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Abstract
It was found that the pollutants adsorbed on airborne particulates are a real threat to the health of inhabitants as high values of mutation ratio were obtained in the Salmonella plate incorporation assay (Ames
test) for extracts of air samples collected during the summer and winter seasons in the centre of the town
of Wrocław. The presence of pollutants which might directly and indirectly affect the genetic material has
been indicated in tested samples. Mutagenicity of the air samples was highest in winter and lowest in summer. The studied samples collected in different seasons of the year were mutagenic to all tested strains. The
Salmonella typhimurium strains: TA 98, YG 1041 and YG 1042 have been found most useful for detection
of genotoxic air pollutants in urban agglomerations.
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Introduction
Industrial processes, traffic, power generation, waste
incineration and fuel or coal combustion for heating purposes are major sources of air pollution [1]. Emission of
pollutants leads to their increasing concentration in the air
and penetration to other elements of the environment (soil
and water) and to living organisms. Air pollution is considered by the World Health Organization as one of the
environmental exposure situations that can affect human
health, contributing to acute respiratory infections, cancer,
chronic respiratory and cardiovascular diseases [2].
Air pollutants constitute a complex mixture of various chemical compounds. Some of them are gaseous and
some are adsorbed on airborne particulates, and together
with dust particles may be inhaled. Recent epidemiological studies in the USA have revealed an association be*Corresponding author; e-mail: katarzyna.piekarska@pwr.wroc.pl

tween excessive mortality and the complex mixture of
fine airborne solids smaller than 10 µm, particularly those
smaller than 2.5 µm. Furthermore, in the most polluted
areas a remarkable increase of lung cancer cases has been
observed [3-5].
Due to the limited self-purification capability of atmospheric air, it is necessary to take measures to protect it
against excessive pollution based on monitoring air cleanness. The degree of air pollution can be assessed by determining the concentration of air pollutants and PAHs from
the EPA list, and subsequently comparing those values
with limits defined by law. Such a procedure, however,
allows only for the assessment of current state of the environment and does not provide any data regarding the
impact of pollution on living organisms [2]. Therefore,
apart from analytical methods, it is necessary to apply
bioindication tests to the control of the atmospheric environment [6].
Numerous investigations on the mutagenicity of ambient air samples dealt with the causal function of polycy-
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clic aromatic hydrocarbons (PAHs) and their nitro- derivatives (NPAHs) in observed mutagenic activity [7]. The
particulates show direct and indirect mutagenic action,
and NPAHs are considered the main cause of direct mutagencity, while PAHs contribute to the indirect mutagenicity. Several NPAHs such as 1- nitropyrene (NP), 1,3-,
1,6- and 1,8- dinitropyrenes (DNPs), and 2- nitrofluorene
(2-NF) show very strong direct mutagenicity [8].
These chemicals cannot be tested directly on human
subject, and even if such tests were possible, obtaining the
results would take too long to be considered practicable.
Mutagenicity of chemical compounds can be evaluated by
quick methods that were developed over the years. They
are usually based on reversion of certain features of genetically modified test organisms [9]. The Salmonella bacterial test was successfully used to detect mutagenic activity
in air samples. The Ames Salmonella/microsomal assay
uses bacteria as sensitive indicators of DNA damage, and
mammalian liver extracts (S9 mix). The Salmonella assay with or without application of metabolic activation
proved to be useful for the detection of both promutagens
and direct-acting mutagens in airborne particulate matter
collected from different cities of the world [10-16].
The aim of the current study was to determine whether the atmospheric air collected during the summer and
winter seasons in the highly industrialized Wrocław area
(Poland) contains pollutants positively responding to the
Ames test.

