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ABSTRACT 

 
Belo Horizonte is the sixth most populous city in Brazil, has the third largest fleet of vehicles and it is close to 
large mineralogical reserves, such the Quadrilátero Ferrífero. These factors, coupled with the industrial growth 
and civil construction, raise questions about society regarding ambient air quality. A historically problematic 
contaminant is the particulate matter (PM), a mixture of solid and liquid particles in suspension that generate 
environmental damage and human health. These particles can cause from a simple infection to death, being their 
dimension a fundamental factor to evaluate the impact caused. In this context, this research investigated the air 
quality due to PM10 (particles less than 10 microns) in a high traffic flow of Minas Gerais capital, Presidente 
Antônio Carlos Avenue. This avenue is one of the main accesses to the region of Pampulha, an area of great 
tourist and sporting relevance of the city and has undergone works of duplication and implementation of 
exclusive lanes for public transport buses due to the realization of the 2014 World Cup. Involved monitoring in 
the avenue in the year 2014 in order to collect the PM10 present in the ambient air. The characterization of 
PM10 occurred with the use of the X-ray diffraction technique, one of the main tools of mineralogical 
characterization, due to its simplicity, speed and reliability of the obtained results. The minerals detected by the 
analysis were evaluated for their possible origin, generating information for the evaluation of PM10 emitting 
sources that are fundamental for the management of air quality in the city.  
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1. INTRODUCTION 
 
Air pollution is harmful to human health, fauna and flora, as well as severely compromising 
public well-being. Therefore, the study of the problems related to atmospheric pollution is of 
extreme importance since it contributes to the understanding of air quality levels, parameter 
created to facilitate the understanding of the amount of pollutants present in the air [11,21]. 
Among the pollutants emitted, Particulate Material requires great attention due to its 
environmental damages and to the living beings. 
 
There are many tools used in air quality management but the main ones are environmental 
samplings and the use of nuclear techniques to characterize polluting sources. This 
integration of techniques is fundamental in assessing the efficiency of plans to prevent the 
aggravation of problems related to air pollution. 
 
Belo Horizonte, capital of the state of Minas Gerais, has the third largest fleet of vehicles in 
Brazil and is the center of the third most populous metropolitan region of the country - 
RMBH [6,12,24]. In addition, the RMBH is the main economic pole of industrial 
development in the state of Minas Gerais, home to many industries and civil constructions, 
and mining and extraction activities are one of the main economic activities of the region [3]. 
This is due to the proximity to large mineralogical reserves, such as the Quadrilátero 
Ferrífero [13]. The existence of this variety of fixed, mobile and fugitive polluting sources, 
together with a considerable population density, makes of the city an important site of studies 
in the area of air quality. 
 
In this context, for this research, a large vehicular flow route was selected to study air quality 
in the capital of Minas Gerais, Presidente Antônio Carlos Avenue, located in Pampulha 
region, a region of great tourist and sports relevance. For this, the environmental sampling 
filters were used, and the X-ray diffraction technique was applied in order to characterize the 
sources of pollution in the region [17]. 
 

2. PRESIDENTE ANTÔNIO CARLOS AVENUE 
 
The Presidente Antônio Carlos Avenue (APAC) is one of the main avenues of the Pampulha 
and Belo Horizonte regions. It was inaugurated by Juscelino Kubitschek in 1941 to facilitate 
access to one of the main tourist attractions in the capital of Minas Gerais: Pampulha. Its 
importance can be observed by the location of the Campus of the Federal University of Minas 
Gerais, one of the largest in Brazil, besides being a direct access road to Mineirão, the main 
sports arena in the city, and one of the main accesses to the administrative city, where located 
the public complex that manages the State of Minas Gerais. Due to saturation of the APAC, a 
process of duplication of the APAC was initiated in 2005 [20]. Figure 1 shows the location of 
the avenue in Belo Horizonte. 
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Figure 1: Presidente Antônio Carlos Avenue in Belo Horizonte, Minas Gerais. Source: 

Adapted by the author of the Google Earth. 
 

3. ATMOSPHERIC POLLUTION AND AIR QUALITY 
 
Atmospheric pollution involves a number of events: the generation of pollutants, their release 
from the source, transport, transformation, removal of the atmosphere and the effects 
generated in the human, materials and ecosystems [8]. According Brazilian legislation 
CONAMA March 1990, atmospheric pollution refers to any form of matter or energy with 
intensity, quantity, concentration, time or characteristics in disagreement with established 
levels, and which render or may render air harmful to health, fauna and flora, as well as 
inconvenience to the public welfare. 
 
