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Biomonitoring is one of the tools used to assess the mutagenic potential of the atmosphere. In this study,
the mutagenicity of Tradescantia pallida, a species of plant largely present in urban environments, was
investigated. The objectives of this study was to estimate the mutagenic potential of vehicular flow
through the TRAD-MCN bioassay in cities located at different altitudes in the southwest mesoregion of
Mato Grosso do Sul, Brazil, to infer possible abiotic agents that may contribute to the effects of atmo-
spheric pollutants, and finally to map the cities with greater risks to the health of the local population. To
achieve these objectives, the Tradescantia-micronucleus test was performed on young buds of T. pallida

Keywords: I .
Atjr/nospheric pollution collected between August 2015 and August 2016 in nine cities of Mato Grosso do Sul. These buds were
Bioindicator exposed to traffic flows of various intensities. The data collected consisted of measurements of meteo-

rological parameters and vehicular traffic counts for each city. The variables considered were: mean
ambient temperature; micronuclei frequency; vehicular flow; altitude; relative humidity; pluviosity. The
application of the Trad-MCN bioassay, with the consideration of environmental variables and altitudes,
and the use of the Kernel interpolation technique, allowed us to map the areas with significant pollution
risks to the population. The highest frequency of exposure to mutagens occurred in the cities with the
highest vehicular traffic intensity. The average ambient temperature failed to show a linear association
with the frequency of the micronuclei in the samples analyzed (r =0.11"). A positive correlation was
observed between micronuclei frequency and vehicular flow, (r=0.67; p<0.001%) and between
micronuclei frequency and altitude (r=0.24; p <0.05). A negative correlation was found between
relative humidity and micronuclei frequency (r = —0.19; p < 0.05%). Thus, higher micronuclei frequency
tended to be present in locations with low relative humidity and high altitudes and vehicular flow.

© 2018 Elsevier Ltd. All rights reserved.
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1. Introduction

Air pollution is a major threat to human health, potentially
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leading to chronic cardiovascular and respiratory diseases (Dapper
etal,, 2016; Gouveia et al., 2017; Nascimento et al., 2017). Moreover,
air pollution impairs genetic stability, contributes to mutations in
the DNA, and increases the risk of cancer (Lewtas, 1993; Bostrom
et al., 1994; Cohen et al., 2004; IARC, 2016). In particular, the res-
piratory system can be negatively impacted, and this risk is higher
for individuals living in urban areas (Nyberg et al., 2000; Wen
Cheng and Lee, 2003; Bernstein et al., 2004).
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Atmospheric pollution is a consequence of growing urbaniza-
tion, development of the agricultural sector, and the increasing use
of automotive vehicles and other technologies that utilize com-
bustion engines. These activities produce genotoxic agents that,
when released into the atmosphere, combine with other com-
pounds present in the air and affect the quality of life of the pop-
ulation (Vargas, 2003; Claxton and Woodall, 2007; lanisticki et al.,
2009; Pereira et al., 2010; Brito et al., 2013). The air in urban areas
contains several potentially carcinogenic particles, such as poly-
cyclic aromatic hydrocarbons (PAHs), benzene, and arsenic. These
substances are the result of the incomplete combustion of fossil
fuels that are widely used in combustion engines and in industrial
activities (Misik et al., 2006).

Studies conducted in urban areas indicate that many of the
mutagenic compounds that are present in the air surrounding the
Asian, European and American continents, come from automotive
diesel and gasoline, as well as other sources of combustion (Claxton
et al., 2004). Exhaust from diesel engines (IARC, 2013) and coal
emissions (IARC, 2010) are among the most significant sources of
human carcinogens. According to IARC (2016), there is a dose-
dependent effect on the amount of mutagenic compounds found
and the micronuclei frequency found in every study analyzed.

Economic development in the mid-western region of Brazil is
strongly associated with activities in the agricultural sector, having
solid foundations in agribusiness (Fagundes et al., 2017). Due to the
flow of agricultural products from the south of Mato Grosso do Sul
to other states, heavy vehicular traffic has gradually increased, and
this has altered the air quality in the microregion of Grande
Dourados, the second largest city of the state. This was verified
using biomonitoring with Tradescantia pallida (TRAD-MCN) by
Crispim et al. (2012; 2014), and a comet assay was utilized by
Sposito et al. (2015; 2017).

