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CABIN ATR QUALITY: COTININE AS A BIOMARKER OF
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The use of cotinine as. a biomarker for evaluating air quality with
respect to environmental tobacco smoke in commercial aircraft has been
studied by determining the variation in concentration of nicotine and other
environmental tobacco smoke pollutants in both smoking and nonsmoking cabin
sections. Four never-smoker volunteers were exposed during commercial
passenger flights and atmospheric samples were collected to determine
exposure of the personnel to nicotine for at least the 24 hour period before
and 48 hour period after the flight. Total urine samples were obtained from
the personnel collecting the atmospheric samples for the time period
extending from 24 hours before the flight to 48 hours after the flight.
Exposure in airport terminals can be as significant as exposure for persons
sitting a few rows in front of the smoking section during a flight. Urine
cotinine concentrations were correllated with exposure to nicotine but not
vith exposure to many other constituents of environmental tobacco snoke in 8

series of DC-10 flights.
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Introduction

In reéent years there has been an increased interest in determining the
concentrations of ETS in commercial aircraft passenger cabins in order to
quantify the concentrations of pollutants associated with ETS which may be
present, determine the factors which control the concentrations of ETS
present in nonsmoking ssctions of passenger cabins, and develop models for
predicting personal exposure in commercial aircraft. A National Academy of
Sciences report (1) recommended banning smoking on all commercial f£lights
for the following reasons: minimization of irritation, reductfon of health
risks and fire hazards, and to bring levels of pollutants in cabin air in
line with those in-other indoor environments. 1In April 1988, the U.S.
Congress enacted a temporary law banning smoking on all flights of two hours
or less. In February 1990, a new law went into effect which banned smoking
on domestic U.S. airline flights. Similar legislation 1is in effect in
Canada, Most flights in other countries do not presently ban smoking.

Several studies have deternined the concentration of ETS components
present in commercial aircraft cabins. Data have been reported on the
concentrations of nicotine present in the cabin enviromment for a number of
cormercial 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.
al (2) have reported the determination of the concentrations of nicotine,
RSP and UV-PM on several long commercial flights using a portable air
sampling system. A sinilar sampling system was used to determine the
concentrations of nicotine, CO and RSP 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 attempted to correlate the
concentrations of nicotine in the passenger cabin -of commercial aircraft
with the concentrations of other constituents of environmental tobacco
smoke. Most of the studies have used 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 EIS (8,9).

We have conducted s study (10) to measure a variety of compounds
associated with ETS as well as several non-unique species (such as RSP and
C0) in both smoking and nonsmoking sections of aircraft cabins. The
spectrum of species and aircraft sampled provided a data base for the
development of models for the prediction of ETS concentrations in aircraft
cabins under a variety of conditions. As part of that study, the concen-
trations of cotinine in the urine of passengers with known exposure to
nicotine from environmental tobacco smoke before, during and after
commercial flights was determined. This paper presents the results obtained
from a series of DC-10 flights.

Methods , ’
Sampling Equipment sand Analysis Methods B

Data on the aircraft were collected by four volunteers using Briefcase
Automated Sampling Systems (BASS) (11). Each BASS contained various
components designed to sample for specific compounds associated with ETS and
other atmospheric pollutants and variables. Compounds measured during a
flight included gas and particulate phase nicotine, 3-ethenylpyridine, fine
(>2.5pm) particulate matter, UV-PM (2), ROy and CO. The concentrations of
gas and particulate phase nicotine were determined using two mini-annular
denuder gections coated with benzenesulfonic acid (BSA) for collection of
gas phase nicotine and 3-ethenylpyridine followed by a 1 micron Teflon
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filter (Zefluor, Gelman Sciences) for collection and determination of
nicotine (12). Following the Teflon filter was a BSA saturated filter for
the collsction of any nicotine lost from particles  during sampling’ (12),
Air was drawn through the denmuder system at a rate of 2 slpm. Details on
the collection device used to measure the other chemical species have been
given (10,11). The concentrations of nicotine to which the four volunteers
wers exposed in airports prior to and after esach flight were determined
using a filter pack vith a 1 micron Teflon filter (Zefluor, Gelman Sciences)
and a BSA saturated filter sampling at & slpm for the collection of
particulate and gas phase nicotine (12). The concentrations of nicotine
present in the environment other than in the airport terminals and during
the flight to which the volunteers were exposed was determined using a BSA
saturated filter in a passive monitor of the design described by Hammond et

sl (13).

