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Aviation Medicine 

Cabin air quality 
and health risks: 
A review and synthesis of the available data 

Larry C. Holcomb 
and W. Allan Crawforde 

D ata on airline air quality is reviewed with particular reference to possible health nsk. Cab~n atr 
quality e determ~ned by a var~ety of physical and chemlcal factors. Most cnemlcal factors 

~nvest~gated easily m e e t  existing or proposed standards: however, carbon d~oxide levels 
indicate that cabln air can be stuffy and air quality could be improved by ~ncreased vent~lat~on. The 
levels of environmental tobacco smoke components which have been monitored indicate tha t  ETS IS 

unlikely t o  pose a stgnificant health nsk to passengers or flight attendants. 

The advent of largo scale commerc~al I to beacceptably bwUI.The lssuoot radlallon 2. What are tho env~ronrnentalcomponenls 
airliner operattons at high altltudo has , hasonce agaln been further evalwled by i of note In qualttativo and quant~tatlvc 
emphastzedmeneedsoi8v~at~onmad~c1ne , Geomet4", comm~ss~oned by the u.S. i terms? 
toexamvleocaupat~onalandenvuonmental I ~epartment 01 Transpoflatlon (Doll with ! 3. What 1s the retained dose? 
health factors for flight attendants and lndlcations that the hazards are much , 4.Howcancontrolbeexertedandlwlllsuch 
passengers Thls IS not a recent conccpt , greaterthanorlgmallyest~at~w~thrCg~d , controls be enectlve In reducing 
andwesaddressedmorethanlour decades I to cancer In crews and frequent travellers, commonly occurrcng complaint of  

In Ihe clessic uctiOn by me mostrQcent changeshave been related I passcngcrs and fl~ghl attendants7 
McFarlandl'l The health of passengers to the anlludes of people lo tho vlslble . 
and crews, lhe eflects of low hurnldlty. 
ventllatlon rates. temperature, pressurtz. presenco and odor of environmental 1 Heal th o r  p h y s ~ o l o g l ~ a l  c l fects 

atlon, ar quality, odors, well-beng and 
tobacco smoke (ETS). S~gregatlon Into that may take place 
smoking and nonsmoktng zones has been , 

illnesses and the presence and cornplalnts In most and some 
Of tobacco 

I countrlestotalbanson smoklnghavebeen I 4 Aculr E ~ ~ o c ~ s  
Some Items have changed slnce the tlme I applted to dornestlc flights (Canada end There Is a pauclly of data on acute eflects 
of McFarland's work. Alrllners are btgger, I Australla) and fl~@tS d 6 hours or less I of au quality on alrllnes wl,h perhaps the 
faster, fly higher. Carry more Passengers I I (USA), These changes In anltude have I exception of lrratatlve enacts 10 the eyes 01 
and are more numerous. They are sater. , been induced by theevolutlon otacon-rn I ,hose exposed to relallvely high 
ma0 SOphlSllCaled and comforlable, that retention 0f COmPQnmts may , concenlrallons of ETS. Weber and 
Wllh the arrival of let aircraft and flylng 81 * a small nSkt0 health. That Concern I G,andlean141 reviewed the research and 
hlgher alt~tudes lhe ozone problem was , has been nurtured in antl-SmOklng and came to tho f~llowlng abe~ l  
encountered and partly controlleda1. The smoking cessation programs wllh little I sludles chambers, not alrcran ha - 
lonlzlng radlatlon hazard was also scientll~c nput. 
recognized and risws evaluated and found 
-- ~ h t s  paper briefly examlnes the relevant 

data. The key quesnons.as lnallaerospacc 
Wol~rnb Envuonmental Sewes. 17375 GarfleM and environmental are, 
Rd.. Ol~et. MI 49076. USA and W Allan Crawlord. 
29 8anl~ Boulevarae, Saalorch. Sydney, N S.W I .  what health or physlologicaleflects may 
2092. Ausudla. I take place? 

(a) acroleln and formaldehyde are 
responsible to only a mlnor exlcnl for lhC 
lrrttatlon due to sldestream smokc. 

