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Survey of elemental concentrations in lichen samples
collected from São Paulo State
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Samples of the lichen Canoparmelia texana collected in seven different sites of São Paulo State and one site of the Paraná State were analysed by
neutron activation analysis in order to obtain information on the air quality in these regions and also to select a region of interest for the evaluation
of baseline level of elements in lichen species. Concentrations of the elements Al, As, Br, Ca, Cd, Cl, Co, Cs, Fe, Hf, K, Mg, Mn, Na, Rb, Sb, Sc,
Se, Ti, Th, U, V, Zn and lanthanides were determined and a preliminary comparisons was made between the results obtained for samples collected
in different sites.

Introduction and one site of Paraná State (PR), Brazil, to obtain
preliminary information on the quality of the air in these
regions based on lichen analysis data. Samples from sites
considered as clean was also analyzed, in order to
establish baseline levels of atmospheric pollutants and
further identification of polluted areas.

During the last decades, lichen analyses have played
an important role in studies on environmental pollution
monitoring. The accumulation of various air pollutants,
including heavy metals by lichens is well documented
and they are considered as useful monitors for air
quality.1–3

This study is relevant due to the great extension of
the country and to the serious problems of pollution
encountered, especially in big cities like São Paulo or in
industrialized areas.

The advantages of using lichens as biomonitors,
instead of direct measurement of pollutants in several
materials of the environment such as water and air, are
their ease of sampling and their wide geographical
distribution, they tend to concentrate air-borne
contaminants, allowing comparison of metal concentra-
tions from several regions and also permitting to draw
more reliable pollution maps of a large area. Also the
morphology of lichens does not vary with the seasons
and this fact enables the accumulation of metals along
the year.

Experimental

Location of sampling points

C. texana (Tuck) Elix & Hale is an epiphytic lichen
species of the family Parmeliaceae and their samples
were collected at the following sampling points:

Site Nr. 1: Ibiúna city, SP, that is part of the green
ring (horticultural and tourist region) of São Paulo city,
and located in the country in a region considered non
polluted, about 100 km from São Paulo city, 850 meters
above sea level and originally covered by a
Mesophyllous Forest however not far from Serra do
Mar.

The occurrence of about 2,800 lichen species in the
Brazilian territory has been published,4 however data
concerning their use in monitoring studies and their
elemental composition are very scarce. Among these
several species, Canoparmelia texana is one of the most
widely spread lichenized fungi species in the open places
of the natural primary and secondary vegetable
formations as well inside cities all over the Brazilian
territory except on the coastal cities. This is a foliose
lichen with large thallus (5 to 20 cm in diameter) and
radial growth found on tree trunks or, more rarely, on
rocks.

Site Nr. 2: Paranapiacaba, Alto da Serra, São
Bernardo do Campo city, SP is a region supposed to be
clean, located in a high place near the top of the Serra do
Mar, about 720 meters above sea level, surrounded by
Tropical Rain Forest.

Site Nr. 3. Jardim Casqueiro, Praça Independência,
Cubatão, SP is a town situated in a coastal region, in a
place originally covered by mangroves, about two meters
above sea level. This city is well known as one of the
most polluted cities of the world, however, this sample
from this site was collected in a clean place located
before the south winds cross the industrial part of the
city.

In a previous paper,5 C. texana specimens were
analyzed in order to establish adequate conditions for
treatment of the sample and for neutron activation
analysis to obtain reliable results.

The objective of this work was to analyze specimens
growing naturally in several sites of São Paulo State (SP)

* E-mail:mitiko@curiango.ipen.br

0236–5731/2001/USD 17.00 Akadémiai Kiadó, Budapest
© 2001 Akadémiai Kiadó, Budapest Kluwer Academic Publishers, Dordrecht



M. SAIKI et al.: SURVEY OF ELEMENTAL CONCENTRATIONS IN LICHEN SAMPLES

Site Nr. 4: Campo Limpo Paulista, SP, located about
100 km from São Paulo city, 750 meters above sea level.
The sample was taken along a non paved road and it was
particularly impacted by heavy dust from the soil. This
region was originally covered by Cerrado vegetation.

provided from Spex Chemical were used. Single or
multielement solutions were prepared by using
appropriate amounts of these stock solutions. The single
and multielement standard solutions were then pipetted
onto a sheet of Whatman 42 filter paper that were placed
in a desiccator to dry. For irradiation these sheets of
filter paper were folded and placed in polyethylene bags
that were heat sealed for irradiation together with the
samples.

Site Nr. 5: Instituto de Botânica, SP, inside the
Botanical Garden, that is situated 15 km far from
downtown São Paulo city, inside the urbane zone, 680
meters above sea level.

Site Nr. 6: Instituto de Pesquisas Energéticas e
Nucleares (IPEN), located at the Campus of the
University of São Paulo, in the urbane zone of São Paulo
city and impacted by vehicular emissions.

