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In the last few years there has been much concern about
the problem connected to the exposure to mutagens
present in the environment of industrialized countries.
Particularly, the mutagenic activity of airbone
particulate matter has been studied by many
investigators and correlated with elevated lung cancer
mortality rates (Talcott and Harger 1980, Walker et al.
1982, Mumford et al 1987, Mass et al 1987).

In most cases the Salmonella typhimurium/microsome test
{Ames et al. 1975) has been used for these studies.
This short-term test, which is the most validated among
the short-term genotoxicity tests, provides an
important indication on the carcinogenic potential of
environmental pollutants. That are complex mixtures
containing a wide variety of compounds potentially
capable of causing additive, antagonistic or
synergistic genotoxic response in 1living organisms
{Raymond West et al 1988).

Several studies have suggested that diverse factors,
such as traffic and metereological conditions, could
affect the levels of pollutants in the air (Alfheim and
Moller 1979, Tokiwa et al 1983, Lewis et al 1988,
Rossi et al 1990).

In our work, we have investigated three different areas
in Pisa, where the intensity and the kind of the road
traffic were different. Airborne particles have been
collected during a year and the genotoxic activity has
been studied using TA98 and TA100 strains of Salmonella
typhimurium.

MATERTALS AND METHODS

Airborne particles samples were collected from three
different urban areas: an area near a street with
intense fast moving traffic (site 1), an area near a
street with intense and slow traffic {(site 2) and an
area near the historical centre where road traffic is
limited (site 3).
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In these three sites daily samples were drawn for all
of 1989. Sampling was performed on glass fiber filters;
flow rate was kept about 20 litres per minute and the
total volume was accurately measured. The filters
collected each month have been weighted and each one
was divided into two parts, thus forming two groups.
One of these, consisting of the half filters of each
month, has been extracted in organic phase and the
other one in inorganic phase. Genotoxic studies have
been performed on the organic extracts that were
obtained by means of three extractions in ultrasonic
bath: the first one using 10 ml of ultrapure methylene
chloride and the others using 10 ml of wultrapure
hexane.

Mutagenicity assay using the Salmonella typhimurium
TAS8 and TA100 strains was performed as described by
Maron and Ames (1983).

S9 hepatic fraction for metabolic activation was
prepared from male Swiss albino mice, CDl1 strain
pretreated with sodium phenobarbital (100 mg/Kg) and B-
naphtoflavone (80mg/kg) (Bronzetti et al 1983). Protein
concentration of S9 fraction was determined according
to Lowry et al (1951) (32mg/ml). The $S9 mix was
prepared according to the technique previously
described (Ames et al 1973b) i.e. 0.5m1 of the S9 mix
containing 10% S9 were added to the agar surface.
Before performing the biological assay, the organic
extracts were evaporated at room temperature. The
residues were immediately dissolved in 10ml of
dimethylsulfoxide (DMSO) and were kept at 4°C no longer
than few weeks before testing.

Three independent tests, all with or without S9 mix
were carried out in duplicate plates for each sample,

In table 1 spontaneous and induced reversion
frequencies by standard mutagens in TA98 and TA10Q0
Salmonella strain, obtained during the study, are
reported.

Differencies among the mutant His+ inducted by samples
collected in the three sites have been evaluated by
non-parametric anova according to Kruskal-Wallis
approach (Armitage 1971), and paired comparisons by
Mann-Whitney U test (Armitage 1971).

Association between airborne particles measure and
mutant His+ in the presence of S9 mix has been carried
out bv means of linear regression analysis (Siegel
1956). Regression line and 95% confidence interval for
site 1 and site 3 are reported in figure 1.

Monthly distributions of mutagenicity results for each
site related to the standard denominators
{revertants/m3) were tested by chi-square with 11
degrees of freedom against a theoretically expected
even distribution (Siegel 1956).

To estimate and to evaluate the cyclic trend various
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methods were available, such as those proposed by
Edwards (1961), Walter and Elwood (1975), Hewitt et al
{1971). Owing to the use restrictions existing to apply
the Edwards method, as to the denominator costancy, the
Walter-Elwood test and the non-parametric ranking sum
test described by Hewitt, have been employed. The first
one supply informations about the time occurence of the
peack value and its amplitude as well as the
significance against the sinusoidal function, while the
second one suggests the six-month period with the
maximum rank value. As to the latter, to derive useful
indications, the observed data were assumed to be
representative of the subsequent year as well.

Table 1. Spontanecus and induced by standard mutagen
reverse frequencies in S. typhimurium

TA98 TA100

-S9 +S9 -S89 +S9
Hycantone 493125 - 944+44 -
(20pg/p)
BP (1mg/p) 227422 329+£15
DMSO
(0.2ml/p) 32+ 4 27+ 1 137+21 123+14
Blanks 33+ 3 21+x 1 139+28 102+18
Controls 39+ 3 29+ 1 121+15 137+16

BP: Benzo{a)pyrene; DMSO: dimethyl sulfoxide.

RESULTS AND DISCUSSION

The dose-response curve of samples of airborne
particles collected during the year  have been
determined and in table 2 is reported that one of May
as example. The mutagenicity of such sample was found
both with and without metabolic activation.

All samples were tested both in TA98 or in TA100
strains, but the results obtained with TA100 were
omitted because no effects or a very low effects were
observed.