(b) the gas phase 1s responsible to a large 
extentfor theannoyance due to sdeSVeam 
smoke: b 3 



(c) me panlculate phase 1s responstblb lo alr of commerclal alrflners 11 1s of pan~cular relal~ansh~p.Thatcarunogen~csubslances 
a very large extent lor Ihe lrrllattng effects ~mponancetoolace~l n conlexl wllh regard are present In the smoke of parl~ally 
of sldeslream smoke, since eye bllnk rate to possible enecl on lnCldenC8 01 lung pyrol~eed tobacco leaf 1s not In conlent~on 
and bublecl~veeyelrrllat~on aremuchlbwer cancer. lust as the~r ~ r e s ~ n c e  IS no1 ~n contenllon I I ~  
wllhthegasphasealonethanwllhthe lola1 

11 IS noleworthy that ooll and Peton" and Ihe partla1 pyrolvsls 01 WO0d. petrol. dlesel 
Sidestream Smoke 

Ga t f~nke l~~~  have no1 dlscerned a trend lor and broiling and bralslng of meat and 
However. USlng CO as a surrogate they the Increase In lung cancer In nonsmokers V0getableS. Urban elf ~0l lul10~ COntalnS 
p0slulRled a Tenlallve Threshold Llmll over decades which would have been CarClnOgenS bUl apDOaIS not I0 be subject 
Value for ETS 01 t 7 2.3 mg CO m Actual expected had exposure lo flS Presented to the s ~ r ~ t l n y  alloaated 10 tobacco smoke 
meaSUremen1S 0fCO by Malmforw el al.198 a real risk, wlth the ~ ~ c ; r e a s e ~  the number Oblectlve SGlOnCe On ETS has Been 
and Geomei"' have oeen In the range of 01 smokers In the 1910.70 period and Subjugaled 10 lnadequale epldemlologlc 
0.8.1.11p~m,the hlgherlevelsbe~ngfound therefore an Increase In the numbers of ' methods. 11 IS on the ev~dence So far 
In the smoklng sectlon of alrhners. people exposed lo n S .  11 lhere was an avallable On nonsmoking spouses of 

+ Chronlc Effects: Respiratory 1mpacl11 should have been observed. It 1s and a lew environmental studies 

and Card/ovarcular Effrcls of ETS I of note that [he hlstoJoglcal studies 01 1 In aacrafl In which the lbvels 01 alr ~ol lul~on 
Auerbach et al.llJYfoundv~rlualljr no atypical by ETS are less than In other 

The hYpOtheSeS that Ihe breathlng of ETS cells In the bronchial mucosae 01 pOpulaledareas,thatdectstonstocurta~l~r 
may have adverb8 eflect on lung funfllon nonsmokers. ban smoktng are belng taken 
and Induce chronlc obstructive pulmonary 

The lnhalallon o f  ETS per se has been Layard1ID1 recently revlewed alll 23 ol the 
disease have not Deen vlndlcaled by the 

,' elellvely few sludles lhat have been assoc~ated only rn ep~dem~olog~c studies of epldem'dbgl*lstudles lncludtng 'Ive 

underlaken. These havebeen reviewed by lung cancer In the reporledly nonsmok~ng pwbllsh8d In 1908. Twenty were 

spouses exposed for decades lo lhe case-control studlesand three were cohorl 
the Nat~onal Academy Sc~ence/Nal~onal 
Research Council; MASJNACI~I and smoking of their pmners and 1s a most studies. He concluded that the weak and 

and conlroverslal ~ncons~stent assoclallons aa lndlcale that 
U.S.Surgeon General: USSGfn. The malor 
problems are Ihe 1nevltaBle confounding , Crawford"" all Ihe slud'es 

these data do not supporl a ludgemenl 01 a 
causal relallonshlp belween exposure lo 

by Indoor and ouldoor alr ~OIIUIIO~. cwent and found lha' flaws. 

or prev~ous lung ~nlect~ons and occupabonal Generally no account has beenlaken of ETS and lung cancer* a 

exposures 10 fumes and pafllcles. The cO"fOundlng Some of Ihe sludles aboullung cancer from exposure to ETS In 

lungs are exposed from the fIrsl breath of had 100 few suDlecls f w  slallsllcal valldlly. alrlners IS no1 IUStllled by epldemlologlcal I 

life lo numerous potentially hosllle a'gents, M~sclass~l~cal~on 1s probable and a mere In 

particularly In an urban Ilfestyle. The aa 5Dh Of such negate Ihe frndlngs 
pollulanls In alrllners lhal have been most sludles. In general. as from Air quallty studles 
measured and re~or~ed by the NASINRC~~, the London School 01 Prrbllc Heallh and o n  commerclal alrcratt 
G e ~ m e l ~ ~ ~ .  Oldaker and Conrad~~l ,  Tropical Medrclne has stated, a Relat~ve 

