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Abstract
Background: Cement workers are exposed to various workplace factors that may affect their
health. These health effects depend on the duration, level of exposure and individual
sensitivity. Objective: The aim of the study was to determine the effect of exposure to cement
dust on lung function of workers in a national cement production factory at North Cairo and
to identify the possible association between such findings and interlukin-1β in addition to
personal and work-related factors. Method: It included 96 workers from different
departments of cement factory (exposed group) and 100 workers group from an Egyptian
public institution (control group). Data collected included personal data, occupational and
medical history, clinical chest examination and body mass index. Pulmonary function tests
were performed to suspected 60 subjects from the exposed group and all subjects from the
control group. Interleukin-1β, liver function tests and kidney function tests were measured in
67 exposed workers who agree to provide a blood sample. Results showed that cement
workers and controls were matched for age, gender and smoking status. Chronic cough and
expectoration were significantly higher among the exposed group. Moreover, the percentage
of cement workers with reduced FEV1, FVC was significantly higher than control group. The
mean work duration of the exposed group was 24 years, small percentage of workers reported
wearing personal protective devices as none reported they were informed about possible
hazardous exposures before starting work. Most of the participants had normal interleukin
levels and normal liver and kidney function tests. However, 8.8% of cement workers have
elevated serum creatinine, 23.5% have elevated blood urea nitrogen, 13.2% have elevated
serum ALT and 19.1% have elevated serum AST. The current study showed a significant
higher proportion of cement workers with reduced FEV1/FVC among those working for ≥ 20
years duration compared to workers with those working for < 20 years duration.
Keywords: Cement industry, pulmonary function, forced expiratory volume in the first
second, forced vital capacity, interleukin.
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Introduction
Cement industry represents a vital element
in the economic development of countries
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and cement workers comprise an important
productive sector in the community.1,2
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In 2008, El-Sobky stated that workers in
this industry are at risk of exposure to
physical, chemical and mechanical factors
which could have adverse influence on
their health (3). Cement can affect workers
through the skin or eye contact or through
inhalation. The risk of injury linked to the
cement workers depends on the duration,
the level of exposure and individual
sensitivity.4
Cement dust causes irritation of the skin
and mucous membrane of the eyes and
respiratory tract. Its deposition in the
respiratory tract causes a reaction in the
form of increased pH values which irritates
the exposed mucous membranes.5
It is difficult to determine the extent of
work related illnesses because of the
delayed period of most of the occupational
diseases on cement workers. A significant
percentage of all workers in cement
industry are allergic to chromium resulting
in mild skin rashes up to severe skin
ulcers. Also, those workers have a higher
prevalence of chronic cough, chronic
bronchitis and chronic sinusitis.6
Cement particles are of a respirable size, so
Portland cement is considered a potential
cause of occupational lung diseases.7 Each
cement molecule is composed of 60-67%
calcium oxide, 17-25% silicon oxide, 35%
aluminum oxide, with some amount of iron
oxide, chromium, potassium, sodium,
Sulphur
and
magnesium
oxide.8
Aluminum, one of its components, could
increase lipid peroxidation in tissues
leading to neurotoxicity, renal failure and
anemia9, also chromium is a strong
oxidizing agent with highly toxic effect on
vital organs as lung, kidney and liver.10
Workers at a Portland cement factory
usually complain of acute eye irritation and
higher prevalence of respiratory symptoms
and have reduced FVC, FEV1 and
FEV1/FVC ratio among the workers with
increased daily mortality.11
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Many studies suggested that inflammation
has an essential role in mediating
pulmonary toxicity and fibrogenic effect of
silica dust, as inhaled silica dust
inflammatory process is characterized by
recruitment
and
accumulation
of
neutrophils which secrete large quantities
of pro-inflammatory cytokines. The proinflammatory cytokines as interleukin-1β
(IL-1β) and tumor necrosis factor-α (TNFα) target mainly the resident alveolar
macrophage and activate the transcription
factor nuclear factor-kappa B which is the
main regulator for the pulmonary
inflammatory responses.12 Studies showed
that IL-1β has a major role in particleinduced inflammation by enhancing
granulocyte migration and accumulation to
inflammatory sites.13
Major health problems in cement industry
is related to dust exposure which is
produced from different sections of the
production process as the raw material
crusher, rotary kiln, cranes, mills, storage
silos and packing sections.14 The final
product contains calcium silicates,
aluminates and aluminum ferrites.15
Cement dust causes chronic obstructive
lung disease, restrictive lung disease,
pneumoconiosis and cancer of the lung,
stomach and colon. Moreover, this dust
may enter the systemic circulation
affecting other organs as the heart, liver,
bone, spleen, muscles and hairs and can
affect microstructure and physiological
performance.16,17
Studies on the biomarkers of inflammatory
response among cement workers are scarce
