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Objective: This study was designed to determine which designated
smoking area on a submarine, forward or aft, minimizes nonsmokers’
exposure to environmental tobacco smoke. Methods: A survey was
administered and urine tested by an enzyme-linked immunoassay for
urinary cotinine before and during a 10 d underway. There were four
groups tested; submariners on boats with forward or aft designated
smoking areas, with each of these groups further divided into submari-
ners whose watch is primarily forward or aft. Results: There were no
significant differences in urine cotinine levels between submariners
whose watches are primarily in the forward section as compared with
those who work primarily aft. This was true for predeployment as
compared with deployment levels and whether the designated smoking
area was located forward or aft. Conclusion: Using cotinine as a marker,
passive smoke exposure appears to be minimum. The location of the
designated smoking area aboard U. S. Navy submarines does not appear
to have any effect on urinary cotinine levels.
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ASSIVE SMOKING, the inhalation of particulates

from cigarette smoke by nonsmokers, may result in
both acute and long-term health problems (2,3,6,9,14—
18). In an effort to provide a healthy working environ-
ment, in 1994 the Pentagon issued a ban on smoking
within all Department of Defense buildings and work-
places (5). During underway operations, submariners
are unable to go outside for smoking breaks, so subma-
rines have been excluded from following the smoking
ban (1,5). Therefore, nonsmoking members of the sub-
marine community may be exposed to the harmful
effects of second-hand smoke.

Cotinine, the major metabolite of nicotine, is found in
blood, urine, semen, and saliva (7,8,13,19). Cotinine is
considered a more sensitive marker of tobacco exposure
than the parent alkaloid since it has a longer plasma
half-life (15-30 h) and reaches higher concentrations in
saliva, plasma, and urine (7,8,13,19). In addition, since
cotinine is produced solely through the metabolism of
exogenous nicotine, it is considered a more accurate
marker for long-term exposure to tobacco smoke than
nicotine levels, which can be ingested in certain foods
and found as a contaminant (i.e., lab technicians who
smoke).

Davis et al. (4) estimated a range of potential values
for urinary cotinine concentrations (0.6—6.2 ng - ml™*)
based on average and maximal consumption of certain
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foods including potatoes, tomatoes, cauliflower, black
teas, and other plants in the family Solanaceae. These
values are an order of magnitude below the level found
in passive smokers (70 ng + ml~' or more in urine),
suggesting that urinary cotinine levels are not signifi-
cantly affected by ingestion of these foodstuffs. Urinary
cotinine concentrations are a well-established, conve-
nient method to quantify the intake of nicotine by both
active and passive smoke exposure (7).

In an effort to maintain a healthy environment on
board submarines and decrease the effects of passive
smoking, many submarine commanding officers have
designated specific smoking areas. No data are avail-
able to indicate which smoking areas produce the least
exposure of nonsmokers to environmental tobacco
smoke. This study is designed to compare passive to-
bacco smoke exposure among nonsmoking submari-
ners from two Los Angeles Class fast attack submarines
with different smoking areas. This information may
assist submarine commanding officers in determining
which smoking area minimizes the health risks to their
sailors. The data may also provide information on pas-
sive smoke exposure in other environments isolated
from fresh air ventilation.

METHODS
Subjects

The study group was composed of four groups of
nonsmokers and two groups of smokers: 1) nonsmok-
ing aft workers on a submarine with a forward smoking
area; 2) nonsmoking forward workers on a submarine
with a forward smoking area; 3) nonsmoking aft work-
ers on a submarine with an aft smoking area; 4) non-
smoking forward workers on a submarine with an aft
smoking area; 5) smokers on a submarine with a for-
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Fig. 1. General layout of a Los Angeles Class fast attack submarine.

ward smoking area; and 6) smokers on a submarine
with an aft smoking area. The characteristics of the
study subjects are as follows: 11.3% were officers, 88.7%
enlisted personnel, 7.8% African-Americans, 82% Cau-
casian, and 9.6% other; 32% of the total study subjects
were smokers.

