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ABSTRACT 

 
The Metropolitan Region of Belo Horizonte presents many industrial activities related to several industries, 

mainly mining activities, besides the high population concentration, which also contributes to several industrial 

typologies due to the existence of qualified work and to the vicinity of a future consumer market. This 

concentration of the population also implies in a great number of vehicles and, consequently, in big traffic jams. 

The particulate material is one of the pollutants which cause higher environmental risk and it is a mixture of solid 

and liquid particles in the air which form aerosols. These aerosols, which contain organic and inorganic 

substances, vary of size, form, composition and origin. 

In order to characterize the quality of the airborne particulate matter and identify the pollutant sources, a research 

is being developing in the Metropolitan Region of Belo Horizonte.  

This paper is focused on presenting the methodology of sampling, determination of concentration of particulates, 

elemental concentration analysis by k0-Neutron Activation method and meteorological analysis, related to two 

sampling points, one at CDTN/CNEN and other at UFMG.  

 

 

1. INTRODUCTION 

 

The human development has caused an increase in the emission of pollutants in the atmosphere 

due to the urban evolution and also to the industrial development. The increase of substances 

with potential pollutant in the atmosphere can cause an ecological disequilibrium in the air, in 

the soil, and in the vegetables, which interferes in the human health and economy [1]. 

 

The Metropolitan Region of Belo Horizonte (RMBH) is located in a region which has a great 

mining potential, such as, the Quadrilátero Ferrífero (Iron Quadrangle). This characteristic can 

develop many industrial activities related to mining. In addition to that, there is the population 

concentration, which also contributes to several industrial typologies due to the existence of 
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qualified work and to the vicinity of a future consumer market. This concentration of the 

population also implies in a great number of vehicles and, consequently, in big traffic jams.  

 

The great variety of pollutants launched in the atmosphere by vehicles and fix sources generates 

the primary pollutants, which are constituted of sulfuric dioxide (SO2), nitrogen oxides (NOX), 

carbon monoxide (CO) and particles. The pollutants which are generated in the atmosphere 

from chemical reactions are called secondary pollutants, occurring hydrolysis, oxidation or 

photochemical reaction [2]. The particulate pollutant material (MP) comes from great variety 

of sources, some are natural such as, soil dust and other anthropogenic which come mainly 

from industrial emissions and vehicles, as described above to the RMBH. 

 

The particulate material is one of the pollutants which cause higher environmental risk and it 

is a mixture of solid and liquid particles in the air which form aerosols. These aerosols, which 

contain organic and inorganic substances, vary of size, form, composition and origin [3]. 

 

The dimensions of the particulate material influence the atmosphere, which can compromise 

the visibility, because the diameters of the particles are similar to the length of the visible 

radiation, where the effect of the incidence of radiation is to reduce the visibility and also the 

incidence of solar radiation that reaches the soil [4]. 

 

In relation to health, the dimensions of the articulate material have a great importance as well. 

The classification of the Particulate Material is done in function of its dimension. The Total 

particulate material in Suspension (PTS) consists of particles smaller than 100 µm. PTS is 

divided in breathable particles (> 10 µm) and inhaled particles (< 10 µm), known as MP10. 

According to Vieira [5], inhaled particulate materials are classified into two different groups, 

known as MODA (fraction) fine, where the particles have diameters smaller than 2.5 µm 

(MP2.5) and the thicker size has dimensions varying between 2.5 µm to 10 µm. 

 

The particulate material of the thicker size can occur from anthropogenic sources and natural 

sources. The natural sources are particles suspended by wind; forestall fires, volcanic ashes, 

pollens and marine salt. The anthropogenic sources come from industries, vehicles and human 

activities, mining, ceramics production, metallurgy, domestic heating system, manufacturing 

processes, and in operations of soil preparing [5, 6]. 

 

The particles of fine size are secondary aerosols which come from steam of metallic organic 

compounds recondensed by the vehicles, industries and by the sulfate particles formed in the 

atmosphere. The fine particles have a very slow sedimentation and can remain in the 

atmosphere for many days or maybe weeks, achieve big distances and in urban areas maybe 

compromise the visibility [7, 4, 5]. 

