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Silicosis, pneumoconiosis, industrial bronchitis, 
tuberculosis and some types of cancer are among 
the diseases that have been related to the exposure 

to inorganic dust. Silicosis is a disease that is known 
since Herodotus’ times, where mines’ workers were 
exposed to silica dust and silicates during the extraction 
activities, and in some quarries areas where silica was 
employed as a raw material. Currently studies show that 
mines and quarries workers presented a high dead rate 
due to this disease.1 In 1870 Visconti gave to Silico-
sis its name. At the present, a physiopathology pattern 
had been identifi ed2 and today is well known that it is 
the most frequent pneumoconiosis and cause a chronic 
fi brotic disease produced by the exposure to free silica.3

The silica to be harmful has to be in the form of sili-
con dioxide or free-silica, which is generally found as 
quartz. The particles size has to be from 2 to 6 microns, 
so they can get into the human alveolus. When the par-
ticles are either bigger or smaller, they are less harmful 
for the exposed individual.4

When a person is exposed to silica particles trigger 
a whole mechanism in the body: When breathing, the 
particles get into the terminal part of the respiratory 
tree and then into the respiratory bronchioles.5 Then, 
the macrophages start the phagocytes process on the 
silica particles trough the pinocytic phenomenon in an 
effort to destroy them via the proteases and elastase 
within the lysosome in the macrophage´s cytoplasm. 
Generally the silica particles cannot get destroyed by 
this process, instead, the macrophages die due to the 
lysosome enzymes effect, and a production of new 
macrophages start over and over because they get 
destroyed every time, causing with this an infl amma-
tion and increase in lymphocyte T which produce lym-
phokines that inhibit the migration of the macrophages 
and increase the destructiveness of the lysosome 
enzymes. This whole process causes the neutrophils 
to produce a chemoattracans substance to fi broblasts 
and creates collagen fi bers that surround the silica par-
ticles. The silicosis nodules are the characteristically 
histopathology elements of the disease.6

There is an increase of the cellular response pro-
duced by the monocytes due to the interleukin 1 pro-
duced by the macrophages. The alveolar fi brosis starts 
giving a big amount of interstitial macrophages that 
get into the alveoli. This sets a constant response at the 
alveolar tissue that keeps going even when the subject 
is not exposed to the silica powders anymore.

Silicosis, like all pneumoconiosis, is asymptom-
atic in early stage. The disease gives signals of its 
presence in two different situations: when is already 
very advanced or when the subject suffers from other 
pathologies, such as, bronchitis, tuberculosis, chronic 
obstructive pulmonary disease, emphysema and spon-
taneous pneumothorax, among others. 
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Objective: to identify the association between the exposure of work-
ers to inorganic dust in a quarry and a cement factory and pulmonary 
diseases.
Methods: a transversal study on data from 32 quarry workers (QWs) and 
57 cement production line workers (CFWs) to inorganic-dust exposure 
was performed. Pulmonary function tests and chest X ray were done in 
both groups.
Results: there were differences between QWs and the CFWs; QWs 
were younger, shorter and thinner. The amount of sick individuals might 
be considered signifi cantly different, showing a smaller proportion on the 
cement production line. The quarry workers have been on the company 
for a shorter period of time and, in the end, they present more serious 
pulmonary problems with an average of 3 years working.
Conclusions: the amount of free-silica that is managed on the quarry 
affects the workers in some way, even when literature states that the 
evolution of industrial bronchitis and silicosis have a period development 
of approximately 10 years.
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Table I Results of the environmental study on the concentration of inorganic 
powders

Location Area Concentration (mg/m3)