Malmlorsl" and olhers are well wllhln Rsk (RR) 01 less lhan 2.0 1s dtffrcult to 

various standards for thegeneral ouulc ~nlerpret. Thus. a RR 01 1.3 from a meta- Several studies have been carried 01.11 

and lor OCCUDallonS. Detailed flndlngS will , a"alysrsolallstud~esrevrewed~nlheN#SI alrllners In which a few fllght5 were 

be desulbed In a subsequent seCtlon, O,,Iv NRO* and a mere I .  13 from all U.S.sludles m~Mllored and a llm~teclnumoer of Ghemlcal 

mlnor p~ysldoglcal changes or nochanges 8 1s even more difl~cull to Interpret. As andlor phys~cal parameters were 
have b0Bn f8pOrt8d. Hemoergl"' polnts oul. Ihe stronger the measured. In addlt~on, two larger studles 

assoclatlon (meanng lhal the RR a h~gh) were camed out In whlch many f11gtits were 
he On lhe Of const'luenl the greater Ihe probab~l~ty of a causal ' monitored and several parameters were 

aDsOrpflm On Ihe Gardlwascular system relatlonsh~g. Hernberg")' explains that "An measured; Malmors et aLol and Geomellll 
are limited lhat Ihe N*S/NRC"' except,on 1s asma//"erres (say smaller The smaller studies will be dlS~uSsed flrsl. 

lhem lo be lnsufilclenr allow than 30.40) because fhe RR's are subjecl followed by Ihelarger, mostrecenl stuales. 
an esllmate of risk. , lo substantla/ random vanafron: The 
For persons who already have major~ty of these studles had less lhan 40 1. Studlea Involving lewer tllghts 

compromised resplralory and cardlo. , cases. 
I 6 Sfudlos onnJcotlnrlnrlrand nlcotine 

vasoular systems the lowered Qart~aI , 
Theresulls of ep~dernldoglcal studies have and cot'n1no concmtratlOns In 'On-  

V m U e  of oxygen at Cabin aItltUd8S of 6. , been so disparate and showlnp makers expos.d lo ETS on aIrl1ners. 
8000 feel 1s much more 01 a hazardm# lhan 
lhe low levelk of CO or nlcolne lhal have m slgnlllcance so contentlous lhal the NRC'" : Nlaotlne and cotlnlne (a melabollc product 

been measured In alruatt. and ~a lh l '~ '  resorled to meta.analys~s as * of ntcorlne) are products of tobacco smoke 
has Uetzel el 31."" wllh again confllctlng and have been Ihe subject of research In 

+ Lung Cancer results. In 1Q87 the lnlernatlonal Agency anemptlng to determine !he effects of 
Crawlbrdflmhasnoled tnallhfjmost emollve for Rese~chln Cancer (IARC) setlnmob~n envlronmenlal looacco smoke on 
conaern n men ana women 1s the threat 01 a malor lnlernatlonal lnqulV, the results of nonsmokers. 
developing a cancer - a canaer ofany knd, which have 1-101 been produced as of Follan et al. (19) sludned fl~ghl attendants 
Lung cancer IS the most common form 01 Deaember. lgW. On a lransoceanlc fl~ght. Blood nlcobne 
cancer In males and In temalbs 1s second There have been many revlews on the lnueased from a mean of I .6 ng ml ' In f~ve 
to cancer of the breasl. k ETS IS Ine onli, sublect. only one of whlchm reaches a of SIX wornenlo3.2ng ml l.Ahercompartng 

W 
)u 

matertal lhal can De oDserved In the cabin def~n~tne statement 01 a reel cause-effect . these vdues to the 15-45 ng ml In typical 



smokers. Ine authors concluded that 
phys~oloq~c eilecls were unlikely. 