Power analysis using « of 0.05 and 8 of 0.80 indicated
a sample size of 17 to detect a difference of 19 ng - ml ™"
in urinary cotinine levels (urine cotinine levels between
19 ng - ml™' and 70 ng - ml™' are consistent with
significant second-hand smoke exposure) (7,8,11,13,19).
Therefore, 18 male volunteer submariners from the U. S.
Navy were sought for each of the 4 nonsmoking sub-
groups in order to provide statistical power for the
study. Smoking submariners were included in the
study to compare the urinary cotinine levels of smokers
vs. nonsmokers. The final study population consisted of
115 submariners from two Los Angeles Class fast attack
submarines assigned to Submarine Squadron ONE in
Pearl Harbor, HI. The only exclusion criteria used was
that nonsmoking submariners could not use any form
of nicotine product during the study period.

For the submarine with a forward smoking area,
there were 18 nonsmoking aft workers, 19 nonsmoking
forward workers, and 20 smokers enrolled. The subma-
rine with the aft smoking area had 21 nonsmoking aft
workers, 20 nonsmoking forward workers, and 17
smokers who volunteered to participate in the study.

Procedures

There were two Los Angeles Class fast attack subma-
rines scheduled for routine deployments, each with a
crew complement of approximately 120 submariners,
that were used in the study. A minimum continuous
underway time of 10 d was required in order for steady-
state cotinine levels to be achieved (approximately 8-16
half-lives). A survey of each submarine’s crew was
administered prior to the underway to obtain demo-
graphic information, smoking history, and nicotine ex-
posure.

The first Los Angeles Class fast attack submarine
restricted smoking to the main lube oil bay, aft of the
reactor compartment (location A in Fig. 1). The second
Los Angeles Class fast attack submarine only allowed
smoking in the auxiliary machinery room on the star-
board side forward of the reactor compartment, below
crews mess (location F in Fig. 1). In neither submarine
did the commanding officer limit the number of smok-
ers in the smoking area at any time.

To estimate the total number of cigarettes smoked
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aboard the submarine during the underway period,
smokers were assigned a study number and asked to
anonymously log on a chart the number of cigarettes
they smoked. This was confirmed by requiring all
smokers to dispose of cigarette butts into a collection
container. The total number of cigarette butts was com-
pared with the total number logged to verify the accu-
racy of the information.

Urine samples were collected from subjects twice:
one sample predeployment and one sample underway.
Predeployment collections were obtained no more than
2 d prior to deployment. Deployment collections took
place aboard the submarine after 10 d underway and
prior to docking. Samples were stored at —20°C prior to
shipping for analysis at the Neurochemistry Laboratory
located at the Dartmouth-Hitchcock Medical Center,
Lebanon, NH. Cotinine analysis was performed by en-
zyme-linked immunoassay. Urine cotinine levels
greater than 70 ng - ml~' in nonsmokers (those who do
not smoke in any form, chew nicotine gum or tobacco)
are considered significant for classifying nonsmokers as
passive smokers (7,8,13,19). Levels between 19 ng - ml~!
and 70 ng - ml ™" are indicative of exposure to significant
amounts of passive smoke (7,8,13,19).

Statistical Analysis

For parametric data (cotinine data), analysis of vari-
ance and t-test for independent samples were used to
determine intergroup statistical significance; t-test for
dependent samples was used to determine intragroup
statistical significance. For nonparametric data (demo-
graphic data), Chi-square or, if appropriate, Fisher’s
exact test was utilized. Tests are two-tailed, and all p <
0.05 are considered significant. An Excel (Microsoft,
Redmond, WA) spreadsheet was used for statistical
analysis.

All procedures were approved and performed in ac-
cordance with the ethical standards set forth by the
Internal Review Board committee at the Naval Subma-
rine Medical Research Laboratory and at the Naval
Health Research Center. Informed written consent was
obtained from each subject prior to enrollment into the
study.

RESULTS

There were no statistically significant differences in
urine cotinine levels between nonsmoking submariners
assigned to submarines with a forward smoking area
vs. an aft smoking area. This was true for predeploy-
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TABLE I. EFFECT OF SMOKING AREA AND AREA OF WORK ON URINE COTININE LEVELS AT THE END OF A 10-DAY
DEPLOYMENT ON A FAST ATTACK SUBMARINE.

