
Eastern Mediterranean Health Journal, Vol. 15, No. 1, 2009 25

املجلة الصحية لرشق املتوسط، منظمة الصحة العاملية، املجلد اخلامس عرش، العدد 1، ٢٠٠9 

Environmental exposure to asbestos 
and the exposure–response 
relationship with mesothelioma
M.T. Madkour,1 M.S. El Bokhary,2 H.I. Awad Allah,2 A.A. Awad3 and H.F. Mahmoud4

Exposition environnementale à l’amiante et relation exposition-réponse avec le mésothéliome
RÉSUMÉ Une étude épidémiologique et environnementale a été réalisée à Shubra El-Kheima, dans 
la banlieue du Caire, sur la relation exposition-réponse entre l’amiante et le mésothéliome pleural malin. 
Un dépistage radiologique a été effectué sur 487 personnes exposées à l’amiante dans le milieu 
professionnel, 2 913 personnes exposées à l’amiante dans l’environnement et un groupe témoin de 
979 personnes n’ayant jamais été exposées. Une biopsie pleurale a été réalisée sur les cas suspects. 
Les concentrations de fibre d’amiante dans l’air ont été établies dans toutes les zones. Quatre-vingt-huit cas 
de mésothéliome ont été diagnostiqués, dont 87 dans le groupe exposé. Le risque de mésothéliome 
était plus élevé dans le groupe soumis à une exposition environnementale que dans les autres groupes, 
et plus élevé chez les femmes que chez les hommes. La prévalence du mésothéliome augmentait en 
même temps que l’exposition cumulée à l’amiante.
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ABSTRACT An epidemiological and environmental study was carried out in Shubra El-Kheima city, 
greater Cairo, of the exposure–response relationship between asbestos and malignant pleural mes-
othelioma. Radiological screening was done for 487 people occupationally exposed to asbestos, 2913 
environmentally exposed to asbestos and a control group of 979 with no history of exposure. Pleural bi-
opsy was done for suspicious cases. The airborne asbestos fibre concentrations were determined in all 
areas. There were 88 cases of mesothelioma diagnosed, 87 in the exposed group. The risk of mesothe-
lioma was higher in the environmentally exposed group than other groups, and higher in females than 
males. The prevalence of mesothelioma increased with increased cumulative exposure to asbestos.

ض واالستجابة وبني ورم املتوسطة ض البيئي لألسبستوس والعالقة بني التعرُّ التعرُّ
خمتار طه مدكور، حممود رسي البخاري، هاله إبراهيم عوض اهلل، عبد احلميد عوض، حسني فتحي حممود

القاهرة الكربى، حول العالقة بني  الباحثون دراسة وبائية وبيئية يف منطقة شربا اخليمة بمدينة  اخلالصة: أجرى 
ض واالستجابة لألسبستوس )األميانت( وبني ورم املتوسطة الـَجْنَبوي اخلبيث. وقد أجرى الباحثون تنظريًا  التعرُّ
نة من  ضني بيئيًا له، وجمموعة شاهدة مكوَّ ضني مهنيًا لألسبستوس، و2913 شخصًا معرَّ شعاعيًا لـ 487 شخصًا معرَّ
ض. كام أخذ الباحثون خزعات َجْنَبويَّة من احلاالت املشَتَبه هبا، وحددوا تركيز  979 شخصًا ليس هلم سوابق تعرُّ

صوا 88 حالة من ورم املتوسطة، 87 منها كانت ضمن  ألياف األسبستوس املنقولة باهلواء يف مجيع املناطق. وشخَّ
بيئيًا أعىل من املجموعتني  ضة  ضة. وتبني للباحثني أن اختطار ورم املتوسطة لدى املجموعة املعرَّ املجموعة املعرَّ
ض  األخريني، كام أن االختطار أعىل لدى اإلناث منه لدى الذكور. وازداد انتشار ورم املتوسطة مع ازدياد التعرُّ

التـراكمي لألسبستوس.
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Introduction

Malignant pleural mesothelioma (MPM) 
is associated with environmental and oc-
cupational exposure to asbestos [1]. During 
the last 4 decades, numerous studies on 
MPM have been conducted [2,3]. However, 
the natural history of this tumour remains 
ill-defined or scarcely known. Particular 
topics that deserve further investigation 
include the proportion of cases attributable 
to asbestos, the spectrum of the population 
at risk, the length of the latency period, the 
impact of mild exposure to asbestos and the 
role of cofactors in the development of the 
tumour [4]. 

