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Micronucleus formation induced by biomass burning particles
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in Tradescantia pallida assay (TRAD-MN)
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Abstract

Manual harvesting is usually done after to sugar cane burning which is responsible for seasonal emission of air pollutants in Brazil and
it is believed to be responsible for deleterious health effects in exposed populations. The mutagenic potential of sugar cane burning
harvesting particulate and particle surrogates of residual oil fly ash (ROFA) were evaluated in assays measuring micronuclei (MN) in
the pollen mother cells of Tradescantia pallida (TRAD-MN). Micronuclei frequencies in TRAD-MN to sugar cane burning residues
(SCBR) at doses 0.3 and 0.03 mg/mL were respectively 2.18 £ 0.35 and 5.53 * 1.04, whereas to ROFA from incinerator and ROFA
from an electrostatic precipitator installed in one of the chimneys of a steel plant, MN frequencies were, respectively, 3.43 £ 0.7 and
4.90 + 1.07. Significant differences were detected among the groups (p < 0.001), demonstrating that SCBR was at least as genotoxic
as the fossil fuel derived particles. The results suggest that the burning process to harvest sugar cane should be better controlled.
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Particulas derivadas da queima de biomassa induzem alta frequéncia de micronticleos
no ensaio de Tradescantia pallida (TRAD-MN)

Resumo

A coleta de cana-de-aguicar manual ¢ geralmente realizada ap6s a queima, a qual é responsavel pela emissdo sazonal de poluentes
atmosféricos no Brasil e acredita-se que este seja responsavel pelos efeitos deletérios a satide da populacdo exposta. O potencial
mutagénico da queima de cana-de-agticar e particulas oriundas de residuos em cinza de 6leo queimado (ROFA) foi avaliado em
ensaio que mede a freqiiéncia de microntcleos (MN) em células mée de grio de polen de Tradescantia pallida (TRAD-MN). A
freqiiéncia de TRAD-MN em residuos de queima de cana de agticar (SCBR) nas doses de 0.3 e 0,03mg/mL foi, respectivamente de
2,18+ 0,35 ¢ 5,53 £ 1,04, enquanto para ROFA de incinerador ¢ ROFA de um precipitador eletrostatico instalado em uma chaminé
de uma industria sidertrgica, a freqiiéncia de MN foi, respectivamente, 3,43 £0,7 ¢ 4,90 £ 1,07. Diferenga significante foi observada
entre os grupos (p<0,001), demonstrando que SCBR foi a0 menos tdo genotoxico quanto as particulas derivadas de combustiveis
fosseis. Os resultados sugerem que o processo de queima de cana-de-aguicar no periodo da safra deveria ser mais bem controlado.

Palavras-Chave: poluicao, particulas de queimadas, microntcleos, Tradescantia pallida.
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INTRODUCTION

