor most flights) a n d  
thus  arc  not  shown in thc lablc. Thc  paucrn 01 
rncasurcmcnt rcsulls indicated that lhcrc gcncrally 
was insufficient mixing of P F T s  ~ h r o u g h o u t  chc air- 

liner cabin lor thc rcsults to  b indicative of prevailing 
! 

air crchangc ratcs. T h c  insufficicnr mixing rcsultcd 
from the ncrd to  rcmain unobtrusive d u n n g s a m p l i n g  
which rcsln'ctcd placcrncnl 01 P F T s o u r c c r  l o  only two 
locations on smoking flights a n d  onc  location o n  
nonsmoking flights. The mi r ing  problcm aiTcctcd 
rncasurcmcnt results of both aircrafl with and without  
rmrculat ion.  but particularly thosc without ruircul- 
ation. In thc casc of aircraft with rccircularion, rhcrc 

I 
war m u c h  grcatcr opportuni ty lor mi r ing  ~ h c  traccr 

I 
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gas within the volumc ofthc plane b u s c  20-50% or  
air war being rccirculatd. As shown in the table. 
mcasvrcd air exchange rates for thew aircraft were 

consistent with but somewhat higher than 
nominal rates. 

The avcragc mcasurcd tcmpcraturc was near 24'C 
(range 21-27'C) for all flights. Measured rclative 
humidity levels wcrc quite Iow.ranging from 5 l o  38% 
across all flights, but wcrc t r t n  lowcr for smoking 
(avenge or 15.5%) than nonsmoking flighu (avcragc 
21.5%). Thc a v c r a p  cabin pressure war lower lor 
smoking (635mm Hg) than for nonsmoking 
(686 mmHg) flights. Both the lower humidity and thc 
lower prcssurc arc wnsistcnt with higher altitudes 

that u,ould gcncrally be reached on thc lonpcr-dura- 
tion smoking fliphts. 

3.4. Enuironmcnral robacco smoke 

Avcrape valucs for various measurement para- 
rnctcrs rclatcd to  paniclc-phase and pas-phasc ETS 
contaminants arc summarized by monitoring location 
tor both smoking and nonsmoking flishts in Table 3. 
RSP conantrations wcre highcst in the smoking 
section, averaging near 175 pgm-', and results for ~ h c  
gravimetric and optical methods wcrc highly con- 
sislcnL In other locations, Ihc two methods yiclded 
diflcring rcsulu. Thcre was grcatcr unana in ty  for the 
gravimctric mcerurcmcnu duc  t o  relatively shon 

Tablt 3. Lvclr of ETS conuminanlr on smoking.md nonsmoking flights 

i Smoking flights Kansmoking flights 

Pararnelcr Smoking Boundary Middle Rcrnolc Rrar Middle 

Pnrrirbpharr nuomrmenls 
A>,crape RSP (gravimclnc) (#em-')  174.6 67.5 425 521 59.3 
Average RSP (opliol) (ppm7')  177.0 39.7 18.8 17.9 10.3 
Avcmgt RSP(both mclhodr)(pgm-') 175.8 53.6 337 35.0 348 
Avcrapc 01 puk RSP (oplical) 

(rgm-'1 833.4 21 1.8 68.7 69.6 18.2 

Gor-pbrr  meonncmenfr 
Avcragc nimlinc 0% rn-'1 13.43 . 0.26 0.04 0.05 0.0 
Per cent nitotinc mrnplrr 4.3 56.4 826 66.7 100.0 

klow minimum dacction 
Avcrapr CO (PI f - ' )  1.4 0.6 0.7 0.8 0.6 
Pcak CO (#I / - ' )  3.4 I .4 1.7 1.6 1.3 

Tsbk 4. Relationship between ETS mcasurtmtnu and smoking ma lor two rcclioos or monitord r i d t  

Smoking rate. dph- '  (numkr o l  llights) 

c 10 10-19.9 20-29.9 30 
ETS mearvrcmcnt (121 (23) (17) (9 )  

Coach smoking recrion 
Nicotinc (pgm-') . 1.7f2.4' 1 1 2 ~ 1 3 . 0  17.62 12.8 25.7i21.3 
Gnrimetric RSP (pgrn-') 1262f 109.4 163.5 f 88.7 191.1 587.4 276.7 f 127.2 
Optial RSP (plm- ' )  105.8f 479 150.9 2 83.5 189.7fM.0 355.1 i105.7 

Boundary region nror roach smoking 
Nicotine (,t( m") 0.W f0.07 0.19i0.07 0.17f0.15 0.11 iO.15 
Gnvirnelric RSP (pem- I )  58.8 i64.0 61.6+b7.6 79.6 + 66.2 86.1 f W.5 
Oplial RSP ( p g  m-') 23.82 17.9 24.1 2 19.4 523 k39.2 71.8 2 56.7 

' Avrrngc wnccntrr~ion +standard deviation. 

