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Abstract: 

The infrared spectra of hazardous minerals in dust samples have been recorded in the region 4000–400 

cm
–1

. The range ensures that most of the useful vibrations are active in the infrared spectra.  The relative 

distributions of hazardous minerals are explained through the determination of extinction co-efficient. The 

obtained results made through the IR analysis are briefly discussed with various diseases. The cement dust 

samples have been analyzed by powder XRD. The conclusive remarks are also given.  
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Introduction: 

Even in the twenty-first century, millions of people are working daily in a dusty environment. They are 

exposed to different types of health hazards i.e., fume, gases and dust, which are risk factors in developing 

occupational disease. Cement industry is involved in the development of structure of this advanced and modern 

world but generates dust during its production. Cement dust causes lung function impairment, chronic 

obstructive lung disease, restrictive lung disease, pneumoconiosis and carcinoma of the lungs, stomach and 

colon. Other studies have shown that cement dust may enter into the systemic circulation and thereby reach the 

essentially all the organs of body and affects the different tissues including heart, liver, spleen, bone, muscles 

and hairs and ultimately affecting their micro-structure and physiological performance. Most of the studies have 

been previously attempted to evaluate the effects of cement dust exposure on the basis of spirometry and / or 

radiology. However, collective effort describing the general effects of cement dust on different organ and 

systems in humans and / or animals has not been published. Therefore, the aim of this review is to gather the 

potential toxic effects of cement dust and to minimize the health risks in cement mill workers by providing them 

with information about the hazards of cement dust. 

Background:  

Before the invention of cement the earlier structures were composed of earth raised in the form of walls 

or domes by ramming successive layers of stone blocks, set one above another without the aid of any cementing 

material. The stability of walls was derived entirely from the regular placing of heavy masses of stones without 

any assistance from adhesion. With the passage of time, people began to construct their homes with a mixture of 

sand and a cementations material consisting of lime and / or gypsum. From twelfth century onward, the quality 

was improved and the lime being well burnt and well sifted. Joseph Aspdin, in October 1824, used a hard lime 

stone mixed with clay grinding to fine slurry with water and then broke the mixture into suitable lumps and 

calcines them in furnace, similar to a lime kiln till the carbonic acid was expelled. The mixture was so calcinied 

and ground beat or rolled to a fine powder. The name Portland cement was given to the product from a 

resemblance of the color of cement after setting to Portland stone. The Portland cement may be defined as a 

gray powder-like adhesive substance. It may also be defined as mineral dust which when mixed with a water 

form a plaster like adhesive mass. 

Contents of Portland Cement: Cement is a mixture of Calcium oxide (CaO) (62% - 66%), Silicon oxide 

(SiO2) (19% - 22%), Aluminum tri-oxide (AL2O3) (4%-8%), Ferric oxide (Fe2O3) (2% - 5%), Magnesium 

oxide (MgO) (1% - 2%) and also Selenium, Thallium and other impurities. 

Types and Production of Cement: There are two main types of cement, natural and artificial. The natural 

cement is obtained from natural material having a cement-like structure and requires only calcining and grinding 

to yield cement powder. Artificial cement is also called Portland cement, there are different types of Portland 

cement such as Ordinary or Rapid hardening, Sulphate resisting, White, Colored, Low heat, Masonry, 

Hydrophobic, Water replant, Expanding and non Shrinking, High Aluminum, Blast furnace and Oil well 

cement. Portland cement is produced in cement factories under consideration of different substances especially 

the limestone and clay, which are heated to approximately 1250° C for a period of 90 minutes. The chemical 

reactions which take place during heating process produces four major phases which are known as Tri-calcium 

silicate, Di-calcium silicate, Ferrite phase and Tri-calcium aluminates phases. The final product is obtained by 
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grinding its contents with addition to 5% gypsum. When cement gets in contact with water, it hydrates quickly 

at different rates for the different phases. 

Exposure to Cement Dust: Cement mill workers are exposed to dust at various manufacturing and production 

processes, such as quarrying and handling of raw materials, during grinding the clinker, blending, packing and 

shipping of the finished products. 

Pathogenesis: The aerodynamic diameter of cement particles range from 0.05 to 5.0 micrometer in diameter. 

