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Abstract: Pulmonary function parameters of 21 cleaning/sanitary women workers who have never
smoked, exposed to environmental tobacco smoke (ETS) at work were compared with 34 non-exposed women workers of comparable age and other work characteristics. The studied subjects were
subjected to an interview questionnaire, pulmonary function measurements, bronchial responsiveness assessment and clinical chest examination. A higher prevalence of dyspnea was found (42.9%)
among exposed compared to (14.7%) among the non-exposed workers (p=0.019), also wheezing
(52.4% vs. 11.8%; p=0.001). Pulmonary measurements showed a lower FVC, FEV1/FVC and FEF75
values among exposed compared to non-exposed (p<0.05), and a higher prevalence of borderline
bronchial hyper-responsiveness (38.1% vs. 11.8%; p=0.021) in the exposed workers. This study
provides evidence of adverse respiratory effects in sanitary/cleaning women workers associated
with passive smoking in the workplace. The findings support a stricter implementation measures to
protect respiratory health of all workers.
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Introduction
Cleaning and sanitary workers are potentially exposed
to a number of sensitizers and irritants, with consequent
adverse respiratory effects1).
Workplace exposures are responsible for 5–20% of
adulthood asthma2). Several studies have shown an increased risk of lung function impairment and asthma in
household and professional cleaning workers3). Studies
have shown that exposure to environmental tobacco smoke
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(ETS), also referred to as passive smoking and secondhand smoking, increases the risk of asthma and respiratory
symptoms in exposed workers4). ETS is a mixture of sidestream smoke and exhaled mainstream smoke containing
the same substances as mainstream smoke inhaled by
smokers. Several studies have indicated that exposure to
ETS in adults results in a significant impairment of the
lung function parameters5).
Exposure to ETS is associated with many indoor environments such as home, workplace, public places, and
transportation. The magnitude of exposure depends on the
number of smokers, the amount smoked, place size and
ventilation, and duration of exposure6).
ETS exposure can be assessed by measuring air nicotine
and respirable suspended particle concentration or by mea-
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suring cotinine (a nicotine metabolite specific for tobacco)
in body fluids. In health effects studies, ETS exposure is
usually assessed using questionnaires, because they are
relatively cheap and allow exposure assessment during different time periods and in different indoor environments7).
Bronchial hyper-responsiveness (BHR) refers to an
exaggerated response to a bronchoconstrictor. Bronchoconstrictors include pharmacological agents, aerosols,
cold air, exercise, allergens and occupational sensitizers.
Several epidemiological studies support the view that
workplace exposure to air pollutants is associated with a
broad spectrum of adverse respiratory effects in vulnerable
individuals and the role of occupational exposure (e.g. to
mineral or organic dust, gases, fumes, and vapors) in BHR
development8).
The present study assessed respiratory effects of passive
smoking on lung function, and bronchial responsiveness in
sanitary/cleaning women workers, who work indoor where
no legal or formal enforcement is implemented.

Subjects and Methods
This survey was conducted at the administrative buildings of Suez Canal University of Ismailia governorate
in 2011. Fifty five female workers (never smoked) aged
24–56 yrs, working as cleaning/sanitary workers with employment duration ranging from 4–27 yrs were included.
All study participants lived in Ismailia city with no potential exposure from travelling to or from work.
An informed consent was taken from each participant
before introducing the questionnaire; conﬁdentiality and
anonymity were maintained according to the regulations
mandated by Research Ethics Committee of faculty of
medicine Suez Canal University, in accordance with the
Declaration of Helsinki.
Among the studied workers, work tasks included dusting, washing, cleaning surfaces, and disposing of waste.
Occupational exposure included several types of cleaning products such as soaps and detergents, disinfectants,
solvents, and polishes; some of which were in spray form.
The cleaning women did not use any personal protective
equipment (PPE). The work shift lasts 4–6 hours daily.
According to the European Community Respiratory
Health Survey9), study participants were divided into two
categories, the first category representing ETS-exposed
group which comprise those workers who reported to have
at least one smoker in the room, and the second category
(non-exposed group to ETS) were women workers who
had not been exposed to ETS. Workers who reported to