Tablc 5 Relationship of ETS m c a s u m c n t r  in thc boundary -ion to lshnisian dirtsnrt from smoking m i o n  

Dirlvla born coach smo)Linp 

Four or more 
ETS rncasurrmcnl Onc row Two rows Thrcc rows rows 

Nisotinr (pgrn-'1 O.llf0.15' 0.242 1.01 0.08 f 0.13 0.06 3 0.09 
Gravimettic RSP ( ~ g r n - ~ )  88.1 f M.6 M.9+54.6 M 8 f  57.1 58.9 f 77.0 
Optiul RSP ( rgm- ' )  N.8 f 34.4 28.4 f 35.8 31.5+45.7 35.0+ 30.4 



monitoring dnralions for a n u m k r  of flights. For  
examole. I h or sampling duration (or about I h 
20 min flight duration) on a nonsmoktng flight u*ould 
corrcspond to  a samplc volumc ncar 0.1 m'. For rhls 
casc, a laboratory unccnainty in mass dctcnnination 
of * 10 pg could result in mcasurcmcnt valucs from 
- 103 to  + 103pgm-'  for a prevailing concentration 
near zero. 

Cabin-wide optical rcsulu were more strongly cor- 
related (r-0.6) uith smoking ratcs than umcre thc 
gravirnctric rcsults (r-0.3), and optical concsntra- 
tions in thc smoking section wcrc also morc strongly 
corrclatcd (r=0.6) u,ith nicotinc conccntratioos than 
wcrc thc pra\imctric conoentrations ( r = O . S ) .  How- , 
ever, because thc gravimetric method has a long 
history of successiul usc in \,arious typcs of cnriron- 
mcnis, nciihcr typt of mcasurcmcot rcsult can bc 
ignorcd. The rcsults obtaincd from arcraEing thc 
results of thc two mcthods (Tablc 3) indicarc chat 
djKcrcnas across the no-smoking scnions of the 
aircrah for smoking flighls and diflcrcnns bctwccn 
thcse no-smoking sections and nonsmoking flighx 
u,ere lcss pronounced than differcnas involving the 
smoking scction. Thc combincd rcsulu for nonsmo- 
king Righe arc consistcM uith RSP valucs that havc 
been rcponcd for othcr nonsmoking cn\ironmcnts 
(Rcpaa.  1987). Thc I-min pcak RSP conantratians 
indicate samc migration of ETS contaminants into 
the no-smoking stcrions on smoking flights. 

Obscrvcd cffcns of tobacco smoking. based on 
gas-phasc mcasurcmcnts. wcrc more disarniblc for 
nicotinc than b r  CO (Tablc 3). Bcyond thc rnarkcd 
incrcasc in nicotinc in ihc smoking scction, thc 
boundary rcgion or  the no-smoking scctian was most 
aKcctcd. DiKcrcnar bcrwctn nicotinc lcvcls Tor the 
rcmaining no-smoking locations and lcvcls on non- 
smoking flights ae rc  within thr rangc olrncasurcrncnt 
unanainly .  but nicotinc ICICIS W C ~ C  morc oftcn abovc 
dcicction limits in rhc no-smoking locations ofsrnok- 
ing flights than on nonsmoking Rights. Thc only 
d i ramiblc  cflcct lor CO war in ~ h c  smoking section 
itscl1 CO Icvcls werc generally highest belore airnaft 
were airborne. both lor smoking and nonsmoking 
flights, duc to intrusion of pround.lcvcl emissions. 

Both nicotinc and RSP conantrations in ~ h c  coach 
smoking -lion were strongly relslcd (o  obscrvcd 
smoking ratcs in that  rcnion (Tablc 4). This rclation- 
ship also persisted in the boundary region ncar coach 
smoking. though not as strongly. For  the other no- 
smoking xctions, thcrc was no  apparcnt rcla~ionship 
bctwtcn FTS lcvcls and smoking ratcs. Within thc 
boundary rcgion, ETS conoentrations gcnrrally wcrc 
higher uhcn thc technician war warcd within onc or 
two rows of coach smoking than when thc boundary 
scat u,as thrce or morc rows au,ay (Tablc 5). 

Results of slatistical ~cs ts  lo contrast lcvcls o f  ETS 
contaminants on smoking vcrsus nonsmoking flights 
and among thc diRcrcnt scctions of smoking flights arc 

in Tablc6. Comparisons wcrc made wing both 
parametric and nonparametric Icrts, as Ihc nonpara- 



metric tcsts d o  not rcquirc assumptions o l  normality 
or homogcncily o l  variances. For thc smokingircar 
location, lcvcls of all six ETS mcasurcmcnt paramctcrs 
wcrc significantly highcr (pcO.05) on smoking than 
nonsmoking flights. For the middlc location. levclr 
wcrc significantly higher lor continuously monitorcd 
paramctcn (optical RSP and CO) but not for intcg- 
rated-sample parameters (gravimctric RSP and nice- 
tine). Tbc only discrepancy betwtcn thc two types of 
statistical tests was lor avcragc oprical RSP at thc 
middlc l o c a t i o ~  for which the paramctric tcst was 
significant at rhc 0.05 lcvcl but the significana lcvcl lor 
thc nonparamctric test war 0.09. 