 

The public health and the environmental problems are directly linked to the emission of fix 

sources (industrial) e mobile (vehicles), this combination is responsible for the anthropic 

composition of the atmosphere. The National Environmental Council [8], defines pollutant as 

any kind of matter that is harmful to the public health due to the discordances of the levels 

established by the legislation. 

 

 

Studies show the size of the particle which is linked to the probable health problems, the smaller 

the particle is, higher the damage to health. Particles smaller than 10 µm represent more 
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problems, where they achieve in the respiratory system, they penetrate deep in the lungs and 

can go to the blood flow. The heart attacks, the asthma complication , the reduction of the lung 

functions, the increase of lung problems symptoms (irritation of the respiratory system, cough, 

difficulty in breathing), premature death of people with lung and heart diseases are caused by 

problems generated from the inhaled particles [9]. 

 

According to EPA [9], the effects of pollution in the environment can cause environmental 

disasters with the sedimentation of the particulate material creating acid lakes changing then 

the equilibrium of the hydrographic nutrients, finishing the nutrients of the soil and damaging 

diversity of the ecosystems as well. The deposition of particles helps the development of 

corrosion in metals, stones, degradation of the paintings in houses and vehicles, causing then 

social damages to the population. 

 

Nowadays the legislation considers the concentration of particulates in the air and the 

granulometry of these particulates as criteria of air quality, without considering the chemical 

composition. In other countries, these elements present in the atmosphere are identified and 

associated to other health registers [1]. 

 

The activities described in this article are included in the research project “Characterization of 

atmospheric particulate matter in MRBH”, approved in the Edital of Foundation of the State of 

Minas Gerais (FAPEMIG) Universal 01/2013 and coordinated by Alberto Avellar, Nuclear 

Technology Development Center / Brazilian Nuclear Energy Commission (CDTN / CNEN), 

which aims at characterizing the airborne particulate matter in air filters in the Metropolitan 

Region of Belo Horizonte, identifying the pollutant sources.  

 

This paper is focused on presenting the methodology and also the results obtained until the 

moment related to two sampling points situated in Belo Horizonte. 

 
 

2. EXPERIMENTAL PART 

2.1 – Selection of Sampling Areas 

 

he city of Belo Horizonte, several factors were considered, such as, the presence of smoke, 

grime, dust, industrial and vehicle emissions, etc. and the safety of the area where the sampler 

would be installed and also the possible impact in presenting the results, lately, in relation to 

the quality of the air in the RMBH. This work refers to two specific points selected in the 

Project: one at CDTN/CNEN and the other in the Campus of Federal University of Minas 

Gerais (UFMG). It is important to mention that according to Tavares [10] the kind of vehicle 

source is the main cause of pollution of the particulate material in Belo  Horizonte, the  Minas  

Gerais state capital.                                                                    

 

 

 

 

 

 

Fig. 1 shows the location of CDTN / CNEN and the UFMG Campus as well. 
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Figure 1: Location of CDTN/CNEN and the UFMG Campus 
 

Near the area of the study there are: the Airport of Belo Horizonte/Pampulha – Carlos Drumond 

de Andrade, Celso Mello Azevedo Road, Pampulha Lake, Governador Magalhães Pinto 

Stadium – Mineirão and a great concentration of population. 

 

2.2 Sampling 

 

Eleven samplings were performed in the total, 8 of them were at CDTN/CNEN and 3 at UFMG, 

from 10 de April to 19 August 2014. Each sampling lasted 24 hours. Each particulate material 

collecting was done using a sampler of great volume with separation in order to determine the 

concentration of particles until 10 micrometers (MP10), trade mark Energética – Air Quality, 

with flow of 1.13 m3/min and with deviation smaller than 1% in 24 hours of collection [11]. 

 

Fig. 2 shows the sampler of great volume installed at UFMG, in front of one of the main 

avenues in town, Antônio Carlos Avenue, where the vehicle traffic was adapted in order to 

install a new public transportation system called rapid bus system (MOVE-BRT). 
 

