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EFFECTS OF PASSIVE SMOKING IN THE WORK
PLACE ON EXPIRATION AIR CARBON MONOXIDE

(CO) AND CARBOXIHEMOGLOBIN (COHB)
LEVELS: RESULTS OF A SURVEY IN TURKEY

Nurhan Meydan Acimis1, Mehmet Bostanci2, Ahmet Ergin3,
Ali Ihsan Bozkurt4, Aysun Ozsahin5

ABSTRACT
Objective: To assess the prevalence of smoking and the effects of passive smoking among bank
employees.
Methodology: This cross-sectional study was conducted between 2001 and 2002. Data was
collected through questionnaire. The level of Carbon Monoxide (CO) and the percentage of
Carboxihemoglobin (COHb) level in the blood were measured by using Bendfond Pico Smokerlyser.
Chi-square and ANOVA were used.
Results: Six hundred fifty four respondents participated in the study which included 384 (58.7%)
male and 267 (40.6%) female. The mean value for CO in the expiration air was 14.57±11.1 ppm
[(18.49±11.21, 7.74± 5.71 and 4.85± 2.35; for current smokers, non-smokers with current
exposure and non-smokers without current exposure, respectively (p<0.001)]. The mean value
for COHb % was 2.97±1.9 [(3.60±1.88, 1.80± 1.17 and 1.21± 0.99; for current smokers,
non-smokers with current exposure and non-smokers without current exposure, respectively
(p<0.001)].
Conclusion: Passive smoking is still a significant health problem in the work place. Anti-tobacco
implementations should be carried out strictly in all work places.
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INTRODUCTION

Passive smoking or environmental tobacco
smoke (ETS) is defined as the exposure of a non-
smoker to tobacco smoke in the environment.1
ETS is currently a major source of indoor air
pollution.2-5 In many countries, non-smokers
are currently protected by the legislations which
ban tobacco smoking in indoor public places.6
Some studies reported that almost 80% of
employees had ETS or passive smoking
exposure.7-9 The aim of our study was to
investigate the prevalence of smoking and the
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effect of passive smoking on expiration air (CO)
and (COHb) levels of bank employees.

METHODOLOGY

This cross-sectional study was conducted on
the employees of 31 commercial banks in the
city centre of Denizli, in Turkey between Janu-
ary 6th and March 8th, 2002. Eleven banks
refused to participate in this study for various
reasons. The number of participants who were
eligible was 686. However, 654 of them volun-
teered to participate including security guards,
employees, tellers, telephone operators etc.
Banks were divided into three categories
according to the extent to which they receive
governmental support; private banks (no gov-
ernment support), semi-private banks (having
partly governmental support), and state banks
(government owned). Data were obtained
through a questionnaire and measurements.
Questions related to tobacco smoke were taken
from a WHO (World Health Organization)
survey, “Smoking Prevalence Survey for
Adults” (in appendix).

Questions were asked and the CO levels of
the participants were measured in this survey.
As a background study for these questions, two
bank branches were chosen randomly in the
city. The names of the participants were never
asked on the numbered questionnaire papers
in order to increase the integrity of data. All
subjects gave their informed consent for their
participation in the study. Data were
collected from the people who accepted to have
their CO level measured and from the other
participants on the following day. The mea-
surements for the CO level in inhaled air were
applied by Bendfond Pico Smokerlyzer, which
is the first product of its series, and is battery
operated and easily portable. It is also used for
the measurement of inhaled CO level and it
provides results immediately.

The number of bank employees who accepted
to participate in the study was 638. First, the
CO level of each person was measured. For this
measurement, participants were taken into a
calm clean place. Each participant was given
five minutes to exhale the Bendfond Pico

Smokerlyzer. During this time, the suitable
technique for their respiration test was ex-
plained. All participants were asked to take a
deep breath and hold it in for 15 seconds then
strongly blow it into an apparatus which had
been prepared previously for measurement.
Only one mouth piece was used for each per-
son. In addition to this, smokers were asked
about when they had smoked their last ciga-
rette and non-smokers were asked if they had
been affected by the tobacco smoke in those
previous hours. The measured inhaled CO level
and its corresponding inhaled blood CO level
were reported immediately. The apparatus
manual was used for the calculations. Data
were evaluated on the SPSS-10 statistical pack-
age program. Non-parametric data were
evaluated by chi- squares, and the expiration
air CO levels and COHb levels were evaluated
by the univarite and multivariate models analy-
ses. This study was approved by the Ethical
Committee of the University.