The results reported in tables 3 represent the number
of revertants per cubic meter corresponding to the
linear parts of the dose-response curves. In table 3A
are reported the sampling and testing results of
samples collected from January to December from the
site 1. The mutagenic activity was higher during the
winter period (October- February) in the presence of
metabolic activation; the amount of airborne particles
was also higher in this period, the analysis of linear
regression between total airborne particulate and
mutagenecity in TA98 strain showed in fact a clear-cut
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correlation (R=0.807; t=4.315; p<0.01) (fig. 1A) This
is not true when the samples were tested without
metabolic activation.

Table 2. Dose-response relationship of sample of May
mutagenicity in the presence or in the absence of
S9Imix

Dose Mutagenicity (His+ revertants * S.D.)
ug/plate S9 TA98 TA100

0 - 33+ 1.2 121+14.9
125 - 45+ 5,3 126 9.7
250 - 78t 2.1 137%11.5
500 - 163%12.4 169%17.5

0 + 22+ 0.5 137+15.7
125 + 35 1.7 200%£16.8
250 + 44% 2.3 178+13.0
500 + 78+ 3.1 182+22.3

The samples collected from the site 2 shown a peak of
mutagenicity in January and February in the presence of
S9 mix (table 3B). In this experimental conditions the
lower values were found in May and June. The results
obtained without metabolic activation showed a peak in
January and February and were the half from March to
July; mutagenic activity was not evident from August to
December. In this site any significant correlation
between mutagenicity and amount of particulate was not
found. A similar behaviour was observed with samples
drawn from the site 3 and tested without metabolic
activation, even if, August, September and Dicember
sampling were not carry out in this site (table 3C). In
the presence of S9 mix, the mutagenicity was observed
in this site over the year but the higher values were
found in the winter months. Also in this case the
degree of correlation between mutagenic activity with
S9 and amount of particulate collected was high and
significant (r= 0.699; t= 2.583; p< 0.05) (fig 1B).

The results reported in this work show that from
January to July the higher mutagenic effect was always
found in the site 2 in the presence of S9mix. In fact,
the variance analysis showed that the differencies
found in the site 2 versus the site 1 or 3 are
significant at 95%. In the summer the differences of
mutagenic value among the three sites were not

significant. During following months the mutagenic
effect remained constant in the site 2, while in the
site 1 and 3 it increased. 1In this period the

differences in the site are significant at 95% between
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Table 3.

Summary of sampling results and mutagenicity a

year period in sites 1, 2 and 3
Sampling Air total Mutagenicity (a)
months sampling particles TA98 Revertants/m3
volume (png/Nm3) -S89 +S9
(m3)

SITE 1 (A)
January 768 125 25.1 21.0
February 664 96 30.6 20.2
March 816 64 8.8 15.0
April 812 48 11.2 12,1
May 864 59 10.1 4.4
June 796 59 11.2 3.4
July 676 57 8.0 3.8
August 636 51 0.0 7.2
September 580 76 0.0 12.2
October 628 101 7.5 19.9
November 616 75 2.8 21.7
December 320 113 0.0 29.4
SITE 2 (B)
January 752 117 26.7 33.0
February 665 113 32.8 28.8
March 653 100 12.0 11.2
April 655 90 17.7 16.9
May 824 69 15.8 6.8
June 686 82 15.4 5.4
July 744 75 10.5 10.3
August 779 62 0.1 9.5
September 674 87 0.0 8.5
October 722 96 0.0 6.0
November 717 69 0.1 9.9
December 436 131 0.0 8.9
SITE 3 (C)

January 759 108 19.8 14.9
February 555 90 26.8 17.4
March 750 66 7.5 5.6
April 634 53 13.0 9.1
May 831 65 3.5 2.9
June 712 59 3.2 2.4
July 716 49 4.9 5.6
August - - n.d. n.d.
September - - n.d. n.d.
October 671 103 0.7 10.0
November 715 69 0.0 10.5
December 161 82 n.d. n.d.

a) Mutagenicity is the average value of three

independent experiments. Spontaneous revertants have

been subtracted.
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Figure 1. Linear regression between amount of
particulate matter collected in site 1 (A) or in site 3
{B) and number of revertants His+ in TA98 strain in the

presence of S9 mix.

the site 1 and the site 2 or 3.

Qur results show a cyclic trend of mutagenicity,
statistically significant, during the year: lower in
the summer, higher in the winter. In fact, with Walter-
Elwood test a peak on December 12th (amplitude= 0,87;
p<0,001) in site 1 and a peak on February 6th
(amplitude= 0,57; p<0,001) in site 2 was observed; with
Hewitt test an excess of mutant His+ in the October-
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March six-month in site 1 and in the November-April
six-month in site 2 was suggested.

These tests have not been employed with mutagenicity
results cobtained in site 3 because annual sampling were
not complete.The results obtained in this study agree
with earlier reports showing that mutagenic activity of
air samples reached the maximum value during cold
months, both with or without metabolic activation
(Barale et al 1989, Atherholt 1985).

However, we have hypothesized that qualitative changes
have occurred during the sampling period. In fact,
whereas in the first seméster the differences between
mutagenic activity with or without metabolic activation
were not evident, it was very clear in the second
period of year. This suggests that variations in the
kind of mutagens condensed and coated onto the
particulate surface was occurred.

These results confirm the importance of periodic
repeated sampling during the year to obtain complete
information about the pollution and the mutagenicity of
an area,
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