have at home exposure to smoking were not included in
the study.
An interview questionnaire included items about sociodemographic, current work characteristics, respiratory
symptoms during the previous 12 mon, allergic profile
(nasal, eye and skin), and questions on current and previous occupations9).
Pulmonary function measurements of all workers were
taken using spirometry Flowhandy ZAN100 USB (ZAN
Messgerate GmbH, Germany) and included [FVC], [FEV1],
[FEV1/FVC ratio], [FEF50%], [FEF75%], and [FEF25–75%].
The best of three measurements was recorded and results
expressed as percentages of the predicted values, according to the American Thoracic Society (ATS) recommendations10). All respiratory function assessment was done by
the same experienced pulmonologist. All measurements
were performed at the pulmonary function measurements
unit, at mid day between 12–1 PM.
BHR was assessed by histamine challenge [provocative]
test according to the American Thoracic Society (ATS)
recommendations, different concentrations were prepared,
and the studied subjects inhaled increasing concentrations
of histamine using a tidal breathing method until FEV1
falls < 20% of its base value or the highest concentration
was reached. According to the ATS recommendations,
BHR was categorized into moderate to severe BHR, mild
BHR, and borderline BHR11).
All studied subjects were subjected also to chest clinical
examination by an experienced pulmonologist with no
prior information about the workers exposure status.
SPSS version 13.0 for Windows was used for data
management. Comparison between groups was done using
Chi-square test for qualitative variables, with 95% CI and
t-test was used for quantitative variables. Results were
considered statistically significant if p value <0.05

Results
Characteristics of the studied subjects are presented
in Table1. There is no statistically significant difference
between the two groups, as regards age, duration of work,
and daily working hours (p>0.05).
As presented in (Table 2), the prevalence of dyspnea
among ETS-exposed group was higher (42.9%) compared
to the non-exposed group (14.7%) with statistically
significant difference (p=0.019, OR: 4.4). Chest clinical
examination revealed that more than half of the exposed
group (52.4%) had wheezing, and as compared to the nonexposed group (11.8%) and this showed a statistically
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Table 1. Demographic and occupational characteristics
Exposed group (n=21)

Characteristics

Non-exposed group (n=34)

p-value

Mean

SD

Mean

SD

Age

38.7

7.9

39.3

8.5

0.489

Duration of employment

12.4

8.6

15.3

7.9

0.207

5.6

1.6

6.1

1.3

0.210

Daily working hours

Table 2. Respiratory symptoms and clinical findings among the studied workers
Symptoms and clinical findings

Exposed group (n=21)
No.

Non-exposed group (n=34)

%

No.

%

Odds Ratio OR

95% CI

p-value

Cough

6

28.6

5

14.7

2.3

0.61–8.87

0.211

Sputum

7

33.3

4

11.8

3.8

0.94–14.94

0.520

Dyspnea

9

42.9

5

14.7

4.4

1.21–15.70

0.019*

Allergic symptoms (nasal-eye-skin)

7

33.3

9

26.5

1.3

0.42–4.54

0.586

11

52.4

4

11.8

8.2

2.11–31.81

0.001*

Clinical chest findings (wheezing)
*Statistically significant at p<0.05.

Table 3. Pulmonary function parameters [PFPs] among the studied workers
PFPs [predicted values]

Exposed group (n=21)

Non-exposed group (n=34)

Mean

SD

Mean

SD

p-value

FVC

90.8

10.6

96.8

10.1

0.041*

FEV1

82.8

8.9

87.1

7.6

0.062

FEV1/FVC

74.4

3.1

78.6

3.8

0.001*

FEF50

62.9

9.8

65.6

11.6

0.379

FEF75

54.3

11.1

61.8

10.9

0.017*

FEF25-75

72.1

12.6

76.7

13.4

0.211

*Statistically significant at p<0.05.

Table 4. Positive provocative testing [bronchial hyper-responsiveness] and its categories among the
studied workers
Bronchial Hyper-Responsiveness
BHR
Prevalence

Exposed group (n=21)

Non-exposed group (n=34)

No.

%

No.