and their conclusions are unclear (18, 19). A
study among Norwegian workers in a
cement plant found an increase in the
percentage of neutrophils and interleukin
levels in induced sputum of exposed
workers.18 Other studies pointed to the
effect of exposure to cement dust on the
immune system.20,21
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This study was carried out to determine the
effect of exposure to cement dust on lung
function of workers in a national cement
production factory at North Cairo and to
identify the possible association between
such findings and interlukin-1β in addition
to personal and work-related factors.
Methods
Study design and study setting: A cross
sectional study was conducted between
August 2017 to April 2018 among 96 male
production workers from a national cement
production company in the north of Cairo,
Egypt (exposed group). The control group
(100 workers) was of the same socio
economic status and matched for age and
gender but unexposed to cement dust.
The exposed group included workers from
different departments of the factory:
wrapping (60.4%), production (13.5%) and
other sections as observation, concrete
production and maintenance (26.1%).
Sample size estimation: A total number of
106 subjects was estimated using EpiCalc
program version 1.02 assuming a power of
80% and alpha=0.05. The sample size
calculation based on an estimated
proportion of workers exposed to cement
dust and developed respiratory symptoms
of 45% and 20% among none exposed
group.14
Study procedures: The cement workers
included were those scheduled for periodic
medical examination and the following
services were done for them (a) Interview
questionnaire including personal data as
age, marital status, chronic diseases and
smoking history, occupational data as job
nature, work duration and symptoms
related to occupational exposures. (b)
Clinical chest examination by auscultation
to identify any abnormality and suspected
cases were further examined by
undergoing pulmonary function test. (c)
(60) Workers had pulmonary function tests
done for them after clinical chest
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examination for general assessment and
identification of their need for having this
investigation. Forced expiratory volume in
the first second, forced vital capacity, peak
expiratory flow were measured using a
portable
spirometry
(A23-053.06732
Spirolab III, MIR, Italy).The procedure for
the ventilatory function test was explained
individually to the participants, who were
then given a practice test which was taken
while standing. Three reproducible
tracings were obtained and the best result
was selected. (d) 67 workers agreed to take
a blood sample from them to have a
measurement of interleukin-1β (an
inflammatory marker), liver function tests
(AST, ALT), kidney function tests (serum
creatinine, blood urea). Two ml of venous
blood were collected under complete
aseptic condition in sterile tubes. Samples
were centrifuged, and sera collected and
stored at -20Cº, till assay of serum IL-1β,
liver function tests, and kidney function
tests. Serum IL-1β was detected by ELISA
(Assaypro LLC, USA) according to
manufacturer instructions. (e) Measuring
weight in kilograms and height in
centimeters and using them to calculate the
body mass index (BMI) by dividing the
weight by the height squared in meter
squared.
Data collected from the control group
workers included personal, occupational
and clinical data, in addition to chest
examination, BMI and pulmonary function
tests.
Ethical consideration was considered by
assuring confidentiality of data and using
anonymous questionnaires.
Statistical analysis was done using SPSS
program (version 20). Descriptive statistics
included mean, standard deviation,
frequency and percentage for nonnumerical data. Chi-square was used as
test of significance with P-value less than
0.05 considered to be statistically
significant.
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cement workers compared to controls
(48.3% compared to 33% and 61.7%
This study included 96 cement workers
compared to 43% respectively; p<0.05).
and 100 controls not exposed to cement
Table (2)
and have been matched for gender and age.
The mean work duration of the study
Also, there was no statistically significant
group was 24 years, small percentage of
difference between workers and controls as
workers reported wearing personal
regards their smoking status. However,
protective devices as none reported they
there was a higher percentage of married
were informed about possible hazardous
subjects and illiteracy among cement
exposures before starting work. Most of
workers than controls (100% compared to
the participants had normal interleukin
82% and 47.9% compared to 5%
levels and normal liver and kidney
respectively; p<0.01). Additionally, there
function tests. However, 8.8% of cement
was a higher rate of obesity among control
workers have elevated serum creatinine,
than cement workers (48% and 46.9 %
23.5% have elevated blood urea nitrogen,
respectively; P<0.05). Table (1)
13.2% have elevated serum ALT and
This study has revealed a statistically
19.1% have elevated serum AST. Table
significant higher prevalence of respiratory
(3)
symptoms among cement workers
The current study showed also a
compared to controls; chronic cough
statistically significant higher proportion of
(21.9% compared to 6% respectively;
cement workers with reduced FEV1/FVC
p<0.01) and expectoration (24% compared
among those with work duration ≥ 20
to 4% respectively; p<0.01). At the same
years compared to workers with work
time, there was a statistically significant
duration < 20 years ( 72.7% compared to
reduction of FEV1 and FVC among
27.3% respectively; p<0.05) Table (4)
Table 1: Socio-Demographic and Personal Characteristics of the Study Groups