These particles are respirable in size hence cement is important as a potential cause of occupational lung 

disease. This particle size distribution would make the tracheobronchial respiratory zone, the primary target of 

cement deposition. The main route of entry of cement dust particles in the body is the respiratory tract and / or 

the gastrointestinal tract by inhalation or swallowing respectively. Both routes, especially the respiratory tract 

are exposed to numerous potentially harmful substances in the cement mill environment. The physical properties 

that are of importance include particle size and density, shape and penetrability, surface area, electrostatic 

charge, and hygroscopicity. Among the more important chemical properties influencing the respiratory tract’s 

response is the acidity or alkalinity of the inhaled agent. The deposition of inhaled material is primarily 

dependent on particle size and is best described in forms of an aerodynamic diameter. All particles with an 

aerodynamic diameter in excess of 10mm are deposited on the mucous membrane in the nose and pharynx and 

particles between 3 and 10mm in diameter can be deposited throughout the tracheobronchial tree. Particles 

between 0.1 and 3mm in diameter are mostly deposited within the alveoli and particles smaller then 0.1mm 

remain in the air stream and are exhaled. The pathogenesis is most probably due to its irritating, sensitizing and 

pneumoconiotic properties. 

Health Effects: 

General Clinical Manifestations: High concentration and / or prolonged inhalation of cement dust in cement 

industry workers can provoke clinical symptoms and inflammatory response that may result in functional and 

structural abnormalities. The most frequently reported clinical features in cement mill workers are chronic 

cough and phlegm production, impairment of lung function, chest tightness, obstructive and restrictive lung 

disease, skin irritation, conjunctivitis, stomach ache, headache, fatigue and carcinoma of lung, stomach and 

colon. 

Materials and Methods: 

The sampling of Dust particles of Ariyalur District in Tamil Nadu has been performed in summer of 

the year 2016. The method of sampling the Dust Particles deposited in various places in the cement factories. 

Among eight factories, I have chosen three factories for the minor research project. Eight points of sampling 

have been chosen from the three factories based on the dominant directions of the wind: NW, SW, SE and E. 

The sampling has not been achieved in the west direction because of the presence of the relief. All samples were 

collected 3 km far from the factories. The stations of sampling were accurately located using global positioning 

system device. 

Result and Discussion: 

FTIR Study: 

 
In the present work, the observed peak at around 800 cm

–1
 is present in various spectra which may be assigned 

to Si–O bending vibrations. In almost all the samples, a peak at around 780 cm
–1

 is present which may be 

assigned to Si–O–Si symmetrical stretching vibrations. The peak in the region 692–694 cm
–1

 is a characteristic 

peak of quartz due to Si–O bending vibration.  This peak is present all the samples.  The sharp intense band at 
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around 465 cm
–1

 is due to    Si–O asymmetrical bending of quartz which is present in all the samples. According 

to Russell [1], the characteristic absorption bands of quartz are 1096, 800 - 879, 760 - 780, 695 - 710, 514, 462 

cm
–1

. But in the present study, only three peaks in the range 708 cm
–1

, 766 cm
–1

 and 874 cm
–1

 are present.  The 

reason for the absence of other characteristic peaks may be due to the interference of other minerals. The 

inhalation of quartz mineral in dust may produce diseases such as chronic silicosis, acute silicosis, accelerated silicosis 

and silica tuberculosis. The asbestoses exhibit intense absorptions in the regions 1200– 900 cm
–1

 and 600–300 cm
–

1
 of the infrared spectra. The presence of band at around 600 cm

–1 
along with 1032 cm

–1
 is due to chrysotile. The 

observed band at around 613 cm
–1

 and 1032 cm
–1

 are almost present in all the site samples. On the lines of 

Coates [2] the presence of a band at around 613 cm
–1

 is due to chrysotile and a band at around 1032 cm
–1

 is due 

to amphibole.  These two minerals are the types of asbestos. The presence of the “asbestos” in all the dust 

samples will create health hazards. The greatest hazard from asbestos is the inhalation of the fine dust fibrous 

and their retention in lung and bronchial passages.  This will create a thickening and scarring of lung tissue 

especially the inhalation of amphiboles will cause lung and bronchial cancers and mesothelioma. The observed 

absorption frequencies in the regions 524–538 cm
–1

, 571–583 cm
–1

, 754–756 cm
–1

, 1621–1624 cm
–1

 and at 3695 

cm
–1

 are the characteristic peaks of clay mineral kaolinite associated with dust samples.  The intensity of the 

bands varies from sample to sample at different places. This means the amount of the kaolinite varies from 

sample to sample.  The peak at around 3695 cm
–1

 is due to OH–stretching of hydroxyl group, 1572 cm
–1 

is due 

to Al–OH vibrations, 756 cm
–1

 is due to Si–O bending vibrations 583 cm
–1

 is due to symmetrical bending 

vibrations and 538 cm
–1

 is due to symmetrical bending vibrations. There is an appearance of the peak at 443 cm
–

