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ABSTRACT

The Tradescantiastamen hair mutation assay (Trad-SHM) was employed for assessing the environmental
mutagenesis in two areas of Sdo Paulo City. The study sites were defined as follows: 1) Celso Garcia Avenue, an
industrial area on the outskirts of the urban center (Belém neighborhood), with an average daily traffic volume of
8,750 vehicles; 2) Doutor Arnaldo Avenue, in downtown area (Pinheiros neighborhood), with a mostly residential
and business offices occupation, with an average daily traffic volume of 46,125 vehicles. The negative control
(background) site is located in the city of Jaguariina, 138 km from S&o Paulo, in an area of low atmospheric
pollution. The mutation frequency observed for Belém was similar to the background for clone 4430, whereas plants
exposed in Pinheiros showed significant increases in mutation rate. Positive correlation was observed between
mutation frequency and the levels of particulate matter in the atmosphere. This indicated a relationship between
mutation frequency and the amount of atmospheric pollution present at the exposure sites in S&do Paulo City, with
special reference to vehicular emissions.
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INTRODUCTION to individual organisms, due to tumors and
malignancies, and to whole populations, due to
Literature has documented the fact thaincidence of congenital diseases (Rodrigues,
atmospheric pollution resulting from point sourcesl999c). This relationship between the genotoxic
such as industries and waste incinerators (Ferreignd carcinogenic properties of certain substances
et al, 2000), or from mobile sources such as motowith their capability of inducing alterations in the
vehicles (Batalhaet al, 1999), or in indoor human genome (Sadowsktal, 1994) shows the
environments (Miyazato, 2000), may contribute tdheed for both monitoring the prevalence of the
increase the rate of genetic mutation in exposegollutants and developing protection measures
organisms. It is plausible that such geneti@gainst exposure to potentially genotoxic agents in
alterations lead to deleterious consequences bothe environment. Genetic toxicity bioassays are
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especially useful for these tasks, especially wheMATERIAL AND METHODS
they are amenable fao situ studies, which allow
evidencing directly the need for pollution controlSZo Paulo is geographically located in a lower
and preventive measures. compartment of the Paulista Atlantic Plateau. The
Among many bioassays useful for assessingrban area is surrounded by topographic units of
environmental mutagenesdis sity, those that rely the Serra do Mar reaching 1,100 m of altitude.
on higher plants as bioindicators show a numbeThis topographic complexity, associated with the
of advantages. They are usually low cost tegtroximity to the ocean and the intense
systems not dependent on special structural @rbanization, strongly influence the patterns of
logistic facilities, and do not require excessiveatmospheric circulation, causing conditions
sample manipulation or complex sampleunfavorable to the dispersion of pollutants.
concentration procedures (Rodrigues, 1999a). OnByo characteristic periods can be defined with
good example of such bioassay especially valuablegard to the atmospheric pollution problem and
for atmospheric pollution studies is thethe frequency of high pollution concentration
Tradescantiastamen hair mutation assay (Trad-events in this city: one from October to April,
SHM) (Rodrigues, 1999b; Rodriguesal, 1997).  rainy and more favorable to pollutant dispersion;
The exposure ofradescantiato areas with high and one from May to September, considered to be
levels of atmospheric pollution cause increase ianfavorable for pollutant dispersion (CETESB,
the frequency of somatic mutations in the stamem998). This study was carried out in the former
hairs (Schairer, 1979; Schairer and Sautkuligperiod, in order to assess the prevalence of
1982; Schaireet al, 1982; Sparrow and Schairer, environmental mutagenicity in the period most
