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1. Introduction 

Good air quality is the fundamental condition for maintaining the equilibrium of human 

health and ecosystems. However, starting at the time of the industrial revolution, human 

action has progressively introduced into the atmosphere compounds and particles that 

compromise the harmony of life on our planet: a process that is known as atmospheric 

pollution. 

Thus, atmospheric pollution is defined as the result from excessive introduction of 

compounds and particles into the air layers that surround Earth (Marcondes, 1993). There 

are now many sources of atmospheric pollution, and prominent among these are industrial 

plant, factories and automotive vehicles powered by gasoline and diesel. Among the many 

pollutants that compromise air quality, particularly in large urban centers, are sulfur dioxide 

(SO2), carbon monoxide (CO), nitrogen oxides, particles and aromatic polycyclic 

hydrocarbons, which can combine to form other compounds such as ozone and 

peroxyacetyl nitrate, thereby giving rise to a complex mixture of pollutants in the 

atmosphere. 

The presence of these compounds in the air causes a variety of human health problems, such 

as abnormalities of the respiratory and cardiovascular systems, allergic reactions and 

development of lung and tracheal cancer (Brunekreef et al., 2002; Perera et al., 2002; Traversi 

et al., 2008). 
Cancer is a disease that results from abnormalities in genes involved in controlling cell 
proliferation and differentiation and/or genes involved in DNA repair mechanisms and in 
inducing apoptosis (Hanahan & Weinberg, 2000). The association between atmospheric 
pollution and cancer therefore comes from the fact that many of the contaminants are 
mutagens, i.e. they are agents capable of inducing both point mutations (abnormalities 
involving only one or very few DNA bases) and chromosome aberrations (abnormalities 
that compromise the structure or the number of chromosomes).  

2. Genotoxic effects of atmospheric pollution 

Mutagenic effects from atmospheric contaminants have been demonstrated by many 

authors using different methodologies, both in vivo and in vitro, such as DNA adduct 
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detection (Peluso et al., 2008), comet test (Ianistcki et al., 2009; Kawanishi et al., 2009), sister 

chromatids exchanges (SCE) and micronuclei (Kawanishi et al., 2009), identification of gene 

mutations in mice (Yauk et al., 2008) and Ames test (Coronas et al., 2008; Traversi et al., 

2009).  

Peluso et at. (2008) evaluated air genotoxicity among 79 workers at the MIE industrial 

complex (one of the largest steel and oil refinery industrial complexes in Southeast Asia) and 

among 72 people living nearby. Fifty individuals living in an area without industrial 

pollution were evaluated as controls. Peripheral lymphocytes were analyzed by means of 

the 32P-postlabeling technique in order to identify DNA adducts, i.e. structures formed 

through covalent bonding of molecules to the DNA. The DNA adduct levels were 

significantly greater among the workers and individuals living close to the industrial 

complex than among the controls, thus demonstrating the potential that atmospheric 

pollution has for inducing mutations.  

Greater occurrence of damaged DNA consequent to exposure to polycyclic aromatic 

hydrocarbons (PAHs) present in the atmosphere was observed by Ianistcki et at. (2009) 

through using the Comet test on Helix aspersa Müller, 1774. This study was conducted in 

areas of the metropolitan region of Porto Alegre (Brazil) where the atmosphere is 

contaminated with PAHs. Between the two fractions of particulate matter that were isolated 

(particles measuring between 2.5 µm and 10 µm in diameter and particles of diameter less 

than 2.5 µm), greater genotoxicity was observed consequent to exposure to the particles of 

smaller diameter, which may be related to greater absorption of these particles. Kawanaka et 

at. (2011) observed that ultrafine particles are deposited more efficiently in the alveolar 

region of human lungs than are larger particles. Thus, ultrafine particles play an important 

role as carriers of mutagenic agents.  

Kawanishi et at. (2009) evaluated the genotoxicity of 3,6-dinitrobenzo[e]pyrene, a novel 

mutagen in ambient air and surface soil, in vitro and in vivo. Human cells of the HepG2 

human lineage were analyzed regarding the frequencies of exchanges between sister 

chromatids and occurrences of hprt mutations and micronuclei, and the Comet test was used 

to evaluate occurrences of damaged DNA in IRC mice. A genotoxic effect caused by 3,6-

dinitrobenzo[e]pyrene was observed in all the trials.  