Drill 1  7.98

Drill 2  89.67

Quarry tunnel 1  3.94

Quarry Control house  0

Shreder  15.19

Cellar 1  17.08

Cellar 2  65.9

Gammametric  18.17

Packaging 1  3.4

Production cellar Packaging 2  30.56

Packaging 3  25.45

Maintenance Sand blast  46.89

Objetivo: asociar la exposición a polvos inorgánicos 
en trabajadores de una cantera y una cementera y la 
generación de alteraciones pulmonares.
Métodos: estudio transversal con 32 trabajadores 
expuestos a polvos inorgánicos en una cantera y 57 en 
una cementera. Se les realizaron pruebas de función 
respiratoria y telerradiografías de tórax. Se midieron 
polvos totales.
Resultados: existieron diferencias demográfi cas signifi -
cativas entre las dos líneas de producción: los emplea-
dos de la cantera fueron más jóvenes, menos altos y 
ligeramente más delgados. La proporción de enfermos 
fue signifi cativamente diferente entre las dos áreas: en 
la cementera fue menor que en la cantera. Aun cuando 

los trabajadores de la cantera tuvieron una antigüedad 
menor, presentaron problemas pulmonares más graves.
Conclusiones: la cantidad de sílice libre que se 
maneja en la cantera afecta gravemente la salud de 
los trabajadores, ya que con un promedio de tres años 
de antigüedad laboral presentaban silicosis. Por ello, 
deben establecerse mejores programas de higiene 
industrial para el control de los polvos
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There are three different clinical pictures caused 
by inhaling silica powders:

• Chronic silicosis: that is the most common type. 
Requires 10 or more years of exposure to powders 
containing up to 30 % of free silica. It develops 
slowly and if the exposure is not so intense, its 
effects are not so harmful.5

• Acute silicosis: It is usually seen on subjects that 
work with sand blasts. It is shown after 2 to 3 years 
of exposure to silica powders with a 90 to 100 % of 
free-silica. This clinical picture of silicosis is also 
known as silicoproteinosis. It is a very malign pneu-
moconiosis that rapidly produces respiratory insuffi -
ciency, abnormalities in the lungs and emphysema. It 
is characterized by multiple small immature nodules.7

• Accelerated silicosis: This type of silicosis is 
worse clinical presentation. It is produced when 
the inhaled powder contains 40 to 84 % of free-sil-
ica. This silicosis as the acute one is dependent on 
the magnitude of the exposure to silica. An occu-
pational environment that has this kind of exposure 
occurs during abrasion operations in mines, in these 
operations, it is believed that silica is more toxic 
to the alveolar macrophages, given the increase of 
REDOX that is present on the surface of the pow-
der, which produces highly reactive radicals OH- 
such as carbon and, in some cases, nitrogen.6-8

The accurate diagnosis of silicosis has a protocol:9-12

• Information about the exposure level of the indi-
vidual to silica powders. This is obtained via the 
work history of the employee and it is confi rmed 
by a sensory visit to the work place and quantifi ed 
by air sampling in the area.

• Alterations on the thorax X-ray agree with the ones 
listed on the International Classifi cation of Radio-
graphs of pneumoconiosis for the ILO 2000.13

• Spiromety, the pulmonary function test is used to 
identify functional alterations defi ned by the Amer-
ican Thoracic Society (ATS).14-16 We can establish 
three different patterns: obstructive, restrictive and 
mixed. When the individual presents a parenchy-
mal problem a restrictive pattern is observed, like 
the one in silicosis. When the patient shows air-
ways problems, such as bronchitis or asthma the 
pattern that is seen is the obstructive one. When the 
pathology has a long last evolution of the pathol-
ogy, usually presents a mixed pattern.

The prevalence and gravity of the silicosis depends 
both, on the intensity to the exposure to free-silica 
powders and on the individual’s susceptibility.17

Bronchitis is another disease known to be related to 
the exposure to cement powders,18 as well as to smoke, 
sulfur dioxide,19,20 exposure to chemicals agents21 and 
pollution. However it is a common disease, there is 
not enough research done on acute industrial bronchi-
tis caused by the exposure to inorganic dust.