The limitations of this research were that the
prolonged winter season made it difficult for
us to reach some banks which are very far
away from the city centre and that the admin-
istrators of some banks did not let us perform
this research at their banks lest there would be
a waste of time. Valid measurements could be
made by using Benfond Smokerlyzer appara-
tus on groups including 20 persons. It was very
difficult to make breathing measurements at
some banks with crowded staff, many of which
are government-dependent. The powerful as-
pects of this research are that it enables us to
see the effects of smoking among workers in
indoor environments like banks and draws our
attention to the effects of passive smoking.

To our knowledge, there has been no other
comprehensive study, except ours, conducted
on bank employees in our country or any-
where else in the world. In this respect, this
study has great significance not only for evalu-
ating the health conditions of these people but
also for pointing out the fact that we consider
the worker as a human being whereas bank
employees are always thought as objects in the
economy and finance sectors.
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RESULTS

Of the 654 participants, 384(58.7%) were
men and 267(40.8%) were women. Three
(0.5%) did not state their gender. Of all female
participants, 234(69.0%) were smokers,
55(16.2%) were non-smokers affected by ETS
on that working day. Of all male participants,
136(67.3%) were smokers, 42(20.8%) were
non-smokers exposed to ETS on that working
day. The mean age was 35.02± 7.94(370),
36.16± 8.0(97) and 37.64± 7.6(74) for smokers,
non-smokers exposed to ETS and unexposed

non-smokers, respectively (p=0.008). Of the
654, 370 (56.6%) participants were current
smokers. Nine (50.0%) employees who gradu-
ated from primary school were current smok-
ers, 204(67.8%) employees who graduated
from university were current smokers. Two
hundred nine (70.0%) of private bank employ-
ees, 130(63.7%) of state bank employees, and
33(80.5%) of semi-private bank employees
were also current smokers (p=0.003) (Table-I).

The mean for CO in the expiration air was
14.57±11.1 ppm. The mean for expiration
COHb% was 2.97±1.9. The mean for CO is dif-

Table-I: Working duration, carbon Monoxide levels and smoking status

Total Working Duration 123±88.2(month)(363) 147±89(month)(94) 154±91(month)(73) 0.006
Current Working Duration withinBank 100.1±83.9(month)(353) 125.2±89(month)(94) 131.1±16(month)(72) 0.003
Weekly Working Duration within Bank 49.1±12.05(hour)(360) 49.6±11.1(hour)(97) 47.97±8.2(hour)(72) 0.6
Expiration Air CO Levels 18.49±11.21 7.74±5.71 4.83±2.35 <0.001
Blood CO Levels 3.61±1.88 1.81±1.17 1.21±0.99 <0.001

Table-II: Demographic/social variables.
Current Smokers Non-smokers Non-smokers    p