In places with a tropical climate, the clone 4430 has been
substituted for T. pallida in biomonitoring approaches, with satis-
factory results in comparative studies (Mielli et al., 2009). In

addition, the micronucleus test is a complementary tool in the
evaluation of the air quality of a region (Santos et al., 2015; Spdsito
et al.,, 2015, 2017; Da Costa, 2016).

The Trad-MCN test estimates the micronuclei frequency, which
result from whole chromosomes or fragments of chromosomes
that, because they do not bind to the spindle fibers, are not included
in the nuclei of the daughter cells. Instead, they remain in the
cytoplasm of the interphase cells, where they are observed
(Meireles and Cerqueira, 2011). Tradescantia has been used exper-
imentally since the first studies that related genetic activity with
the action of chemical compounds and agents (Ma, 1981, 1983;
Grant et al.,, 1992; Klumpp et al., 2004). Virtually all parts of this
plant can compose mutagenesis bioassays for the detection and
monitoring of environmental pollution (Grant, 1998). The micro-
nucleus test with Tradescantia spp. (Trad-MCN) is considered one of
the most sensitive, efficient and recommended for the detection of
genotoxic agents in air (Ma, 1981, 1983; Ennever et al., 1988;
Rodrigues et al.,, 1997; Saldiva et al., 2002; Misik et al., 2007;
Andrade et al., 2008; Crispim et al., 2012, 2014 and Sposito et al.,
2015, 2017).

In studies conducted in the cities of Mato Grosso do Sul, Crispim
et al.,, 2012, 2014 and Sposito et al. (2015, 2017) found a higher
frequency of pollutant affected micronuclei in the cities of Dour-
ados, Rio Brilhante, and Caarap6. They noted that the intensity of
the traffic flow resulted in damage to the genetic material and
changes in the leaf structure of T. pallida.

Studies that compare cities that are potentially exposed to air
pollutants, and the populations living in those areas, can be used to
create a database. This database can then be used to compare the
effects on local populations, the health of the inhabitants, and the
dynamics of energy use in a particular city.

Motivated by the aforementioned information, the present
study had the objective of estimating the mutagenic potential of
the vehicular flow through the TRAD-MCN bioassay in cities located
at different altitudes in the southwest mesoregion of Mato Grosso
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Fig. 1. Map showing the altitude of the cities evaluated in this study located in the southwest mesoregion of Mato Grosso do Sul. The sample points are highlighted.
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do Sul, Brazil. Then, infer possible abiotic agents that may
contribute to the effects of atmospheric pollutants and finally map
the cities with greater risks to the health of the local population.

2. Materials and methods
2.1. Locations

This study was conducted in nine cities located in the southwest
mesoregion of Mato Grosso do Sul, Brazil; including the munici-
palities of Amambai, Antonio Joao, Aral Moreira, Coronel Sapucaia,
Bela Vista, Laguna Caarapa, Maracaju, Navirai, and Ponta Pora
(Fig. 1).

2.2. TRAD-MCN assay procedures

The TRAD-MCN test was performed according to the protocol
developed by Ma (1994). Fifteen young buds from ornamental
plants of Tradescantia pallida (Rose) D.R. Hunt var. purpurea were
collected bimonthly from each city during the months of August,
October, and December of 2015, and February, April, June, and
August of 2016. A mixture of the contents of the young buds/city
was made and a sample was taken to prepare the slides. The buds
were fixed in Carnoy's solution (3 ethyl alcohol: 1 acetic acid). After
24 h, the inflorescences were transferred into a 70% alcohol solu-
tion. Six slides were prepared using the bud samples collected from
each city. The number of micronuclei in 300 tetrads per slide was
counted using an optical microscope (Nikon YS2; Tokyo, Japan) at
400X magnification and the results were expressed as percentages
(micronuclei frequency in 100 tetrads).

