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Abstract
The transportation sector is certainly one of the main agent’s principals and
has contributed to the increase in global air pollution. In Brazil, the large-scale
use of diesel for charge and passenger transport produces considerable air
pollution in cities. The objectives of the study were to determine the concentrations of gas emissions (CO, NO and NO2), identify the chemical species
that make up the particulates, from the exhaust of diesel vehicles and identify
chemical species of particulates accumulated in air conditioning filters realized in the city of Campos dos Goytacazes located in the State of Rio de Janeiro. Thus, for the determination of the gas concentrations, electrochemical
sensors were used and in the identification of chemical species, X-ray fluorescence spectroscopy was used. The results showed CO concentrations in the
range of 173 to 880 ppmv, of NO in the range 52 to 240 ppmv and NO2 in the
range 6 to 252 ppmv in the vehicles exhaust, and chemical species of the particulates in the exhaust identified: Ca, Si, Fe, S, Ti, P, Zn, Sc and Mn. Furthermore, Ca, Si, Fe, S, Ti, P, Zn, Mn, K, Cl, Al, Pb, V, Cu, Sr, Br and Er were
in the air conditioning system. The concentration of gases and particulates is
increased by the presence of a large highway that runs through the city, with
one intense flow of trucks and buses, which certainly contributes to the reduction of the region’s air quality.
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1. Introduction
Air pollution has become one of the most serious environmental problems toDOI: 10.4236/eng.2020.1212060
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day, generating several atmospheric phenomena, such as: acid rain, photochemical smog, ozone layer destruction and climate change [1] [2] [3] [4] [5]. The
presence of toxic contaminants in the atmosphere causes serious damage to human health [6].
The transport sector is one of the main polluters of the environment world
level [7] [8] [9] [10]. This sector has been using fossil fuels intensively since the
industrial revolution, contributing to the increase in greenhouse gas emissions
[1].
In the urban areas, gaseous emissions from diesel vehicles and particulate
matter are considered highly toxic pollutants, causing respiratory, cardiovascular
or allergic diseases, intracerebral hemorrhage and cancer [11]-[17]. This can be
found in human brains [18]. Therefore, there is a concern to identify these
chemical sources and species, as well as to monitor and reduce them, mainly in
large urban centers.
In the Traffic Department of the State of Rio de Janeiro (DETRAN/RJ), until
February 2020, there were 15,187 diesel vehicles registered in Campos dos Goytacazes. Moreover, this has increased over the years in the city and across the
country. Another worrying factor is related to the average age of these vehicles:
most of them have more than 20 years of use. The discarded fleet increases pollutant emissions due to the poor maintenance conditions of these vehicles [19].
There is an increase in demand for reliable sensors for continuous online, in
situ and real-time monitoring of gaseous species in environmental and industrial
processes. Those have been used in several research areas [20], as in the detection of emissions of trace gases (CO, NOx and SO2) from diesel engines [21] and
vehicles powered by ethanol and gasoline [22], indoor air quality (detection of
toxic gases, such as benzene, toluene and methane) [23], agriculture (NH3 and
NO2) and environmental monitoring of greenhouse gases greenhouse [24] [25].
In addition, studies have also been carried out of nitrogen dioxide (NO2) and
sulfur dioxide (SO2) present in air pollution, emitted from diesel-powered vehicles in the city of Campos dos Goytacazes [8].
The objective of this work is the detection of pollutant gas emissions (CO, NO
and NO2), and the identification of chemical species constituting particulate
material from combustion in automotive engines and of air conditioning filters
and moreover, also to identify the influence of the federal highway that cuts
through the city of Campos dos Goytacazes. The use of electrochemical sensors
makes it possible to obtain the concentrations in the ppmv range of exhaust
from city vehicles. The identification of the different chemical species constituents in the particulates is realized by X-ray fluorescence spectroscopy.

2. Methodology
2.1. Location of the Study Area (City of the Campos dos
Goytacazes/Rio de Janeiro)
Campos dos Goytacazes is a city in the interior of the State of Rio de Janeiro
(Figure 1(a)), Southeastern region of the country. This city is located in the NorthDOI: 10.4236/eng.2020.1212060
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ern Fluminense region of the state (Figure 1(b)), and according to the Brazilian
Institute of Geography and Statistics [26], has an estimated population of more
than 500 thousand inhabitants, being the seventh most populous in the interior
of the state. The city has a larger territorial extension, occupying an area of
4032.5 km2.
On its coast is the largest oil platform in Brazil, the P-51 in the Campos basin,
making the city together with Macaé the title of National Petroleum Capital. As
the pole city of the Northern Fluminense region, Campos works as a dormitory
city for workers in Porto do Açu, the largest port-industry enterprise in Latin
America.
The study of particulate samples and detection of carbon monoxide (CO), nitrogen oxide (NO) and nitrogen dioxide (NO2) gases were carried out in Campos dos Goytacazes. The particulates were obtained from air conditioning filters
for each season of the year, in the Flamboyant neighborhood and the gases were
detected by an electrochemical analyzer, directly from the exhaust system of automotive vehicles that circulate the city.