Biomass is a major source of domestic energy for half
of the world’s population; 90% of the rural regions in
developing countries utilize energy derived from wood,
coal, animal excrement, and agricultural residues (WHO,
2000). Biomass is still commonly employed for agricultural
purposes in developing countries. Even in organized rural
settings, such as is the case with sugar cane production in
Brazil, burning is commonly used. Brazil is the largest world
alcohol producer and exporter, considered as clean fuel,
because it originates from sustainable sources. Nowadays
the cultivated area comprehends 7 million hectares and the
Brazilian production of sugarcane for the 2008/2009 harvest
will reach 571,4 million tons (CONAB, 2008). In this
scenario 70% of the country’s sugar cane is burnt to make
the process of manual harvesting easier, by protecting the
rural workers from the sharp leaves, insects and poisonous
snakes, and also to increase the sugar content by weight due
to water evaporation (Zamperlini et al., 2000). Since the
burning of sugar cane does not result in high temperatures,
there is incomplete combustion of the biomass, which results
in the generation of several organic compounds, including
polycyclic aromatic hydrocarbons and aldehydes (Chen &
Chiu, 2003). These compounds are believed to be responsible
for deleterious health effects in exposed populations (Arbex
et al., 2000; Buschini et al., 2001). Zamperlini et al. (2000)
detected polycyclic aromatic hydrocarbons in sugar cane
burning residues (SCBR) which show genotoxic activity.
Studies demonstrated that particulate matter (PM) obtained
during sugar cane harvesting season demonstrated mutagenic
potential and can induce significant alterations in pulmonary
mechanics and lung histology in mice (Mazzolli-Rocha et al.,
2008, Umbuzeiro et al., 2008). This being the case, studies
evaluating the mutagenic potential of SCBRs is necessary to
help assess the risk of exposed populations. Although indoor
biomass burning has been associated with the development
of lung cancer (Smith & Liu, 1993) and laryngeal cancer
(Clifford, 1972), little is known about the effects of outdoor
biomass burning, probably because the ambient levels of
such pollution depend upon the generation of sporadic fires,
a requirement that is not conducive to conducting large-scale
population studies over extended periods of time. Indeed,
most of the knowledge about the cancer risk and mutagenic
potential of ambient particle pollution comes from studies
on fossil fuel derived emissions (Bernstein et al., 2004;
Buschini et al., 2001). Considering that petroleum reserves
will become scarce and ethanol could be an alternative fuel,
we anticipate that burning sugar cane biomass could become
a world problem in the future.

The induction of micronuclei (MN) in dividing cells is
used as a biomarker to characterize the mutagenic potential
of complex substances. MN are cytoplasmic chromatin-
containing bodies that are formed when acentric chromosome
fragments or whole chromosomes lag during anaphase and
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fail to become incorporated into daughter cell nuclei during
cell division (Heddle, 1973; Schmidt, 1975; Von Ledebur
& Schmidt, 1973). Thus, the genetic damage that results in
chromosome breaks, structurally abnormal chromosomes,
and spindle abnormalities leads to MN formation and the
incidence of MN in plant cells could serve as biomarker
of mutagenicity caused by air pollutants (Medeiros et al.,
2004; Carvalho-Oliveira et al., 2005). Tradescantia pallida
potentially can accumulate DNA damage via in situ exposure,
which could be useful for air pollution biomonitoring and
outdoor pollution control (Sumita et al., 2003). Micronuclei
in pollen mother cells of Tradescantia pallida (TRAD-MN)
have been proposed as a useful tool in order to characterize
the mutagenic potential of complex matrices (Ma et al., 1994).
Although the measurement of MN in blood cells of mice is
commonly used for hazard identification, the evaluation of
TRAD-MN has been described as an efficient and inexpensive
bioassay for monitoring the mutagenic effects of air pollutants
(Carvalho-Oliveira et al., 2005).

In the present study, we analyzed the elemental composition
of SCBR, and we evaluated the mutagenicity of sugar cane
harvesting particulate in plants by measuring TRAD-MN.
In addition, the mutagenicity of harvesting particulate was
compared with the mutagenicity of particles derived from
industrial processes powered by fossil fuels.

MATERIALS AND METHODS

Test particles

The SCBR were collected over a period of 24 h by dry
deposition in several plastic receptacles with an area of 177
cm? and filled with 1.5 L of water. The receptacles were
placed close to where sugar cane burning was occurring,
as described by Arbex et al., (2000). The openings of the
receptacles were protected to avoid contamination by leaves
and large insects. The contents of the receptacles were
centrifuged at 256 x g for 10 min, dried at 37°C and the
pellet was stored at room temperature.

Two samples of particles representative of fossil fuel
burning were assayed for comparison. The particles were
generated by the combustion of different types of residual
oil fly ash (ROFA). One of them was collected from the
solid waste incinerator of the University Hospital of the
University of Sao Paulo (ROFA/UH), which is powered by
combustibles; the other was collected by an electrostatic
precipitator installed in one of the chimneys of a large steel
plant in Brazil (ROFA/EP).

