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In recent years there h.8 been .n incraased interest in dateraining the 
concantrrtions of ETS in commercial aircraft parsengar cabins in order to 
qunntify the concentrations of pollut.nts associated with ETS which may be -- 
present, deternine the factors vhich contxol the concentrations of ETS 
present in nonsmoking rrctions of passenger cabins, and develop models for 
predicting personal exposure in conmercial aircraft. A National Academy of 
Sciences report (1) xecolmncndcd banning smoking on all comercia1 flights 
for the folloving reasons: minimization of irritation, reduction of baalth 
risks m d  fire hazards, and to bring levels of pollutants in cabin air in 
line with those in. other indoor environments. In April 1988, the U.S. 
Congress enacted a temporary law banning smoking on a11 flights of two haws 
or less. In February 1990, a new 1.v vent into effect which banned smoking 
on domestic U.S. airline flights. Similar legislation is in effect in 
Canada. Host flights in other countries do not pr~rently ban moking. 

Several studies hava determined the concentration of ETS components 
present in commercial aircraft cabins. Data have been reported on the 
concentrations of nicotine present in the cabin environment for a number of 
col~mercial aircraft flights (2-6). The exposure of airline flight 
attendants (4,7) and passengers (4) to environmental tobacco smoke has been 
estimated from measurements of nicotine and cotinine in urine. Oldaker et. 
a1 (2) have reported the determination of the concentrations of nicotine, 
RSP and W-PH on several long comtrcial flights using a portable air 
sampling system. A similar sampling system war used to deternine the 
concentrations of nicotine, CO m d  U P  at four locations in the passenger 
cabin of flights on MD-80 aircraft (5). The latter two studies are the 
only studies reported to date which have rttenptcd to correlate the 
concentrations of nicotine in the passenger cabin ,of commercial aircraft 

: with the concentrations of other constituents of environmental tobacco 
: smoke. Host of the studies have w e d  nicotine as the tracer to quantify 
! exposure. However, exposure calculations based only on nicotine will 

underestimate total exposure to ETS since nicotine is removed from indoor . 
environments at rates faster than other species associated with ETS ( 8 , 9 ) .  

!- We have conducted a study (10) to measure (I variety of compounds 
associated with ETS as well as several non-unique species (such as RSP and 
CO) in both saoking and nonsmoking sections of aircraft cabins. The 
spectrun of species and aircraft sampled provided a data base for the 
development of nodelrr for tha prediction of ETS concentrations in aircraft 
cabins under variety of conditions. As part of that study, the concen- 

. trations of cotinina in the urine of passengers with known exposure to 
nicoJine from environmental tobacco rmoke before, during and after 
cornmercirl flights was determined. This paper presents the results obtained 
from a series of DC-10 flights. 

. - Data on the aircraft were collected by four volunteers using Briefcase ' 
. 3 

Automated Sampling Systems (BASS) (11). Each BASS contained various 
components designed to sample for specific compounds associated with ETS and [ i 
other etnospheric pollutants end variables. Compounds nsasured during a ; $ 
flight included ys; and particulate phase nicotine, 3-cthenylpyridine, fine k 

L 

(>2.5pm) particulate matter; W-PM (2), NO, m d  CO. The concentrations of , 3 

! r gar and particulate phase nicotine were hternined using two mini-annular : 
denuder sections coated' with benzenesulfonic acid (BSA) for collection of 
gas phase nicotine and 3-cthenylpyridina followed by a 1 micron Teflon , 

!' . .  . 



f i l t e r  (Zafiuor, C e k  Sciences) for  wllaction' and determination of 
nicotine (12). Pollowing the Toflon f i l t e r  was 8 BSA raturated f i l t e r  for 

A measured fraction of each urine void war collected by erch of the 
four volunteers for  the 24 hour period prior to and 411 hour period follouing 
each flight. Aliquots of the various samples were combined to give three 

. . i eomporite 24 hour samples. After collection the individual urine srnpler 
, . . were frozen md kept frozen a t  -80'C unt i l  combined to  thr 24 hour scmples . 

methanol, with half of the extract analyzed for W absorbance wing a 
spectrophotoaeter to  determine W-PH (Is), and the other half war m l y z s d  
for nicotine by ion chromatography (16). The concantratione of nicotine 

as previously described (14), 
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Four different volunteer non-smokers participated in  four DC-10 
f l ightr .  Each subject carried 8 M S  and was seated i n  the rear parranger 

before and after  each flight. 
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the nicotine v u  i n  the gu phur.  

The concentrations of nicotine and other selected environmental tobacco 
: smoke conrtituents as a function of seat  location i n  a f l ight  w i t h  a high 

and moderate concentration of euvironnental tobacco smoke are ~ i v e n  i n  
Figure 1. Complete &ta for the four flights are a v a i l ~ b l e  (10,17). . The 
ra ts  of penetration of enviromental tobacco rnoke constituents from the 
smoking section into the nonsmoking section follovs a f i r s t  o r l r  nechanism 
(10). The rate of penetration was the sane for  the vuioua DC-10 aircraft  
flovn in  this  study. The expected rate of decrease i n  the concentration of 
various constituents with distance into the nonsmoking section can be 
altered by selective removal of compounds by cabin surfacer (e.g. nicotine, 
Fiyre 1) or by the presence of non-ETS sources of some species i n  the 
nonsmoking section, s.g. CO, RSP or N% (10). 