2.2. Pollutant Gas Analyzer
The experimental procedure used to detect carbon monoxide (CO), nitrogen
oxide (NO) and nitrogen dioxide (NO2) gases was the electrochemical analyzer
model Testo 350-XL (Figure 2). To carry out the emission measurements, the
Testo 350-XL analyzer is connected directly to the exhaust system (exhaust) of
automotive vehicles (buses, trucks and cars), through a probe that transport the
gases to the detection cells inside the device. This probe is approximately 1.5
meters long, capable of withstanding temperatures up to 700˚C. The vehicles
were chosen at random in order to reproduce the real traffic conditions, being
the truck and car traveling along the federal highway BR-101 that crosses the city
and the bus used in public transportation within the Campos dos Goytacazes perimeter.

Figure 1. (a) Map indicating the State of Rio de Janeiro; (b) Location of the study area in
the city of Campos dos Goytacazes.
DOI: 10.4236/eng.2020.1212060

853

Engineering

M. A. Lima, M. S. Sthel

Figure 2. Testo 350-XL electrochemical analyzer for detection of CO, NO and NO2.

The Testo 350-XL portable analyzer is a portable device consisting of electrochemical sensors (Citycell Gold Class) capable of simultaneously detecting, by
means of a distributor system, the concentration of carbon monoxide (0 to
10,000 ppmv), nitrogen oxides (0 at 3000 ppmv) and nitrogen dioxide (0 to 500
ppmv) emitted in the environment. The detection of the emitted gases occurred
in two modes of engine operation, low speed (800 rpm) and high speed (1500
rpm). The measurements were carried out for 3 minutes, with regular intervals
of 5 minutes to stabilize the engine.

2.3. Collection and Analysis of Particulate Materials
The collections of the samples of particulate material were carried out in air
conditioning filters, installed in the Flamboyant neighborhood. Figure 3 shows
the materials collected for each season from year 12/2017 to 03/2019. There is a
variation in the shade of the samples for different periods analyzed. These samplings allow the identification of particulate matter from different sources of
pollution in the city.
The collection of exhaust samples from automotive engines was carried out by
scrape accumulated material from the combustion in the vehicles exhaust system. The samples obtained from the particulates were dried at a temperature of
100˚C. Thus, after this step, the samples were taken to the Shimadzu X-ray fluorescence EDS-XRF spectrometer to complete characterization. This technique
made it possible to identify the chemical species that constitute up the particulate material from vehicle exhaustion, and other sources of pollution in the city,
such as: cane burn, civil construction and the industrial sector (ceramics), for the
case of samples collected of the air conditioning filter.
DOI: 10.4236/eng.2020.1212060
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Figure 3. Samples collected in the air conditioning filters, referring
to each season of the year, in the period of 12/2017 at 03/2019.

3. Results and Discussions
3.1. Gaseous Emissions (Detection of CO, NO and NO2)
The results of this research corroborate with data obtained in researches carried
out in Campos dos Goytacazes by Geórgia et al. [8], Geórgia et al. [21]; and Carla et al. [27]. Therefore, this makes it possible to assess that the gaseous emissions from combustion in automotive vehicles still show a pattern of possible
polluting gases in the ppmv range, which depending on the type of vehicle and
year influence the variations in emissions. This experiment aimed to reproduce
the dynamics of real traffic in a city. Therefore, the choice of vehicles was random, in order to check the gases present in situ, without the need to standardize
the vehicles. Table 1 shows the results obtained from CO, NO and NO2 emissions expressed in average values, quantified by the Testo 350 XL analyzer.
According to Table 1, the CO concentrations show that they were high for
Toyota 2.5 in both the low rotation and high rotation modes, since it is an old
model, it still did not have filters. Furthermore, the CO emission is higher in the
low rotation mode than in the high rotation mode, as the combustion temperature is lower, and there is a higher incidence of incomplete combustion, generating greater amount of carbon monoxide. It is observed that for low and high
engine rotation modes, the truck obtained higher concentrations of NO, and the
Mercedes bus showed higher concentrations of NO2. This is probably associated
with the operating system, type, model and year of each vehicle analyzed.
This experiment allowed to reproduce the dynamics of the real traffic of vehicles traveling in Campos dos Goytacazes. Therefore, the choice of vehicles was
random, in order to check the gases present in situ (in the city), without the need
to standardize the vehicles. Thus, it is observed that each type of vehicle has a
different gas concentration emission.
In order to obtain an effective assessment of the emissions of polluting gases
and particulate matter from combustion in automotive engines in the city of
Campos do Goytacazes, it is necessary to know the number of vehicles that travel
daily in the city. According to statistical data from the company Arteris Fluminense that operates on BR 101, there is a daily traffic of approximately 110 thousand vehicles, part of this traffic and of the federal highway that cuts through the
city, contributes to the increase in atmospheric pollution.
DOI: 10.4236/eng.2020.1212060
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Table 1. Gaseous emissions of CO, NO and NO2 from the exhaust of different types of
automotive engines.
Vehicle