Characterization of particles

Suspensions of test particles were produced by
ultrasonication in saline, at concentrations of 0.03 and 0.3 mg/
ml for the SCBR, and at 0.3 mg/ml for the ROFA/UH and
ROFA/EP. Wedecidedutilized the high concentration of ROFA
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because possess DNA damage whereas 0.03 does not induces
this damage. The elemental composition of the SCBR samples
was determined by neutron activation analysis. The evaluation
of the ROFA/UH and ROFA/EP samples was previously
reported by Medeiros et al. (2004). Basically, the procedure
involved short irradiations of 1 min for the determination of
Cl, K, Mg, Mn, Na, Ti, and V, using a pneumatic transfer
system under a thermal neutron flux of 1.4 x 10”n cm? s
Longer irradiations of 16 hr under a thermal neutron flux of
about 10"?n cm? s were performed for determinations of As,
Ba, Br, Ca, Ce, Co, Cr, Cs, Fe, Hf, K, La, Mn, Mo, Na, Nd,
Rb, Sb, Sc, Se, Sm, Th, U, V, and Zn. After appropriate decay
times, the irradiated samples and standards were measured
using a hyperpure Ge detector Model GX2020 coupled to
Model 1510 integrated signal processor (both from Canberra,
Australia). Counting times from 200 to 50,000 sec were used,
depending on the half-lives or activities of the radioisotopes
measured in three independent assays. The radioisotopes were
identified according to their half-lives and y-ray energies (Table
I). The concentrations of the elements were calculated using a
comparative method (Saiki et al., 1997).

Exposure protocol

The TRAD-MN assay was performed in early tetrads of
Tradescantia pallida (Ma, 1979; Carvalho-Oliveira et al.,
2005). The assay contained groups with 15 plants, each having
a single inflorescence and the groups were: (1) positive control
(formaldeyide 1000 ppm), (2) a negative control (Hoagland
solution), and for each test group, the inflorescences were
treated with sugar cane harvesting particulate, ROFA/EP
or ROFA/UH. The plants were obtained from the School
of Medicine’s gardens and kept in the laboratory for 24 h
in Hoagland’s solution before treatment. After this period,
cuttings were transferred to beakers and maintained for 8
h at room temperature according purposed by Ma (1979).
After the treatment, the plants were allowed to recover for
24 hr in Hoagland’s solution. At the end of recovery time,
inflorescences were fixed in ethanol-acetic acid (3:1 ratio,
freshly prepared) for 48 hours and then transferred into 70%
ethanol for storage in refrigerator for 2 weeks.

Micronucleus assay

The fifteen inflorescences were placed in separated flask
and their identification were coded in order to evaluated the
MN frequency in blind protocol. The code was revealed
only after the completion of the experiment. The selection
of appropriated bud in the early tetrad stage was performed
from a series of buds of an inflorescence and the anthers were
further macerated with a small drop of acetocarmine stain.
The wall cells and debris were removed from surface of the
slide and a cover glass was placed gently. The slides were
submitted to heating temperature around 80°C on a low-heat
alcohol lamp. The inflorescences, from control and test groups,
were dissected and young anthers squashed in a solution of
acetocarmine stain on a glass slide as described by Ma (1981).
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Only preparations containing early tetrads were considered
and the number of MN in 300 tetrads from each of the fifteen
plants from each group was counted at 400x magnification.
The results were expressed as the percent of tetrads containing
MN (frequency of MN). A high homogeneity of tetrads in
both control and test group as observed.

Statistical analysis

Data analysis was performed by repeated measures One-
Way ANOVA, using either the mean frequency of MN in
assay (mean of data from 15 plants), or the square root of the
mean, as the dependent variable in the models. The Student-
Newman-Keuls test was employed for post-hoc analysis. The
level of significance was set at 5%. Statistical analysis was
conducted with the aid of SPSS v10.0 statistical software
(SPSS, Chicago, IL).