Yauk et at. (2008) also described damage to DNA, as seen through greater occurrences of 

gene mutations, in germinative cells from mice exposed to atmospheric pollution without 

protection. They observed that spermatozoid mutations were 1.6 times more frequent in 

these exposed animals than in animals whose exposure was diminished through using high-

efficiency particulate-air (HEPA) protection. Furthermore, they identified high levels of 

DNA hypermethylation in spermatozoids from the exposed animals, which in their view, 

might have wide-ranging repercussions on chromatin structure, gene expression and 

genome stability. Genotoxic effects from atmospheric contaminants have also been shown 

using the Ames test (Coronas et al., 2008; Traversi et al., 2009). 

The proven mutagenic action of atmospheric pollutants is the basis for the biological 
plausibility of epidemiological studies that have revealed associations between some types 
of cancer, especially lung cancer, and atmospheric pollution (Beelen et al., 2008; Eitan et al., 
2010; Kapka et al., 2009; Trédaniel et al., 2009; Vineis et al., 2007). 
Air quality monitoring therefore becomes essential and, within this context, the use of 
biological tests capable of detecting gene mutations or chromosome damage is considered to 
be an important preventive medical measure. Such tests are also effective for detecting the 
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additive and synergistic effects of air pollutants, unlike chemical analyses, which evaluate 
the action of a given genotoxic agent in isolation (Cohen et al., 2002; Wada et al., 2001). 
Bioassays developed using plants and clones of the genus Tradescantia are considered to be 

valuable tools for assessing the mutagenic effects of environmental contaminants. For this 

reason, since the beginnings of genetic toxicology, they have been widely used in studies 

and biomonitoring programs.  

3. Evaluation of the genotoxicity of atmospheric pollution using plants and 
clones of the genus Tradescantia 

Carvalho (2005) highlighted several characteristics of higher plants that qualify them for use 
in environmental biomonitoring. These include the following: 

• Just like human cells, higher plant cells are eukaryotic and present organization of the 
genetic material that resembles that of humans;  

• Also in common with humans, higher plants present germinative and somatic cell lines 
that go through meiotic and mitotic cycles, respectively; 

• Many higher plants present short reproductive cycles; 

• Higher plants can be propagated vegetatively, thus ensuring genetic purity, which also 
favors the perpetuation of hybrids; 

• Studies on the use of higher plants can be conducted both in situ and in the laboratory.  
According to Alves et al. (2001), plants are generally more sensitive to pollution than 

animals are, which makes them particularly suitable for biomonitoring studies on 

atmospheric pollution.  

3.1 The genus Tradescantia 

Tradescantia is a genus of perennial herbaceous plants in the family Commelinaceae. It 

originates from the New World and comprises around 500 species with distribution going 

from southern Canada to northern Argentina (Watson & Dallwitz, 1992). In the 17th century, 

they were introduced into Europe, where they are used for ornamentation, just as they are 

used in most other countries. 

The height of the plants varies in most species between 30 cm and 60 cm, and its oval-

shaped leaves are distributed along the stem. The inflorescence, which may be axillary or 

terminal, is protected by bracts that may or may not be differentiated from the leaves. The 

flowers present radial symmetry and are hermaphroditic. The pedicles vary in size between 

the species, and the calyx and corolla are formed, respectively, by three sepals and three 

petals. The stamens are free and there are six of them, and the anthers have two thecae. The 

gynoecium has a trilocular sessile ovary, and each locule holds two ovules. The style is 

simple and the stigma is capitate. In most of the species, the fruits present a capsule with a 

locus, and each locus holds two seeds. 

Plants and clones of the genus Tradescantia have been used for environmental monitoring 

since the time of the first studies investigating the mutagenic activity of chemical and 

physical compounds, in relation to components of the atmosphere, soil or water. In addition 

to its high sensitivity to mutagen action, its ease of cultivation, short life cycle and, 

especially, its large chromosomes that are few in number are characteristics that make plants 

and clones of the genus Tradescantia valuable instruments for environmental monitoring 

(Ma & Grant, 1982). 
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3.2 Species and clones of the genus Tradescantia used in genotoxicity bioassays 

Most of the studies using Tradescantia plants, and particularly those developed in Europe, 

have been conducted using clone 4430, which is a diploid hybrid between T. hirsutiflora 

Bush (2461C), with a blue flower, and T. subacaulis Bush (2441), with a pink flower (Isidori et 

al., 2003; Klumpp et al., 2006; Ma et al., 1996). This clone, which was developed by Sparrow 

et al. in 1960, is very versatile and has, since then, been widely cultivated indoors, although 

it requires special conditions for it to grow and flower. On the other hand, it presents great 

sensitivity to the action of chemical and physical mutagens in the environment. Because it is 

sterile, it has the advantage that its genetic uniformity is maintained. It can be used both for 

the micronucleus test (Trad-MCN) and for the stamen hair mutation test (Trad-SHM).  