Among the pollutants frequently released into the atmosphere, particulate matter (PM) is one 
of those that demand greater attention due to its environmental damages and to human health. 
This pollutant is a mixture of solid and liquid particles in suspension, formed by organic and 
inorganic substances of various forms, size and composition. Particular material is considered 
to be particles with a diameter of less than 100 μm (total particles in suspension), other 
classifications according to the diameter: MP10 which are particles with diameter smaller 
than or equal to 10 μm known as inhalable particles and MP2,5 which is a fine inhalable 
particulate whose diameter is less than or equal to 2,5 μm [2, 15, 17]. 
 
Therefore, air quality monitoring is essential in the quantification of concentrations of 
pollutants in the atmosphere, and these results can be compared with current air quality 
standards or used to characterize sources of pollution. For the latter, use analytical 
techniques, such as X-ray diffraction. 

 

4. X-RAY DIFFRACTION  
 
Like other waves, X-rays have diffraction properties. This phenomenon refers to the ability of 
a wave to circumvent obstacles, requiring that the wavelength be comparable to the spacing 
of the obstacle [19]. 
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The process of X-ray diffraction by a crystal is very complex but is formed when the rays 
reflected by a regular arrangement of the atoms of the crystal produce constructive 
interferences (positions of maxima in which the waves are in phase, that is, overlapping). The 
diffraction maxima occur at the wave incidence angles θ, measured in relation to the atomic 
planes, satisfying the Bragg law, according to equation 1 [10, 14]. 
 

                                                  2dsenθ=mλ, para m=1,2,3,…                                         (1) 
 
Where λ is the wavelength of the incident radiation, θ is the is the scattering angle, d is the 
interplanar distance and m is a natural number. Figure 2a below shows the characteristic 
constructive interference for the diffraction phenomenon. If Bragg's law is not satisfied, the 
interference will be of a non-constructive nature and a very low intensity diffracted beam will 
arise, as shown in Figure 2b. 
 

a) b)  
 

Figure 2: Constructive interference (a) and destructive interference (b). Source: [9]. 
 

X-ray diffraction is a widely used technique for the characterization of minerals due to its 
simplicity, fastness of the method and reliability of the obtained results. This determination of 
unknown solids is of fundamental importance in studies of geology, air quality, materials 
sciences, pharmacy, among others [4] 
 
Samples of flat or powdered surface solids can be exposed in all directions on an X-ray 
diffractometer, thereby determining the atomic and molecular structure of the sampled 
material. It should be noted that minerals are the result of geological processes and have 
ordered structures of atoms and well-defined chemical compositions, which define physical 
properties unique to each of them. 
 

5. METHODOLOGY 
 
MP10 samples were taken at Presidente Antônio Carlos Avenue, number 6627, Campus of 
the Federal University of Minas Gerais (UFMG) between June 2014 and March 2015. 
Samplings were performed with the AGV (large volume sampler) with "inertial impaction" 
separation head for the collection of MP10 particles of Energetica brand for 24 hours. Figure 
3 illustrates the positioning of the sampler on the avenue. 
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Figure 3: MP10 sampler used at Presidente Antônio Carlos Avenue. Source: Own. 

 
The mineralogical composition of the filters used in the samplings were determined by the X-
ray diffraction technique in the laboratory of X-ray diffraction (LabDrx) located at the 
Nuclear Technology Development Center. The diffractometer used is the one made by 
Rigaku, model Dmax. For this, the particulate encrusted in the filter was scraped (figure 4a) 
and inserted in the own glass plate for analysis in the diffractometer (figure 4b). The figure on 
the right also shows the scraped filter next to the glass plate for dimensional comparisons. 
 

a)            b)  
Figure 4: Scraped particulate material of the filter (a) and scraped filter near the glass 

plate for analysis in the diffractometer. Source: Own. 
 