Results

Characteristic
Age group
< 40 years
≥ 40 years
Age (mean ± SD)
Marital status
Single
Married
Education**
Not educated
Educated
Smoking
Smoker
Non-smoker
BMI
Normal
Overweight
Obese

Cement workers
(N=96)
N
%

Control
(N=100)
N
%

Total
(N=196)
N
%

24
72

25.0
75.0

32
68

32.0
68.0

56
140

28.6
71.4

0
96

0.0
100.0

18
82

18.0
82.0

18
178

46
50

47.9
52.1

5
95

5.0
95.0

45
51

46.9
53.1

42
58

11
40
45

11.5
41.7
46.9

24
28
48

X2

p

1.18

0.343

9.2
90.8

19.03

0.001*

51
145

26.0
74.0

46.86

0.001*

42.0
58.0

87
109

44.4
55.6

0.47

0.57

24.0
28.0
48.0

35
68
93

17.9
34.7
47.4

6.964

0.031*

* Difference is significant at 0.01 level
**Uneducated includes those who cannot read or write and those who did not complete primary education.
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Table 2: Respiratory Symptoms and Pulmonary Function Measurements of the Study
Groups
Cement
Control
Total
Respiratory symptoms
workers
X2
p-value
and measurements
N
%
N
%
N
%
21
21.9
6
6.0
27
13.8
10.39
0.001**
Chronic cough
Expectoration

23

24.0

4

4.0

27

13.8

16.426

0.001**

Chest tightness

21

21.9

20

20.0

41

20.9

0.104

0.441

Wheezes

13

13.5

24

24.0

37

18.9

3.498

0.050

Reduced FEV1

29

48.3

33

33.0

62

38.8

3.715

0.040*

Reduced FVC

37

61.7

43

43.0

80

50.0

5.227

0.033*

Reduced FEV1/FVC

11

18.3

17

17.0

28

17.5

0.046

0.495

Table (3): Occupational and laboratory data of the participating cement workers
variables
No. (%)
24.34 ± 10.23
Work duration in years (mean ± SD)
Wearing of personal protective devices:
Workers who wear masks
30 (31.2)
Workers who wear gloves
23 (24)
Interleukin – 1β levels:
Normal
50 (74.6)
elevated
17 (25.4)
Creatinine (mean ± SD) mg/dL
0.93 ± 0.29
Urea (mean ± SD) mg/dL
37.47 ± 15.54
ALT (mean ± SD) (IU/L)
29.90 ± 13.15
AST (mean ± SD) (IU/L)
29.34 ± 14.39
Interpretation of liver and kidney function tests:
Elevated creatinine
6 (8.8)
Elevated urea
16 (23.5)
Elevated ALT
9 (13.2)
Elevated AST
13 (19.1)
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Table 4: Association between Pulmonary Function Measurements and some Personal,
Occupational and Lab Factors among Cement Workers
Reduced
Reduced FEV1
Reduced EVC
FEV1/FVC
N = 29
N = 37
Factor
N =11
n (%)
n (%)
n (%)
Age group
< 40 years
≥ 40 years

BMI
Normal
Overweight
Obese
Current smoking
Non-smoker
Smoker
Duration of employment
< 20 years
≥ 20 years
Use of masks
No
Yes
Interleukin level
Normal
Elevated

8 (27.6)
21 (72.4)
X2 = 0.156
P=0.693

9 (24.3)
28 (75.7)
X2 = 1.481
P =0.224

3 (10.3)
15 (51.7)
11 (37.9)

6 (16.2)
17 (45.9)
14 (37.8)

X2 = 0.434
P =0.805
18 (62.1)
11 (37.9)
X2 = 3.270
P =0.071
15 (51.7)
14 (48.3)
2
X =0.243
P =0.622
15 (51.7)
14 (48.3)
2
X = 1.009
P =0.433
19 (65.5)
10 (34.5)
2
X =1.735
P =0.185

X2 =0.955
P =0.620
22 (59.5)
15 (40.5)
X2 =3.455
P =0.063
20 (54.1)
17 (45.9)
2
X =0.035
P =0.852
22 (59.5)
15 (40.5)
2
X = 0.050
P =0.822
29 (78.4)
8 (21.6)
2
X =1.256
P =0.262

1 (9.1)
10 (90.9)
X2 = 2.804
P =0.068
0 (0)
6 (54.5)
5 (45.5)
X2 =2.135
P =0.344
6 (54.5)
5 (45.5)
X2 =0.111
P =0.739
3 (27.3)
8 (72.7)
2
X = 4.184
P =0.041*
5 (45.5)
6 (54.5)
2
X =0.919
P =0.500
8 (72.7)
3 (27.3)
2
X =0.003
P =0.614