 

 
 

Figure 2: Sampler of great volume installed at UFMG 

 

The airborne particulate matter was deposited in filters of glass fiber, standard type, from 

ENERGÉTICA – Air quality, model GFA8X10IN, which is used for samplers of great volume 

for collecting particulate material (PM10) and aerosols in the atmosphere [11]. 
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Before been heated, the filters were heated in wave muffle (Quimis, model Q318M24) at 400°C 

for 4 hours to eliminate humidity and organic chemicals. Before and after the sampling, the 

weight of the filter was measured, assuming then this difference as a corresponding mass of 

the particulate material deposited in the period of the sampling. 

 

The precision scale used for weighting the filters of air was a Sartorius, model TE214S, with 

maximum capacity of 210g and a standard deviation of 0.1 mg [12]. The software used for the 

evaluation of velocity and wind direction was the WRplot View freeware V.7.0.0. Fig. 3 shows 

a moment of intense traffic in a street in front of UFMG referring to the moving of the students, 

professors and employees, etc. Ahead, a great number of vehicles and an urban agglomeration 

of houses and buildings are observed.  
 

 

 
Figure 3: Moment of intense traffic around UFMG 

 

Fig. 4 shows the sampling place at CDTN/CNEN. This institute is located inside the UFMG 

Campus, where the traffic is intense the whole day in the internal streets of the Campus. In all 

steps, all equipment was previously calibrated according to the instructions of the 

manufactures. 

 

 

 
 

Figure 4: Moment of traffic on the street around CDTN/CNEN 
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After the sampling, the aspect of the particulate material deposited in the filter had a grey color 

and was uniform as Fig. 5 shows. 
 

 

 
 

Figure 5: Aspect of the filter after the particulate material collecting  

 

2.3 Analysis of the Airborne Particulate Matter 

 

2.3.1 Concentration of the particulate  

 

The concentration of particulates in the filters in the air was calculated by formulae given by 

the manual of sampler. It was made a spread sheet Excel (Microsoft), in which the formulae 

were inserted and the concentration was obtained with the flow data given by the sampler and 

the difference of mass data between the filter ‘white’ and the sampler.  

 

2.3.2 Construction of the North arrow 

 

In order to complement the samplings data, a meteorological analysis was made, based on the 

data obtained at the Meteorological Station of CDTN. The aim was to investigate the 

contribution of possible emission sources of the particulate material, based on the conditions 

of dispersion, that is, speed and wind directions. A program named WRPlot View freeware 

V.7.0.0, from Lakes Environmental [13] was used.  

 

2.3.3 Analysis of airborne particulates 

 

The technique of Neutron Activation, k0 standardized method, [14, 15] was applied to the 

samples of airborne particulate matter in air filters, at CDTN/CNEN, using the TRIGA MARK 

I IPR-RI nuclear reactor, power of 100 kW, average thermal neutron flux of  

6,35 x 1011 cm-2 s -1 [15]. 

 

For the analysis, a sample with area of 30 cm2 was cut from each filter of air. The samples and 

the filters that had not been used - “white” samples ”- were packed in polyethylene vials 

followed by monitors of flux of neutrons, aluminum discs Al-Au, 0,1% and irradiated later by 

8 hours. 

 

After enough time for the decay of radionuclides of interfering shorter half-lives, the 

radionuclides of medium half-lives (6 hours to 3 days) and long half-lives (above 10 days) were 

Clean Filter 

Particulate Material 

(PM10) 
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determined by gamma spectrometry. The spectrometry gamma system consists of a detector 

HPGe with relative efficiency of 50% and resolution of 1.85 keV for the energy of 1332 keV 

of 60Co, program Genie 2000, CANBERRA, for the acquisition of the gamma spectra and 

associated electronics. 

 

For the analyses of the spectra it was used the software HyperLab [16] and for the calculation 

of the elemental concentrations, the package software KayWin [17] was used. 
 