Type

Model

Year

1

Van

Peugeot boxer 2.3

2

Truck

3

Low and High Rotation (ppmv)
CO

NO

NO 2

2010

173
235

119
141

8.6
16.8

Agrale 8500

2010

236
177

240
230

20.0
27.6

Bus

Volkswagen

2009

211
234

134
67

13.4
14.4

4

Bus

Mercedes

2006

224
246

147
128

246
252

5

Minibus

Iveco

2003

190
223

116
52

6.0
8.0

6

Pickup Truck

Toyota 2.5

1997

880
640

71
91

54.3
58.9

The company Autopista Arteris Fluminense S/A is responsible for 320 kilometers of the BR-101 RJ/Norte highway, corresponding to the stretch that connects the city of Niterói to Campos dos Goytacazes, bordering the state of
Espírito Santo, Ponte Presidente Costa and Silva. Thus, it was hired and began a
concession on February 18, 2008, developing a service for a period of 25 years.
Therefore, regarding the section managed by the company, BR-101/RJ connects
the cities of Campos dos Goytacazes, Conceição de Macabu, Quissamã, Carapebus,
Macaé, Rio das Ostras, Casimiro de Abreu, Silva Jardim, Rio Bonito, Tanguá,
Itaboraí , São Gonçalo and Niterói.
The Brazilian road network plays an important role from an economic point
of view, connecting the northern coast of the State of Rio de Janeiro and its oil
basins. Moreover, it allows access to a region of tourist hubs, such as Búzios,
Cabo Frio and the southern coast of Capixaba. The movement is registered in
Avenida do Contorno, in Niterói, with about 100 thousand vehicles. In the region of Silva Jardim, Casimiro de Abreu and Macaé, the average daily traffic volume is 15 thousand vehicles. In the section near the border with the State of
Espírito Santo, the average daily traffic volume is six thousand vehicles.
The investments and works applied in infrastructure made by Arteris in ten
years of concession, completed in February 2018, transformed the BR-101 into a
safe highway. In recent years, Arteris Fluminense has registered improvements
in the main road safety indicators. As the greatest example of this effort, the
concessionaire has already surpassed, with two years in advance, the UN target
for the Decade of Action for Traffic Safety, which establishes a reduction in accidents with victims in half. The highway voluntarily adhered to the goal and has
already reduced casualties by 58% between 2011 and 2017.
Figure 4 shows the section that approximately corresponds to the future contour that the company Arteris intends to build in a way that reduces the distance
around 23 km (continuous green line). Therefore, aims to improve the traffic of
vehicles, and also to reduce the levels of atmospheric pollution that they emit
DOI: 10.4236/eng.2020.1212060
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Figure 4. Section corresponding to the contour that the company Arteris
intends to build to reduce the distance around 23 km. Source: [28].

daily. The section in blue corresponds to the current direction of the current
flow of traffic on BR 101 which runs through the city of Campos dos Goytacazes,
leaving Ibitioca to the Travessão neighborhood (38.1 km).

3.2. Analysis of Particulate Materials
The results in Table 2 show identification of the chemical species that make up
the particulate material generated by the combustion of diesel engines (minibuse
and truck) that travel in Campos, a region where the BR 101 highway crosses the
city. The emission of particulate material into the environment is related to the
burning of diesel oil, lubricating oil and wear on the bearings and engine materials. Therefore, initially the characterization of the samples of particles collected
by filters in the Flamboyant neighborhood in Campos dos Goytacazes was carried out. The X-ray fluorescence technique was used to identify the chemical
species that make up this particulate material. Thus, with the analysis of the results, it was possible to identify the possible sources of its origin, such as: burning of cane, civil construction or transportation sector (fossil fuels), which is one
of the objectives of this study. The following elements presented in Table 2 and
Table 3 were identified with this technique, which corresponds to the percentage of some elements that form its composition.
Table 3 shows the elements obtained from the air conditioning filters. According to [29] the chemical composition of the particulate material is due to the
composition of the dust coming from the roads in urban and industrial areas.
Thus, roadside industrial dust is associated with elements potentially toxic to
humans, where it contains elements of Fe, Ni, Cu, Ti, V, Pb, Ba, Sb, Cr, Sn, Pb,
As and Ga. Contamination in urban areas may contain Cu, Zn, Sb, Ga, As and
Pb.
DOI: 10.4236/eng.2020.1212060
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Table 2. Samples of particulates from the Minibus and Truck exhaust for X-ray fluorescence analysis.
Elements