completed, dichloromethane was evaporated in a vacuum
evaporator. The winter-sample extract and the summersample extract were then dissolved in 122 cm3 and 161
cm3 of dichloromethane, respectively. The 5 cm3 samples
of each of the solutions were again evaporated to dryness. Each of them was extracted with 10 cm3 of acetonitrile while being exposed to ultrasounds for 1 hour, and
then subjected the HPLC analysis for PAH presence. The
HPLC analysis was performed on 10 µl samples, using
a Varian chromatograph that offered spectrofluorometric
detection, provided with a C18 stationary phase column.
An acetonitrile-water mixture was used as a mobile phase
at the following gradient: water 50% – acetonitrile 50%
(v/v), 5 minutes; up to 100% acetonitrile – 45 minutes;
water 50% – acetonitrile 50% (v/v), 10 minutes. Flow
rate: 0.5 cm3/min, separation temperature: 30oC. Individual PAH concentrations in samples were calculated from
the regression equation, taking into account the size of
analyzed samples and volume of air through the filter. The
chromatographic results were reduced to a 1 cm3 sample
obtained from 1000 m3 of air. The other dichloromethane
solutions were re-evaporated on the evaporator and airdried; dry residues of the winter-sample and the summersample were dissolved in 117 cm3 of DMSO and 156 cm3
of DMSO, respectively. The obtained solutions contained,
per 1 cm3 volume, contaminations originally occurring in
1000 m3 of air. Such prepared samples were used in the
Ames Assay.

Experimental Procedures

Bacterial Strains

Collection and Preparation of Air Samples

The criterion for selection of the test strains was their
high susceptibility to the action of PAH mutagens, as well
as their nitro, amino and hydroxylamine derivatives.
Four test strains were selected for detection of his- to
+
his reverse mutation in our study: Salmonella typhimurium TA 98, TA 100, YG 1041 and YG 1042 (Table 1). The
Salmonella test strains were obtained from Dr. T. Nohmi,
Division of Genetics and Mutagenesis, National Institute
of Hygienic Sciences, Tokyo, Japan.
Each test strain contains a different type mutation in
the histidine operon (his -) and other mutations that greatly increase their ability to detect mutagens, for example:
rfa mutation linked to a partial loss of the lipopolysaccharide barrier, and uvrB is a deletion of a gene coding for

Tested material consisted of airborne particulate matter occurring in the atmospheric air in the area of Wrocław.
The samples were collected in the district Stare Miasto
in Nowy Targ square, situated in the city center, near the
main arterial streets of Wrocław.
Air samples were collected during the summer season,
from May to September, and during the winter season
(heating season), from November to March.
The samples were taken using a Staplex aspirator in
a continuous manner for 17–24 hours. In total, air pollutants were collected for 960 hours in winter, and 1669
hours in summer. The air aspiration rate was 71.7-82.08
m3/h. The air was aspirated through a Schleicher & Schull
glass filter GF-9, pore size 0.5-1.4 µm. The total amount
of filtered air was 122,326 m3 in winter series of tests, and
161,004 m3 in summer series of tests.
After collection of pollutants the filters were dried to
constant weight and their mass was determined. The total
mass of solid particles collected from winter samples was
7.07565 g, and from summer samples 7.0419 g.
Then the filters containing the collected solid particles
were extracted with dichloromethane using the Soxlethe
extractor, in the absence of light, for 8 hours, applying
a 15-minute reflux [10, 17, 18]. Once the extraction was

Table 1. Salmonella typhimurium strains used.
Strain

Description

TA 98

TA 1538 his D3052 (pKM101)

TA 100

TA 1535 his G46 (pKM101)

YG 1041
YG 1042

TA 98 (pYG233): a nitroreductase and
O-acetyltransferase- overproducing strain
TA100(pYG233): a nitroreductase and
O-acetyltransferase- overproducing strain
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the DNA excision repair system. The TA 98 strains detect
frameshift type mutagenicity, and the TA 100 strains detect the insertion of base pair substitutes (BPS type) [19].
The YG 1041 strain was derived from the TA 98 strain,
and YG 1042 from TA 100. The Salmonella typhimurium
YG 1041 and YG 1042 strains show higher nitroreductase
and O-acetyltransferase activity encoded on plasmids.
Therefore, they are more sensitive to PAH nitro-, aminoand hydroxylamino derivatives [20].