RESULTS

Results obtained in analysis of the SCBR, ROFA/UH,
and ROFA/EP samples demonstrated differences between the
elemental compositions of the different combustion particle
samples (Table 1). The SCBR sample had 10- to 100-times
higher concentrations of As, Co, Cs, Mn, Ti, and V than were
found in ROFA/UH or ROFA/EP. In contrast, ROFA/EP had
5- to 50-times higher Br, Cr, Fe, Rb and Zn then, respectively,
SCBR or ROFA/UH. Otherwise, the highest concentrations
of lanthanide elements were found in ROFA/UH, followed by
ROFA/EP and then SCBR.

The elemental concentrations obtained from the analysis
of the SCBR, ROFA/UH, and ROFA/EP samples and the
detection limit values obtained according to the criteria Currie
(1968). The data for ROFA/UH and ROFA/EP were previously
reported (Medeiros et al., 2004) and are shown in the table for
comparison with the elemental composition of SCBR. Neutron
activation analysis was appropriate for characterizing this type
of matrix due to its ability to analyze several elements using
small samples, the quality of the results, and the low detection
limits. The precision of the results determined for the SCBR
is illustrated by standard deviations of less than 10% for most
of elements. The accuracy of the analysis also was evaluated
by analyzing NIST 1633b Coal Fly Ash and IAEA Soil-7
standards. The results that were obtained agreed with certified
values (data not presented).

Results of the micronucleus assay are summarized in
Table 2. The results indicated that gasoline engine exhaust
significantly increased the formation of micronucleated cells
at all the doses used in the experiments. In other hand, was
not observed a dose—response relationship in SCBR samples.
Significant differences were detected among the groups (p <
0.001). Student-Newman-Keuls post hoc analysis identified 3
groups, with some overlap among them: saline and 0.3 mg/ml
SCBR; 0.3 mg/ml SCBR and ROFA/UH; and, finally, 0.03 mg/
ml SCBR and both types of ROFA. For the negative control
only a low rate of micronucleus was identified as 0,14%.
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Table 1 - Chemical element concentrations in combustion particle samples determined by neutron activation analysis. (Fe, Ca, Cl, K and Mg
concentrations are given as percentages).

Samples
SCBR ( n=3) ROFA/UH ( n=3)* ROFA/EP ( n=3)* . o
Elements Detection Limit
Values
Mean+SE Mean+SE Mean+SE
As, ng kg'! 601 £27 9.3 1.0 61.0+1.0 52
Br, ug g 6.6+0.7 8.7+0.6 1482 £ 19 0.020
Ca (%) 6.9+0.3 0.59 £ 0.04 54+0.2 0.077
Cl, (%) 0.34+£0.05 ND ND 0.005
Co, ug kg 2039 + 196 1229+3.1 9.96 £0.25 2.1
Cr,ug g! 8.1+0.5 324+04 107.7+£ 1.4 0.014
Cs, nug kg! 846 £ 24 0.58 £0.04 9.96+0.25 0.28
Fe (%) 8.7+0.6 3.28+0.07 44.6 £0.1 0.0016
K (%) 5.6%0.1 ND ND 0.04
La, pug g! 33+1 972 £ 12 10.3£0.1 0.04
Mg, (%) 22+0.2 ND ND 0.12
Mn, ug g 1728 £ 123 ND ND 0.7
Mo, pg g’ 26104 ND ND 1.5
Na, ng g'! 365 46 NA NA 0.10
Rb, pug g! 571 114£1.1 719.7£1.0 2.7
Sb, ug kg! 305+112 39.8+£0.7 2.27+0.09 1.0
Sc, ug kg! 2487+ 192 1.111 £0.007 1.91+£0.01 0.33
Se, ug kg! 540 £ 65 20.5+£0.2 1544+£0.8 15.7
Ti, ug g' 2144t 6 ND ND 50
V,ugg! 29+£3 ND ND 14
Zn, ug g 101 £5 115715 491.9+3.1 3.1
Hf, ug g NA 1.64 £0.03 0.62 £0.07 0.10
Th, ug g NA 3.07+£0.03 1.50 £ 0.06 0.09
U,ugg! NA ND 2.28+0.14 0.30
Ce,ug g NA 51.1+£0.4 16.3+£0.3 0.35
Nd, ug g' NA 33.1+£29 93+1.6 4.5
Sm, ug g’ NA 2.69+£0.08 2.30+0.07 0.008