The Tradescantia species most frequently used for carrying out Trad-MCN is T. pallida (Rose) 

Hunt. cv. purpurea Boom (Figure 1). This is a small-sized herbaceous plant (reaching a 

maximum height of 25 cm) with spear-shaped succulent leaves that is native to North 

America and Central America (Mexico and Honduras) (Lorenzi & Souza, 2008). The 

epidermis of the leaves presents large quantities of anthocyanin, which gives them a purple 

color, particularly in very bright light (Joly, 1998). Two large canoe-shaped bracts protect the 

inflorescence, which presents pink flowers. 

 

 

Fig. 1. Tradescantia pallida 

Although this species has sexual reproduction, its genetic uniformity can be ensured by 

means of vegetative propagation from a single stalk. It has shown sensitivity to the action of 

environmental mutagens resembling that of 4430 and #03 (Andrade Jr et al., 2008; Batalha et 

al., 1999; Guimarães et al., 2000; Meireles et al., 2009; Suyama et al., 2002). This species has 

been greatly used in studies conducted in South America because of the great adaptability of 

these plants to the climatic conditions of South American countries, unlike clone 4430, which 

is difficult to cultivate under these conditions. In addition, using plants that develop under 

natural conditions reduces the costs of the study and minimizes any problems of pest 

attacks, given that these plants are already biologically adapted to the environment 

(Rodrigues et al., 1997).   
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3.3 Genotoxicity bioassays using Tradescantia 

Tests carried out using plants or clones of the genus Tradescantia, like most plant bioassays, 
are considered to be type II mutagenesis tests (Ennever et al., 1988), since they present high 
sensitivity and low specificity. 
Four tests for assessing environmental genotoxicity have been developed using Tradescantia. 
One of these, the stamen hair mutation test (Trad-SHM) detects occurrences of point 
mutations. This test is carried out using clone 4430 and is based on the occurrence of 
recessive mutation that results in changing the blue color of stamen hairs to pink 
(Emmerling-Thompson & Nawrocky, 1982). It was first used to assess the genotoxic effects 
from ionizing radiation and, at the start of the 1970s, it was proposed that the test should be 
applied in studies on chemical mutagenesis (Underbrink et al., 1973). Additional studies 
using Trad-SHM to assess the genotoxic effects of chemical substances reconfirmed the high 
sensitivity that had previously be observed with this test in studies on radiation (Ma et al., 
1994; Shima & Ichikawa, 1994). Trad-SHM has now been used for assessing mutagenicity in 
relation to both atmospheric and water pollution (Arutyunyan et al., 1999; Grant et al., 
1992). 
The other tests using Tradescantia that have been developed for environmental 
biomonitoring are cytogenetic studies based on occurrences of changes to the number 
and/or structure of the chromosomes: root-tip mitosis and pollen tube tests and the 
micronucleus test on tetrads of Tradescantia (Trad-MCN). In assessments on the genotoxic 
action of atmospheric pollutants, the main test used is Trad-MCN, which is the focus of the 
present chapter. 