1974). Likewise, assessments of the mutagenicitfavorable to pollution dispersion, or a minimum
of atmospheric pollutants such as,S80,, N,O risk situation.
and Q with the Trad-SHM assay indicated thatTwo areas presenting contrasting motor vehicle
these pollutants induced high rate of mutationgraffic were studied, one (East) located in the
(Ichikawa, 1992). Heavy metals have also beeBelém neighborhood (Celso Garcia Avenue), and
assayed, and lead, zinc, copper, and cadmiuranother (South) in the Pinheiros neighborhood
even when present at very low concentrationgDr. Arnaldo Avenue). The control site of the
caused increases in mutation rates (Loeteal, study is located in the experimental farm of the
1983a; Loweret al, 1978; Loweret al, 1983b). Embrapa Environment Research Center, in the
These studies showed the usefulness of the Traghunicipality of Jaguariuna, at 138 km from S&o
SHM assay for the detection of mutagenesis ifaulo, altitude 584 m, total area of 96%kamd a
polluted environments such as large metropolitatotal population of 26,574 (IBGE, 1997), an area
areas. without major sources of atmospheric pollution.
With a population of over 17 million people, a
large industrial complex, and around 5.5 million|n Situ Experiment
motor vehicles, the Metropolitan Region of SadThe assessment afi situ mutagenesis involved
Paulo spreads over 8,000 %ris one of the large exposure ofTradescantiain 12 x 17 cm pots
urban centers of the world. The main sources afontaining a 3:1 mixture of sieved soil and
atmospheric pollution in this city are motor vermiculite. The plants were watered three times a
vehicles, followed by industrial emissions andweek and received 100 ml of Hoagland nutrient
solid waste combustion. solution every alternate week. Thirty pots
The main objective of this study was to assess thebntaining 6 to 8 mature plants were taken to each
possible association between the levels o&xposure site in September 1998, and sampling
atmospheric pollution, especially that ensuingbegan in December. Eleven samplings were
from the traffic of motor vehicles in different carried out in Pinheiros, and nine in Belém. For
areas of the city, and the mutation rate detected lyach  sampling, ten  appropriate  young
the TradescantisSHM assay in these selectedinflorescences were used, and the stamens of the
areas. recently opened flowers were cut and placed on a
microslide, and the number of hairs and mutation
events counted under 30x magnification. A
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mutational event consists of one or a sequence periods effectively showed statistically significant
adjacent pink cells between the dominant bluglifferences in relation to the Belém neighborhood,
cells, in any position of the stamen hairnamely one period in February and one in March
(Rodrigues, 1999a; Underbrirt al, 1973). (indicated by the letters “a” and “b” in Fig. 1). On
The data thus obtained for the two areas in Sahe other hand, even though there is a tendency for
Paulo (as well as the data for the control site) wereigher mutation rates ifiradescantiaexposed in
transformed in order to normalize the variance&sdo Paulo than in the Jaguariuna control site,
(Y=sqgrt[X] + sgrt[X+1]). The mutation these differences were not statistically significant.
frequencies obtained were analyzed for alDnce the association between exposure to areas
sampling dates by ANOVA0E0.05), and the with heavier vehicular traffic and increased
contrasts within dates were compared by Stutientmutation rates was confirmed with the Trad-SHM
test @=0.05) (Rodrigues, 1999a; Snedecor andssay, a question remained regarding the specific
Cochran, 1967). Data on the levels of atmospherigenotoxic pollutants involved. To address this
pollution obtained for the exposure period for Sadjuestion, linear correlation analysis were carried
Paulo urban center (namely for CO, SR0,, and out for mutation frequency and monthly and daily
particulate matter) were correlated with mutatiorconcentrations of CO, SO2, NO2, and particulate
frequency data by linear regression analysis. matter (PM) for the experimental period.

