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ARTICLE INFO  ABSTRACT 
 
 

Despite all the progress made in reducing air pollutant emissions over the last decades, air 
pollution still represents one of the major environmental problems in urban centers. Air quality 
can be assessed at local, regional, national and international levels by estimating emissions, using 
mathematical models and measuring the environmental concentrations of major pollutants using 
physicochemical methods. Through such measures, it is possible to verify whether standards and 
limit values for air pollutant concentrations, established or recommended by national 
governments. Possible effects depend not only on the concentration and duration of the impact, 
but also on many different factors such as climate, nutritional status, predisposition, age, the 
simultaneous impact of other pollutants and others that play an important role. From these 
considerations, the objective of this work is to conduct a study of the concentrations of isokinetic 
monitored atmospheric pollutants at the chimney outlet, the production process of the Alutech 
Aluminio LTDA Company, with the pollutants monitored at the stations of the Duque City 
Quality Telemetric Network. de Caxias, correlating them with the meteorological variables, 
proposing control measures and procedures to mitigate the impacts on the surrounding population. 
Crossing this data will allow modeling of each source, dispersion, coverage and distance from the 
source. It will be possible to analyze the behavior of the dispersion plumes with the variation of 
the source height, seeking the minimum variation for better dispersion of the pollutants. It will be 
possible to plan actions on days of thermal inversion, such as feed ratio / production capacity, 
retention time and fugitive emissions from the control system, so that there is better dispersion of 
pollutants. 
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INTRODUCTION 
 

The demographic growth and the economic development 
marked by the Industrial Revolution, in the 18th and 19th 
centuries, led to an increase in the demand for natural 
resources, and, consequently, the environmental impacts 
started to grow at an accelerated pace, even causing an 
 

 
imbalance not only locally, but also on a global scale 
(Conceição, 2017). The intensifications of this development, 
added to the population agglomeration in urban centers, 
made atmospheric pollution not only an environmental 
problem, but also a public health problem. In addition to the 
deterioration of air quality and soil and water pollution, 
exposure to air pollutants is associated with cardiovascular 
and respiratory diseases and cancer (RIBEIRO, 2010). In 
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view of this, with the growing concern of society in search of 
commitment to environmental causes as well as the 
minimization of impacts caused to health, combined with the 
strengthening of inspection by the competent inspection 
bodies, it was necessary to use and improve processes 
environmental monitoring, specifically that of Air Quality. 
According to Bitar; Ortega (1998), the monitoring of air 
quality consists of data collection, study and continuous and 
systematic monitoring of parameters, with the objective of 
identifying and evaluating - qualitatively and quantitatively - 
the atmospheric air conditions at a given moment, as well as 
trends over time, allowing the development of strategies and 
regulations for the control of air pollution. The municipality 
of Duque de Caxias spans 467,271 km² and had 914,383 
inhabitants in the last census (IBGE, 2018). The 
demographic density is 1,956.86 inhabitants per km² in the 
territory of the municipality. The municipality is limited to 
the north with Petrópolis and Miguel Pereira; to the east, 
with Guanabara and Magé Bay; to the south, with the city of 
Rio de Janeiro and, to the west, with São João de Meriti, 
Belford Roxo and Nova Iguaçu. Caxias has a warm climate, 
but the third and fourth districts (Imbariê and Xerém) have a 
mild temperature due to the green area and the proximity to 
the Serra dos Órgãos. 
 
This urban and industrial development, despite generating 
several benefits, has increased the levels of air pollutant 
emissions in the region. In order to quantify and evaluate 
these emissions, the municipality has a Telemetric Air 
Quality Network comprising stations that continuously 
monitor, in real time, the concentrations of particulate 
materials (MP1, MP2.5 and MP10), total suspended particles 
(PTS), sulfur dioxide (SO2), hydrogen sulphide (H2S), 
carbon monoxide (CO), ozone (O3) and nitrogen oxides 
(NOX, NO and NO2). It is also noteworthy that this 
monitoring network is an important control mechanism in the 
context of not only the degradation of air quality, but also in 
the preparation of inventories, in the evaluation of health 
effects and in the dissemination of data for the knowledge of 
population, as these are the most affected (CARVALHO et 
al., 2015).  
 
The lack of studies on air quality in the Duque de Caxias 
region as well as the current spatial distribution of sources of 
emissions, make this work an important source of 
information on the concentration of air pollutants in the 
region and on air quality standards. Based on these 
considerations, the objective of this work is to carry out a 
dispersion study of atmospheric pollutant PM 10 monitored 
by isokinetics at the chimney outlet, of the production 
process of Empresa Alutech Aluminio LTDA, established in 
the city of Duque de Caxias, Rio de Janeiro, correlating it 
with meteorological variables, proposing control measures 
and procedures to mitigate the impacts on the population 
surrounding the company. 

 
METHODOLOGY 
 
Isokinetic Monitoring: This evaluation consisted of the 
insertion of a sampler for particulate material in the chimney 
outlet duct. The sampling was carried out by the company 
WS Engenharia Ambiental Ltda, specialized in this type of 
analysis. With the results of the analysis it was possible to 
measure the efficiency of the atmospheric control system. 