* Difference is significant at 0.05 level

Discussion
The current study was conducted among
96 workers from different sections of a
cement factory. Exposure to cement was
expected to be nearly the same among all
workers since they work in rotatory shifts
among different sections of the industrial
process.
Generally,
the
working
environmental conditions were poor. Most
of the workers were uneducated and none
of them received training courses about the
The Egyptian Journal of Community Medicine

expected occupational exposures that may
encounter at work and methods of
prevention. The current work showed that
a significant difference was found in
reporting chronic cough and expectoration
which were higher among the exposed
group. Moreover, the percentage of cement
workers with reduced FEV1, FVC was
significantly higher than the percentage of
controls for these readings.
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Regarding the respiratory symptoms, it
was found in one study that the percentage
of exposed workers to cement reporting
recurrent and prolonged cough, phlegm,
wheeze, dyspnea, bronchitis, sinusitis,
shortness of breath and bronchial asthma
was higher than the non-exposed.
Moreover, those exposed workers suffered
significantly lower ventilator function
(VC, FVC, FEV1, FEV1/FVC and PEF). It
was found also that the inhalation of
cement dust causes irritation of the
respiratory epithelium and smoking
aggravates this effect.22
Occupational exposure to cement dust
leads to a high prevalence of chronic
respiratory symptoms and to decreased
ventilator capacity.23,24
Yang et al results are in agreement of the
current study findings where reductions in
ventilatory function were found.25 Another
work among Egyptian cement workers
where FEV1/FVC ratio was significantly
lower for age groups 30 to 49 years old.26
Another work also recorded the most
common respiratory symptoms were stuffy
nose and shortness of breath. Moreover, a
statistically significant post shift reduction
in PEF, FEV1, FEV1/FVC was found in
the exposed group.27 Affection of lung
function among cement factory workers
was also studied by other researchers who
found a cross-shift decrease in PEF, FEV1,
FVC, FEV1/FVC.18 A study among 4265
European cement factory workers showed
a high prevalence of respiratory symptoms
and decreased dynamic lung volumes
among the exposed workers compared to
the office staff.28
These findings differ from Abu Dhaise et
al, 1997 who found that cement dust did
not affect lung function in Jordan cement
workers to a big extent.29
In the current study, 31% reported wearing
masks and 24% wore gloves, in another
work 40% wore masks.27 This low
percentage of workers wearing masks may
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be related to their feeling that masks do not
provide adequate protection in reducing
dust exposure. Moreover, none of our
workers
reported
receiving
preemployment training or orientation.
Regarding serum interleukin -1β levels, it
was found that 25.4% of participants had
elevated levels (table 3). This indicates an
inflammatory process in the lungs of those
workers. Researchers also found that
interleukin-1β correlates significantly with
FEV1, which draws attention to its role in
clinical aspects of the disease severity (30,
31)
. Studies suggest that cement workers
are at a greater risk of a systemic
inflammatory state17: Cell markers,
cytokines, and immune parameters in
cement mason apprentices.
Drost et al., (2005) in their study and
Cheng et al., 2008 (Cheng et al., 2008) in
their work found a significant positive
correlation
between
inflammatory
cytokines and FEV1/FVC and FEV1
respectively.32,33 It has been found that
long term exposure to cement affects the
levels of the pro inflammatory mediators
as interleukin beta 1.34 However, this was
not the condition in the current work where
no significant association was found
between interleukin levels and lung
volumes (Table 4).
The mean values for liver and kidney
functions among the study subjects were in
contrast to those of another study where
blood urea was elevated among workers
37.47±15.54, creatinine 0.93±0.29, while
for liver function ALT mean values were
29.90±13.15 which was lower than the
mean findings for ALT in our work while
for AST the mean values of their work was
29.34±14.39 which was similar to the
current study results.35
No significant association was found
between reduced lung volumes and age,
body mass index, current smoking, use of
masks and interleukin levels. A significant
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association was found reduced FEV1/FVC
ratio and work duration. (Table 4)
This is similar to the results of another
work which showed that the duration of
employment in some cement processing
sections was associated with cross shift
reduction in PEF. This may be a result of
increased sensitivity of the airways related
to long term exposure to cement or a result
of hypersensitivity to specific components
as chromium present in cement.14 Our
result differs from that of Fell et al (2003)
where no duration response-related decline
in lung function indices was found.
Body mass index was not significantly
associated with pulmonary function tests in
this study similar to the results of
Falaschetti et al in 2004.18,36
Conflicts of interest: The authors of this
study declare that they have no competing
interests.
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