4. The micronucleus test on tetrads of Tradescantia (Trad-MCN) 

4.1 Fundamentals and development 

The micronucleus test on tetrads of Tradescantia (Trad-MCN) is currently the most widely 
used bioassay on plants for detecting genotoxins in the environment. According to a recent 
paper, approximately 160 chemicals have so far been tested and 100 articles on complex 
environmental mixtures have been published (Misík et al., 2011). 
Trad-MCN consists of a set of procedures for exposing plants of the genus Tradescantia to 
contaminating agents, culminating in estimates of the micronucleus frequencies in mother 
cells of pollen grains at the tetrad phase. Micronuclei are structures that 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 as corpuscles resembling the 
nucleus, measuring 1/3 to 1/5 of the size of the nucleus. Since micronuclei result both from 
chromosomal fragments and whole chromosomes lagging behind in anaphase, they reveal 
the clastogenic and/or aneugenic action of a given mutagen (Holland et al., 2008) (Figure 2). 
Estimation of the numbers of micronuclei in tetrads of Tradescantia was first proposed at the 
end of the 1970s, in a pioneering study conducted by Ma and coworkers (Ma et al., 1978). In 
that study, they used clone 4430 to compare the formation of micronuclei in tetrads (Trad-
MCN) with stamen hair mutations in cells (Trad-SHM), after exposing the plants to 1,2-
dibromoethane (DBE). The results obtained revealed that the sensitivity of Trad-MCN was 
approximately 30 times greater than that of Trad-SHM. The greater sensitivity of Trad-MCN 
in relation to Trad-SHM has been observed in several other studies, such as Gichner & 
Velemínnský (1999); Minouflet et al. (2005). 
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Fig. 2. Diagram of micronucleus formation 

4.2 Methodology 
4.2.1 Cultivation and maintenance of Tradescantia plants 

The cultivation and maintenance conditions for Tradescantia plants depend primarily on the 
climatic conditions under which the study will be developed. In countries with a temperate 
climate, the plants can be cultivated in greenhouses, growth chambers or outdoors. In 
countries with a very rigorous winter, the cultivation should be undertaken in greenhouses 
or growth chambers. It is important to control the ventilation, temperature and air quality 
conditions, since these are factors that may induce occurrences of micronuclei. According to 
Klumpp et al. (2004), at a temperature of 11°C the frequency of spontaneous occurrence of 
micronuclei is 100 times greater, while exposure at a temperature of 42°C is incompatible 
with development of the mother cells of pollen grains. The ideal cultivation conditions 
consist of day/night temperatures of 21/19 ± 0.2°C, day/night relative humidity of 65/70% 
and a daylight cycle of 17h (Rodrigues, 1999). The substrate composition should consist of 
fertile soil with good drainage, which can be achieved by adding coarse sand and 
standardized organic matter to the soil. Commercially marketed soils such as ED73 can also 
be used (Klumpp et al., 2006). In addition to watering the soil, which should be done on 
alternate days, monthly use of fertilizers is recommended (NPK). 
Following these procedures is the essential prerequisite for obtaining plants in numbers and 
quality that are sufficient to ensure that the study can be conducted and that the results will 
be reliable.  

4.2.2 Exposure of the plants 

When the genotoxicity of atmospheric pollutants is evaluated in situ, this involves exposing 
plants that have been cultivated under the conditions described above and been transported 
to the location under investigation (active monitoring), or it is done on plants in gardens, 
public squares and streets that were already planted out in these locations for ornamental 
purposes (passive monitoring). 
In active monitoring, at least 15 plants per monitoring point are exposed for time periods 
that vary according to the protocol, depending on the degree of contamination at the 
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location investigated. Fomin & Hafner (1998) considered that exposure for a six-hour period 
was insufficient for detecting genotoxic effects and suggested that the exposure duration 
should be between 10 and 24h. Ma et al. (1996) also considered that a five to seven-hour 
period was insufficient for detecting genotoxic effects and recommended that the exposure 
duration should be between 24 and 30h.  
In biomonitoring the atmosphere, it is important that the overall duration of the study 
should not be short, given the variations in pollution levels that may occur according to how 
the weather varies across the different seasons. From our experience, we consider that 12 
months is a period that more faithfully reflects the real effects of atmospheric pollution. To 
avoid contamination by soil pollutants, the vases containing the plants should be kept on 
stands at a height of between 1m and 2m. Figure 3 shows the dimensions of the stands that 
have been used in studies developed by researchers at our laboratory. 
 