The measurements were carried out in accordance with the 
methods of the State Institute of the Environment - INEA, 
environmental agency of the State of Rio de Janeiro and U.S 
Environmental Protection Agency (USEPA): 
 
 MF-511 - Determination of points for sampling in 

chimneys and ducts from stationary sources. 
 MF-512 - Determination of the average gas velocity in 

chimneys. 
 MF-514 - Determination of gas humidity in chimneys. 
 “Method 3A - Determination of Oxygen and Carbon 

Dioxide Concentrations in Emissions From Stationary 
Soucers (Instrumental Analyzer Procedure)”. 

 “Method 17 - Determination of Particulate Emissions 
from Stationary Sources (In-Stack Filtration Method)”. 

 
Air Quality Data: The meteorological data used were real, 
taken from the monitoring station of the International Airport 
of Galeão, for the period from January 1 to December 31, 
2017, totaling 8,760 hours of information, where the 
following parameters were used: direction (degrees) and 
wind speed (m / s), ambient temperature (C °), cloud cover 
(tenth) and barometric pressure that were inserted in 
AERMET, responsible for processing and preparing 
meteorological files in formats (* .sfc and * .pfl) , which 
were used as input data, in SAMSON format, in AERMOD 
View.  
 
The file with the extension (*.sfc) presented the surface 
meteorological data, while the file (*.pfl) contained 
information related to the parameters of the boundary layer, 
calculated by AERMET. 
 
The air quality data were obtained from the Jardim 
Primavera telemetric air quality station, operated by INEA, 
from the time series, for the period from January 2017 to 
December 2017, available on the website, for the oxide 
parameters of nitrogen (NOx), ozone (O3), carbon monoxide 
(CO), sulfur dioxide (SO2) and particulate matter (MP10), 
relative humidity (ur), as well as meteorological data such as 
wind speed and direction. 
 
Pollutant Dispersion Modeling: The dispersion model used 
in this study was the AERMOD View software version 9.6 
from Lakes Environmental Consultants, Inc. Ontario-
Canada. The technical characteristics selected in the software 
for the modeling of this research were: 
 
 Receivers; Area of influence of industrial activity 

represented by a Cartesian coordinate system (x, y), 
considering the elevation of each point of the receiver, 
in relation to sea level; 

 Meteorological data; actual data for the year 2017; 
 Results of pollutant concentrations: First Maximum for 

periods of 24 hours and annually; and 
 Pollutant: Particulate Material (MP10). 

 
As a source of atmospheric pollutants, 01 (one) chimney was 
selected. The technical variables that characterize the 
emitting source (chimney) used as input data in AERMOD 
View were as follows: geographic coordinates of the source; 
altitude at the base of the source; physical height of the 
source; internal diameter of the source at the chimney outlet; 
concentration data monitored by isokinetics. 
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RESULTS 
 
Isokinetic Monitoring: The results of isokinetic monitoring 
are shown in table 1. The result obtained for the Particulate 
Material parameter was compared by similarity with the 
Resolution of the National Environment Council 
(CONAMA) 382/2006, for Portland Cement activity in 
which the limit for Particulate Material is 50 mg / Nm³. The 
INEA directive that establishes the limit for this pollutant has 
been revoked. It is noted that the average value found is well 
below the limit, in accordance with current legislation. 
 
Pollutant Dispersion Modeling: The selection of sources of 
emissions of atmospheric pollutants, the quantification of 
emissions, constitute a fundamental subsidy for the 
development of the intended dispersion simulations. The 
dispersion mathematical model was used to determine the 
impact (contributions) of these sources on the air quality of 
the region of interest. The dispersion modeling was 
performed considering the fixed source (chimney) located 
after the atmospheric control system using bag filters. The 
height of the chimney was 10 meters. Emissions dispersion 
was evaluated in a grid of receivers, with a coverage 
equivalent to 500 km2 for the simulated area. The basic 
variables that characterized the chimney and used as input 
data in the AERMOD View software were: geographic 
coordinates of the emission source; altitude at the base of the 
emission source; physical height of the emission source; and 
internal diameter of the emission source at the chimney 
outlet, with a unit of measurement in meters. Table 2 shows 
the physical characteristics of the fixed emitting source used 
in the simulations. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The properties of atmospheric emissions used in the 
simulations were estimated from emission factors 
characteristic of the production activity. Only fixed 
(isokinetic) sources were considered for the modeling, 
disregarding mobile sources and fugitive sources. The choice 
of the pollutant (MP10) is justified by the significance of its 
emissions in the typologies of sources of the productive 
activities existing in the studied region. As well as being 
considered conventional and / or regulated by CONAMA 
resolution 03/1990 (which establishes primary and secondary 
air quality standards to be obeyed in the study region), in 
addition to being precursors to the formation of secondary 
pollutants in the atmosphere. The main meteorological 
variables in the study area that contributed directly to the 
dispersion of air pollutants were temperature, speed, wind 
direction and precipitation. The plume of pollutants resulting 
from the 24-hour simulation had an approximate perimeter of 
30 km, dispersing mainly in the Northeast (NE), Southwest 
(SE) and West (W) directions, as can be seen in the isolines 
of figures 01, 02 and 03. The displacement of the plume in 
the Southwest orientation, in a straight line, from the 
emitting sources, with concentrations varying from 4.48 to 
3.03 µg / m3 (close to the sources, with height variation from 
10 to 14 m) and, from 0.04 to 0.03 µg / m3 (at the most 
distant points) as shown by the concentration isolines. Table 
3 shows the minimum and maximum concentrations for each 
height simulation.  The data reported in table 3, compared to 
the isolation profile of figures 01, 02 and 03, show that the 
base height of 10 meters, has a reduction of 13% when 
increased by 2 meters, 25% when increased by 4 meters. In 
these figures, it can be seen that Vila Maria Helena and 
Parque Santa Lucia were the places affected by the 
dispersion of simulated air pollutants.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Results of isokinetic monitoring after the atmospheric control system 
 