6. RESULTS AND DISCUSSION  
 
Eighteen (18) filters were evaluated by the X-ray diffraction technique to determine the 
crystallized composition of the material particulate; the amorphous component portion is not 
identified. The minerals present in the samples are kaolinite, quartz, hematite, gypsum, 
goethite, gibbsite, bassanite, halite, muscovite and microcline (or orthoclase) whose 
compositions are respectively: CaCO3, Al2Si2O5(OH)4, SiO2, Fe2O3, CaSO4.2H2O, 
Fe+3O(OH), Al(OH)3, CaSO4.0,5H2O, KAl2Si3AlO10(OH)2 and KAl3Si3O11.  
 
Figure 5 shows the frequency with which the minerals appear in the particulate encrusted in 
the analyzed filters. It is observed that the calcite is present in all the filters, the quartz and 
kaolinite, in turn, don’t appear in the constitution of only one. 
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Figure 5: Frequency of minerals appearance in filters. Source: Own. 

 
After the identification of the mineralogical composition of the filters, a study was made of 
the origins of each of them in order to evaluate the main pollutant sources of the Avenue. 

6.1. Analysis of minerals identified at Presidente Antônio Carlos Avenue 

6.1.1 Calcite (CaCO3) 
 
It is a very common and widespread mineral, being present in several regions of the world. It 
is the only mineral present in certain limestones, as well as found in marbles, chalks and 
common ganga in hydrothermal deposits. Calcite crystals may contain up to 60% quartz sand, 
forming sandstone crystals. 
 

Calcite is widely used for the production of portland cement and lime mortar. It is also used 
in the production of marble for use in construction and ornamentation, in addition to being 
used as a soil corrector [7,18]. 

6.1.2 Quartz (SiO2) 
 
The largest reserves of quartz are in Brazil, with 17% located in the state of Minas Gerais. In 
Serra da Moeda, about 17 km from Belo Horizonte, there is a formation of quartzite, ore 
consisting of more than 75% quartz. Quartz is used in the production of silicon alloys for 
metallurgical industry, silicon metal production, watch industry, automobile, 
telecommunication equipment, computers, medical equipment, lenses and prisms of optical 
instruments, high pressure meter and radio oscillator [23]. 
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6.1.3 Kaolinite (Al2Si2O5(OH)4) 
 

It is present in several regions and is the main constituent of kaolin or clay. The clay, in turn, 
is widely used in the production of common brick, paving brick, tiles and shackles for 
sewage, paper making, rubber industry and refractory manufacture [18]. 

6.1.4 Hematite (Fe2O3) 
 
It is a variable-looking mineral and the most abundant and important iron ore. It is widely 
used as a source of iron, pigments in ceramics and glass, in addition to being also used in 
jewelry. Minas Gerais has a large hematite reserve located in the Itabirito city, 57 km from 
Belo Horizonte [18]. 

6.1.5 Gypsum (CaSO4.2H2O) 
 
It is a sedimentary rock, originating from the precipitation of salt water, being the first 
mineral to precipitate itself in great amounts of the sea water. 

Brazil is the largest gypsum producer in South America and the 13th largest in the world. In 
the state of Minas Gerais there aren’t gypsum reserves. This mineral is widely used in 
construction, plaster manufacturing, Portland cement and agricultural corrective [26]. 

6.1.6 Goethite (Fe+3O(OH)) 
 
It is the most stable iron oxide and is found predominantly in soils, being a common mineral 
of weathering. Goethite, together with hematite and magnetite, are the main Brazilian iron 
deposits, with 57.2% in Minas Gerais. In Mariana city, there is a mine composed of low-
grade itabirite, basically composed of hematite, goethite and quartz. Goethite is used as a 
source of iron and pigments [18]. 

6.1.7 Microcline or Orthoclase (KAl3Si3O11) 

It is used in construction, electrodes, oil, gas and paints and cultures in need of soluble 
potassium source [22]. 

6.1.8 Bassanite (CaSO4.0,67H2O) 
 
The gypsum indicates a calcined industrial product at approximately 160-180°C known as 
bassanite. It is a mineral ejected from active volcanoes [16]. 
 
6.1.9 Gibssite (Al(OH)3) 

Gibssite, an iron oxide, is formed in environments of intense weathering and is one of the 
three minerals constituting the bauxite ore. The Brazilian bauxite reserve is the third largest 
in the world [26]. In Minas Gerais there are two bauxite reserves: Poços de Caldas and Ouro 
Preto city [21]. 
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Gibbsite is often used to obtain metallic aluminum, manufacture of refractory materials and 
chemicals [26]. 
 