Instrumental neutron activation analysis

The samples, ranging in mass from 100–180 mg,
were weighed in polyethylene envelopes. Short
irradiations of 5 minutes for the determination of Al, Cl,
Mg, Mn, Na, Ti and V were carried out using a
pneumatic transfer system of the IEA-R1m nuclear
reactor and under a thermal neutron flux of
4.1011 n.cm–2.s–1. Longer irradiations of 16 h under
thermal neutron flux of about 1012 n.cm–2.s–1 were
carried out for As, Br, Ca, Cd, Co, Cs, Fe, Hf, K,
lanthanides, Rb, Sb, Sc, Se, Th, U and Zn
determinations.

Site Nr. 7: Campus of São Paulo University (USP),
São Paulo, 650 meters above sea level, with heavy
vehicular traffic and several building constructions.

Site Nr. 8: Parque da Vila Velha, Ponta Grossa city,
State of Paraná, is an open field with great rock
formations, in a not polluted area of countryside, 950
meters above sea level.

These sampling sites were chosen based on their
lichen abundance and also because they are located
within or near the places known as polluted. Samples
were also collected in regions considered clean in order
to evaluate baseline level of elements in C. texana.

After adequate decay times, gamma-ray measure-
ments were performed using a Canberra GX2020
hyperpure Ge detector which was coupled to Model
1510 Integrated Signal Processor and System 100MCA
Card, both from Canberra. The detector used had a
resolution (FWHM) of 0.9 keV for 122 keV gamma-rays
of 57Co and 1.78 keV for 1332 keV gamma-rays of
60Co. Samples and standards were measured at least
twice and the sample-to-detector distances of 3.0 and
0.5 cm were used for first and second measurements,
respectively. The gamma-ray spectra were processed
using VISPECT software6 that evaluates peak areas
(counting rates) and gamma-ray energies. The standard
comparative method was used for calculating the
elemental concentrations.

Collection of the sample

Lichen samples were collected from tree barks. They
were carefully removed using a titanium knife and
placed in paper bags. Plastic bags were not adequate for
storing lichen samples because of the their humidity and
the mould formation.

Treatment of the samples

In the laboratory the thalli were examined under an
Olympus stereoscopic microscope model SZ4045 and
they were cleaned in order to remove substrates or other
adhered material. Then the samples were washed in
distilled water where the samples remained immersed for
about 5 minutes to remove dust and sand. Next the
samples were freeze-dried for 16 hours under a pressure
of about 4.10–2 mbar. The fine powder of lichen sample
was obtained by manual grinding in an agate mortar. The
ground samples were stored in polyethylene vials in a
desiccator.

Standard reference materials IAEA 336 Lichen and
NIST 1570 Peach Leaves were irradiated with the
samples and analyzed to control the quality of the
results. The accuracy and the precision for most of
elements were, generally, found to be within 11%.

Results and discussion

Tables 1 and 2 present results obtained in the
samples of C. texana collected in seven sites of São
Paulo State and one site of Paraná State. In all these
samples, Ca was found in higher concentrations at levels
of percentages. The elements Al, Br, Cl, Fe, K, Mg, Mn,
La, Ce, Nd, Na, Rb, Ti, V and Zn are present at the
levels of µg.g–1 and the elements As, Cd, Co, Cs, Hf,
Sm, Eu, Tb, Lu, Sb, Sc, Se, Th and U at the levels of
µg.kg–1.

Preparation of standards

Multielement standards were used for the INAA
determinations. Stock solutions of elements were
prepared by dissolving high purity metals, oxides or salts
in high purity reagents or distilled water. In the case of
Sb and Cd, certified standard solutions of these elements
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A comparison between the results obtained for
samples collected in different sites indicates that lichen
samples from Ibiúna, Instituto de Botânica and Parque
da Vila Velha present low concentrations for most
elements analyzed. As expected, low concentrations of
elements were obtained in samples collected in regions
considered clean. These results indicate that samples
from these regions could be analyzed to establish
baseline levels of elements in C. texana for monitoring
purposes. The concentrations of several elements in the
lichens collected in the open places like Campus of São
Paulo University were higher than those found in lichens
from clean region of Parque da Vila Velha and Ibiuna,
presumably due to accumulation of elements originating
from heavy vehicular traffic and from soil (Table 1). The
lichen sample from Jardim Casqueiro presented
relatively high level of Mn and that from Paranapiacaba
presented slightly high levels of Fe and Se. This high
levels of elements collected in these samples may be
explained due to the air contamination by the smoke
from the industries and refineries of the highly polluted
area of Cubatão city. The highest concentrations of Na
and Cl were expected for lichen collected in Jardim
Casqueiro since this city is situated at coastal region,
however their concentrations were not so high.

Regarding the lanthanide elements, their biological
effects of long exposure even at low concentrations are
unknown and should be matter of concern.

Although the results reported here represent only
samples collected only one sampling time, these data
indicate the possibility of using C. texana as a
bioindicator of atmospheric pollution.
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