Group Pre-deployment Cotinine (SD) N Deployment Cotinine (SD) N

Forward smoking area

Aft non-smoking workers 3.1ng-ml"' (4.0) 18 45ng-ml ' (5.9) 18 p =015
Forward non-smoking workers 28ng-ml ' (6.6) 19 46ng-ml ' (42) 19 p =032
Smokers 3868.3 ng - ml ™' (1877.1) 20 3663.7 ng - ml ' (1913.4) 20 p = 046

(4627 cigarettes smoked)

Aft smoking area

Aft non-smoking workers 1.5ng - ml ' (1.3) 21 25ng - ml ' (4.6) 21 p =030
Forward non-smoking workers 0.9 ng - ml~' (0.10) 20 0.9 ng - ml™* (0.0) 20 p = 032
Smokers 2357.9 ng - ml ™! (1835.6) 17 1948.3 ng - ml~' (1283.8) 17 p =041

(2288 cigarettes smoked)

Mean and standard deviation with comparison by t-test for dependant samples/ANOVA with repeated measures.

ment as compared with deployment levels (Table I)
and whether the nonsmokers stood watch primarily
forward or aft (Table II). All nonsmoking subjects
maintained urine cotinine levels well below the values
indicative of significant passive smoke exposure (19 ng
-ml™ ) (7,8,13,19).

Smokers had urinary cotinine levels approximately a
thousand times greater than nonsmokers (Table I). Dur-
ing the 10-d underway periods, smokers on the subma-
rine with a forward smoking area smoked a total of
4,627 cigarettes and smokers on the submarine with an
aft smoking area smoked 2,288 cigarettes. The smokers’
urinary cotinine levels reflect these different exposures
and are consistent with exposure to significant amounts
of tobacco smoke (greater than 70 ng - ml™') (7,8,13,19).

Analysis of the survey data demonstrated significant
differences in several categories: a greater percentage of
smokers were enlisted personnel [97.3% (n = 36) vs.
2.7% (n = 1) for officers; p = 0.03 by Fishers exact test];
more nonsmokers would prefer a completely smoke-
free environment than smokers [68% (n = 53) vs. 0%
(n = 0) for smokers; p < 0.001 by Fishers exact test]; a
greater number of smokers live with other smokers
[37.8% (n = 14) vs. 19.2% (n = 15) for nonsmokers; p <
0.05 by Fishers exact test]; and more smokers chew
nicotine than nonsmokers [24.3% (n = 9) vs. 0% (n = 0)
for nonsmokers; p < 0.001 by Fishers exact test]. In
addition, smokers reported smoking fewer cigarettes
per day while at sea than in port [81.1% (n = 30) vs.
13.5% (n = 7)].

DISCUSSION

This study did not demonstrate any statistically sig-
nificant differences in urinary cotinine levels at the end
of a 10-d underway in nonsmoking submariners work-
ing in the forward or aft sections of a submarine,
whether the smoking area was located forward or aft of
the reactor compartment. These findings reflect a 10-d
routine deployment that included multiple ventilation
modes for a Los Angeles Class fast attack submarine.

Sailors assigned to these submarines breathe recircu-
lated air the majority of their underway time. For Los
Angeles Class submarines, the volume of recirculated
air is approximately 103,330 ft*, with 49.1% forward of
the reactor compartment and 50.9% aft of the reactor
compartment. All living, berthing, training, and dining
areas are located forward of the reactor compartment
where the majority of off-watch crew activity occurs
(Fig. 1). During submerged operations, the submarine’s
ventilation system is primarily kept in the recirculation
mode, completely isolated from the outside environ-
ment. Atmospheric particulates are removed by electro-
static precipitators as well as mesh filters and activated
charcoal filters (10).

During this study, each submarine performed all of
its normal activities, including operations at periscope
depth involving emergency ventilation, surface ventila-
tion, and snorkeling. During these alternate ventilation
modes (other than recirculation), the ship’s atmosphere
is no longer completely isolated from the outside envi-
ronment. Table III lists the air exchange rates for each

TABLE II. COMPARISON OF URINE COTININE LEVELS BETWEEN FORWARD AND AFT NON-SMOKERS AT THE END OF A 10-DAY
DEPLOYMENT ON A FAST ATTACK SUBMARINE.

Group Aft workers N Forward workers N
Forward smoking area
Pre-deployment Cotinine (SD) 3.1ng-ml "' (4.0) 18 28ng-ml ' (6.6) 19 p =087
Deployment Cotinine (SD) 45ng-ml ' (5.9) 18 46ng-ml ' (42) 19 p =093
(4627 cigarettes smoked)
Aft smoking area
Pre-deployment Cotinine (SD) 1.5ng - ml ! (1.3) 21 0.9 ng - ml ™' (0.10) 20 p = 0.06
Deployment Cotinine (SD) 25ng - ml ' (4.6) 21 0.9 ng - ml~" (0.0) 20 p =0.13

(2288 cigarettes smoked)

Mean and standard deviation with comparison by t-test for independent samples/ ANOVA.
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TABLE III. VENTILATION RATES FOR LOS ANGELES CLASS SUBMARINE AND TIMES SPENT
AT DIFFERENT VENTILATION MODES.