Values 

 Symbols unity sample 1 sample 2 sample 3 Average 
Sampling date - - 03/07/2018 03/07/2018 03/07/2018 - 
Sampling duration t min 60 60 60 - 
Chimney temperature Tc °C 57 57 58 57 
Volume measured at CNTP VgN Nm³ 0,9940 1,0421 0,9882 1,0081 
Gas humidity Bag % 1,32 1,26 1,07 1,22 
Gas speed v m / seg 8,85 9,22 8,66 8,98 
Normal dry flow Qnbs Nm³ / h 81.994 85.436 82.037 83.156 
Isokinetic I % 99,21 99,85 98,60 - 
Concentration of particulate material C mg / Nm³ 6,84 2,69 7,69 5,74 
Emission rate of particulate matter Te Kg / h 0,561 0,230 0,631 0,474 

 

 
 

Figure 01. Modeling of PM10 with the AERMOD model - isolines of plume concentrations over inhabited areas, for a chimney 
with a height of 10 meters. Annual simulation 
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The evaluated areas presented heterogeneity of economic 
activities such as commerce, services, leisure and industries, 
offering a better offer of public services, among others, water 
supply networks, electricity distribution network and health 
care service. Most of the properties lacked domestic waste 
collection, water and sewage treatment services. The 
distribution of electricity and water extended to all 
households. Regarding the constructive typology and the 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

existence or not of infrastructure (basic sanitation, energy 
supply, health service, community organization, etc.), it was 
noticed that the forms of occupation existing in the 
communities are reflected in a spatial organization with great 
disparity between Vila Maria Helena and Parque Santa 
Lucia. It is important to note that in the communities 
reported there was no evidence of the effects of exposure to 

Table 2. Physical characteristics of the emitting fixed source 
 

Source Characterization of sources Emission fee 

description Chimney height (m) Gas temperature 
(k) 

Gas velocity 
(m / s) 

Chimney diameter 
(m) 

Particulate material 
(kg/h) 

Chimney 10 33 8,98 2 0,474 

 
 

Table 3 . Variation of the minimum and maximum concentrations of PM10, with variation in the height of the chimney 
 

Altura da Chaminé (m) Concentração Máxima (µg/m3) Concentração Mínima (µg/m3) 

10 0,048 4,81 
12 0,04 4,22 
14 0,04 3,58 

 

 
 

Figure 02. Modeling of PM10 with the AERMOD model - isolines of plume concentrations over inhabited areas, for a chimney with a 
height of 12 meters. Annual simulation 

 

 
 

Figura 03. Modelagem de PM10 com o modelo AERMOD - isolinhas de concentrações da pluma sobre áreas habitadas, para uma 
chaminé com altura de 14 metros Simulação anual 
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particulate matter, which would suggest an association with 
adverse effects on respiratory health. The increase in the 
chimney by 04 meters was sufficient for the dispersion of 
particulate material, not affecting the population in the 
surroundings, given the 25% reduction in concentrations. 
Corroborated by the efficiency of the installed control 
system, since the results of the isokinetic sampling showed 
that the concentration at the entrance was measured at 266.32 
mg / Nm3 and after exit 5.74 mg / Nm3. 

 
Conclusion 
 
The modeling demonstrated the possibility of using the 
AERMOD View model to verify the spatial distribution of 
the receivers, the range and distribution of the pollutant 
plumes, in the estimation of the concentrations of pollutants 
emitted and comparisons between concentrations of 
simulated pollutants and air quality. The plume of pollutants 
resulting from the 24-hour simulation had an approximate 
perimeter of 30 km, dispersing mainly in the Northeast (NE) 
and Southwest (SE) directions, the identification of the areas 
affected by atmospheric pollution, through the subposition of 
the pollutant concentration isolines in the aerial image of the 
research target region. Vila Maria Helena and Parque Santa 
Lucia were the places affected by the dispersion of simulated 
air pollutants and there was no evidence of the effects of 
exposure to particulate matter, that they were associated with 
adverse effects on respiratory health. It is considered that the 
increase of the chimney in 04 meters is sufficient for the 
dispersion of the particulate material, not affecting the 
population in the surroundings, considering the reduction in 
25% of the concentrations. 
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