Silicosis y bronquitis industrial por exposición a polvos de sílice y cemento
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In order to have a good preventive program in 
work places with silica contaminated environments is 
convenient to keep a preventive program, where the 
workers that are exposed are checked periodically.15,16

Silica is the most abundant element in nature.9 
The outermost layer of the earth’s surface is made of 
98.6 % silica and silicates. The aim exposure to sil-
ica dust occurs in industries that perform extraction 
(mines and quarries) and transformation industries 
(companies that produce ceramics, refractory prod-
ucts, glass, paints, enamels, paper and cement).22

The International Labor Organization in 1971 in 
Bucharest, Romania, defi ned the pneumoconiosis as 
“accumulation of dust in the lungs tissue and the phys-
iological reactions in the presence of this dust”, where 
powder is defi ned as “inanimate solid aerosol parti-
cles”.18 Pneumoconiosis are considered real working 
diseases given that they are originated in the presence 
of contaminants that are usually found on specifi c 
work places and they are rarely found outside of them.

When cement powders are inhaled in small 
amounts they cause, as a fi rst side-effect, irritation 
of the respiratory tree and after some time of expo-
sure, the particles that are deposited in the terminal 
portion at the level of the respiratory bronchioles can 
produce pneumoconiosis. The exposure time required 
to develop chronic silicosis is 10 years. The other two 
types of silicosis require a different time of exposure 
that can be reached by the use of sand blasts. Although 
bronchitis is a complication of pneumoconiosis and 
especially of silicosis. It is known that the develop-
ment of industrial bronchitis is shorter than the devel-
opment of pneumoconiosis.

The raw materials needed for the production of 
cement are: limestone, sand, clay, shale, magna and 
oxides of shale. These have to be mixed with silica, 
aluminum and iron as sand, clay, bauxite, shale, iron 
and blast furnace slag. Plaster is added at the end of 
the process.23 Portland cement is a material that is 
compound by calcium oxides (60-70 %), silica (5 %) 

in the form of free-silica, aluminum trioxide (4-7 %), 
ferric oxide (2-6 %) and magnesium oxide (less than 
5 %). The exposure to silica and silicates on a quarry 
occur specially on the warehouse, the crushing and the 
packing areas. 

Some cautionary measurements that can be taken 
reduce the exposure level in work places is the use 
of fans, extractors and respirators. The only problem 
with this measures is that most of the activities on a 
quarry are done outdoors, therefore is really hard 
to follow these cautionary measurements. Whole 
employees should wear personal protection, such as 
breathing fi lter equipment.

On the 60th Assembly of the World Health Organiza-
tion and the International Labor Organization (WHO/
ILO), in 2007, was approved a Comprehensive Work-
ers Health Plan, which aimed to reduce all types of 
pneumoconiosis and to eliminate silicosis by the year 
2000 completely24. Unfortunately this goal was not 
reached, especially in developed countries. The reason 
was that many old work processes are still in use.

Among the 10 main work related diseases that have 
been found during the last 10 years in Mexico25,26 are 
(in order or importance): Hearing impairment, respi-
ratory conditions due to fumes of chemical vapors 
denominated industrial bronchitis or chemical bron-
chitis, all the pneumoconiosis produced by silica and 
silicates, antracosilicosis and pneumoconiosis pro-
duced because of the exposure to other inorganic pow-
ders (not silica nor cement). The auditory pathology is 
found with one single exam, while the lung one needs 
at least fi ve different ones, for that reason is important 
to establish a good identifi cation method of the disease 
as well as a more effective prevention mechanism.

Methods

An observational, descriptive, retrospective and trans-
versal study was realized. The data was provided by a 
private company that has both, a quarry, where they 
are in charge of the extraction of silica rocks in an 
open environment, and a line of cement and concrete 
production. The sample of 32 quarry workers and 57 
cement production line workers were considered with 
the following criteria: workers that were exposed to 
inorganic powders and who had completed full check-
ups.* The exposure level of workers to inorganic dust 
was considered as the interaction that the workers 