Epidemiological studies have linked 
occupational exposure to asbestos with 
mesothelioma [5–10]. Cohort studies have 
found increased incidence of and mortality 
from mesothelioma among asbestos workers 
employed in mining [5], textile manufactur-
ing [6], insulation [7] and asbestos cement 
factories [8]. Exposure has been assessed by 
a variety of methods, but all studies reach 
the conclusion that the rate of mesothelioma 
increases as the level of exposure increases 
[10]. Non-occupational or environmental 
exposure to asbestos is also associated with 
an increased risk of mesothelioma [11]. 
Exposure is experienced by individuals 
living with asbestos workers [12] and those 
living near asbestos mines and mills [13] or 
factories manufacturing asbestos products 
[14]. The development of the disease has a 
long latency, with cases arising more than 
10 years after first exposure, and numbers 
continue to rise exponentially with time 
since first exposure [15].

Since other factors such as level of ex-
posure also determine the risk of mesotheli-
oma [16], it is important to analyse all these 
factors to disentangle their separate effects. 
The prevalence of mesothelioma has been 
increasing throughout the industrialized 
world [17]. The incidence is predicted to 

peak around 2020 [18]. This reflects in-
dustrial exposure to asbestos, which was 
common up to the 1980s, combined with a 
latent period between exposure to asbestos 
and development of mesothelioma averag-
ing 30–40 years [17]. 

Data obtained from the information 
network of the General Organization for 
Industrialization in Egypt, showed that 14 
asbestos factories were present in Egypt 
in the year 2004 [19]. These factories af-
fect an area of approximately 5–7 km in 
radius, which explains the high incidence 
of mesothelioma in the neighbourhood of 
these factories. Workers employed since 
1948 by the Egyptian asbestos company 
Sigwart at the mills in greater Cairo (El 
Maasara and Shubra El-Kheima) had an in-
creased risk of mesothelioma, as did former 
residents of Shubra El-Kheima who were 
not directly employed in the milling of 
asbestos. In 2002, a high prevalence of 
pleuropulmonary disorders due to environ-
mental asbestos exposure was reported in 
the immediate vicinity, 0.5–1.5 km, from an 
asbestos plant in south Cairo [20]. In Egypt, 
the ministerial council decided to ban asbes-
tos imports in 2004 and the Sigwart plants 
were closed in November 2004. Therefore, 
the predicted incidence of mesothelioma 
in Egypt will reach its peak around 2040. 
However, no previous Egyptian study of 
environmental exposure to asbestos and 
the risk of mesothelioma has been able to 
utilize exposure levels to derive quantitative 
exposure–response relationships. 

The aims of this study were: to evaluate 
the prevalence of MPM due to occupational 
and environmental (non-occupational) 
exposure to asbestos among persons who had 
worked in the asbestos manufacturing plant 
and in persons living in an area nearby the 
plant with potentially significant population 
exposure and to estimate the exposure–
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response relationship between environmental 
exposure to asbestos and MPM.

Methods

Location
This epidemiological and environmental 
study was carried out in Shubra El-Kheima 
city, greater Cairo, to evaluate the preva-
lence of MPM. Shubra El-Kheima is an 
industrial city at the northern boundary of 
Cairo, just upwind from downtown Cairo. 
It has an area of about 30 km2. This city was 
considered the focal point of the highest 
environmental exposure to ambient asbes-
tos fibres due to the operation of a large 
asbestos manufacturing plant (the Sigwart 
Company plant) (Figure 1). The Sigwart 
plant is an asbestos manufacturing plant us-
ing chrysotile asbestos. It was constructed 
in 1948 and its main products were asbestos 
cement pipes and reinforced concrete prod-
ucts. The study included 6 areas in the near 
vicinity of Sigwart plant, and these areas 
were mapped according to the distance from 
the asbestos plant and the airborne asbestos 
fibre concentrations.