Mutagenicity Assay
Mutagenicity was measured by the Ames assay, following the author’s instructions [19]. The cells used in the
assay were cultured in soft agar containing a trace amount
of histidine to promote growth of auxotrophic bacteria,
and the assay was designed to detect reverse mutations
from auxotrophic cells to histidine-independent prototrophic cells.
Genetic markers of the test strain and the degree of
its spontaneous reversion were checked each time before
testing the samples. Average numbers of revertants formed
spontaneously were close to those given by Maron and
Ames [19], and Hagiwara et al. [20]. The strain sensitivity
check was based on a positive response and performed by
exposing the bacteria to diagnostic mutagens; without the
metabolic activation which would take place in the presence of the S9 fraction: 0.2 µg of 2,4,7-trinitro-9-fluorene
per plate for the TA 98 strain; 0.5 µg of 4-nitroquinolineN-oxide per plate for the TA 100 strain; 50 µg of 2,6-dinitrotoluene per plate for the YG 1041 strain, and 100 µg
2,4-dinitrotoluene per plate for the YG 1042 strain; and
with the metabolic activation: 2.5 µg of 2- aminofluorene
per plate for the TA 98, TA 100, YG 1041 strains, and 5 µg
of 2- aminoantrhacene per plate for the YG 1042 strain.
The test was carried out with and without use of the
rat-liver microsomal fraction (S9 mix), induced with Aroclor 1254, which promotes the transformation of promutagens into mutagens. The fraction was obtained by the
methods developed by Maron and Ames [19]. The biuret
method was chosen from among many others, reported
by authors who apply protein content tests in their work
[21] in order to determine the protein capacity in the fraction. The method is based on detection of peptide bonds,
which are characteristic of proteins, and its application is
especially recommended in research on the microsomal
fraction. The protein content, as determined by the biuret
method [21, 22], was 64.44 mg/ 1 cm3.
Air samples (1000m3/1cm3) were diluted in DMSO in
such a way that the quantity of extract used per plate corresponded respectively to: 100; 50; 25; 12.5; 6.25; 3.125;
1.56; 0.78; 0.39; 0.195; 0.097 and 0.0485 m3 of the tested
air. All tests were repeated five times.
Revertant colonies (his + revertants) were counted after incubation at 37°C for 72 h. The number of his+ revertant colonies in each sample was determined as a mean
value of the five plates. The results were expressed as a

mutagenicity ratio (MR) – the ratio of the number of Salmonella typhimurium revertants grown in the presence
of the tested sample to the number of spontaneously appeared revertants. The sample was considered mutagenic
when MR ≥ 2.

Results and Discussion
The comparison of data concerning the samples of
airborne particulates (Table 2) revealed a significant difference in the quantity of airborne particulate matter and
extracted tar substances depending on whether the sample
collection took place in winter or summer season. The
quantity of atmospheric dust collected in winter season
equalled 132% of that collected in the summer, whereas
the quantity of tar substances from winter samples was
equal to 177% of that from summer-collected samples.
A similar relationship was observed by other researchers
[10-16]. The concentration of airborne particulate matter
as well as the concentration of organic pollutants adsorbed
on the particulates are considerably higher in the winter
than in the summer; also those concentrations are higher
downtown than in the suburbs. Higher quantities of contaminations adsorb on the particulates in winter season.
In the summer, when the temperatures are higher, part of
pollution becomes volatile and semi-volatile.
Table 2. Comparison of data regarding the collection of study
samples of air pollutants, their mass and mass of obtained extracts (tar substances).
Type of
sample

Capacity of
air sample
[m3]

Mass of pollutants
[µg/m3]

Mass of tar
substances
[µg/m3]

Winter

122 326

57.8428

17.57

Summer

161 004

43.737

7.56

Table 3. Content of PAHs in extracts of air pollutants collected
from 1 m3 of air.
Type of sample
PAHs