1
 due to Si–O bending vibrations, 631–637 cm

–1
 due to coordination vibrations and 1020–1022 cm

–1
 due to Si–O 

stretching vibrations which are the characterics peaks of talc. The obtained results are very well matched with 

Russell [1]. Thus, all the dust samples collected from different areas of Ariyalur district of Tamilnadu, show 

quartz, calcite, montmorillonite, coal, kaolinite and asbestos in major quantity. The presence of talc and 

microcline may be considered as minor minerals and the other mineral such are nacrite, anothite, palygorskite 

and illite are associate minerals found as traces. With reference to the literature, the presence of quartz, asbestos, 

kaolinite, calcite, coal and montmorillonite are hazardous minerals in dust.  

XRD Analysis for Dust Samples: 

Factory1: 

 
Peak 2θ (°) θ (°) d (Å) 

1 21.032(13) 10.516 4.2238 

2 26.992(3) 13.496 3.3035 

3 27.21(3) 13.605 3.2779 

4 28.14(3) 14.07 3.17112 

5 28.372(10) 14.186 3.1465 

6 29.62(4) 14.81 3.0160 

7 31.70(4) 15.85 2.8226 

8 36.16(9) 18.08 2.4843 

9 39.72(2) 19.86 2.2693 

10 50.410(10) 25.2 1.81089 

11 60.184(17) 30.092 1.5375 

12 68.50(7) 34.25 1.3697 
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Calcite (CaCo3) Mineral Data: 

Axial Ratios            : a: c, 1:3.41992 

Cell Dimentions    : a=7.4680, c=25.5399 

Crystal System      : Trigonal – Hexagonal Scalenohedral 

Colour                    :  Colorless, White, Pink, Yellow, Brown. 

Density                    : 2.8226(Cal), 2.71 (Mean) 

Conclusion: 

The infrared analysis of the various dust samples collected from the specified factories of Ariyalur 

district, Tamilnadu, indicates the presence of quartz, calcite, montmorillonite, palygorskite, coal, kaolinite, 

hematite and asbestos.  With reference to the appearance of number of peaks, quartz, calcite, montmorillonite, 

coal, kaolinite and asbestos are considered to be main (or) major constituent of the dust samples and the 

polygorkite are considered to be minor minerals. The mineral anorthite is considered to be associate mineral 

which may be treated as traces. Factory1: The observation made through the extinction co-efficient suggest that 

the site number 2 (Factory Bus Stop) and 4 (Keelapalur Bus Stant) are having maximum hazardous minerals and 

the site number 1 (Factory outside) and 3 (By pass) are having minimum hazardous minerals.  Thus, it is 

concluded that the peoples in and around Keelapalur area may be affected by lung diseases due to the inhalation 

of these hazardous minerals in dust through human respiratory system. X-ray Powder diffraction data reveals 

that the Cacite Minerals belong to trigonal system.  Factory2: The observation made through the extinction co-

efficient suggest that the site number 2 (Alathiyur cement factory Bus Stop) and 3 (Alathiyur village) are having 

maximum hazardous minerals and the site number 4 (Factory compound) and 5 (Alathiyur to Thalavai road) are 

having minimum hazardous minerals.  Thus, it is concluded that the peoples in and around Alathiyur area may 

be affected by lung diseases due to the inhalation of these hazardous minerals in dust through human respiratory 

system. X-ray Powder diffraction data reveals that the Quarts Minerals   belongs to trigonal system.  Factory3:  

The observation made through the extinction co-efficient suggest that the site number 2 (Alathiyur cement 

factory) and 3 (Alathiyur Bus Stand) are having maximum hazardous minerals and the site number 1 (Pennadam 

– Alathiyur Road) and 3 (Alathiyur Village) are having minimum hazardous minerals.  Thus, it is concluded that 

the peoples in and around Alathiyur area may be affected by lung diseases due to the inhalation of these 

hazardous minerals in dust through human respiratory system.  X-ray Powder diffraction data reveals that the 

Kalonite Minerals   belongs to triclinic system.  

Protect the Lungs From Dusts: 

The following are the seven main points to protect the lungs from dusts. 

 Use of face masks 

 Removal of dust by suction  

 Enclosure of dust producing processes under negative air pressure. 

 Exhausting air containing dust through a collection system before emission to the atmosphere. 

 Use of vacuums instead of brooms. 

 Good housekeeping. 

 Efficient storage and transport and controlled disposal of dangerous waste. 
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