Sample
The people working in the plant were desig-
nated the occupationally exposed group and 
the population living in the 6 areas near the 
plant were defined as the environmentally 
exposed group. Sampling areas of airborne 
asbestos fibres and the wind direction and 
speed are shown in Figure 1.

Environmentally exposed group
The 6 areas which were defined in the near 
vicinity of Sigwart plant included El-Wehda 
El-Arabia, Manshiyat El-Gadida, Manshiyat 
El-Horriya, Ezbet Osman, Manshiyat Abdel 
Moneim Riad and Ezbet Rostom. For the 
purpose of calculating population statistics, 

the 2000 census population data were ob-
tained from the Egyptian Central Agency 
for Public Mobilization and Statistics. All 
sampling sites were located within 2 km of 
the asbestos plant. El-Wehda El-Arabia area 

Figure 1 Map of Shubra El-Kheima city 
with superimposed direction and speed of 
wind. Sampling areas: (1) Asbestos plant 
(Sigwart store); (2) El-Wehda El-Arabia; (3) 
Manshiyat El-Horriya; (4) Ezbet Rostom; (5) 
Ezbet Osman; (6) Manshiyat El-Gadida; (7) 
Manshiyat Abdel Moneim Riad

2.5 km
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includes 56 228 people and lies about 100 m 
walking distance of the asbestos plant. Man-
shiyat El-Gadida includes 20 000 people, 
Manshiyat El-Horriya includes 67 832 peo-
ple, Ezbet Osman includes 25 000 people, 
Manshiyat Abdel Moneim Riad includes 
128 215 people, finally, Ezbet Rostom in-
cludes 24 834 people. A total of 322 109 
people are still living in these areas and are 
still exposed to asbestos.

Permission was taken from the health 
centres in these areas to do the study and in 
turn, the health visitors informed the popula-
tion living in those areas to attend the centres 
to do a mass miniature radiography (MMR) 
scan. Considerable efforts were made to 
convince people of the importance of doing 
the MMR. Verbal consent was taken from 
all individuals included in the study. 

The sample size was calculated as 3059 
subjects using the Epi-Info program. Those 
who agreed to participate in the study were 
2913 subjects who were chosen by cluster 
sampling, with a response rate of 95%. 
Details about occupation were taken, and 
subjects who were working in the plant 
or retired from the plant or had any his-
tory suggestive of occupational exposure 
to asbestos were excluded from the envi-
ronmentally exposed group to avoid double 
registration. 

Occupationally exposed group
Efforts were made to gain permission to do 
the study inside the asbestos plant and to 
convince the staff of the plant about the im-
portance of having the MMR scan. The total 
number of staff working in the plant was 
about 543 people: 35 refused to participate 
in the study, 21 were lost during the study 
and the remaining 487 agreed to undergo 
the MMR. This group included workers 
dealing with asbestos manufacture in differ-
ent processing sites (milling, manufacturing 
and cutting) and those working in the store, 

industrial shops, administration, asbestos 
waste site and the gate of the plant. The 
study was done during working hours in 
the presence of the whole workforce of the 
plant. All the staff inside the asbestos plant 
were exposed to the hazards of asbestos as 
there were contiguous rooms for all staff 
inside the different sections of the plant and 
clerks delivered circulars from the adminis-
tration staff to the workers at their duty sites 
and there was supervision of work perform-
ance by administration staff.

Control group
An agricultural area at Banha city about 
40 km from the plant was included in the 
study as a control area. The sample size of 
the population included in the study in that 
area was calculated as 1041 subjects using 
the Epi-Info program. Those who agreed to 
be included in the study were 979 people 
chosen by cluster sampling, a response rate 
of 94%. Verbal consent was taken before 
doing the MMR. None of these individuals 
had a history of occupational or environ-
mental exposure to asbestos. 

Data collection: clinical
Full history taking
All participants were interviewed. Occupa-
tional history was taken in full detail. The 
place of birth and residence were recorded 
in chronological order. The duration of 
environmental exposure to asbestos was 
determined. Full details were taken from the 
environmentally exposed group regarding 
their place of residence and period of resi-
dence in Shubra El-Kheima city. Care was 
also taken to exclude those with a history of 
occupational exposure to asbestos or retired 
people who were working in an asbestos 
plant. No history of migration was recorded 
because levels of mobility from one area to 
another in Egypt are very low and so the pe-
riod from first residence in the area until the 
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time of study was considered as the duration 
of environmental exposure.