Winter

Summer

ng

%

ng

%

Pyrene

2.398

21

0.1276

23.8

Benzo(a)antrhacene

1.9872

17.46

0.1076

20.12

Benzo(b)fluoranthene

1.6674

14.65

0.0776

14.51

Benzo(k)fluoranthene

1.9858

17.45

0.059

11.03

Benzo(a)pyrene

2.228

19.57

0.039

7.29

Indeno(1,2,3,c,d)pyrene

1.1158

9.8

0.124

23.19

TOTAL

11.3822

100

0.5348

100
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In both winter- and summer-collected samples (Table
3) the same six PAHs from the list of standard aromatic
hydrocarbons were detected. The total content of PAHs
detected in winter samples was 11.38 ng/m3, as compared
with 0.53 ng/m3 in summer samples. The content of the
most hazardous hydrocarbon, which is benzo(a)pyren,
was 2.23 and 0.04 ng/m3, respectively. This indicates that
the daily absorbed dose of benzo(a)pyrene per person in
winter was 25.7 ng, and in summer 0.45 ng, (on the assumption that human daily intake of air is about 11 m3)
[23]. The comparison of the PAH content detected in
samples from winter and summer series indicates over 20
times higher concentration of these compounds in winter-collected samples. Such differences result from higher
emissions occurring in winter in urban agglomeration
areas, generated by combustion processes for residential
heating purposes, and from higher car engine emissions
– as a consequence of the fuel consumption increased by
a dozen or so percent in winter [2]. Similar relationships
have been obtained for air samples collected in Wrocław
during winter and summer seasons at another sampling
station, located 1 km from the station presented in the paper [14].
Found quantities of particular PAHs are within the
limits reported in the literature, and are very close to those
detected in urban areas of Belgium and in Prague [10, 12].
The quantities are also indicative of possible mutagenic
activity of obtained airborne particulate extracts, which
can be concluded from numerous papers [10-16]. The
temperature as well is a factor of great importance, determining the mutagenicity level of the airborne particulates.
An inverse relationship has been found between the mutagenicity and the ambient temperature, where maximum
mutagenicity is reached under winter conditions [2, 8].
This is also related to increased atmospheric inversion,
due to which the polutants keep close to the ground, generated by the same intensified sedimentation of mutagenic
matter on particulates during winter months. Changes are
observed also in chemical processes in the atmosphere as
a result of changed content of ozone and nitrogen oxides
[24, 25].
Due to interactions between pollutants, both in the atmosphere and in living organisms, the chemical examinations do not fully reflect the genotoxic activity of air
pollutants. Thus the mutagenic activity of a given sample
depends on many factors: concentration of particulates in
the air and the concentration and quantitative composition
of the pollution adsorbed thereon. The biological effect
(synergism) of a given sample will depend on its qualitative and quantitative composition and, in particular, on
the proportion between specific chemical compounds adsorbed on the airborne particles.
The Ames test was carried out within the wide range
of concentrations of the airborne particulate matter extracts, from 100 to 0.0485 m3 of air per plate (Figs. 1-8).
Owing to such a wide range of concentrations, in the case
of the YG 1041 and YG 1042 strains it was possible to
determine their mutagenically as well as toxically effec-
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tive concentrations (an inflection point on a dose-reaction
curve was observed). Within the range of tested concentrations a distinct curve of the dose-response relationship
was observed for the mentioned strains, which demonstrates the biological effect of the pollutants present in the
sample, in relation to their concentration. In the case of
TA 98 and TA 100 strains even the concentration of pollution coming from 100 m3 of air was not sufficient in
order to determine toxicity thresholds for the examined
samples. When examining extracts of airborne particulates in the presence of those strains, one should use a
higher pollution dose (more concentrated sample) in the
test, in order to determine an inflexion point on the dose
‑response curve.
The obtained results indicated the creation of a higher
number of revertants (an thus higher MR values) in winter
samples than in summer samples, which is consistent with
results obtained by other researchers [10-16]. The maximum number of revertants for specific test strains was obtained for different concentrations of pollutants introduced
in the tests, which suggests that individual strains differ
regarding susceptibility to the studied compounds. Many
different biologically active pollutants adsorb on airborne
particulate matter. Their action may be either mutually
enhanced or weakened. The response obtained from the
Ames assay in the presence of different test strains is a
result of all such interactions.
The highest MR values were noted for the YG 1041
strain (Figs. 5, 6). This strain evidently reacted to the pollutants present in the samples because high numbers of revertants were obtained in the tests conducted on samples
containing small amounts of pollutants. In the case of this
strain a clear linear correlation was observed between the
sample concentration and the number of the revertants
obtained until the point when the toxic effect occurred.
The maximum MR value for this strain, in case of samples collected in winter and tested without the fraction,
was 35.63 (6.25 m3/plate), and respectively 46.97 (12.5
m3/plate) when tested with the fraction. The highest MR
values were observed at lower content of pollutants introduced in the tests than in samples collected in the summer.
The mutagenicity ratio of 43.16 was obtained from tests
conducted without the fraction on summer samples of
concentrations twice higher than the winter samples (12.5
m3), and as high as 62.72 from the tests with the fraction. Such results suggest that in the experiment where
a geometric pattern of sample dilution was applied, the
concentration of pollution at which the maximum mutagenic effect would occur, has been missed (Fig. 5). The
lowest MR values were obtained for the concentration of
0.0485 m3 of the air per plate. This indicates that at the
above‑mentioned concentration, mutations are not generated, except the test conducted without the fraction for the
winter sample (MR=3.15).
For the TA 98 strain (Figs. 1, 2) lower MR values were
obtained, compared with the YG 1041 strain. No toxic effects were detected for this strain within the tested range
of concentrations. In the case of winter-collected samples
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the MR values obtained for the TA98 strain were higher
when tests were carried out without using the S9 fraction.
In the case of the summer-collected sample the higher
MR values were obtained in tests using the S9 fraction,
although the differences between the MR values obtained
with and without using the fraction were rather small.
When no metabolic activation was applied, the mutagenic
activity was found higher for the sample of particulate
matter collected in winter, which is indicative of a significantly higher fraction of compounds, considered as direct
mutagens, present in the winter sample in comparison
to the summer one. According to many authors [2], the
mutagenic effect of the airborne particulate matter can be
attributed to more polar PAHs, i.e. their nitro- and oxyderivatives. The PAH nitro-derivatives show properties of
strong direct mutagens. Their presence was noted also in
the Wrocław urban area, during both winter and summer
seasons [26]. The lowest concentration of the winter sample, at which the mutagenic effect was noted in the test
conducted on the TA98 strain without application of the