2.3. Assessment of vehicular flow and environmental conditions

Vehicular traffic was assessed in each city by counting the
number of vehicles passing per hour at three different times of the
day: from 8:00 to 9:00 a.m., from 11:00 to 11:59 a.m. and from 5:00
to 6:00 p.m. Subsequently, the average vehicular flow obtained at
each city was calculated.

A hypsometric map was generated using digital elevation model
data provided by the INPE's (National Institute for Space Research)
TOPODATA project and the data was processed using GIS
(Geographic Information System) software provided by Quantum
GIS, version 2.6. Altitude ranges were calibrated in 50-m intervals
from the base elevation, which was reported in TOPODATA.

The intensity map of pollutant incidence, based on the micro-
nuclei frequency observed in different cities, was generated using
the Kernel method. The Kernel method is an algorithm for pattern
analysis that uses spatial interpolation of the points where the data
was collected to generate a map that shows the dispersion intensity
of the values in the area the data was collected. The continuous
surface generated by the Kernel method interpolation maps the
intensity of air pollution in the area. This allows the visual identi-
fication of the areas with the greatest concentration of pollutants.

Data consisting of the temperature (°C), relative humidity (RH),
and pluviosity were obtained from local meteorological stations
(Table 1).

2.4. Statistical analysis

The experimental design used for the statistical analysis was
completely randomized using a factorial scheme with 9 cities, 7
periods, and with 6 replicates. The mean frequency of the number
of pollutant affected micronuclei was evaluated using an F-test at
5% probability level. In cases where a significant difference was
found, the means were compared using Tukey's test at 1%

Table 1

Altitude (Alt/meters); Mean Vehicular Flow (V.E.); Mean monthly Relative Humidity in the air % (RH); Mean monthly Temperature (T °C); Mean monthly precipitation (PP/mm) of each city (a).
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Table 2
Analysis of variance for MCN frequency in 9 cities and 7 periods in the southwestern
mesoregion of Mato Grosso do Sul.

cv DF Mean Square
Micronucleus (MCN)

City 8 304.630952""

Period 6 378.116402""

City x Period 48 32.390212™

Overall mean - 5.94

**Significant at 1% probability by F test.
™ No significant.

DF: degrees of freedom.

CV: Cause of the variation.

probability level performed by SAS analysis software (2014).
Pearson's correlation analysis was performed for the following
environmental variables: mean ambient temperature, altitude,
relative humidity in air and pluviosity, vehicular flow and micro-
nuclei frequency. The significance of the correlation analysis was
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assessed with a coefficient using a t-test at 5% probability level.
Subsequently, a linear regression analysis of the micronuclei fre-
quency was performed as a function of the flow of motor vehicles.

3. Results

The frequency of micronuclei was significantly influenced by the
cities, as well as the different periods in which they were evaluated.
However, no statistical significance was noted in the interaction
between the two factors: city and period. Analysis are summarized
in Table 2.

The analysis of the variation in the micronuclei frequency in the
tetrads of T. pallida between the cities displayed three different
groups. Amambai, Maracaju, Navirai and Bela Vista did not differ
statistically from Ponta Pora, and are also similar to Antonio Joao
and Coronel Sapucaia. Aral Moreira was equal to the cities previ-
ously mentioned, while Laguna Caarapa presented lower average
(Fig. 2A).

The analysis of the periods showed that the months of August
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Fig. 2. Pollutant affected micronuclei frequency in the tetrads of Tradescantia pallida (Trad-MCN) in the cities evaluated (A) and for the months of evaluation (B). Columns with the

same letter do not differ statistically according to the Tukey's test at 1% probability.
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Fig. 3. Regression analysis between vehicular flow (cars/h) and micronuclei frequency
of Tradescantia pallida.

and October 2015 had the highest micronuclei frequency averages,
and this was true for all cities. The months of December 2015,
February, April, June, and August of 2016 had lower frequencies of
micronuclei, regardless of the city (Fig. 2B).

The average number of vehicles/h that circulated in the cities, in
descending order was: 669, 653, 623, 559, 366, 166, 137,112, and 49
in the cities of Amambai, Ponta Pora, Navirai, Maracaju, Coronel
Sapucaia, Bela Vista, Antonio Joao, Aral Moreira, and Laguna
Caarapa, respectively. The cities with the highest intensity of motor
vehicle traffic also showed the highest average micronuclei fre-
quency in the tetrads of T. pallida. According to the linear regression
model, the micronuclei frequency was positively influenced by
vehicular flow (Fig. 3 and Table 3).