Table II T-test for quarry workers vs. cement production line workwers

Variable
Averages p-value for

H0:1=2Quarry workers Cement workers

Age  31.34  38.72  0.001

Weight  74.06  79.55  0.099

Height  162.18  167.86  0.001

Body mass index  28.24  27.8  0.714

Old  2.94  8.16  0.001

Sick  0.59  0.4  0.086

Diagnosis  2.47  1.81  0.020

If p-value  0.05 (signifi cance level), then we reject the null hypothesis

*Administrative workers that are usually indoors and well iso-
lated from the inorganic powders did not qualify for the study. 
Given that the study was done to gather the data was observa-
tional and the use of the obtained information is completely 
confi dential, there are not ethic violation
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have from their work environment to inorganic dust, 
whether they use it as raw material or as a sub product 
from the production lines. Several measurements were 
taken in the different areas of the company accounting 
for the total amount of dust and for the breathable dust 
reporting values in mg/m.3 In an environmental study 
on the company (table I), in a monitoring was taken 
into account only the total amount of powders and it 
was not possible to determine the amount of silica that 
they contained. By a periodic inspection of the work 
area, the inspectors observed: the age of the subject 
(age), weight (in kilograms), height (in centimeters), 
body mass index (BMI), workers´ seniority (old), the 
location where the subject works (loc, where loc = 0 
if the subject works in the quarry and loc = 1 if works 
in the cement production line), whether the subject has 
a disease or not (where sick = 1 if the subject is sick, 
sick = 0 if not), the diagnosis of the subject (diagnosis, 
where sick = 1 if normal, sick = 2 if industrial bronchi-
tis, sick = 3 if silicosis, sick = 4 if mixed). 

We will consider two different scenarios. First we 
considered sick as a response variable, in order to 
observe if there is a pattern on what can trigger the 
disease. Then we will consider the diagnosis so we can 
observe if there is something that differentiates one 
kind of diagnosis to another.

The lung alterations identifying silicosis were 
described as “the accumulation of dust in the lungs 
and the reaction of the body in the presence of it” 
together with chest X-rays that showed the presence of 
rounded opacities and small irregularities. Industrial 
bronchitis was defi ned as “respiratory tract disease 
due to an acute or chronic exposure to irritants in the 
environment and adversely effects on the anatomy and 
function of the tracheobronchial tree”. An industrial 
bronchitis diagnosis was made when the lung function 
tests showed an obstructive pattern on any stage and 
when alterations where found on X-ray as an increase 
of the outer third frame and irregular opacities. Chest 
X-ray interpretation was according to the code of the 

ILO International Classifi cation of Radiographs in 
Pneumoconiosis from 2000 as well as when the spi-
rometric studies showed a restrictive or mixed pattern. 

A sensory reconnaissance visit was made to 
the company (both to the quarry and to the cement 
production line), where a vast amount of dust was 
observed all over the place. Afterwards, air samples 
were obtained using air pumps and fi lters and a gravi-
metric method in order to identify the levels of organic 
dusts in the environment and to be able to compare 
these levels with the levels allowed by the Mexican 
Offi cial Standard NOM-10-STPS-1999.27 The data 
that was collected was analyzed with statistical tech-
niques according to the characteristics of the data.

Results

A sample of 89 subjects was gathered (32 from the 
quarry and 57 from the cement production line). All 
were men, with an age average of 38.07 years. The 
time of exposure to inorganic dusts was measured 
according to the amount of years the individual has 
been in the company (6.28 years in average). There 
were signifi cant differences between the subjects that 
worked for the quarry and the ones that work for the 
cement production line (table II). The fi rst group was 
signifi cantly younger, and has been exposed to a “con-
taminated” environment for a shorter period. But there 
were not a signifi cant difference on the amount of sick 
people on each group. We compare the characteristics 
of healthy subjects and non-healthy ones, we observed 
that there were no signifi cant differences between 
both groups. The difference was observed in the cor-
relations of all the variables involved in the study 
(table III), we saw that even though the fact of being 
sick or not it was not correlated with any other char-
acteristic. There was a signifi cant correlation between 
the place where the subject was located (either quarry 
or cement production line) and the diagnosis. 