fraction, was 1.56 m3 per plate, and 3.12 m3 per plate – if
the fraction had been applied. The lowest concentration
of extracts from the summer-collected airborne particulate matter, at which the mutagenic effect occurred, corresponded to the quantity of particulates collected from
12.5 m3 of air.
In the case of the other two strains, TA 100 and YG
1042 (Figs. 3, 4 and 7, 8), much lower numbers of revertants were obtained, which indicates their low susceptibility to the studied pollutants, present in the tested samples.
In case of the TA 100 strain (Figs. 3, 4), the maximum
number of revertants (MR = 5.68) was obtained in the test
carried out without the fraction, for the sample containing
pollutants from 50 m3 of the air collected in the winter. A
similar value (MR = 5.48) was obtained for the test conducted with the fraction, when introducing the pollution
from as much as 100 m3 of air. The MR values obtained
for the samples collected in the winter season were almost
twice higher than those for the samples collected in the
summer. As one can see, at such high concentrations of air

Fig. 1. MR values for the sample of air collected during the winter season.

Fig. 3. MR values for the sample of air collected during the winter season.

Fig. 2. MR values for the sample of air collected during the summer season.

Fig. 4. MR values for the sample of air collected during the summer season.
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pollution present in the test samples, still no toxic effects
towards this strain were observed.
Still lower numbers of revertants were observed in
the tests carried out for the YG 1042 strain (Figs. 7, 8),
derived from the TA 100 strain. The maximum MR values found for the summer and winter samples in the tests
carried out without the fraction were between 4.58 (3.125
m3/plate) and 4.82 (25 m3/plate). In the case of tests carried out with the fraction, the MR values ranged between
2.26 (6.25 m3/plate) and 2.39 (25 m3/plate). The lowest
concentration of pollution tested for this strain (0.0485
m3/plate) rendered the results corresponding to the spontaneous mutation.