Clinical examination
A thorough clinical examination was car-
ried out for all subjects, with special empha-
sis on the respiratory system.

Mass miniature radiography
MMR was done for all studied groups. 
All the films were read by 2 qualified and 
experienced readers for diffuse parenchy-
matous disease and pleural diseases. We 
used MMR for the initial screening for the 
purpose of time and cost savings because 
of the large number of subjects in the study 
and also to avoid the health hazards of ra-
diation to the community. This procedure is 
usually adopted by the Egyptian Ministry of 
Health surveys to detect cases with abnor-
mal shadows and followed up with standard 
chest radiographs for confirmation.

Standard chest radiographs
Suspected cases with MMR abnormalities 
immediately underwent standard chest ra-
diographs to confirm the presence of the 
abnormality.

High-resolution computerized scans
A high-resolution computerized scan (HRCT) 
of the chest was done for those persons with 
abnormal chest radiographs for better assess-
ment and localization of the lesion.

Admission to Abbassia Chest Hospital
Subjects with abnormal MMR and abnor-
mal HRCT were admitted to Abbassia Chest 
Hospital where pleural biopsy was done us-
ing thoracoscopy, limited thoracotomy or 
CT-guided biopsy.

Data collection: estimation of 
airborne asbestos fibres
The study was done in the period January 
2003 to March 2004 inside the asbestos 

plant when it was functioning at full capac-
ity and after the plant was closed in Novem-
ber 2004. So the screening of workers and 
other aspects of the study were done before 
closure of the plant.

Air sampling and analytical methods 
Each air sample was collected on a mem-
brane filter (Millipore AA, 25 mm diam-
eter) mounted on an open filter holder. The 
air sampling was carried out for 8 hours 
at a flow rate of 10 L/min. All the sam-
ples were prepared by the method of the 
Occupational Safety and Health Agency 
(OSHA7400).

Filters were placed onto the surface of 
clean glass slides and were cleared using 
acetone triacetin reagent. A clean cover 
slip was gently lowered on the wedge at 
a slight angle to reduce bubble formation. 
The filter segment was outlined with a 
glass marking pen to aid in microscopic 
evaluation. 

Measurements were carried out using 
light microscopy, phase contrast with a blue 
filter, adjustable field iris, 10 × eyepiece and 
40 × phase objective (total magnification 
400 ×). Walton Beckett graticule type with 
100 μm diameter was used to count asbestos 
fibres (field area of Walton Beckett graticule 
is 0.00785 mm2). The slide was centred on 
the stage of the calibrated microscope under 
the objective lens, and the plane of the filter 
was focused on the microscope.

Fibres longer than 5 μm which lay en-
tirely within the Walton Beckett graticule 
were counted. Counting started from the 
top of the filter wedge and progressed along 
a radial line of the outer edge, shifted up–
down on the filter and continued in the 
reverse direction. The graticule field was 
chosen randomly. During 6 unit continuous 
scans a range of focal planes was examined 
by moving the 5 focus knobs to detect very 
fine fibres which may be embedded in the 
filter.



30 La Revue de Santé de la Méditerranée orientale, Vol. 15, N° 1, 2009

املجلة الصحية لرشق املتوسط، منظمة الصحة العاملية، املجلد اخلامس عرش، العدد 1، ٢٠٠9 

Calculations
Average count was calculated by divid-
ing the total fibre count by the number of 
fields observed. Fibre density (E) (fibres/
mm2) was defined as the average count 
(fibres/ field) divided by the field graticule 
area (AF) (0.00785 mm2):

 

Where F/nf = average fibre count/graticule 
field, B/nb = mean field blank count/grati-
cule field.

The concentration (C) (fibres/cm3) of 
fibres in the air volume (V) (L) using the 
effective collection area of the filter (AC) 
(385 mm2) was calculated as follows:

 

V = L/min × times = 3.1 × 30 = 93 L.