In 1988. a1 the reauesl of the U.S. Surgeon 
General. lhe Smontng. Tobacco andCancerl 
program of lhe NBt~onal Cancer lhstllute 
conduated a study of ETS concentrations 
on four Aa Canada fllghts IMaltson elal.)Im1 
Theaulhors of lhe study reponed a med~an 
n~cotlne concenlral~on ol 2 ug m J  In 
nonsmoklng sections anda med~an nlcollne 
aoncenlral~on of 12 ug m J  In smoklng 
secl~ons. These flgures agree well wllh the 
means reooned by Oldbker and Conradm8 
(5.5 ug m In nonsmoklng sectlons and 9.2 
ug m J  In smoklng secllons). OldaUer el 
al.'211 (2.3 ug m" tn nonsmoklng and 10.6 ug 
rn smoklng seclronsl and Muramalsu el 
al I2l8 (5.3 ug mJ  In nonsmoK~ng seclrons 
and 13.5 ug rn 'ln smok~ng secl~ons).Orake 

~d J~hnson'~" reported nearly ldenl~cal 
tlqures lor dala Irom the same study as 
Oluaker el al.''" Mallson el al.lN' also 
reported that Passengers lbcated In 
nonsmoktng ' boundary seals are exposed 
to levels of ETS nlcot~ne lhal are, on 
occasion, as hlgh as those found In Ihe 
smoKlng secllons and comparable to the 
f~nd~ngs  reported by Oldaker and 
colleagues. The authors stale lhat no 
measuremenls were laken In Ine m~ddle of 
the nonsmoklng secllons beoause 
nonsmoklng passengers Seated lhere were 
unl~kely 10 be exposed lo ETS. 

Matlson el al.lm8 alSO demonstrated lhal 
nlcollne exposure on board alrllne flrghls 
can De dblecled as urlnary cotlnlne In the 
most h~gtlly exposed nonsmoklng 
Dassengers and Hlght attendants. Thns 
confirms the previously published artlcle 
by Fol~arl et al.Ils1 on blood nlcotlne. Tlhere 
;. however, a lundhental problem In lhal , 

,ne metabol~sm of nlcotlne and resultlng 
collnlne levels vary w~dely belween people 
and even some smokers ~ou ld  (By cotlnlne 
assays) be deslgnaled as 

+ Ozone 

FAAmon~loredfl~ghls showed 1 1 % ofil~ghls 
I rom 1978-1 979 vlolaled the ozone 
standard of 0.25 ppm above 32,000 it or 
0.1 ppm durtng any three-hour fl~ghtr"! 
Catalyllc Convertors. 11 lnslalled and 
marnlarned. can reduce ozone 
concenlrat~ons. 

Ozone~n sutf~c~enlconcentral~ons IS known 
to create physical d~scomto~. The NRCm 
has reported lhal w ~ l h  a 0.3 ppm 
concentrallon. eye alscornfont. headache 
and nose and throat lrnlatlon occur. The 
NRC reDoned aslhmatrcsymDtoms a10.15 
ppm. Lategola e l  al.12sb reported eye 

d~saomlon as the most frequent ozone 
symptom In thelr sludy s~mul&tlng ll~ght 
condlllons. Indescendlngorder, headache, 
nasal lrr~lat~on and lhroatln~talion were the 
next most reponed symploms. Temporary 
decreased pulmonary functron may also 
occur. 

+ Other Chrmlenl, 
Physlcal md Blologlcal Factors 
Earher revlews by H ~ l c o m b ~ ~ ~ l  and 
C raw f~ rd~ '~  demonstrated that a varlety of 
chemlcaland physical alactw may Influence 
cabln an qualily. Among these are carbon 
monoxide, parllculate matter. carbon 
dioxlde, relatrve Ilum~dlty, alrborne 
b~ologrcal malerlals and other chemicals. 

Potent~al irritants noted in cabln alr Include 
vapors from reluell~ng. outslde and interror 
exhaust vapors and galley or tollel odors. 
NRCIal suggested that a vwlely of ground 
fumes sometimes Invade commerc~al 
arcraft cabins. These Include CO, NO2 
aldehydes (~ncludlng formaldehyde). 
oanlculates and polynuclear aromatics. 

bwrnlng englnes at the alroort prlor lo 
takeofl. Although traces of PAH are 
assumed lo be present In ETS, no 
measuremenls have been made of the 
concenlratlons resulting from ETS on 
commerc~al arcraft. 

Basedonthequanlltlesof ETS parl~culales 
detected Inexposure studles In asuall. the 
quanlllles of PAH n alrcraft from EIIS musl 
be extremely low and would be an 
~ns~gnlflcant auant~ly compared to the lolal 
exposure from all other sources. 