A measured fraction of each urine void was collected by each of the
four volunteers for the 24 hour period prior to and 48 hour period following
each flight, Aliquots of the various samples were combined to give three
composite 24 hour sanmples. After collection the individual urine samples

vere frozen and kept frozen at -80°C until combined to the 24 hour samples -

and analyzed.

Annular denuder and filter pack samples were extracted with water and
analyzed by lon chromatography for nicotine and 3-ethenylpyridine (14) with
the exception of the Teflon filter. The Teflon filter was extracted with
methanol, with half of the extract analyzed for UV absorbance using a
spectrophotometer to determine UV-PM (15), and the other half was analyzed
for nicotine by ion chromatography (16). The concentrations of nicotins
collected by the passive sanplers was determined by gas chromatography using
an NPD detector (12). Cotinine in the collected urine samples was

deternined by gas chromatography using an KPD detector and internal standard
as previously degcribed (14).

Sampling Protocol

Four different volunteer non-smokers participated in four DC-10
flights. Each subject carried a BASS and was seated in the rear passenger
cabin which contained the economy class smoking section at the back of the
aircraft, The location in the passenger cabin of the volunteers during each
flight is given in Table I. Sampling was begun after takeoff when the no-
smoking sign was turned off. Sampling was concluded when the no-smoking
sign was turned on prior to landing. Flights 1 and 3 and flights 2 and 4
were the same origination and destination, however, a different DC-10
aircraft was flown for each flight. The four volunteers wore the personal
passive sampler for a 24 hour period prior to the flight when not in an
airport and were at the location of the filter pack sampling system vhen in
an airport. After the flight, the volunteers were again in the area of the
filter pack sampling system when in the airport and wore a passive sampler
for the 48 hour period after leaving the alirport. All volunteers stayed in
snoke free residences and avoided any locations where smoking was present
before and after each flight.

Results and Discunion'

The concentrations of nicotine and the time duration of exposure for
the four volunteers for the periods prior to, during, and after each of the
four DC-10 flights are given in Table I. The concentrations given are for
total nicotine deternined using the annular denuder or filter pack sampling
system, or of gaseous nicotine determined using the passive sampler. In all
cases where both gas and particulate phase nicotine were determined, <92k°f
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The concentrations of nicotine and other selected environmental tobacco
smoke constituents as a function of seat location in a flight with a high
and moderate concentration of environmental tobacco smoke are given in
Figure 1. Complete data for the four flights are available (10,17).. The
rate of penetration of environmental tobacco smoke constituents from the
snoking section into the nonsmoking section follows a first order mechanisn
(10). The rate of penetration was the same for the various DC-10 aircraft
flown in this study. The expected rate of decrease in the concentration of
various constituents with distance into the nonsmoking section can be
altered by selective removal of compounds by cabin surfaces (e.g. nicotine,
Figure 1) or by the presence of non-ETS sources of some species in the
nonsmoking section, e.g. CO, RSP or N0y (10). ‘

In some cases exposure of the four volunteers to environmental tobacco
saoke in the airport terminal was significant, Table I, 1In all cases,
exposure to environmental tobacco smoke other than in the aircraft cabin or
in the airport terminals was insignificant. The airport terninal exposure
concentrations are very low for the after flight data for Flights 1 and 3
and the before flight data for Flights 2 and 4 because of minimal smoking
and the open air 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 this flight were exposed to more
nicotine in the airport terminal than during the flight even though they
tried to avoid cigarette smoke in the terminal, Table I.