The average ambient temperature failed to show a linear asso-
ciation with the micronuclei frequency in the samples analyzed
(r=0.11"). A positive correlation was observed between micro-
nuclei frequency and vehicular flow, (r=0.67; p <0.001%) and
between micronuclei frequency and altitude (r = 0.24; p < 0.05). A
negative correlation was found between relative humidity and
micronuclei frequency (r=—0.19; p < 0.05%). Thus, higher micro-
nuclei frequency tended to be present in locations with low relative
humidity and high altitudes and vehicular flow (Fig. 4).

Based on the micronuclei frequency in the different cities
evaluated, it was possible to suggest a spatial distribution of
pollution intensity in the cities (Fig. 5). It was possible to observe a
higher pollution intensity in the red area, comprised of the cities of
Ponta Pora, Navirai, Amambai, and Maracaju. A lower intensity
(orange area) was observed in the cities of Bela Vista, Antonio Joao,
and Coronel Sapucaia. The blue regions represent the areas of low
pollution intensity, such as Laguna Caarapa and Aral Moreira.

4. Discussion

The results of this study demonstrated that the concentration of
mutagenic pollutants may be in the gaseous phase or adsorbed to
particulate matter in the urban environments that were analyzed,
and had an association with the environmental factor and altitude,

Table 3
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Fig. 4. Correlation between micronuclei frequency in pollen grains of Tradescantia
pallida and the relative humidity of each point sampled in the cities evaluated.

which could directly influence the micronuclei frequency in Trad-
escantia pallida. This was clearly observed in the analysis of Ponta
Pora, which presented an average flow of 653 cars/h and a higher
average micronuclei frequency. The higher micronuclei frequencies
are mainly due to vehicular flow emissions and not related to
altitude, which is a covariant of traffic flow.

The city of Ponta Pora borders the city of Pedro Juan Caballero,
Paraguay. Several motor vehicles transit between cities, originating
from different locations in the country. Ponta Pora is located at the
border of the Maracaju mountain range at a high altitude, and it
maintains a relative humidity of approximately 90% in the winter.
During in loco visits, it was observed that Ponta Pora had intense
vehicular traffic, which maximizes and extends the coverage area of
the pollutants in the city, thereby increasing the observed micro-
nuclei frequency. Ponta Pora is characterized by low temperature
days, forming a layer of stationary cold air that is covered by a layer
of stationary warm air (Zavattini, 2009). The consequence of this
phenomenon is a higher concentration of pollutant gases emitted
in the urban areas, which contributes to the smog phenomenon.
This phenomenon may have contributed to the higher frequencies
of micronuclei observed in Ponta Pora at an altitude of 658 m. This
phenomenon has also been observed in the city of Antonio Joao but,
due to low vehicular flow in this municipality (an average 137 ve-
hicles/h), a high micronuclei frequency was not observed.

The city of Navirai is located at the region bordering the state of
Parana and Sao Paulo, and, although it is not located at a high
altitude, in contrast to the other cities analyzed, the vehicular traffic
is intense due to a major highway (BR-163) that connects several
municipalities. Amambai is bordered by Paraguay, and has a high
vehicular flow as a result of the several state highways passing
through the city (MS 156; 165; 286; 289; 295, and 386). The city of
Maracaju is also connected via the BR 163, which also has a high
flow of vehicles. This high vehicular traffic explains the increase in
the micronuclei frequency observed and the high incidence of
pollutants mapped using the Kernel technique.

It is important to point out that all the cities have agriculture as a
major economic activity, resulting in heavy vehicular traffic

Pearson's correlation coefficient between analyzed variables: micronuclei frequency - MCN; vehicular flow - VF; altitude - ALT; Temperature — T °C; Relative humidity - RH (%);

Pluviosity - PLU (mm).