with exposure without exposure
Age ( Mean± SD) 35.02±7.94(370) 36.16±8.0(97) 37.64±7.6(74) 0.008
Sex
Female 69.0(234) 16.2(55) 14.7(50) 0.3
Male 67.3(136) 20.8(42) 11.9(24)
Total 100.0(370) 100.0(97) 100.0(74)
Educational status
Primary School 50.0(9) 33.3(6) 16.7(3) 0.4
< High School 78.1(25) 12.5(4) 9.4(3)
High school 69.8(134) 18.2(35) 12.0(23)
University 67.8(204) 16.9(51) 15.3(46)
Total 100.0(372) 100.0(96) 100.0(75)
Bank
Private Bank 70.1(209) 14.4(43) 15.4(46) 0.003
Formal Bank 63.7(130) 22.5(46) 13.7(28)
Semi Private Bank 80.5(33) 17.1(7) 2.4(1)
Total 100.0(372) 100.0(96) 100.0(75)
Position
Officer 68.4(273) 18.5(74) 13.0(52) 0.06
Chief 53.8(7) 15.4(2) 30.8(4)
Manager 60.0(15) 18.0(2) 32.0(8)
Other employees 72.3(47) 18.5(2) 9.2(6)
Total 100.0(342) 100.0(90) 100.0(70)
Working Unite
Front Office Unite 68.5(89) 19.2(25) 12.3(16) 0.9
Back Office Unite 67.1(57) 18.8(16) 14.1(12)
Other 68.9(186) 16.6(45) 14.8(40)
Total 100.0(372) 100.0(86) 68(68)
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ferent from the exposure to tobacco smoke
18.49± 11.21, 7.74±5.71 and 4.85± 2.35 for cur-
rent smokers, non-smokers with current expo-
sure and non-smokers without current expo-
sure, respectively. The mean for expiration is
different from the exposure to tobacco smoke.
The values for COHb % levels were 3.61 ± 1.88,
1.81± 1.17 and 1.21± 0.99 for current smokers,
non-smokers with current exposure and non-
smokers without current exposure, respec-
tively. Overall p values for the differences of
the mean for both expiration air CO and COHb
% levels among groups were statistically very
significant (p<0.001) (Table-I). Gender, the
bank of employment, smoking and exposure
to CO were found significant in the univariate/
multivariate models for both expiration air CO
levels and blood COHb levels (p<0.001)
(Table-II, III).

This study shows that the prevalence of
smoking among bank employees is very high
(56.6% of 654). There is a statistically
significant difference in the average age of
bank  employees who smoke and who do not
smoke. In addition to this, in our country, smok-
ing has been banned in indoor environments
by law number 4207 and a new law number
5727. In spite of the law, workers do smoke in
banks.

More than half of men and women bank
employees smoke cigarettes. The ratio of smok-
ing cigarettes among women bank employees
(69.0%) is higher than that of men bank

employees (67.3%). According to a study
performed in Elazig in 1996, 47.8% of women
bank employees and 77.4% of men bank em-
ployees smoked cigarettes.10 There have been
82 studies conducted on the smoking habits in
Turkey for a period of 16 years. According to
meta-analysis, it has been estimated that 72.0%
of men and 53.0% of women over the age of
20 have a habit of smoking.11

A study performed on blue-collar workers
working in a metal manufacturing company
in Germany showed that approximately 30%
of the workers did not want smoking to be al-
lowed within the work place, 95.0% had no
idea about the prohibition of smoking but more
than 60.0% expressed that they were affected
by the smoke within the working area, despite
the fact that smoking was banned. It was found
that passive smoking was 52.0% in places
where smoking was free and 18.0% in places
where smoking was banned among non-smok-
ers with white-collar jobs.12 A survey per-
formed in an urban area in Spain showed that
69.5% of men and 62.9% of women expressed
that they were passively affected by cigarette
smoke and 25.9% of men were affected by
smoke at home, 55.1% by smoke outside of
working hours and 34.0% by smoke during
working hours, while 34.1% of women were
affected by smoke at home, 44.3% by smoke
outside of working hours and 30.1% by smoke
during working hours.13 Our results are lower
than that of this research.

Table-III: Univarite and Multivariate
Model Analyses of Expiration Air CO Levels

Univariate Multivariate

Age 0.008 Not in the model
Gender <0.001 <0.001
Educational Status 0.9 Not in the model
Working Bank <0.001 <0.001
Position 0.7 Not in the model
Total Working 0.04 Not in the model
   Duration
Working Unite 0.9 Not in the model
Smoking and <0.001 <0.001
   Exposure

Table-IV: Univarite and Multivariate Model
Analyses of Blood COHb Levels

Univariate Multivariate
Age 0.5 Not in the model
Gender <0.001 <0.001
Educational 0.6 Not in the model
   Status
Working Bank <0.001 <0.001
Position 0.9 Not in the model
Total Working 0.9 Not in the model
   Duration
Working Unite 0.6 Not in the model
Smoking and <0.001 <0.001
   Exposure