Sampling sites
Inside the asbestos plant: 45 air samples 
were taken from all department, the milling 
site (8 samples), the manufacturing machine 
(7 samples), the cutting site (6 samples), 
asbestos waste site (5 samples), industrial 
shops (5 samples), the gate (4 samples), the 
administration office (5 samples), and the 
store (5 samples). The samples were col-
lected in the working environment dealing 
with the manufacture of the asbestos pipes 
during different processes. The air samples 
were collected at a height of 1.5 m (breath-
ing zone) above the ground level between 
09:00 and 17:00 hours.

Outside the asbestos plant: air samples 
were collected at 6 different areas (5 sam-
ples each) in Shubra El-Kheima city around 
the plant in a radius of 2.5 km.

Agricultural area: air samples were col-
lected from an agricultural area at Banha 
city, about 40 km from the plant.

Methods of estimation of individual 
exposure levels
Intensity of exposure was calculated ac-
cording to airborne asbestos fibre concen-
tration (f/mL). Duration of exposure was 
determined for all subjects. Duration of 
exposure was then combined with intensity 
of exposure to give a measure of cumula-
tive exposure for each person in fibres per 
millilitre years (f/mL-years). Latency was 
estimated from the year of first exposure 
until the onset of symptoms.

Statistical methods
Data were analysed using SPSS, version 9. 
Statistical analysis was carried out using 
Student t-test, Mann–Whitney test, chi-
squared test and Fisher test. Relative risks 
(RR) and 95% confidence intervals (95% 
CI) were calculated to determine the risk of 
MPM in exposed subjects.

Results

The demographic and exposure characteris-
tics of asbestos-exposed subjects are shown 
in Table 1. There was a highly statistically 
significant difference between the envi-
ronmentally and occupationally exposed 
groups as regards age, sex, duration of 
exposure (i.e. length of time resident in the 
area or employed in the factory) and preva-
lence of MPM cases (P < 0.001).

The classification of pleuropulmonary 
disorders in all study groups is shown in 
Table 2. There were 88 cases of MPM 
diagnosed, 87 in the exposed groups and 1 
in the control group. MPM was more preva-
lent in the environmentally exposed group 
(83/2913, 2.8%) than the occupationally 
exposed group (4/487, 0.8%) and control 
group (1/979, 0.1%) (Table 3). 

The mean age of patients with MPM was 
51.3 [standard deviation (SD) 8.08] years; 
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Table 1 Characteristics of groups occupationally and environmentally exposed to asbestos

Characteristic Occupationally 
exposed (n = 487)

Environmentally 
exposed (n = 2913)

Test P-value

Mean (SD) age (years) 46.5 (3.9) 57.5 (8.9) t = 740.07 < 0.001

Sex No. % No. %
 Male 487 100.0 1616 55.5 χ2 = 350.56 < 0.001
 Female 0 0.0 1297 45.5

Mean (SD) intensity of exposure 
to asbestos (f/mL) 0.59 (0.76) 0.38 (0.87)

Mann–Whitney 
test = 1.56 < 0.001

Duration of residence in area or 
employment in factory (years)

No. % No. %

 0–10 47 10.0 307 10.5

χ2 = 33.50 < 0.001

 11–20 107 22.0 616 21.2

 21–30 88 18.0 837 28.7

 31–40 47 30.0 618 21.2

 > 40 98 20.0 535 18.4

Malignant pleural 
mesothelioma
 +ve 4 0.8 83 2.8 χ2 = 6.88 < 0.001
 –ve 483 99.2 2830 97.2

n = total number of people examined.

Table 2 Classification of pleuropulmonary disorders in groups occupationally and 
environmentally exposed to asbestos

Disorder Occupationally 
exposed (n = 487)

Environmentally 
exposed (n = 2913)

Non-exposed 
(n = 979)

No. % No. % No. %
Malignant pleural mesothelioma 4 0.8 83 2.8 1 0.1

Pleural plaques 7 1.4 46 1.5 0 –

Diffuse pleural thickening 29 5.9 39 1.3 1 0.1

Benign pleural effusion 1 0.2 36 1.2 0 –

Idiopathic pulmonary fibrosis 4 0.8 29 0.9 2 0.2

Pericardial calcification 1 0.2 11 0.3 0 –

Total 46 9.4 244 8.3 4 0.4

n = total number of people examined.