WhJe ~t nas beenconlectured that baclerla. 
fungl andvuusescwld ~ l l u l e  closed cabln 
emronmenalfi, no systematic Investlga. 
tlons have yet been reported on that toplc. 
However. OM) conllrmed 1ns1anGe of a 
commun~cable disease . lnfluenra 
spreading wllhln an atrplane havlng an 
inoperable ventllatlon system I nas been 
descnbedt2l. 

2. Studies lnvolvlng many tllghts 
and several parameters 

Respirable panlculates (ASP'S) have been 
reported In fl~ghts 01 0-747's Oldakw et el. 
and Drake and Johnson (21.22) w~th all 
three a~rcondll~onlng packsoperaling. They 
reported means of 13.5 and 15.0 ug m4 of 
RSP's In the nonsmoklng Sectlon and37.5 
to 39.0 In the smoklng secllon. These 
tnvestlgators alsoreportedonlhe Ultrav~del 
Part~aulate Matter (UVPM), an upper 
estlrnale of lhe contrrbut~on of ASP'S from 
ETS. The meanswere 6.7 and 7.0ug main 
the nonsmoklng sectlonand 23.9 1026.0 In 
the smoking sectlon. 

+ SASAlrllns Alr Ouollty Study 

SAScooperated in a 1988 study to measure 
temperature, relal~ve humldily, nlcotlne. 
respirable pamculates, carbon d~ox~de and 
carbon monoxide. The results of that study 
reported on by Malmtars el al.131 shows air 
qual~ly In DC-9 and MD-80 alrarafl In 48 
flights. 

Overall data are presenled below lor BNS 
(Busness Nonsmok~ng). BS (Business 
Smokng), f NS flourlst Nonsmok~ng) and 
f S (Tourlst Smoking). 

Polycyd~c aromatic hydrocarbons (PAH) ' This dala demonstrates that overall, the 
are present el trace level$ In the ambient ' lernperatures were a llltle h~gh and lhat 
ar, lhe water we drlnk, and ln the food we I relatlve humdlty was law (5.28). BoVI of 
eat"", Also. 8s polnted oul In Ihe NRC I these factors are known to Impact on 
reporll", bolh passengers and crew comfort. At carbon dioxide concenlratlons 
members may be exposed lo Small hlgher lhan 1000 Qpm. peoole begln l o  
quantltlesof PAH alongw~lhothermaler~als Qercelve the alr as stuffy These 
such as CO and oxrdesof nleogenfromtne concenwatlons would suggest a need lor 

fumes of let englnes and olher l0SSll luel , mae venllatlon w~lh fresh air 

Table 1 

Alr quallty sludles on 48 SAS fllghls: welghted mean values4211 

PUVMU ENS BS TNS TS 
N~wune up m ' 5 41 21 32 
RSP up m' 50 250 160 220 

CO wm 0 6 1 1  0 8 1 1 1  

CO, Wm 1310 1310 1270 1430 

Rel Mwnld~ty 40 25 25 25 25 

Terruwaue 'C 23.9 23.8 -- 23.6 - 23 4 
b 



Cafbon rnonox~de concentratlons are well 
below any stanoaros sot ana are below the 
concentratlons one would expect to cause 
any changes In funalonal periorrnancc 
Oltferences botween arruak types were 
apparent; respirable pamcul8tes, carbon 
monoxrdc and carbon dloxrdc 
aomonstratrng a trend upward, trom OC-9- 
21 to DC-941 to MD.80 alrllners 
Calculat~ons ottresn as vent~lat~onava~lable 
(gssumrg that rnax~murn fresh an was 
belng provldcd) showoddcdlnlngamounts. 
respectively. of 22 4 cfmlborson and 15.4 
dmlperson lor theso alrcrah. Reduced 
volumes ot fresh alr In these alrcrafl 
(especially In tho MD-80 because of 23. 
30% a ~ r  roc~rculat~on) may account torthese 
d~lterences 

NICO~I~O conacntratlons and rcsplrable 
parl~culato concentratlons are w~lh ln 
concontratronsreponcd ln provlous studles 