Table III Pearson correlation coeffi cients

Variable Age Weight Height BMI Old Loc Sick Diagnosis

Age  1.000  0.114  0.221  –0.03  0.432  0.423  –0.053  –0.029

Weight  1.000  0.324  0.793  0.075  0.187  0.041  0.022

Height  1.000  –0.214  0.163  0.371  –0.09  –0.182

Body mass index  1.000  –0.096  0.042  0.098  0.130

Old  1.000  0.498  –0.048  –0.071

Loc  1.000  –0.183  –0.271
Sick  1.000  0.944
Diag  1.000

The bold cells are the signifi cant coeffi cients under a signifi cance level of p ≤ 0.05
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The exposure levels by location (table I) we had 
the highest exposure in the quarry (89.67 mg/m3 in 
one of the drills) followed by the cement production 
line (65.90 mg/m3 in one of the cellars). The differ-
ence could be the amount of silica that each environ-
ment had, unfortunately that could not be measured. 

Discussion

The study confi rmed the fact that there are still many 
silicosis and industrial bronchitis cases in Mexico as 
well as in other countries, such as, India, Australia and 
Italy. We have to on improving the working conditions 
and the preventive actions. We have to remember that 
silicosis is a progressive condition that even when we 
stop the exposure of the subject, if the destruction pro-
cess produced by the alveolar macrophages induced 
by the dust is started and fi brosis is created after that, 
there is no way back until the subject dies. It is a big 
problem given that the disease is unnoticed and there 
is not a specifi c treatment. Given the high volumes of 
dust in some of the areas we were not surprised with 
no difference on the amount of sick people by location, 
neither would we are surprised that the quarry work-
ers have worst problems than the cement production 
line ones. There are individuals that are susceptible 
and others that are resistant to silicosis but there has 
not been found a pattern that predicts the susceptibility 
level of each subject but it is thought that genetics is 
involved, but this can just be confi rmed by more stud-
ies in molecular biology and genetics on subjects that 
are exposed, and this will also help us to respond even 
more questions about these pathologies and, therefore, 
create better preventive programs.

The best way to fi ght a disease is with prevention, 
in the case of silicosis, this is done by epidemiologi-
cal surveillance on exposed individuals and by imple-
menting industrial hygiene measurements and safety 
like a wet processes, air injection and extraction and 
the use of personal protective equipment.28

Unfortunately we don’t have the correct correla-
tion between the amounts of functional alterations vs. 
X-ray alterations on early stages, but when pneumoco-
niosis is advanced the correlations is obvious. 

Industrial bronchitis evolves depending on the 
exposure of the subject, which can be acute, subacute 
or chronic. Most of the patients can have an infl amma-
tion that is not only located on the respiratory system 
but also on all the mucous membranes of upper respi-
ratory, initially the nose and following the pharynx, 
larynx, trachea, bronchi, bronchioles, reaching up to 
the alveoli and interstitial . Irritation can be simple or 
chemical; is considered simple when the agent exerts 
an irritating effect on its own, and chemical when the 
agent does not have a respiratory irritant effect until it 
is transformed and its metabolites are those who attack 
the respiratory mucosa.29,30

According to the literature, in order to develop sili-
cosis, the subject needs to be exposed to the hazardous 
environment for about 10 years and we observed in our 
study the average exposure that the sick personas had 
was 6.5 years; this might be because of the amount of 
inorganic dusts the workers were exposed to dust and 
the silica percentage must be quite in order for it to con-
siderably accelerate the development of the disease.

Conclusions

We can say that as long as a subject was exposed to 
powders with silica content there was a big chance 
that the individual will develop a pulmonary disease. 
Depending on the amount of silica powders the per-
son was exposed it will defi ne how severe will be the 
disease as we observed in the quarry workers, who 
presented more severe disease than the cement pro-
duction line ones.

On the cement production line the workers showed 
mainly, industrial bronchitis which can be reversible 
as long as the person is no longer exposed to the dusty 
environment. Companies that work with dusty envi-
ronments should have more protective measurements 
for its workers.
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