54.1 (SD 8.45) years (range 39–70 years) 
for males and 49.5 (SD 7.39) years (range 
35–60 years) for females. 

The exposure characteristics of subjects 
positive and negative for MPM are shown 

in Table 4. Exposure to asbestos was sig-
nificantly higher among patients with MPM 
compared to non-MPM subjects.

The prevalence of MPM among the 
environmentally exposed group in differ-
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Table 3 Prevalence of malignant pleural 
mesothelioma (MPM) cases in the asbestos-
exposed and non-exposed groups

Group No. 
examined

MPM cases
No. %

Occupationally  
 exposed 487 4 0.8
Environmentally  
 exposed 2913 83 2.8
Non-exposed 979 1 0.1

Table 4 Characteristics of people with and without malignant pleural mesothelioma (MPM)

Characteristic MPM χ2 and P values
+ve (n = 88) –ve (n = 4291)
No. % No. %

Duration of residence in area or 
employment in factory (years)
 0–10 0 0.0 406 9.5

χ2 = 44.30; P < 0.001
 11–20 5 5.7 785 18.3
 21–30 14 15.9 992 23.1
 31–40 16 18.2 831 19.4
 > 40 53 60.2 1277 29.7
Age (years)
 20–40 11 12.5 669 15.6

χ2 = 27.59; P < 0.001
 41–50 23 26.1 2086 48.6
 51–60 47 53.4 1234 28.8
 > 60 7 7.9 302 7.0
Sex
 Male 34 38.6 2606 60.7 χ2 = 17.58; P = 0.0021
 Female 54 61.4 1685 39.3

n = total number of people examined.

ent areas is shown in Table 5. There was a 
statistically significantly higher prevalence 
of MPM cases in El-Wehda El-Arabia area 
(4.5%) compared to Ezbet Rostom area 
which had the lowest prevalence (1.2%) (χ2 
= 12.75, P = 0.03).

The risk of developing MPM was 26 
times greater among the occupationally and 
environmentally exposed groups compared 
to the non-exposed group (Table 6).

The duration of exposure to asbestos 
in cases of MPM in all studied groups is 
shown in Table 7. There was a significantly 
number of MPM cases in patients with 
environmental asbestos exposure of more 
than 40 years when compared to those with 
a shorter duration of exposure (P < 0.001). 
Figure 2 shows that the percentage of MPM 
cases increased with longer duration of 
exposure to asbestos fibres. 

Fibre concentrations in the different 
sites inside the asbestos plant are shown 
in Table 8. There was a highly significant 
difference between fibre concentrations at 
the asbestos waste site versus other sites and 
versus the control area (P < 0.001). Also 
there was a highly significant difference 
between fibre concentrations at asbestos 
manufacturing sites (milling, cutting and 
industrial shops) versus the control area (P 
< 0.001). Airborne asbestos fibre concentra-
tions in the surrounding areas outside the 
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Table 5 Prevalence of malignant pleural mesothelioma (MPM) in the group environmentally 
exposed to asbestos in different areas

Area (distance from the asbestos plant) No. exposed No. examined MPM cases
No. %

El-Wehda El-Arabia (100 m) 56 228 873 39 4.5
Manshiyat El-Gadida (800 m) 20 000 644 17 2.6
Manshiyat El-Horriya (1 km) 67 832 335 8 2.4
Ezbet Osman (1 km) 25 000 412 9 2.2
Manshiyat Abdel Moneim Riad (2 km) 128 215 318 6 1.9
Ezbet Rostom (2.5 km) 24 834 331 4 1.2

Table 6 Risk of malignant pleural 
mesothelioma (MPM) in the asbestos-
exposed and non-exposed groups

MPM Exposed 
(n = 3400)

Non-exposed 
(n = 979)

No. % No. %
+ve 87 2.6 1 0.1
–ve 3313 97.4 978 99.9

Relative risk = 25.68.
n = total number of people examined.

asbestos plant and number of MPM cases are 
shown in Table 9. The overall mean asbestos 
fibre concentration in the exposure areas was 
0.38 (SD 0.87) f/mL. The number of cases 
of MPM was higher in El-Wehda El-Arabia 
area (39 cases), where the concentration of 
airborne asbestos fibres was higher (2.16 
f/mL) compared with other areas (P < 0.01).