 

Fig. 3. Dimensions of the stands (a) and photography exposure mode (b) 

The records in the literature reveal that the way in which plants have been exposed has 
varied greatly between the protocols adopted, according to the objectives and characteristics 
of each study, although this does not compromise the validity of the test.  
Evaluations on the genotoxicity of atmospheric particles using Trad-MCH can be carried out 
in a laboratory, starting from air samples collected in glass fiber filters using a high-volume 
PM-10 sampler. The filter mesh used can be of different sizes in order to allow particle 
separation according to size. Exposure of the inflorescences (between 15 and 20 of them) can 
be done by immersing them for 24h in distilled water containing particle extract dissolved in 
dimethyl sulfoxide (DMSO). 
Negative control plants should always be included in all protocols, i.e. plants grown in 
pollution-free areas and/or treated with distilled water or another compound that is known 
to be non-mutagenic, such as DMSO. A positive control, consisting of exposing plants to a 
known genotoxin, may also be included. 
In assessing the genotoxicity of atmospheric pollutants, whether done through active 
monitoring or done through exposure in a laboratory, it is important to take the recovery 
time into consideration, i.e. the length of time after the exposure that is needed for the 
meiocytes to go from prophase I to the tetrad phase. This is the time taken for the meiotic 
cycle to run its course, and it will ensure that the damage induced from prophase I onwards 
will be observed in a sufficiently large number of cells. Therefore, the duration of meiosis in 
the Tradescantia plant or clone used in the test needs to be known: the closer the length of the 
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recovery period is to the time taken for meiosis to occur, the greater the chance is that the 
damage induced through the exposure will be detected. Falistocco et al. (2000) observed that 
the duration of meiosis for clone 4430 was 84-86h and they therefore suggested that if the 
recovery time of 24h used in many protocols was insufficient to observe any damage, the 
experiment should be repeated with a longer recovery time.  

4.2.3 Selection and preparation of inflorescences 

The protocol for selecting and preparing inflorescences that is used in many Trad-MCN 
studies is the one proposed by Ma (1981). This protocol prescribes that young inflorescences 
should be collected and, after a recovery period of 24-30h, they should immediately be fixed 
in an acetic-alcohol solution (1:3). After 24h of fixing, the inflorescences are transferred to 
70% ethanol and kept refrigerated (± 6ºC) until the time of slide preparation. 
To prepare the slides, the inflorescences are dissected with the aid of a surgical probe under 
a stereo microscope, in order to isolate the flower buds. Once the buds have been isolated, 
they are arranged in order of size and the one in the middle of the size range is selected first. 
This bud is transferred onto a glass slide and is dissected with the aid of a surgical probe, 
under a stereo microscope, in order to expose the anthers. After discarding the fragments of 
the bud, the anthers are macerated using a glass rod and drops of acetocarmine (2%) are 
added. After the maceration has been completed, a coverslip is placed on top of the 
preparation, which is then quickly heated up using a glass alcohol lamp (80°C). The 
coverslip is pressed down using finger pressure and then the preparation is placed under a 
microscope to identify whether there are sufficient numbers of tetrads. The steps for 
preparing the slides are presented in Figure 4. After confirming that there are enough 
tetrads, the slide is considered to be suitable for analysis and the other flower buds are 
discarded. If there are not enough tetrads, the procedure is repeated with another bud, and 
so on. 
 

 

Fig. 4. Steps for preparing the slides 

4.2.4 Cytogenetic analysis 

The cytogenetic analysis for estimating the number of micronuclei is done under an optical 
microscope (400X). It should include counting 300 tetrads (Figure 5a) per slide and, for each 
exposure, five slides from individual inflorescences should be prepared, thus totaling 1,500 
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tetrads per treatment. It is important to code the slides so that the analysis can be done 
blindly. They should only be decoded after finishing the cytogenetic analysis. 
Structures measuring 1/3 to 1/5 of the sized of the nucleus, with similar chromatin 
distribution and distinct separation from the nucleus, are taken to be micronuclei (Figure 
5b). 
 

 

Fig. 5. Photomicrograph of tetrad of Tradescantia pallida with and without micronuclei 
(arrow) 

4.2.5 Statistical analysis 

The results obtained using Trad-MCN should always be subjected to adequate statistical 
analysis. Several tests can be used, for example Dunnet´s test, Student’s t-test and Kruskal–
Wallis test. 