The tested samples of air pollution, collected in the
area of the city of Wrocław, demonstrated a mutagenic
activity toward the test strains of Salmonella typhimurium, namely TA 98, TA 100, YG 1041 and YG 1042, used

in the Ames test. The samples of city air pollution collected in the winter demonstrated a higher mutagenic activity, compared with the samples collected in the summer, which is mainly linked to the heating season. High
mutagenicity ratios (MR= 43.16 for the test without the
fraction, and MR= 62.72 for the test with the fraction)
obtained both for the tests carried out with the use of microsomal S9 fraction and without it, prove that pollutants
which might affect the genetic material both indirectly
(promutagens) and directly (direct mutagens) are present
in the test samples.
The highest MR values for the Salmonella typhimurium YG 1041 strain were obtained in the tests carried out
with the fraction S9. Thus this strain turned out to be the
most susceptible to the promutagens present in the samples. Furthermore, very high MR values for this strain
prove that nitro- and amino- PAH derivatives are present
on the airborne particulates, as the strain shows higher nitroreductase- and O-acetyltransferase activity.
In the case of the Salmonella typhimurium TA 98
strain, high MR values were obtained for the most con-

Fig. 5. MR values for the sample of air collected during the winter season.

Fig. 7. MR values for the sample of air collected during the winter season.

Fig. 6. MR values for the sample of air collected during the summer season.

Fig. 8. MR values for the sample of air collected during the summer season.

Results and Disscusion
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centrated samples collected in the winter season. This
means that the TA 98 strain responded to a higher degree
to the direct mutagens.
Only minimal differences were found between mutagenicity ratios obtained in the tests conducted with the
fraction and without it for the Salmonella typhimurium
TA 100 strain, irrespective of whether the tested samples
were collected in winter or summer. The ratio values
were also low, which means that the strain would hardly
be suitable for use in studies on the mutagenicity of air
pollution.
The lowest MR values were obtained for the Salmonella typhimurium YG 1042 strain. Increased values of
the mutagenicity ratio were noted for this strain at lower
concentrations than in case of the TA 100 strain. The maximum MR values for the tests conducted with and without
the fraction were obtained at much lower concentrations
of the pollution introduced on the plate than in the case of
the TA 100 strain. A similar relationship was observed for
the TA 98 strain, when the tests were carried out without
the microsomal fraction. Which means that the TA 1042
strain, despite presenting lower values of mutagenicity
ratio compared to the TA 98 and TA 100 strains, can be
helpful in detection of mutagenic substances at relatively
low concentrations.
In conclusion of the tests it can be stated that the most
useful strains for the detection of the genotoxic air pollutants in urban agglomerations by the Ames test are the
Salmonella typhimurium strains: TA 98, YG 1041 and YG
1042.

Acknowledgements
Research done owing to the grant from the Ministry
of Scientific Research and Information Technology, No.
3 PO4G07524

References
1. HORNBERG C., MACIULEVICIUTE L., SEEMAYER
N.H. Comparative analysis of cyto- and genotoxic effects of
airborne particulates on human and rodent respiratory cells
in vitro. Toxicology in vitro 11, 711, 1997.
2. CLAXTON L.D., MATTHEWS P.P., WARREN S.H. The
genotoxicity of ambient outdoor air, a review: Salmonella
mutagenicity. Mutation Research 567, 347, 2004.
3.	DUCAATTI A., VARGAS V.M.F. Mutagenic activity of airborne particulate matter as an indicative measure of atmospheric pollution. Mutation Research 540, 67, 2003.
4. FEILBERG A., NIELSEN T., BINDERUP M.L., SKOV
H., POULSEN M.W.B. Observations of the effect of atmospheric processes on the genotoxic potency of airborne particulte matter. Atmospheric Environment 36, 4617, 2002.
5.	ROSENKRANZ H.S., MERMELSTEIN R. All nitro- containing chemicals were not created equal. Mutation Research
114, 217, 1983.