The data on daily pollutant concentration

considered in the analysis refer to the tenth day
RESULTS previous to the sampling date, which was the

period elapsed between the first formation of the

Very high mutation frequencies were obtained irftamen hair in the flower bud (when the hair
Tradescantia exposed in the Pinheiros Cellular phenotype was defined) and the actual
neighborhood, ~whereas in the Belémopening up of the flower for scoring (Rodrigues,
neighborhood the frequencies were equivalent t4999a). The specific correlation coefficients were
those observed in the unpolluted control site. i general low (Table 1), which was insufficient to
Although a general tendency for increasedndicate strong association.

mutation rates for the Pinheiros neighborhood can

be easily seen in Fig. 1, only two experimental
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Figure 1 - Mutation frequency inTradescantia(Trad-SHM) exposed in wo urban sites of
contrasting pollution levels in S&o Paulo city
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Table 1 - Linear correlation coefficients between Trad-SHM mutation frequency and levels of atmospheric
pollutants in Sdo Paulo.

Pollutant - Period CO SQ NO, PM
Monthly -- 0.24 0.02 -
Daily 0.19 0.16 0.19 0.41

Only particulate matter concentration presented 8ince the beginning of the century, the Belém
positive association with mutation frequency, aseighborhood shows important industrial activity,
indicated by the correlation coefficient shown inmainly of the transformation sector. Up to 1995,

Table 1, and as can be seen in Fig. 2. there were 278 industrial establishments, being 24
This result was in agreement with the argumentmetallurgical, 21 of electronic components, and 20
of Batalha and coworkers (1999), that solublemechanical; being  the balance (213

fractions of particulate matter present in theestablishments) not related to atmospheric
atmosphere of Sdo Paulo were capable of inducingpllutant emissions. According to the Company of

significant increases in mutation rate in exposedraffic Engineering of S&o Paulo (CET), the

Tradescantia average daily traffic in Celso Garcia Avenue was
8,750 vehicles (based on data of 1998).

Pinheiros neighborhood is considered residential,
however, over the last decades some important
industries have been established. In 1995 there
were 142 industrial establishments, 37 related to
apparel and textiles, 15 to food processing, and 14
to electric-electronic  equipment (remaining

establishments not related to atmospheric
pollutant emissions). The average daily traffic

volume in Dr. Arnaldo Avenue was 46,125

Mutation frequency
(events/1000 hairs)

P
*

2 y=0,0951x+ 3,99 vehicles (data for 1998).
o | | | _R=oa | Over the last few years, the city of Sdo Paulo has
0 10 2 3 o 50 e| witnessed a substantial increase in pollution level
Particulate mattggir) due to an increase in vehicular traffic. On the

other hand, urbanization brought an increase in the
Figure 2 - Linear correlation between mutation jevels of particulate matter. The traffic in
frequency in Tradescantia and levels of atmospherig,inheiroS neighborhood was five-fold that of

particulate Belém neighborhood. Dr. Arnaldo Avenue
(exposure site for Pinheiros neighborhood) is the
DISCUSSION junction of three main traffic corridors of the

downtown area. Thus, the increase in mutation

. . . : . observed in the Trad-SHM assay for Pinheiros
The data obtained in this study (Fig. 1) were Iheighborhood  in  comparison  with  Belém

agreement with th(_)se found by_ SCha”‘?r f"m(ﬁeighborhood was most likely a consequence of
coworkers (1979) in an extensive MONItorinGiha vehicular sources

study carried out in 18 areas of the USA. USINGraying into consideration the fact that the country
the same Trad-SHM assay, the mutation

. o was in recession during the experimental period,
frequency observed in the pristine Grand Canyog,, s the industry was operating below its normal
National Park (Arizona State) was significantly

capacity, the neighborhood which was expected

smaller  than the one observed in the State Qf refiect the effects of a reduction in the industrial
New Jersey, where there were oil refineries an ctivity was exactly Belém  (personal

heavy vehicle traffic. According to these aUthorscommunication, Municipal Planning Secretary).

this - implicated a relationship ~ betweenryis coronorated the hypothesis that motor
environmental mutagenesis and fossil fuel

processing and consumption.
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vehicles were the main sources of genotoxi@o controle para o clone 4430, enquanto as plantas
pollution. expostas em Pinheiros apresentaram aumentos
The relationship established between mutatiosignificativos nas taxas de mutacdo. Certa
frequency and the levels of atmosphericcorrelacdo foi observada entre a frequéncia de
particulate matter indicated that special attentiomutacdes e os niveis de material particulado na
should be addressed to this component of thatmosfera. Isto indica uma associacdo entre taxa
atmospheric pollution. The role of ozone pollutionde mutacdo detectada pelo ensaio Trad-SHM e a
(Rodrigueset al, 1996) could be of importance, poluicdo presente em locais sujeitos a maiores
and should be investigated in the futureniveis de poluicdo atmosférica, em especial aquela
Additionally, studies that promote the comparisorderivada de fontes veiculares.

between the results obtained with plant bioassays

such as the present case, and assays of genotoxic

endpoints in mammalian biomarkers (especially iIREFERENCES

mouse and humans) should be encouraged, aiming

at policy initiatives to improve measures ofBatalha, J. R. F.; Guimarées, E. T.; Lobo, D. J. A;
pollution control and protection of populations in Lichtenfels, A. J. F. C.; Deur, T.; Carvalho, H. A;

relation to genotoxic environmental contaminants. Alves, E. S.; Domingos, M.; Rodrigues, G. S. and
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the Tradescantiamicronuclei assayMutat. Res 426
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