3. RESULTS AND DISCUSSIONS 

 

3.1 Concentration of the airborne particulate matter in air filters 

 

The presented results refer to the concentration of MP10 in the air of the Metropolitan Region 

of Belo Horizonte, more specifically, the UFMG Campus, located in the northeast part of the 

city. The concentrations of the airborne particulate matter in air filters were determined in the 

samples and Table 1 shows the results of medium concentrations and the comparison between 

this concentrations and the values of the standards of quality of the air established by the 

legislation, such as CONAMA (National Environmental Council) [8]; OMS (WHO – World 

Health Organization- Organização Mundial da Saúde) [18] and PBH (Mayor Hall of Belo 

Horizonte) [19]. 

 

Table 1: Concentration of airborne particulate matter in air filters and comparison of 

quality of the air with the legislation  

Experimental Part 

Legislation on the Particulate, 

PM10 

Sampling Date Place 

Airborne Particulate 

Matter (PM10) 

(µg/m3) 

CONAMA OMS PBH 

1 11/04/2014 CDTN/CNEN 48.35 Good < AQG* < DA** 

2 16/05/2014 CDTN/CNEN 9.39 Good < AQG < DA 

3 30/05/2014 CDTN/CNEN 34.98 Good < AQG < DA 

4 12/06/2014 UFMG 40.13 Good < AQG < DA 

5 13/06/2014 UFMG 43.33 Good < AQG < DA 

6 26/06/2014 CDTN/CNEN 37.62 Good < AQG < DA 

7 02/07/2014 CDTN/CNEN 84.43 Moderate > AQG < DA 

8 10/07/2014 CDTN/CNEN 38.58 Good < AQG < DA 

9 17/07/2014 CDTN/CNEN 31.85 Good < AQG < DA 

10 05/08/2014 CDTN/CNEN 83.57 Moderate > AQG < DA 

11 19/08/2014 UFMG 46.09 Good < AQG < DA 

  *AQG – air quality guidelines; 

  ** DA – daily average 

 

The indexes referring to the WHO [18], stipulate in 50 µg m-3 the maximum concentration of 

inhalable particulate material, considering as a method of reference the separation 

inertial/filtering. The indexes established by CONAMA [8] follow the criteria of the WHO, 

which uses denominations of quality (good, moderate, bad, very bad, e extremely bad). The 

legislation of the Belo Horizonte city [19] stipulates an index of quality of the air for inhalable 
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particulates with maximum concentration corresponding to daily average of  

150 µg m-3 [8; 18; 19]. 

 

3.2 Construction of the North Arrows 

 

In order to complete the samples data, a meteorological analysis was made. The goal was 

investigating the contribution of possible sources emission of the particulate material, based on 

the dispersion conditions.  Figure 6 shows three North arrows which refer to the samplings of 

the days when a smaller concentration of particulate material occurred (<10 µm), North arrow 

1, occurred a medium concentration (10 µm < X < 50 µm), North arrow 2, and the highest 

concentration (> 50 µm), North arrow 3. 

 

 

1. 2.  

3.  

 

Figure 6: North arrows related to the day when a smaller concentration of particulate 

material occurred (<10 µm), North arrow 1, medium concentration (10 µm <X< 50 µm), 

North arrow 2, and the highest concentration (> 50 µm), North arrow 3.  
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It was noticed that in the days referring to the highest concentration of the particulate material, 

North arrow 3, as sector of the north arrow come from different directions. The medium speed 

of the winds achieved 1.04 m/s on days 02/07/2014 and 05/08/2014, when there was a higher 

concentration of the particulate material.  

 

As Figure 7 shows, the sectors of the north arrows come from different directions, but 

preferably from the southeast region of Minas Gerais, where the data suggest that some 

influence of Celso Mello Azevedo road occurs. The circled areas represent a radius of 1 and  

5 km, whose center is Meteorological Station of CDTN where the data were collected to 

determine the conditions of the wind while transporting the pollutants.  