751
6. MOHIN G.R. Bacterial systems for carcinogenicity testing.
Mutation Research 87, 191, 1981.
7.	GUPTA P., HARGER W.P., AREY J. The contribution of nitro- and methylnitro- naphthalenes to the vapor- phase mutagenicity of ambient air samples. Athmospheric Environment
30 (18), 3157, 1996.
8. TAGA T., TAG, N., HATTORI T., TAMURA K., SAKAI S.,
TORBA A., KIZU R., HAYAKAWA K. Direct- acting mutagenicity of extracts of cool burning- derived particulates
and contribution of nitropolycyclic aromatic hydrocarbons.
Mutation Research 581, 91, 2005.
9. MORTELMANS K., ZEIGER E. The Ames Salmonella/
microsome mutagenicity test. Mutation Research 455, 29,
2000.
10. BINKOVA B., CERNA B., PASTORKOVA A., JELINEK
R., BENES I., NOVAK J., SRAM R.J. Biological activities
of organic compounds adsorbed onto ambient air particles:
comparison between the cities of Teplice and Prague during
the summer winter seasons 2000-2001. Mutation Research
525, 43, 2003.
11. CASSONI F., BOCCHI C., MARTINO A., PINTO G.,
FONTANA F., BUSCHINI A. The Salmonella mutagenicity of urban airborne particulate matter (PM 2.5) from eight
sites of the Emilia- Romagna regional monitoring network
(Italy). Science of the Total Environment 324, 79, 2004.
12.	DU FOUR V.A., VAN LAREBEKE N., JANSSEN C.R.
Genotoxic and mutagenic activity of environmental air
samples in Flanders, Belgium. Mutation Research 558, 155,
2004.
13.	KAMEDA T., INAZU K., BANDOW H., SANUKIDA S.,
MAEDA Y. Diurnal change of direct- acting mutagenicity
of soluble organic fraction of airborne particles collected at
Southern Osaka: correlation between the mutagenicity, particles- associated nitroarenes, and gaseous emission. Atmospheric Environment 38, 1903, 2004.
14.	KARPIŃSKA- SMULIKOWSKA J., PIEKARSKA K.,
MOSKAL J., CZARNY A. Evaluation of air pollution by
bioindication tests. Acta Poloniae Toxicologica 8, (1), 147,
2000.
15. VINITKETKUMNUEN U., KALAYANAMITRA K.,
CHEWONARIN T., KAMENS R. Particulate matter, PM
10 and PM 2.5 levels, and airborne mutagenicity in Chiang
Mai, Thailand. Mutation Research 519, 121, 2002.
16. FEILBERG A., NIELSEN T., BINDERUP M.L., SKOV
H., POULSEN M.W.B. Observations of the effect of atmospheric processes on the genotoxic potency of airborne particulte matter, Atmospheric Environment 36, 4617, 2002.
17.	KRISHNA C. A simple method for extraction of mutagents
from airborne particles. Environm. Monit. Asses. 5, 393,
1985.
18.	SZELIGA J., CHORĄŻY M., CIMANDER B. Quantitative
and Qualitative Chemical Analysis of Extracts of Air Pollutants on the Territory of Katowice Province. Biotechnologia
3-4, 103, 1991, [in Polish].
19. MARON D.M., AMES B.N. Revised methods for the Salmonella mutagenicity test. Mutation Research 113, 173,
1983.
20. HAGIWARA Y., WATANABE M., ODA Y. SOFUNI T.,

752
NOHMI T. Specificity and sensitivity of Salmonella typhimurium YG1041 and YG1042 strains possessing elevated levels of both nitroreductase and acetyltransferase activity. Mutation Research 291, 171, 1993.
21.	KADO N.Y., WONG J.M., KUZMICKY P.A., WOODROW
H.N., NING H., SEIBER J.N., HSIEH P.H. Quantitative
integration of the Salmonella microsuspension assay with
supercritical fluid extraction of model airborne vapor-phase
mutagens. Mutation Research 271, 253, 1992.
22. MEJBAUM- KATZENELLENBOGEN W., MOCHNACKA I. Practical course of biochemistry, PWN, Warszawa,
1969, [in Polish].

Piekarska K. , Karpińska-Smulikowska J.
23.	ZAKRZEWSKI S.F. Basics of Toxicology of the Environment, PWN, Warszawa, 1995, [in Polish].
24.	SASAKI J. AREY J., HARGER W. P. Formation of mutegens from the photooxidations of 2-4-ring PAH. Envir. Sci.
Technol. 29, 1324, 1995.
25. ATKINSON R. AND AREY J. Atmospheric chemistry of
gas-phase polycyclic aromatic hydrocarbons: formation
of atmospheric mutagens. Envir. Hlth perspect. 102, 117,
1994.
26.	ZWOŹDZIAK J. JADCZYK P. KUCHARCZYK J. Seasonal variability of the mutagenicity of airborne particles in the
town center. Aerosol Science 32, 409, 2001.