Concentrations of particulate (%)
Minibus

Truck

Fe

52.805

65.236

Ca

18.562

9.859

S

12.403

8.886

Zn

6.005

9.817

P

4.795

2.417

Si

4.152

2.692

Sc

0.646

0.000

Ti

0.632

0.496

Mn

0.000

0.597

Table 3. Particulate samples collected from filters in the Flamboyant neighborhood in
Campos dos Goytacazes, referring to each season of the year in the period of 12/2017 and
03/2019.
Elements

Concentrations of particulate (%)
A

B

C

D

Ca

37.348

36.348

39.504

31.194

K

20.075

21.993

19.563

26.247

Cl

16.113

15.332

19.137

20.329

Si

7.084

8.813

4.481

5.272

Fe

5.635

5.001

5.084

4.864

S

5.565

5.254

6.402

6.990

Ti

4.106

2.974

2.652

2.286

Al

1.969

2.849

1.663

1.955

P

0.525

0.000

0.762

0.399

Zn

0.519

0.645

0.382

0.364

Pb

0.342

0.000

0.000

0.000

Mn

0.272

0.301

0.273

0.000

V

0.196

0.095

0.000

0.000

Cu

0.167

0.160

0.127

0.091

Br

0.048

0.000

0.000

0.000

Sr

0.036

0.044

0.000

0.000

Er

0.000

0.192

0.000

0.000

It is observed that the elements of Cl and K present in the particulate samples
collected from filters (Table 3) do not appear in the vehicle exhaust (Table 2),
since Cl comes from maritime regions, in which this element can be transported
DOI: 10.4236/eng.2020.1212060
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by breezes from São João da Barra beach in Atafona, which is about 36 km from
Campos dos Goytacazes. The element chemical K is generated by burning sugarcane straw as shown in the research by [30] in which they obtained for K the
percentage relative of 18.58% to the total of analyzed elements. In addition, it
was also noted that virtually all elements found in vehicle exhaust (Table 2) are
in the air conditioning filter (Table 3). This result was evident in the air conditioning filter, as it involves the particles generated by transport in traffic and the
burning of sugarcane. Therefore, the sector transport and the burning of sugarcane are important sources of pollution and particulate emissions in the city.
Second [8] elements such as Zn and Cu are probably caused by the degradation of structural metal parts of the engine and are harmful to humans. The Mn
and Fe elements are probably derived from the internal corrosion process of the
stainless steel components. Si elements can be derived from possible contamination of the sample with environmental dust. The P residues may come from the
contamination of detergent and lubricant additives, while K and Ca may be residues from catalysts, such as KOH and CaOH, respectively [8].
According research of [31], it presents results of the elemental composition of
sugarcane straw ashes as a percentage of oxides, and there was a predominance
of silica (SiO2—45.49%), aluminum oxide (Alumina—Al2O3—10.59%), ferric
oxide (hematite—Fe2O3—3.95%) and titanium dioxide (Titânia—TiO2—0.66%).
These components can be considered as impurities in planting and mechanized
harvesting, due to contact with the soil and a low percentage in isolated biomasses. The particulate samples collected from filters in the Flamboyant neighborhood in Campos dos Goytacazes (Table 3) showed the presence of the
chemical elements Si, K, Ca, Al, Fe, P, S, Ti, Cl, Mn that are consistent with the
elements obtained [31].

4. Conclusions
With the methodology used in this work, it was possible to identify and determine the concentrations in the ppmv range of gaseous molecules of environmental interest CO, NO and NO2 from the exhaust of different types of automotive engines, and also the identification of the chemical composition of the particulate samples of the truck and minibus exhaust. The particles collected from
filters in the Flamboyant neighborhood in Campos dos Goytacazes are originated by several sources located in the city. The X-ray fluorescence technique
was able to identify the chemical species that make up the particulates, composed of the following elements: Ca, K, Cl, Si, Fe, S, Ti, Al, P, Zn, Pb, Mn, V, Cu,
Br, Sr. These species come from the burning of diesel in the transport sector, the
wear of engine parts, construction, the burning of sugar cane and sea breezes.
This research contributes to the alert about the environmental consequences
for the city, mainly with regard to the health of the local population. Thus, assessing emissions of polluting gases and particulate matter from combustion in
automotive engines is of great relevance for public managers in the region. The
DOI: 10.4236/eng.2020.1212060
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construction of a contour to remove the highway that cuts through the city is an
essential factor for reducing pollution, being strongly recommended by the authors of this research.
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