SCBR (sugar cane burning residues), ROFA/UH (residual oil fly ash from University Hospital of the University of Sdo Paulo), and ROFA/EP (residual oil fly
ash collected from an electrostatic precipitator). ND =Not detected under analysis conditions. NA = not analyzed. Number n indicates number of determinations
and in the case of n=1 the uncertainty of the result was evaluated considering statistical counting errors of standard and sample. * Medeiros et al., 2004.

Table 2 - Micronucleus frequencies (expressed as percent micronucleated tetrads) measured in 300 pollen mother cells from ten to fifteen Tradescantia
pallida inflorescences exposed to combustion particles.

Group Mean (*) Standard Error (SE) N
Negative Control 0.14 0.06 13
Positive Control 4.70 1.05 10
SCBR 0.3 2.18 0.35 13
SCBR 0.03 5.53 1.04 15
ROFA EP 4.90 1.07 10
ROFA UH 3.43 0.70 11

SCBR (sugar cane burning residues), ROFA/UH (residual oil fly ash from University Hospital incinerator of the University of Sao Paulo), and ROFA/EP
(residual oil fly ash collected from an electrostatic precipitator Brazilian siderurgical company). Positive control (formaldehyde 1000 ppm), Negative control
(Hoagland). N = Number of the plants treated with one inflorescence. Significant effects of time (p<0.001). (*) Mean MN in 300 tetrads from each of at least
15 plants/group (one inflorescence/plant).

DISCUSSION

The present study compared the genotoxicity of SCBR
with particles produced by fossil fuel combustion that have
previously been evaluated for chemical composition and

toxicity (Medeiros et al., 2004).

The results indicated that the genotoxicity of SCBR is
similar to that of the ROFA samples. Interestingly, no clear
dose-responses were observed for the SCBR; it rather behaved
in a positive-negative pattern. The reason for such behavior is
not easy to determine, since both test agents — ROFA and SCBR
— are composed of several chemical species, making it almost
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impossible to draw conclusions about which components are
responsible for the observed effects and what are their individual
dose-response profiles. However, raw SCBR particles that were
subjected to minimal extraction procedures were genotoxic in
plants, indicating that the test particles maybe represent a possible
cancer risk in populations having continuous exposure to them.
At the moment, no studies were performed with SCBR and other
plants. However, some studies have been performed assessing the
genotoxicity of anothers urban air pollutants (Carvalho-Oliveira
et al., 2005; Meireles et al., 2009; Villarini et al., 2009).

Inthe present study, we observed high homogeneity of tetrads
in both control and test group. Despite of the great variability
observed in TRAD-MN frequency among the inflorescences in
the same group, we were able to verify a reproducible dose-
response effect through of MN in plants. Oxidative damage
induction by the PM also may have contributed to genotoxicity
induced by SCBR. The oxidative stress mediated by PM may
arise from direct generation of reactive oxygen species from
the surface of particles, soluble compounds such as transition
metals or organic compounds, altered function of mitochondria
or NADPH-oxidase, and activation of inflammatory cells
capable of generating reactive oxygen species and reactive
nitrogen species (Risom et al., 2005).