Ventilation Mode Ventilation Rate

Aft Smoking Forward Smoking

Emergency Ventilate with the Blower 2200 ft* - min !

Snorkeling 5255 ft* - min !
Surface Ventilate 3385 ft® - min !
Ventilate 2200 ft* - min !
Recirculate (No air exchange)

2 h 37 min (1.09%)
4 h 27 min (1.85%)
0 h 22 min (0.15%)
3 h 47 min (1.58%)
228 h 47 min (95.3%)

1 h 15 min (0.53%)
4 h 52 min (2.03%)
0 h 0 min (0.00%)
4 h 54 min (2.04%)
228 h 59 min (95.4%)

of the different ventilation modes and indicates the
percentage of time each submarine spent at these alter-
nate ventilation modes. Both submarines spent a mini-
mal amount of time in modes other than recirculation,
effectively providing an isolated environment for this
study.

The findings of this study suggest that the U. S.
Navy’s submarine atmosphere-control system is per-
forming its designated task adequately during the time
frame of the study. Nonsmokers demonstrated urine
cotinine levels well below the values indicative of sig-
nificant passive smoke exposure. Neither the location of
the smoking area nor the nonsmoker’s work proximity
to the smoking area affected passive smoke exposure.

There has been one other study examining passive
smoke exposure in U. S. Navy submariners. Seufert and
Kiser (12) studied end-expiratory carbon monoxide lev-
els as an estimate of passive smoke exposure. Their
results demonstrated an increased carbon monoxide
level in nonsmokers after 62 h of restricted ventilation
(recirculation mode only). The limitations of carbon
monoxide as a marker are that it is not a direct measure
of environmental tobacco smoke and may be generated
by cooking, electrical machinery, and diesel generator
operations.

The present study has some potential limitations. We
examined a short-duration submarine ride. While a
10-d underway is routine for fast attack submarines,
deployments of up to 90 d occur, so the duration of this
study may have been inadequate to demonstrate signif-
icant environmental tobacco exposure. Measuring uri-
nary cotinine levels after 8-16 half-lives allowed suffi-
cient exposure to achieve steady-state levels, therefore,
minimizing this possible limitation (7,8,13,19).

Additionally, the amount of fresh air ventilation a
submarine uses is variable and is determined by the
mission. It is possible that a submarine might submerge
for extended periods with no circulation of fresh air
from outside the submarine environment. Different re-
sults might be found if alternate ventilation modes
(other than recirculation) were eliminated.

While performing this study, certain anecdotal facts
became evident. Although the environmental control
systems were effective in reducing exposure of the crew
to second-hand smoke, there was a discernable differ-
ence in ambient tobacco odors in the two different
submarines. The forward smoking area is located im-
mediately below the crew’s mess (Fig. 1). This area is
extensively used for dining, training, recreation, and
lounging. The aroma of cigarette smoke permeated this
space when sailors used the forward smoking area. The
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aft smoking area is located in a relatively isolated re-
gion of the submarine. Only those standing watch rou-
tinely occupy this space to perform their duties. A
minimal amount of exercise equipment is kept near the
aft smoking area and sailors who wish to use this
equipment have to accept the aroma of tobacco during
workouts. Most of these sailors stated they would pre-
fer a completely smoke-free environment, but, if neces-
sary, would rather tolerate the aroma while exercising
rather than during meals, recreation, or training in the
crew’s mess.

The findings from this study are specific for an en-
closed environment with an atmosphere control pro-
gram using extensive environmental purification sys-
tems. It may not be applicable to other restricted
environments such as airplanes, trains, or restaurants
that do not use the equipment found aboard U. S. Navy
nuclear-powered submarines. The data appears to sup-
port the conclusion that the use of carbon monoxide/
hydrogen burners, carbon dioxide scrubbers, ionized
particulate precipitators, mesh filters, and activated
charcoal filters can possibly minimize second-hand
smoke exposure and provide a clean atmosphere for
both smokers and nonsmokers.
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