In some cases exposure of the four volunteers to  envirodental tobacco 
smoke in  the airport terminal vas significant, Table I. In a l l  cases, 
exposure to environmental tobacco smoke other than i n  the aircraft  cabin or 
i n  the airport terminals was insignificant. The airport terminal exposure 
concentrations are very low for the after  f l ight  data for Flights 1 and 3 
and the before f l ight  data for Flights 2 and 4 because of minimal smoking 
and the open a i r  nature of the airport terminal. Because of the significant 
concentration present in  the airport terminal and the longer waiting period 
before Flight 1, Subjects C and D on th is  f l ight  wer9 exposed t o  more 
nicotine i n  the airport terminal than during the f l ight  even though they 
tr ied to  avoid cigarette smoke in  the terminal, Table ,I. 

A to ta l  dose exposure to  nicotine, Table X I ,  war calculated for each of 
the subjects on each of the flights from the measured concentratiom of 
nicotine i n  the airport terminals and during the f l ights ,  and the tine of 
exposure a t  each location. An average t ida l  volume of 8.5 w i n  (17) vas 
used in  these cal~ulat ions.  The to ta l  cotinine excreted i n  the 24 hour 
period before each f l ight  and i n  the f i r s t  two 24 hour periods af ter  each 
f l ight  are given i n  Table 11. The calculated dose is compared to  the 48 hr 
excreted cotinine in  Figure 2. 

The amount of cotinine excreted during the f i r s t  (Xi) and second (X2) 
24-hr periods after each f l ight  can be used to  calculate the fraction of the 
to ta l  to  be excreted present i n  the f i r s t  24-hr sample. This number was 
constant for  a11 volunteers where X2 was measurable, 0.84kO.07, .except 
subject A i n  Flight 1. The cotinine elimination half time of 9f2 hr  agrees 
with the results of controlled exposure studies (14). Linear regression 
analysir of the data given in  Figuri 2 gives r-0.78 with e calculated slope 
of 0.13M.03 -1 cotinine/mol nicotine. The slope is consistent with the 
expected. conversion of .bout 101 of the inhaled nicotine to excreted 
cotinine (14). The large uncertainty i n  the slope apparently results fron 
individual variations in  nicotine metabolism, Table 11. These variations: 
result in an uncertainty of a factor of 2 i n  the use of urinary cotinine to  

' 

predict exposwe to ntcotine. However, the more rapid renoval of nicotine 
as compared to other constitutents of environmental tobacco smoke i n  the 
cabin ewironment, Figure 1, results in larger errordl i n  the u s  of cotinine 
to  estimate exposure to  these constituents. Such estimates are .lev by a 
factor of from, 2-6 (10,17) for khe data reported here. 

I This research was supported by a grant fron the Center for Indoor A i r  
Research. Appreciation is expressed to  Anton Jensen, Laura Levis and John 
D. h b  for technical assistance and to S. Katherine Hamond for p r o v w g  

f passive sauplers for the study. 
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I Table I. Concentrations of ~otal Nicotine from Environmental Tobacco Smoke 
to Which the Volunteers vere Exposed Before, During a d  Mter Four DC-10 
ni&t~. ROWS 

Before Total Nicotine, -l/m3 (Exposure Time, hr) 1 .  Smkihg In Airport In Airport 
P l i p h r - w - - a v -  

1 A 35D 0 58(4.50). 319(4.87) >1(1.20)a 
B 34G 0 - 208 
C 323 1 15.4 

: D 17D 16 0.1 
2 A 34C- 0 >1(1.0)& $4 (4.30)~ >1 (1.0). 

B 33C 1 78 
C 3% 1 39 
D 24C 10 0.1 

3 A 32F 0 39 (1.87)a 475 (4.831~ >1 (0.5). 
B 31F 1 ' 304 
C 30D 2 127 
D 26F 6 20.4 . 

4 A 35D 0 >1(1.3). 71 (4.5~)~ 13 (0.60)' 
B 33D 2 36 

29C 6 12.2 
D 24F 11 1.2 

aBoth concentration and time vere the same for all four volunteers. 
b~ime was the same for a11 four volunteers. 

Table 11. Nicotine ~x~osure and Cotinine in Urine for Each of the 
Volunteers Involved in the DC-10 Flights. 

r of Total Urinhry Cotinine. m o L  
Inhaled Exposure 24 Hr 0-24 Hr 24-48 Hr r of 

1 Nicotine Durinn Before Mter After Inhaled 

"Preflight exposure to nicotine resulted from work in the analytical lab and 
not from ETS. Subsequent data have been corrected for this exposure 
assuming a cons'tant ali&nation half life. 
b~otinine could not: be determined due to nitrogen containing interfering ' 

comDounds . 
1 CT~; letter in () is the identification for this volunteer in the nn~vious 

flight. 1 