 

 

 
 

Figure 7- Representation of the direction and speed of the winds 

 

 

3.3 Analysis of airborne particulate air filters 

 

The results of the elemental concentrations of the air filter samples are in Table 2. 

 

Table 2: Results of the elemental concentrations in the sampled filters  

 

Elements 

Sampled Places 

CDTN/CNEN, n=8 

(mg kg-1)  

UFMG, n=3 

(mg kg-1) 

Ag < 0.624 < 0.394 

As < 0.268 < 0.289 

Au < 0.003 < 0.002 

Ba 1421 - 8646 2857 - 4460 

Br 0.128 - 3.07 < 0.404 - 0.591 

Ca 524 - 3660 1206 - 1373 

Cd < 2.874 < 2.746 

Ce 1.15 - 7.68 3.90 - 4.92 
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Co < 0.050 - 0.164 < 0.035 - 0.0500 

Cr 1.46 - 11.7 3.51 - 5.46 

Cs < 0.085 < 0.066 - 0.067 

Cu < 20.59 < 16.49 

Eu < 0.020 - 0.961 < 0.011 

Fe 58 - 1019 194 - 343 

Ga < 9.52 < 7.57 

Hf 0.330 - 2.74 0.669 - 2.01 

Hg < 0.451 < 0.296 

K < 1044 - 5619 1805 - 2389 

La 0.484 - 4.04 1.98 - 2.42 

Mo < 1.88 < 1.22 

Na 2616 - 15450 5163 - 7776 

Nd 0.439 - 3.87 < 1.16 - 1.57 

Rb < 2.28 - 4.89 1.67 - 1.97 

Sb 0.089 - 3.85 0.357 - 0.630 

Sc 0.018 - 0.156 0.033 - 0.070 

Se < 1.15 < 0.756 

Sm < 0.130 - 0.609 < 0.149 - 0.370 

Sr < 57.0 - 346 125 - 159 

Ta < 0.030 - 0.228 0.021 - 0.130 

Tb 0.026 - 0.176 0.078 - 0.110 

Th 0.149 - 1.03 0.483 - 0.600 

U < 0.126 - 0.400 < 0.117 - 0.240 

W < 0.815 < 0.724 

Yb 0.180 - 1.13 0.576 - 0.730 

Zn 1179 - 6820 2274 - 3375 

Zr < 93.6 < 55.29 - 53.87 
 

    n, number of samples; <, lower than 

 

 

Observing the results, it is noticed that the elements Ba, Br, Ca, Ce, Co, Cr, Fe, Hf, K, La, Na, 

Nd, Rb, Sb, Sc, Sr, Ta, Tb, Th, U, Yb and Zn were found in the air filter particulate matters. 

The samples collected at CDTN/CNEN showed the presence of Sm. The higher values of Ba, 

Ca, Ce, Hf, La, Na, Tb, Th, Yb e Zn were found in the samples collected at UFMG, while in 

the samples of CDTN/CNEN, higher values of Br, Co, Cr, Fe, K, Nd, Rb, Sb, Sc, Sr, Ta, U 

were found. 

 

 

4. CONCLUSION 

 

The particulate material MP10 sampled in this study performed at the UFMG Campus and also 

at CDTN/CNEN, had its concentration determined in the filters of the air, showing that 82% 

of the results indicated that the quality of the air in the sampling points was considered “Good” 
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according to the indexes of CONAMA and of WHO. In relation to PBH, 100% of the results 

are below the levels of the acceptable maximum daily average.  

 

In relation to the speed of the winds, the north arrows indicate that it is possible to identify the 

sources of the particulate material and which directions have a higher contribution.  

 

The k0-Neutron Activation method showed to be efficient determining the elements present in 

the particulate material in the filter in the air, with advantages such as, the fact that it was not 

necessary the preparation of the samples and also for being a multi element analysis. The 

predominant chemical elements were Ba, Ca, Fe, K, Na e Zn. 

 

This is a preliminary study considering that more samples will be analyzed in other sampling. 

However, the obtained results have already being compared to the standards established by the 

world, municipal, and national laws, indicating good quality of air in sampled points.  
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