In the present study, higher genotoxicity responses were
observed for the lower concentration of SCBR (0.03 mg ml™)
than the higher concentration in the TRAD-MN assay. Since the
chromosomal damage being detected itself is a cause of cellular
death, it is expected that significant levels of aberrations and
MN only will be found at toxic or near-toxic levels (Heddle,
1973). We hypothesize that lower concentrations of biomass
suspensions might contain more aggregates of particles, resulting
in higher frequency of micronuclei. The ultrafine fraction can
favor the adsorption in the cells of mutagenic and carcinogenic
species, such as PAHs, nitroaromatic hydrocarbons and metals
(Claxton et al., 2004). In lower particles generally contains high
amounts of transition metal ions (Fe, Cu, Zn, etc.,) recognized
as potent inducers of oxidative DNA damage (Knaapen et al.,
2002; Bonetta et al., 2009).

Although MN mice assay is pretty standard for hazard
analysis, the TRAD-MN assay has been considered a quick,
simple and efficient method to evaluate clastogenic or mutagenic
effects of many compounds including natural products The
TRAD-MN assay has been considered a quick, simple and
efficient method to evaluate clastogenic or mutagenic effects of
many compounds including natural products (Zhangetal., 1999).
TRAD-MN have been used to evaluate mutagenic activity of
air pollutants (Carvalho-Oliveira et al., 2005), wastewater (Ma,
1992), drinking water (Monarca et al., 2005) and ; radiation
(Minouflet et al., 2005). Actually, the MN test has been used
to screen mutagenic effects of substances. Genetic changes at
both the gene and chromosomal level can be detected in plants
without the complicated laboratory facilities required for many
other assays. However, differences between plants and animals
(e.g., in cell walls, metabolism, routes of exposure) make the
extrapolation of data from plants to human difficult and, at times,
of uncertain value. However, much of fundamental knowledge
about modern genetics and the toxicology was first established
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in higher plants (Claxton & Woodall, 2007). Moreover, the
evaluation of MN in Tradescantia pallida has been described
as more efficient test, in comparison with Tradescantia stamen
hair mutation and Allium root anaphase aberration (Cabrera &
Rodriguez, 1999) and it could be considered an inexpensive
bioassay for monitoring mutagenic effects.

Tradescantia clone 4430 is elegible to determine
mutagenicity and its principal advantage is the absence of
mutagenic changes, genetic homogeneity from plant to plant
and experiment to experiment (Ma et al., 1994). Previous study
has shown that TRAD-MN evaluation between Tradescantia
pallida and Tradescantia clone 4430 were equally sensitive to
X-Ray. treatment, turning T. pallida TRAD-MN assay more
feasible to tropical weather (Suyama et al., 2002).

The elemental composition of the SCBR sample
indicated relatively high levels of Ti, Mn, and V, which
might have contributed to the TRAD-MN measured in
the assays. In contrast, ROFA/UH and ROFA/EP had
undetectable concentrations of these elements. Previous
studies demonstrated significant differences in trace
elements in urban pollution from regions with heavier diesel-
powered truck traffic in comparison with samples from
clean regions (Sumita et al., 2003). Thus, the evaluation of
trace elements seems to be useful for characterizing which
elements contribute to genotoxicity. It is possible that the
metals present in SCBR might be able to induce high levels
of DNA breakage, which could be involved in carcinogenic
or mutagenic processes. Compounds containing Ti, Mn, and
V were associated with genoxicicity and carcinogenicity
(Katzer et al., 2003; Moroshita et al., 2004). High levels of
metal-containing PM are believed to promote carcinogenesis
because of their ability to cause oxidative DNA injury (Kim
et al., 2003). In addition, coal combustion contributes to the
dispersion of V, S, and Se, and coal combustion is associated
with high mortality in exposed individuals (Grahame &
Hidy, 2004).

In summary, the results of the present study indicate that
SCBRs are at least as genotoxic as the fossil fuel derived
particles assayed. Thus, the burning to harvest sugar cane
should be avoided or at least better controlled.
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