In Sweden, a study evaluating passive smok-
ing depending on types of jobs reported that
the incidence of passive smoking was 9.0%
among policemen working at offices and 25.0%
among employees working in a crowded envi-
ronment, while 0.00% and 20.0% among
women dentists and employees working in a
crowded environment, respectively.14 A long-
term survey on women teachers working in
California in America reported that non-
smoker women teachers who were born in
1930 said that they were affected by smoke at
home (78.0%), in the work place (60.0%) and
at other social places (48.0%), whereas 37.0%
of women teachers who were born in 1950 and
those who were born in 1980 said that they
were affected by smoke in the work place
(28.0%) and at home (19.0%).15 Our results are
lower when compared to these results. The
multiple analyses of a study performed in Italy
showed that passive smoking was seen more
frequently among women, and aspects such
as marriage, the type of job and home life con-
ditions also had an effect on that ratio.16 An-
other survey in Sweden found that passive
smoking was high among workers who were
below the age of 25.17  In Italy, the average CO
level was found around 17.00+ 11.0 ppm
among people who smoke more than one
packet of cigarettes a day.18 The mean COHb
value of the blood of non-smokers was found
to be 1.2-1.4% among women and 1.3-1.5%
among men in a research performed on people

who had settled in the cities in the North-Rhine
Westphalia region.19 The COHb levels of non-
smoker bank workers in our study are close to
that of the non-smokers who had settled in the
North-Rhine Westphalia, although it is higher
than that of the people who worked at ticket
window offices. In a research conducted in
Brazil, the CO levels in inhaled air of waiters
who don’t smoke, and non-smoking university
students attending Medical School were
evaluated before and after their daily work.
There was no significant difference among the
measurements done before the day’s work
whereas there was a significant difference at
the end of an average of 9 hours for the CO
levels of waiters in relation to the number of
clients who smoked (2.0 ppm, 5.0 ppm
p< 0.001).20

Another research in Mexico was performed
on employees who had to work in crowded
ticket window offices for six days on an aver-
age of 10 hours a week. In the short-term, their
CO levels affected from outside were measured
as an average of 26 ppm (2.0-70 pm). In addi-
tion, in America, a research was performed on
employees working in tunnels. The CO levels
of inhaled air of workers inside the tunnel var-
ied more than those of workers outside the tun-
nel.21 A research conducted in Australia com-
pared the CO levels in inhaled air of non-smok-
ers working in a public hospital and 6 licensed
clubs at the end of their working time. It was
found that the CO level of people working at
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Appendix
WHO “Smoking Prevalence Survey for Adults”

Questions were as below.
1.      Have you ever smoked up to now?
2.      Have you ever smoked at least once a day for 6 months or more than 6 months?
3.      Have you still been smoking?

a.       Yes, I smoke. (at least one or more than one a day)
b.      I hardly smoke a cigarette a day
c.       I don’t smoke.

4.      How many cigarettes do you smoke a day?
I smoke …………………….. cigarette (s) a day. (If you smoke at least one or more cigarette in a day. The
number of the cigarette in a week is ………………………….)
(If you use pipe, the smoking amount in a day is ………………………………………)
 For evaluation the effectiveness depending on exposure to CO;
1.      If you smoke, when did you smoke your last cigarette today?
2.      If you don’t smoke, have you been exposed to smoke in your working place today?
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clubs was 8.7 ppm and the CO level of people
working in a public hospital was 5.3 ppm.21

Our results show similarity to the results of that
research. A research in Firat University in
Elazig on students classified as smokers, non-
smokers and those who were in the position of
passive smokers showed that the CO level was
17.13+8.50 among smokers, 3.61+2.15 among
non-smokers and 5.20+3.38 among passive
smokers. The result of this research showed
that there was a  positive relationship between
CO levels and smoking cigarettes daily and also
CO levels and smoking cigarettes in that time.
The results of this research were very similar
to ours.22 Turkey, a research conducted on
people working at ticket window offices on the
Bosphorus Bridge in Istanbul showed that, like
the COHb level, the CO level of workers who
smoke in ticket window offices were higher
than that of non-smoker workers.23

CONCLUSION

In this study the expiration CO and blood
COHb % levels for current smokers and non-
smokers with current exposure are found to
be higher than non-smokers without current
exposure. This research may be of pivotal im-
portance in revealing the hazards of passive
smoking for those working indoors for a con-
siderable length of time, such as bank employ-
ees. To this end, it is necessary that people such
as local bureaucrats, politicians and public
health employees take more responsibility for
this. Scientific studies on this subject are clearly
important in order to help facilitate the imple-
mentation of no-smoking laws.
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