4.3 Advantages and disadvantages of Trad-MCN 

Trad-MCN is a fast, simple and low-cost test that generates reliable results. Micronuclei are 
observed under an optical microscope and are easily identified. The plants are easy to 
cultivate, occupy little space and develop satisfactorily throughout the year, in the open air 
in subtropical regions and in greenhouses anywhere. The test is considered to be versatile, 
since it enables genotoxic evaluations on pollutants both in situ and in a laboratory, and 
because it is sensitive to contaminants of gaseous, liquid and radioactive nature, thus 
enabling biomonitoring of the soil, water and atmosphere. 
The sterility of Tradescantia clones and the capacity of these plants for vegetative 
propagation eliminates the variation coming from meiotic recombination, thereby ensuring 
that genetic uniformity is maintained (which would be lost through this process). In 
addition, meiotic chromosomes are more sensitive to mutagens than mitotic chromosomes 
are (Rodrigues, 1999). Metabolism of pre-carcinogens into carcinogens occurs mostly in the 
plant itself, and enzyme activation is unnecessary. 
Inflorescences of Tradescantia can be fixed and stored for subsequent cytological observation 
for long periods. The cytological preparations can also be stored for future studies. 
The main limitation of Trad-MCN is that counting the micronuclei constitutes an 
underestimate of the real occurrence of genetic damage, given that chromosome 
rearrangements (translocations, inversions, etc.) are not detected. Because the test is highly 
sensitive, special care is required to ensure that the spontaneous micronucleus frequency is 
not altered by the action of agents other than those under investigation. In addition, the 
micronucleus frequency undergoes variations depending on climatic conditions. The 
mutagenic effects observed through the test cannot be directly associated with 
carcinogenicity, and the differences between plant and animal metabolism have to be taken 
into account, which limits the ability to extrapolate from the results (Ma, 1981).  
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4.4 Detection of atmospheric pollution using Trad-MCN 

Plants and clones of Tradescantia are particularly sensitive to chemical mutagens, especially 
those that are present in the atmosphere. For this reason, they have been extensively used 
for biomonitoring of atmospheric pollution, in order to assess the genotoxic effects of gases 
and particles that are generated through the activity of factories, industrial plant, 
incinerators and landfills, and through burning fossil fuels. 