MCN ALT RH. TEMP PLU VF
MCN 0.24; p <0.05 -0.19; p<0.02 0.11; p<0.20 —0.46; p<0.62 0.67; p<0.001
ALT -0.32; p<0.02 -0.32; p<0.00 0.38; p<0.10 0.270; p<0.04
RH —0.22; p<0.00 0.06; p<0.11 —0.05; p<0.54
TEMP 0.33; p<0.25 0.09; p<0.31
PLU —0.45; p<0.63
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Fig. 5. Kernel map indicating the spatial distribution of pollution intensity in the cities.

consisting of cargo trucks and even larger vehicles. This signifi-
cantly affects the air quality. According to Teixeira et al. (2008),
heavy vehicles account for the largest fraction of nitrogen oxide and
sulfur emissions, with diesel fuel being the worst pollutant.

Sposito et al. (2017) analyzed cities in the microregion of Mato
Grosso do Sul, the altitude ranges of the cities were very similar
(318 m—470.2 m) and relationships between altitude and genetic
damages did not show any significant correlation. The cities
analyzed in this study, located in the mesoregion of the same state,
had greater altitudes, ranging between 206 m and 658 m. There
was a significant tendency and positive correlation between alti-
tude and micronuclei frequency (r =0.24; p < 0.05), and negative
tendency correlation for relative humidity (r = —0.19; p < 0.05%).
This indicated a trend of a higher micronuclei frequency in local-
ities with low relative humidity and high altitudes.

In this study, the periods that showed the highest micronuclei
frequency were August and October of 2015 (winter and spring).
The environmental conditions during these periods were charac-
terized by low temperatures and low relative humidity, which may
lead to a higher molecular weight of the atmospheric pollutant.
Similarly, studies report a higher mutagenic potential in colder
months in European countries (Binkova et al., 2003; Du Four et al.,
2004; Piekarska et al., 2009, 2011), North and South America
(Brown et al., 2006; Cavanagh et al., 2009) and New Zealand (Torok
et al., 1989; Miiller et al., 2001).

In the present study, the relative humidity was an important
variable in micronuclei frequency, demonstrating a trend with a
negative linear correlation. These results are consistent with those
observed by Sposito et al. (2017) in the microregion of Dourados,
where the micronuclei in T. pallida decreased as the relative hu-
midity increased. Thus, this result is of great value, since the
vehicular flow at each sampling site did not show large variations
throughout the sample period, so the observed micronuclei

frequency are interrelated to environmental factors. The biological
response of plants linked to environmental conditions have also
been reported by Klumpp et al. (2004) and Crispim et al. (2012).
According to Costa and Droste (2012) and Sposito et al. (2015),
genetic damage in plants located in urban areas was associated
with large vehicular fleets and high concentrations of air pollutants.
Casera and Blasior (2001) observed high mutation rates using the
Trad-MCN test in the city of Bolzano, Italy, in areas near highways.
Batalha et al. (1999) and Guimaraes et al. (2004) carried out studies
in the city of Sao Paulo and confirmed the high sensitivity of the
Tradescantia genus to atmospheric pollutants in a general way,
since in this study the particulate material was not measured,
which makes impossible to confirm the biological response of the
plant to the pollutant.

The genotoxic effects on T. pallida can be used to infer risks on
human health due to air pollution. Studies have associated the
micronuclei frequency with cardiorespiratory diseases in areas of
heavy traffic (Alves et al., 2001; Sumita et al., 2003; Mariani et al.,
2009). According to Demarini (2013), populations living or work-
ing near highways are at high risk of cancer and cardiovascular
diseases, asthma, decreased lung function, allergies, and compli-
cations during childbirth. The Trad-MCN bioassay can be used to
alert inhabitants of these potential risks. In addition, the bioassay is
easy to use and has a low initial investment cost.

Studies that investigate the effect of air pollution on the quality
of life of the population and proposing control measures are rec-
ommended for high vehicular flow cities, which present greater
mutagenic potential.

This study indicated that cities with heavy vehicular flow
showed a higher frequency of mutagenic alterations in the micro-
nuclei of Tradescantia pallida and the abiotic conditions that sta-
tistically demonstrated tendencies to potentiate these alterations
are relative humidity and altitude. Air pollution was more intense
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in the city of Ponta Pora.
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