The distribution of various indices of 
estimated exposure for MPM and non-
MPM cases is shown in Table 10. Nearly 
50% of patients with MPM had cumulative 
exposure > 20 f/mL-years.

Discussion

In this study 88 cases of MPM were diag-
nosed, all except 1 in the asbestos-exposed 
groups. The finding of 1 mesothelioma case 
in the non-exposed group can be explained 
by Hillerdal in 1999 who discussed the 

evidence that the tumour can occur even 
in the complete absence of asbestos, i.e. a 
spontaneously occurring tumour [2]. 

The mean age of MPM cases was 54.1 
years. These results are in agreement with 
a study which reported that malignant 
mesotheliomas of the pleura may occur 
over a wide age range, but are most com-
monly observed in adults over the age 
of 50 years [21].

Our study showed a significant differ-
ence in age in all exposed groups including 
MPM cases between the occupationally ex-
posed and environmentally exposed groups. 
This might be because workers inside the 
asbestos plant were exposed to higher 
concentrations of asbestos fibres than the 
environmentally exposed group, so the me-
sothelioma might occur at an earlier age 
than the environmentally exposed group or 
there might be retirement at an earlier age 
in addition to death from MPM at an earlier 
age in the workers.

The female predominance of MPM 
cases (61.4% versus 38.6%) in our study 
is in agreement with another study which 
found that out of 27 cases with malignant 
pleural mesothelioma, 18 cases were fe-
males (66.7%) and 9 cases were males 
(33.3%) [10]. 

In Egypt, one study found that the dust 
concentration in the environment of Sigwart 
factory was 3–20 f/mL [22]. Our results 
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fibres

showed a much lower mean concentration of 0.59 f/
mL, presumably due to improvements in the tech-
nology of asbestos manufacturing and the use of 
closed systems along with the application of filters, 
frequent cleaning, suction systems and protective 
masks for the workers which led to a decrease in the 
concentration of the airborne asbestos fibres. 

Environmental assessment of airborne asbestos 
fibre concentrations showed that the highest mean 
concentration (2.16 f/mL) was in the El-Wehda El-
Arabia area which lies within 100 m of the asbestos 
plant and where the wind direction is towards that 
area. Fibre concentrations start to decrease further 
away from the plant. The overall mean asbestos 
fibre concentration in the exposure areas was 0.38 
f/mL. This was in contrast with the findings of 
another study reporting a concentration of 7–13 
f/mL in an area 0.5–1.5 km from the asbestos plant 
[20]. Therefore, it seems that exposure to asbestos 
fibres is not only limited to workers in factories but 
to those living in areas with environmental pollution 
from asbestos fibres. 

In a study from Turkey the authors measured 
the airborne fibre concentration in a village envi-
ronmentally exposed to asbestos, where they found 
that the mean concentration was 0.012 f/mL [23], 
a figure lower than ours. Their study and others 
[10,24] showed a higher rate of MPM cases among Ta
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Table 8 Asbestos fibre concentrations in the asbestos processing plant 
in greater Cairo and malignant pleural mesothelioma (MPM) cases by 
factory operation

Site 
no.

Operation No. 
examined

No. of MPM 
cases

Fibre concentrations 
(f/mL-years)

Mean SD
1 Milling 43 1 0.764 0.73
2 Manufacturing 89 0 0.250 0.11
3 Cutting 78 0 0.239 0.15
4 Store 23 0 0.183 0.21
5 Asbestos waste 45 3 2.330 1.30
6 Office 61 0 0.126 0.16
7 Industrial shops 123 0 0.920 0.70
8 Gate 25 0 0.007 0.007
Total 487 4 0.590 0.76
Control 979 1 0.0021 0.013

F = 160; P < 0.001. 
SD = standard deviation.