4.4.1 Tradescantia clones 

Ma et al. (1996) conducted a study in which the aim was to evaluate the genotoxic effects 
from atmospheric pollution generated through gas emissions consequent to the processes of 
dumping garbage in landfills and garbage incineration. They investigated occurrences of 
mutations in stamen hairs (Trad-SHM) and the micronucleus count in tetrads (Trad-MCN) 
in plants of clone 4430 that were exposed in the vicinity of a landfill and an incinerator (in 
situ biomonitoring) and in a laboratory. Four gases are emitted in such processes: toluene, 
ethylbenzene, trichloroethylene and ethyltoluene. For each test, two controls were analyzed: 
one kept in the laboratory and the other in the field. The observed frequency of stamen hair 
mutations, but not the frequency of micronuclei in tetrads, was significantly greater in the 
plants exposed in the landfill, in comparison with both of the controls. The average pink 
mutation rates and micronucleus frequencies in the incinerator tests were borderline 
positive. The authors considered that these results might be due to the length of exposure of 
the plants: not only was this short (5-7h), but also it did not include times of the day (early 
morning and late afternoon) when the wind died down. The results obtained from exposure 
of plants in the laboratory showed higher frequencies of micronuclei, but not of stamen hair 
mutations, in all the tests. This showed that both the landfill and the incinerator processes 
generated gases with relatively high genotoxicity. 
The genotoxicity of the gases emitted by incinerators was also evaluated by Fomin & Hafner 
(1998) using Trad-MCN with three different approaches: a) direct fumigation of Tradescantia 
with diluted incinerator emissions; b) exposure of Tradescantia to smoke condensates; and c) 
in situ monitoring of genotoxicity of emissions near a municipal incinerator. The results 
obtained from direct fumigation of the plants and exposure to smoke condensates showed 
that the micronucleus frequencies in the exposed plants were significantly greater. The 
results of in situ monitoring of genotoxicity near a municipal waste incinerator showed that 
the Tradescantia micronucleus frequencies depended on the distance from the incinerator, 
and the direction of wind. 
Misík et al. (2007) used plants of clone #03 to evaluate the genotoxicity of the urban 
pollution caused by an incinerator and a petrochemical plant in the city of Bratislava 
(Slovakia). The plants were placed at distances of 150m and 200m from the incinerator and 
petrochemical plant, respectively. During the period in which the first data were gathered 
(1997 to 2000), the micronucleus frequencies in the exposed plants were significantly higher 
than the frequencies observed in the control plants, but no difference in micronucleus 
occurrence was detected in the plants collected between 2003 and 2005. 
These authors considered that the observed reduction in genotoxicity was due to the 
substantial reduction in atmospheric pollution that had been brought about through using 
new technologies. Reductions in the genotoxicity of the air caused by installation of 
protective measures had previously been observed by Fomin & Hafner (1998). 
Rodrigues et al. (1996) showed that Trad-MCN, but not Trad-SHM, was effective for 
detecting the mutagenic effects of ozone, even at low concentrations. In fumigation 
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chambers, these authors subjected plants of clone 4430 to doses of 50 and 100 ppb for 6h, 
over periods of 1-3 days. Higher frequencies of micronuclei, but not of mutations in stamen 
cells, were observed in relation to the control group. 
Monarca et al. (1999) evaluated the air quality in Brescia (Italy) in a study that included in 
situ biomonitoring and laboratory analysis on the genotoxic effects of particulate matter 
collected from the air of that city. In the laboratory, young Tradescantia inflorescences were 
kept for 24h in 1 ml of distilled water containing extracts of particulate matter dissolved in 
dimethyl sulfoxide (DMSO). These samples had been gathered from two streets in the city: 
one residential and the other, with heavy traffic. As a control, the plants were kept for the 
same length of time in distilled water and DMSO. The results from the laboratory exposure 
to particulate matter from the street with heavy traffic indicated that the micronucleus 
frequency was greater than in the control plants. In the in situ monitoring, the plants were 
placed in three areas of Brescia for 24h: area A, a link road in a heavily industrialized 
district; area B, a bypass around the town center; and area C, the square in front of the 
railway station. The results from the in situ biomonitoring did not, however, show any 
increased micronucleus frequencies. 
Mutagenic effects from pollution originating from gasoline and diesel combustion in 
automotive vehicles were also investigated by these authors in a tunnel in the city of Perugia 
with heavy traffic movements and another in the city of Brescia with moderate traffic. 
Although the lengths of exposure of the plants in the tunnel in Perugia (1h and 5h) were 
shorter than those of the plants in the tunnel in Brescia (24h), higher micronucleus 
frequencies than in the control plants were only observed in the plants exposed in the 
Perugia tunnel. These authors concluded that in situ monitoring using Trad-MCN only 
seemed to be effective when the pollution levels were high. 
Villarini et al. (2009) also conducted a monitoring study on atmospheric pollution in 
Perugia, using Trad-MCN and the Comet test on Nicotiana tabacum cv. Xanthi. These authors 
analyzed three urban sites in the city with different levels of pollution. The length of 
exposure was 24h and the sites were monitored five times: twice in the winter and once each 
in the spring, summer and autumn. The plants exposed in the area with greatest pollution 
were the ones that presented the highest micronucleus frequencies. Trad-MCN showed a 
better correlation with the pollution levels than did the Comet test. 
The genotoxic effects from atmospheric pollution that are detected by Trad-MCN depend on 
the season of the year in which the plants are exposed, among other factors (Isidori et al., 
2003). These authors exposed plants of clone 4430 at 17 sites in the city of Caserta (southern 
Italy), with a variety of traffic levels, during both the winter and the summer. Comparison 
with the control group revealed micronucleus frequencies that were significantly higher in 
the plants exposed during the winter, at all the sites, and at only two of the sites at which the 
plants had been exposed during the summer. 
Within the framework of a European network for air quality assessment through using 
bioindicator plants, Trad-MCN was used to monitor urban areas in ten cities (Klumpp et al., 
2006). The results obtained revealed that the genotoxic effects were higher in areas with 
heavier traffic. It was concluded that this test was a suitable tool for detecting local ‘hot 
spots’ of mutagenic air pollution in urban areas. 
The correlation between micronucleus frequency in tetrads of Tradescantia and the adjusted 
mortality rates for cardiovascular and respiratory diseases and cancer was investigated by 
Mariani et al. (2009). Their study included biomonitoring at 28 sites with different degrees of 
atmospheric pollution in the city of São José dos Campos (Brazil) over a five-month period. 
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The higher micronucleus frequencies observed were in the plants that were exposed in areas 
of heavy traffic and in areas close to a petrochemical complex. Significant associations were 
detected between micronucleus frequency and the mortality rate due to cardiovascular 
diseases and cancer. 