%

13

61.9

9

26.5

p-value
0.009*

BHR categories:
Moderate to severe

3

14.3

1

2.9

0.115

Mild

2

9.5

4

11.8

0.795

Borderline

8

38.1

4

11.8

0.021*

*Statistically significant at p<0.05.

significant difference between the two groups (p=0.001,
OR: 8.2).
Table 3 shows the results of pulmonary function
measurements. Exposed group workers had lower mean
predicted values as compared with the non-exposed group,
with statistically significant difference (p<0.05) for [FVC],
[FEV1/FVC ratio], and [FEF75%].

Prevalence of positive provocation test of BHR was
61.9% in the exposed subjects, whereas 26.5% of the nonexposed group workers were positive with statistically
significant difference (p=0.009). As regards the ATS
categories of BHR, 38.1% of ETS-exposed group were
positive for borderline BHR, with statistically significant
difference (p=0.021) between the two groups (Table 4).
Industrial Health 2012, 50, 516–520
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Discussion
The prevalence of passive smoking in the workplace
varies between countries, and is related to the prevalence
of active smoking and implementation of measures of tobacco control consumption. Indoor workers are potentially
exposed to a number chemical compounds that contain,
sensitizers and irritants, with consequent adverse respiratory effects1).
Compounds of cleaning products contain chlorine, ammonia, and caustic soda. Mixing these cleaning products
may lead to exposure to respiratory sensitizers and irritants. Also, cleaning products contain potentially sensitizing additives like preservatives (Isothiozolinones), corrosion inhibitors (Ethanolamines), and biocides (Quaternary
ammonium compounds)12).
Several studies have shown adverse respiratory effects
at workplace in cleaning women and found a higher risk
of mite sensitization among cleaners, especially in households13–15). In the present study we found a significantly
higher prevalence of dyspnea (about 50%) and positive
chest findings [wheeze] among those exposed workers to
ETS as compared to the non-exposed group. These findings are s in agreement with the study of Spanish indoor
cleaners conducted by Zock et al.13), who stated that workrelated respiratory symptoms were reported by more than
a half of the subjects.
Ho et al. 16) demonstrated an association between
respiratory symptoms and passive smoking both crosssectionally and prospectively after a two-year follow-up.
In a study which investigated the relation between
respiratory symptoms and ETS exposure at work and at
home in never-smoking Italian women, Simoni et al.17)
found that ETS exposure, especially at work, was significantly associated with respiratory symptoms. Similarly,
in the study of police officers in Hong Kong, Lam et al.18)
reported a significant association between respiratory
symptoms and passive smoking in the workplace which
was dose-related. Both are in agreement with the findings
of the present study.
We found a difference between exposed and nonexposed groups to ETS of some parameters of pulmonary
function. This difference was statistically significant for
significant for FVC, FEV1/FVC and FEF75. Similar findings were reported in several studies in addition to the
dose-response association. As, Alipour et al.19) have suggested that ETS exposure may decline pulmonary function,
as they found a significant difference in FVC and FEV1
between the exposed and non-exposed subjects. Also,

Chen et al.20) reported a significant exposure-response
relationship between ETS exposure in the workplace and
lung function among never-smoking employees. Janson
et al.14) suggested a significant dose-related association
between ETS exposure and FEV1 decline.
We found higher prevalence of BHR in ETS-exposed
workers. As regards BHR categories, a significant relation
was found with borderline BHR. Janson et al.9) reported
similar findings, whereas in some previous studies significant association was not observed, i.e. increased bronchial
responsiveness was found only in some studies21,22).
The present study has several limitations. Passive
smoking was only assessed through a questionnaire. Other
more objective methods such as serum, salivary, or urine
cotinine concentration should be the appropriate methods
of choice.
For logistic reasons, our sample size was not adequately
justified, and the design (cross-sectional) may not include
people with serious respiratory diseases who had left their
job, and the association between exposure and respiratory
symptoms or diseases could be underestimated [healthy
worker effect]. The findings suggest that passive smoking
in the workplace can lead to respiratory symptoms, lung
function impairment and increased bronchial responsiveness.
Implementation of control measures including the
suitable legal or formal enforcement for banning smoking within workplaces should be addressed, which are in
line with article 8 of the WHO Framework Convention
on Tobacco Control that sets out recommendations for
the development, implementation, and enforcement of
national, comprehensive smoke-free laws, that can lead to
improvements in the health of both workers who are occupationally exposed and of the general population.
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