+ AlrNnr Alt Ouallfy Study By G80met 

A study by Geomet"l adds to thodata onaa 
qual~ty In arrlmers. The results are 
summarlzed In Tablo 2. Low CO, nlcotlnc 
and humrdlty levels were reported. The 
hlgh levels of CO2 reported lndlcated that 
madequate vent~latron oacurred m most of 
the92 flights. Thereponod rlskaoncluslons 
are not supponcd by thc Oata. However. 
the daladoes domonstralethat segregation 
of smoWers and nonsmokers IS reasonably 
etloctive to protect passengers trom ETS 
exposure. It does not sclenldlcally support a 
bannlng ol smok~ng for the protecllon ot the 
health of cabln staH (A f~rst errata sheet of 
Importance has been lssued a early 1990). 
Geomet lnvestlgators attempted to use . 
tracer gas techn~ques but ran Into technical 
problems. WB calculale based on C02 
data that. overall, fresh alr was being 

provlded at less than 50% of the 
rec0mme~dU.S. Ashraemstandards for 
offtce bulldlngs, I.e., less man 10 c lm 
person. 

Occupational and environmental 
atr quality slandards 

-. 

An qual~ty standarcls are set n an ancmpt 
by natlonal agencies to protect tho health 
and weltaro of working and general 
populatms. It IS lnterestlng tncntocomparc 
the values for standards sot by these 
agencles to the values reported ln alrllnt? 
alr qual~ty stud~es (See Tablo 3) Tnesc 
occupatlonal values rcprcsont concon. 
tratlons that aro consrdered not harmful to 
Dorsons CXDOSOdfOr 8 hours/dav. 40 hours! 
week. 52 weeks per year over' a working 
Ilfetlme. Most frequent filers and a~rtlnc 
attendants would be exposod to no morc 
than 50% of these exposuro t~mos. At 
prosent there are no alrllno standaras 

Passongors and alrlino atlndants arc 
exposed to only a traalon of rho amount of 
materials tor whlah standards arc clthcr 
set or aro proposed Howevcr. 11 IS also 
lmponant lo nolo that relatrvo humldlty IS 

very low, partlal pressure of oxygen IS 

lowcr than at ground love1 and ozono may 
bc present Therotore. lhcrc may bc a 
comb~natlon of lactors that cause 
lndlvldual~ to experlence eye lrrltatlon or 
upper respiratory tract problems. People 
alreaay sutfertng from vnrlows lllhcsses 
lncludlng chronlc cardlovascular dlsease. 
pulmonary condlllons such as cystlo 
f~brasls. chronic emphysema, cyanotlc 
congenital hean dlsease, chronlc asthma 
and aoronary ~nsuf f~c~cncy  may bc 
adversely compromised by fllghttravel oven 
In nonsmoulng tllghts 

Table 2 
Alr quallty on 92 fllghtr psdormed by GeomsPi 

69 A m  23W8mdunP Aahu 

N~fbune wg mJ 13.4 0.04 
ASP pg m4 176 31 
CO ppm 1.4 0.7 
CO, PPm 1662 1568 
Rel. Humldq I 16.5' 
Terncmlature "C 24 3' 
Ozone vpnr 0.01 0.01 
Baoena dl1 m * 163 131 
Fungi d11 mm --- --- . 5.9 -- 5.0 - . 

R m u m s  vuur rPr a h r #  mIElah 

" T h r u  w r  Wnn rr r~ em ol ~ n r  llqnr yll my rXV w feDresomaiwu LTYYJ 





apprectale that the ar r lner ,  cab ln  
envtronmenl IS Clem m COrnparlSOn w ~ t h  
lhal accepted n cltles as the pracllcablb 
l~mlts to achtwtng 'clean arr" 
W~thspeclt~a regard l o  doeases. ETS must 
be  v ~ e w e d  as but one 01 many alr 
~onlam~nanlswhtchmay or may not IflduCC 
drsease. 

The very low levels of components of FTS 
monitored In alrllners do not appear l o  
pose a measurable nsk lo hlaaln of 
passengers or flight anendants rf indeed a 
risk exlsls a l  ell. Comlorl d passengers 

and attendants can be  maxtm~zcd by 
assurlng fresh a v  ventl lhlon meellng 
recogntzcd standards. 
A valrd screnufc study of the health and 111 
heallh s i a tusd t i i h t  anendants 1s requlred 
l o  assess the value of the judgment to 
appby reslnclne nmsmokmg regulations. 
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