4.4.2 Tradescantia pallida (Rose) Hunt. cv. purpurea Boom 

Biomonitoring studies on plants of the species T. pallida have mostly been conducted by 
Brazilian researchers. The results obtained have confirmed the results from pioneering 
studies that showed that naturally occurring plants of this species are as sensitive as clones 
(Suyama et al., 2002). 
Batalha et al. (1999) used seedlings of T. pallida to evaluate the air quality in the city of São 

Paulo (Brazil), which is the largest urban center in the southern hemisphere. The seedlings 

were exposed to air samples collected from the city center that had been diluted in distilled 

water at concentrations of 15 and 30 mg/l. The micronucleus frequency in the plants 

exposed to the more concentrated solution was significantly greater than the frequency 

observed in the plants exposed to the lower concentration, thus demonstrating the genotoxic 

effects from the atmospheric pollution in this city. The air quality in the city of São Paulo 

was also evaluated by Guimarães et al. (2000) using this methodology and their results 

showed the effectiveness of T. pallida plants for detecting the genotoxic effects from 

atmospheric pollution. 

Carvalho-Oliveira et al. (2005) also conducted a biomonitoring study using T. pallida plants 

in the city of São Paulo and demonstrated that diesel fuel burned by automotive vehicles 

induced genotoxicity. These authors evaluated occurrences of micronuclei over a three-day 

period during a strike by bus drivers and one week after the strike ended. The results 

obtained showed that the micronucleus frequency was significantly higher during the strike. 

Carreras et al. (2006) investigated the genotoxicity of atmospheric pollution in the city of 

Córdoba (Argentina) between October 2004 and April 2005. T. pallida plants were exposed at 

three sites: one in the city center, characterized by heavy traffic of automotive vehicles; 

another on the university campus, located along a side road with heavy traffic of gasoline 

and diesel-powered vehicles (buses and trucks); and a third site in a residential area without 

significant pollution sources. Twenty young T. pallida inflorescences were collected from 

each sampling site in November, February and April. The lowest micronucleus frequencies 

were observed in the plants placed in the residential area. Similar results using the same 

methodology were obtained by Prajapati & Tripathi (2008) in a study on air quality 

biomonitoring in the city of Varanasi (India). 

The results obtained through studies carried out by our team, in cities in the state of Bahia 

(Brazil) have systematically indicated the effectiveness of Trad-MCN using T. pallida, both 

for assessing the genotoxic effects consequent to air pollution originating from automotive 

vehicles and for assessing soil contaminants. Higher micronucleus frequencies associated 

with air contamination due to automotive vehicles were detected even in cities with low 

traffic flows. 
The air quality in Senhor do Bonfim, a small city in the state of Bahia (Brazil), was evaluated 
by Andrade Júnior et at. (2008). This biomonitoring study involved exposure of T. pallida in 
two areas with different traffic levels: (1) on the Lomanto Junior highway, close to the ring 
road, where there is heavy traffic of cars, trucks and buses; and (2) in Praça Nova do 
Congresso, a public square located in the city center, where the traffic is less intense. The 
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control consisted of plants that were kept in a traffic-free area. Young inflorescences were 
gathered every month over a 12-month period. The statistical analysis on the results showed 
that the micronucleus frequency was significantly higher in the exposed plants than in the 
controls. However, there was no statistically significant difference between the two 
exposure sites. 
Air monitoring in the city of Feira de Santana, the second largest urban center in the state of 
Bahia (Brazil) was carried out by Meireles et al. (2009) using Trad-MCN with T. pallida 
between February 2006 and December 2007. Two types of monitoring were undertaken in 
this study: active and passive. Three localities with different traffic flows were chosen for 
testing: (1) the Campo Limpo traffic circle, which according to data that we collected had a 
traffic load of approximately 8200 vehicles/hour, mainly consisting of buses and trucks; (2) 
Getúlio Vargas Avenue which also had heavy traffic, although less than at Campo Limpo 
(3500 vehicles/hour according to data from the municipal authorities of Feira de Santana); 
and (3) an area with very low vehicle movement (about 10 vehicles/day, according to our 
observations during the study period). 
Inflorescences were collected on a monthly basis from plants growing in these locations, 
under both passive and active monitoring regimes. Micronucleus occurrences were found to 
be proportional to vehicle flows under both monitoring regimes, while the plants under 
active monitoring showed greater sensitivity to atmospheric contamination.  

5. Conclusion 

From this presentation, it can be seen that, despite certain limitations, Trad-MCN carried out 
using plants or clones of T. pallida is an important tool for biomonitoring of atmospheric 
pollution.  
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