A comparison oldiKcrcnt scctionr within smoking 
flights showed that lcvels of all six ETS mearurcrncnt 
paramctcrs wcrc significanlly highcr (p.eO.05) in the 
smoking than the boundary location. Thc boundary 
location was significantly highcr than thc middlc 
Ih-ation lor all ETS t r a m s  cxap t  CO. Thc only 
discrepancy bctwscn the two typcs of stadstical tests 
was lor nicotine at the boundary versus middle loc- 
ations. lor which the nonparamclrie Itst was sipnific- 
ant at the 0.05 lcvcl whereas thc parametric 1 s t  had a 
sipnifiunce levcl of 0.08. Thus. t h a c  tests indicate a 
clear diKercnm bctwccn ETS lcvcls in the smoking 
vcrsus boundary sations and, to  a lcsscr ~ x t c n ~  
bctu,scn the boundary and middlc s a t i o n s  pani- 
cularly for panicle-phase constitucnn. 

3.5. Othn  pollutonrs 

Monitored ozone lcvrls wcre rclativcly low, avcr- 
aging an order o l  magnitude below the FAA 3-h 
standard 010.10 p l f  and never cxoeding this levcl. 
Bacteria lcvcls wcre highcr than fungi lcvcls and 
somcwhat highcr in smoking than nonsmoking wc- 
tions. but thc measured bactcria and fungi lcvcls in all 
cases wcrc low. relative -to thorc that have bcen 
mcasurcd in rnidcntial cnvironmenrs through cross- 
sectional studics (Tyndell t r  01, 1987). 

Rclativcly high CO, lcvels wcrc mcasurcd. avcr- 
a&g over l5OOplf -' across a11 monitored flighlr 
(Tablc 7). Mcasurcd CO, conantrations cxacdcd 

IOM)pl!-L, the American Society o l  Hcating. 
Refrigcrating and Air Conditioning Engnccrs 
(ASHRAE. 1989) lcvel aisociatcd n8ith satis- 
faction of comfon (odor) criteria, on 87% of the 
monitorcd Rights. Depending on assumed CO, cx. 
halation ratcs, mcarurcd Ic\~cls scrc  as much as twice 
thosc prcdisted by a cabin air quality model. Evcn if 
thc mcasured lcvcls wcrc to be lowcrcd by half, 
howcvcr. CO, cenantrations would still excccd 
1003plf -I ,  on 24% of the study flights. 

Avcragc CO, levels mcarurcd at smoking and 
middlc scats on all smoking flights (domestic plus 
international) wcrc examined in rclation to typc o l  
aircmfr. air rccircuIation, air cxchangc ratc and load 
laclors. The strongest association was wilh the load 
factor rrablc 8); CO, concentrations incrcarcd wilh 
highcr load laaors, and were panicularly high for load 
factors abovc 70%. CO, Icvcls wcrc also highcr on 
narrow-body aircraftlavcragc 1700 plf - ' ) than  widc- 
body aircraft (avcragc near 1200 pl( - '  ); as noted 
carlicr, thc nanow-body aircraft that wcrc monitorcd 
had highcr load faaors on the avcragc. Rclationrhipr 
of CO, lcvcls to  nominal air recirculation ?nd air 
cxchangc rates wcrc l a s  pronounad. 

L CONCLUSIOHS 

Lcvcls of ETS contaminants monitorcd during the 
study wcrc substantially highcr in smoking scctions of 
thc aircraft than in nonsmoking arc%, and thcsc lcvck 
wcrc stronely correlated with observed smoking ratcs. 
Thcrc was some cvidcncs o f E T S , m i p t i o n  to the no- 
smoking boundary region near the smoking ssaion, 
panicularly lor RSP conantrations in this region that 
u,crc rclatcd to smoking ralcs and distance from thc 
smoking wction Monitored CO, lcvcls wcre'~suffi- 
cicntly high and monitorcd humidity lcvcls wcrc.suffi- 
cicntly low to pose potential comfon problcms for 
aircraft eccupank Ozonc lcvcls on all monitorcd 
flights wcrc well uithin existing standards for airliner 
cnvironmcnts, and monitored lcvcls ofmicrohial acro- 
sols wcrc k l o w  thosc in rcsidcntial cnvironmcnts 

Tabk 7. Awraee concenlrationc oirelencdqollutmtr on smoking and 
nonsmoking Righlr 

Smoking Ri&s 

Smoking Middle Nonsmoking 
Panrnclrr row5 rows fliehls 

Avzngs C o t  &I(- ' )  1562 1568 1756 
Pcr a n t  CO, sarnplrs 
z l W O P l l ~ '  87.0 88.1 87.0 
Average ozone (Ir l ( - ' )  0.01 0.01 0.02 
Prr an# ozone rarnplcr 
20.1 ,,If - '  00 0.0 0 0  
Arcragc bacteria 

(CFUm-'1 162.7 131.2 1311 
Arcragc fungi 

lCFUm-'I 5 9 s o  4 0 