Table 9 Airborne asbestos fibre concentration in the surrounding areas outside the asbestos 
plant and number of malignant pleural mesothelioma (MPM) cases

Area (distance from the asbestos plant) No. of MPM cases Fibre concentration (f/mL)
Mean SD

El-Wehda El-Arabia (100 m) 39 2.16* 0.16
El Manshiya El Gadida (800 m) 17 0.04 0.01
Manshiyet El Horriya (1 km) 8 0.021 0.0005
Ezbet Osman (1 km) 9 0.021 0.002
Manshiyet Abd El Moneem Riyad (2 km) 6 0.025 0.004
Ezbet Rostom (2.5 km) 4 0.021 0.003
Total 83 0.38 0.87
Control 1 0.0021 0.013

F = 47.01; *P < 0.01. 
SD = standard deviation.

those with higher intensity and cumulative 
exposure to asbestos. This was also con-
firmed in our study which showed a positive 
correlation between the asbestos fibre con-
centration and the number of MPM cases in 
all studied areas. It should be stressed that 
the high number of women detected with 
mesothelioma is due to the long duration of 

residency near the asbestos plant with high 
permissible concentrations of asbestos.

The current study showed that MPM was 
more prevalent in the environmentally ex-
posed group (2.8%) than in the occupationally 
exposed group (0.8%) reflecting the impact 
of environmental air pollution with asbestos 
on the prevalence of mesothelioma. This is in 
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agreement with a South African report which 
showed that one-third of the mesothelioma 
cases were exposed as residents living near 
asbestos mines and mills [25]. 

Comparing the prevalence of MPM 
among the environmentally exposed group 
in the different areas, our study showed 
that MPM was more prevalent in El Wehda 
El Arabia (4.5%), the nearest area near to 
the asbestos plant, than other areas further 
away. This agrees with the results of other 
studies which detected excess cases in the 
immediate neighbourhood of factories that 
processed asbestos, mainly from the same 
South African mines [26–28]. 

As regards monitoring of airborne asbes-
tos fibre concentration, our study showed 
that the mean occupational airborne as-
bestos concentrations (0.59 f/mL) were 
significantly higher than the environmental 
concentrations (0.38 f/ mL). Similar results 
have been shown in previous reports on 
airborne asbestos concentrations in Europe 
and the United States of America [29].

Conclusion

This study provides additional quantitative 
information on the relative risks of pleural 
mesothelioma in subjects environmentally 
exposed to asbestos. Of special interest is 
the 26-fold excess risk of pleural mesothe-
lioma due to environmental exposure. The 
central role of latency and of cumulative 
exposure in determining the risk of me-
sothelioma is of special importance. The 
present study has an important message. 
The mesothelioma epidemic will affect 
areas without major industrial exposure to 
asbestos. Though the importation of raw 
asbestos into Egypt was banned at the end 
of 2004, the threat of developing mesothe-
lioma will remain for a considerable period 
of time due to the latency period. Therefore, 
a high index of suspicion is needed for early 
detection of mesothelioma in persons with 
environmental exposure to asbestos.

Successful interventions have already 
been made by the government of Egypt 

Table 10 Distribution of various indices of estimated exposure of people with and without 
malignant pleural mesothelioma (MPM)

Measure of exposure MPM P-value
+ve (n = 88) –ve (n = 4291)
No. % No. %

Estimated intensity of 
exposure (f/mL)

χ2 = 32.4; P < 0.01

 < 0.5 45 51.1 3350 78.1
 0.51–0.75 0 0.0 0 0.0
 > 0.75 43 48.8 941 21.9
Estimated cumulative 
exposure (f/mL-years)
 < 7.00 45 51.1 3130 73.0
 7.01–20 0 0.0 139 3.2
 > 20 43 48.8 1022 23.8

n = total number of people examined.
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to prevent further exposure to asbestos by 
placing a ban on its use. The focus now 
shifts to small informal workshops which 
use asbestos with a high risk of environ-
mental exposure. Despite technical difficul-
ties, the process of replacing asbestos with 
safer materials, especially in small informal 
workshops, is essential to prevent further 

release of asbestos into the environment. 
Industries with harmful environmental and 
health impacts are heavily regulated in the 
developed countries and these industries are 
migrating to the developing world. There-
fore great caution is needed, especially in 
the construction industry with the growing 
use of asbestos-based cement products. 
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