6.1.10 Muscovite (KAl2(Si3Al)O10(OH,F)2) 

Muscovite consists essentially of  KAl2(Si3Al)O10(OH)2 but may contain small amounts of 
ferrous and ferric iron, magnesium, calcium, sodium, lithium, fluorine and titanium. In this 
case, Muscovite contains fluorine in its constitution [5]. The Brazilian reserves contain about 
4 million tons of Muscovite, and in the state of Minas Gerais are located in the cities of 
Caiana, Governador Valadares and Brás Pires [26]. 
 
Muscovite is often used in the insulation of electrical and thermal appliances, oven doors and 
lanterns [5]. 
 
6.1.11 Halite (NaCl) 

Halite is a widely distributed mineral and is generated from the precipitation of salt water. In 
Brazil, halite reserves are found in the cities of Conceição da Barra, São Mateus and 
Ecoporanga (ES), Rosario do Catete (SE); Maceió (AL) and Vera Cruz (BA). 
 
Halite is often used in the food and chemical industry as a source of sodium and chlorine. It is 
used for the generation of commercial anhydrous, sodium bicarbonate, caustic soda, sodium 
carbonate, laundry products, tissue and wood treatment, hydrochloric acid, among others. In 
addition, it is used in food preparation, agriculture, pharmaceutical industry, water treatment 
and oil prospecting [5,26]. 

6.2. Analysis of Minerals identified at Presidente Antônio Carlos Avenue 
 
As calcite is present in all filters, it can be said that its presence is constant in the atmosphere, 
which indicates a great influence of cement and lime mortar, building materials widely used 
in the production of the establishments and residences present in the road. Quartz and 
kaolinite are also present constantly in the air since they were found in 94% of the filters. The 
presence of the quartz can be justified mainly by the proximity of a quartzite formation to 
only 17 km of Belo Horizonte, being the particles transported by the air, since the 
predominant direction of the wind according to data of the meteorological station of the 
Center of Development of the Nuclear Technology is east-southeast [17], that is, the 
predominant wind comes from the mines to the city. 
 
The kaolinite is widely used in common brick, paving brick, tiles and shackles for sewage, 
materials also used in establishments and residences. Hematite was found in 50% of the 
filters and its presence in the atmosphere is mainly due to the large hematite reserve in the 
city of Itabirito, 57 km from Belo Horizonte. The inconstant presence of this material may be 
due to the great influence of the direction of the wind that undergoes variations with solar 
radiation and local and large-scale meteorological phenomena [17]. The other minerals have 
little influence on air quality, since they were found in less than 50% of the filters. 
 
It should be emphasized the proximity of the “Quadrilátero Ferrífero” (Figure 6) to the 
mining capital, located to the north of the same, besides the extraction and transformation of 
the ore being the main economic activities of the region. Despite the predominance of iron 
and gold ores, the region has other mineral reserves [1]. Serra da Moeda has quartz 
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concentrations and the Itabirito city has reserves of hematite iron ore, both cities located in 
the “Quadrilátero Ferrífero”. Goethite and Gibbsite also influence APAC air, with some 
mines being located in Mariana and Ouro Preto city, respectively. 
 

 
Figure 6: Region of the Quadrilátero Ferrífero (red) near of Belo Horizonte city. Source: 

[1]. 
 

7. CONCLUSIONS  
 
After the analysis of the filters by the X-ray diffraction analytical technique, the presence of 
eleven minerals in the samples was identified, with calcite present in all the filters. Quartz 
and kaolinite weren’t found in only one filter. 
 
By analyzing the origin of the minerals, it is observed that each one of them can come from 
several sources, however, most of the minerals found in APAC come from the construction 
industry, such as calcite, kaolinite and gypsum. This was already expected since the region 
near the avenue has high concentration of population and a large number of residences and 
commerce. The second polluting source with the greatest influence in the study region refers 
to the “Quadrilátero Ferrífero” due to the presence of quartz, hematite, goethite and gibbsite. 
Then, the chemicals industry significantly influences the air quality of the avenue. 
 
It is concluded, therefore, that despite the large flow of vehicles and air pollution 
characterized by this mobile source being of great impact in the avenue, there are other 
emitting sources that influence in the quality of the air of the avenue. These sources, due to 
their particular characteristics, are difficult to control. 
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