A total dose exposure to nicotine, Table II, was calculated for each of
the subjects on each of the flights from the measured concentrations of
nicotine in the airport terminals and during the flights, and the time of
exposure at each location. An average tidal volume of 8.5 L/min (17) was
used in these calculations. The total cotinine excreted in the 24 hour
period before each flight and in the first two 24 hour periods after each
flight sre given in Table II. The calculated dose is compared to the 48 hr
excreted cotinine in Figure 2. .

The amount of cotinine excreted during the first (Xj;) and second (X3)
24-hr periods after each flight can be used to calculate the fraction of the
total to be excreted present in the first 24-hr sample, This number was
constant for all volunteers where X3 was measurable, 0.8410.07, .except
subject A in Flight 1. The cotinine elimination half time of 912 hr agrees
with the results of controlled exposure studies (14). Linear regression
analysis of the data given in Figure 2 gives r=0.78 with a calculated slope
of 0.1310,03 mol cotinine/mol nicotine. The slope is consistent with the
expected conversion of about 10% of the inhaled nicotine to excreted
cotinine (14). The large uncertainty in the slope apparently results from
individual variations in nicotine metabolism, Table II. These variations
result in an uncertainty of a factor of 2 in the use of urinary cotinine to
predict exposure to nicotine. However, the more rapid removal of nicotine
as compared to other constitutents of environmental tobacco smoke in the
cabin environment, Figure 1, results in larger errors in the use of cotinine
to estimate exposure to these constituents. Such estimates are low by a
factor of from 2-6 (10,17) for the data reported here.
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Table I. Concentrations of Total Nicotine from Environmental Tobacce Smoke
to Which the Volunteers were Exposed Before, During and After Four DC-10
Flights. Rows
Before Total Nicotine, mol/l3 (Exposure Time, hr)
Smoking In Afirport In Afrport

ﬂixb.: &J&s& Seat Section Before Flight® Mnx_ﬂizg_: After Flight®
35D 0 58 (4.50)4 319 (4.87)P >1 (1.20)8
5 e 0 . 208 :
c 327 1 15.4 :
- D 17D 16 0.1
2 A uCc- 0 > (1.0)* 84 (4.30)° >1 (1.0)*
B 33¢ 1 78
c 33 1 39
D 24 10 0.1
3 A 32F 0 39 (1.87)% 475 (4.83)P 31 (0.5)%
B 31F 1 304
¢ 30D 2 127
D 26F 6 20.4
4 A 35D 0 >1 (1.3)2 71 (4. 55)b 13 (0.60)2
B 33D 2 36 .
.C 29¢ 6 12.2
D 2F 11 1.2

8Both concentration and time were the same for all four ;olunteers.
Time was the same for all four volunteers.

Table II.  Nicotine Exposure and Cotinine in Urine for Each of the
Volunteers Involved in the DC-10 Flights.

§ of a a i

Inhaled Exposure 24 Hr 0-24 Hr 24-48 Hr % of

Nicotine During Before After After Inhaled
Flight Subject mmol _ Flight Flight Flight _Flight Nicotine
1 A 925 86 . - <3 164 66 22.7
B 650 80 1522 1072 192 9,
c 171 22 Nab Nab NAP NA
. D . 133 0.2 <3 16 <3 11.9
2 A(C)S 184 100 Nab NAP Nab NA
B(B) 171 100 11 . NA NA
C(A) 86 100 : ‘
D(D) 0.2 100 -
3 A 1207 97 <3 88 23 9.2 5
B 786 95 <3 35 4 5.0 .
c 350 89 <3 20 3 6.6
D 87 57 <3 9 <3 9.9
4 A(C) 162 98 .
B(A) 88 95 L
c(® 32 87 4 <3 <3 -- )
D(D) 7 41 <3 3 <3 - <

8preflight exposure to nicotine resulted from work in the analytical lab and

not from ETS.  Subsequent data have been corrected for this exposure

assuming a constant elimination half life. .

Cotinine could not be detemined due to nitrogen containing interfering '

compounds,
CThe letter in () is the identification for this volunteer in the REevious

flight.
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