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Abstract

Various species incrusting granitic and calcareous rocks were collected at different places covering a large span
of atmospheric conditions. They were chemically studied by synchrotron-induced X-ray fluorescence (SXRF), a non-
destructive technique of outmost importance in the field, allowing for a future use of the same lichen fragments in
further tests. This study proved that lichens - at least the saxicolous species - concentrate heavy elements recognized as
strong pollutants, like lead and bromine, irrespective the environmental availability of these elements, either in the
atmosphere or in the rock substrate, partially frustrating the use of saxicolous lichens as pollution monitors.

1. INTRODUCTION

Lichens display a remarkable capacity of surviving under environmental conditions of high toxicity,
accumulating heavy metals in concentrations that would be mortal for most living species. Accordingly,
these organisms have been quoted as biomonitors and pollution tracers [1-3].

On the other hand, lichen weathering of rock minerals is important in pedogenesis and many studies
published in the last decade on lichen chemistry have focused on the biochemical and geochemical
processes involved in soil formation [4]. Even so, the mechanism(s) of mineral weathering by lichens are not
yet well understood.

The unique properties of synchrotron radiation (SR) - particularly, high-brilliance, linear polarization
and coherence - provide significant analytical advantages like the possibility of tunning the excitation energy
by using a suitable monochromator, thus enhancing sensitivity (minimum detection limits, MDL's) for most
chemical elements. Furthermore, the very low angular divergence of the SR beam enables the non-
destructive, multi-elemental X-ray fluorescence microanalysis, suitable for the chemical study of minute
probes and for the mapping of an analyte over heterogeneous samples. Indeed, this technique is nowadays a
powerful tool for in-situ microanalysis, allowing for the non-destrutive determination of sub-trace contents
of heavy chemical elements in light matrices - minerals or organic materials.

The usefulness of synchrotron-induced X-ray fluorescence (SXRF) for the study of bio-mineralization
and mineral weathering by lichens was already emphasized [5]. In this work, we report the results of a
chemical study of lichen species colonizing granitic and calcareous stones in Portuguese monuments located
in different atmospheric conditions (salinity and pollution).

2. EXPERIMENTAL WORK

Various fragments of Xanthoriaparietina - a saxicolous lichen species developing well over silicate and
calcareous rocks - were collected at different places in Portugal:

(a) three samples of the lichen incrusting granites in the Castle walls at Monsanto, a village inside the
country, Beira Baixa province, in a non-polluted rural area;

The experimental work was done at the LURE with the financial support of European Union through the
TMR Programme.
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(b) six samples of the lichen incrusting limestones at the Monastery of Batalha, a village in central
Portugal, nowadays close to a highway with intense traffic;

(c) three samples at the Palace of Queluz (limestone), inside a large garden located in an urban area
nearby Lisbon;

(d) six samples at the Tower of Belem (limestone), in Lisbon nearby the river Tagus, not far from a
large avenue.

SXRJF spectra were collected at the LURE (Laboratoire pour PUtilization du Rayonnement
Electromagnetique) in Orsay, France, at the D-15A station of the DCI storage ring using the photon
microprobe [6] equiped with a Si(Li) detector and a multichannel analiser. An excitation energy of
18.9 keV was used throughout the study. The samples were fixed over a special adhesive tape to reduce
interferences from the support. The area to be irradiated (0.05 mm2) was positioned with the aid of a laser
beam using a computer-controlled micrometer stage.

Peak assignment is based on the diagnostic lines, usually Ka lines in the X-ray emission spectrum of
elements with medium atomic number and La in the case of heavy elements. Data handling and processing
programs developed at the LURE were used in spectra deconvolution and analysis [7, 8].

Fig. 1 compares the SXRF spectra obtained for lichens collected at the castle of Monsanto.
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Fig. 1. SXRF spectra of fragments ofXanthoria parietina collected over granites at
Monsanto Castle.
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3. RESULTS

Elemental concentrations are roughly proportional to diagnostic peak areas, but the correct conversion
factors can only be determined if the concentration of at least one element is known, which is not the case.
Because comparative results are already useful to establish chemical trends, numerical data are based on the
areas ratio with respect to a common element, which is independent from the sample itself - argon in the
atmosphere separating the irradiated sample from the detector window, assuming that it is placed at a fixed
distance and also, that the iron content does not vary significantly from sample to sample. Accordingly,
M/Ar ratios (M = analyte) were used for comparing chemical data.

TABLE I. PEAK AREAS RATIOS M/Ar FOR LEAD AND SULPHUR

Location

Of sampling

MONSANTO Castle

BELEM Tower

BATALHA Monastery

QUELUZ Palace

Mean

15.3

11.6

8.4

7.2

Lead,

Max.

33.6

39.6

23.1

15.9

Pb

Min.

1.4

2.5

0.5

1.9

A

32.2

37.1

22.6

14.0

Mean

4.6

5.3

4.4

3.9

Sulphur, S

Max.

6.6

7.8

13.6

5.6

Min.

3.4

1.8

0.4

2.5

A

3.2

6.0

13.2

2.9
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Fig. 2. Correlation ofPb vs. S contents as represented by the mean peak areas ratio M/Ar in

lichen samples collected on limestone and granite substrates.
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F/g. 3. Role of the rock substrate in elemental uptake. Y-axis represents peak areas ratios (M/Ar). The
levels ofMn, Rb, Zr (assigned *) are incremented by a factor often.

Elements usually related to environmental pollution (S, Pb, Br) are present in all samples, irrespective
the rock-type substrate.

As previously reported, bromine contents in incrusting lichen species do not correlate with the
pollution level of the environment [5]. Indeed, Br-contents vary significantly from sample to sample at the
same place and, for the same rock-type substrate, the mean value of Br/Ar ratios does not increase in
polluted zones. These results suggest that bromine may be inherent to the metabolic processes in the living
organism of the lichen.

Consequently, lead and sulphur were the only elements taken into account regarding the possible
influence of environmental pollution. Table I lists the mean , maximum and minimum values plus the range
of variation of M/Ar intensity ratios for these elements. From listed values it becomes apparent that the
range of variation (A) of sulphur increases with the pollution level, being larger for Batalha samples. Lead
contents are more dispersed, presenting much higher A values.

Mean values of M/Ar intensity ratios present a positive correlation in lichen samples collected over
limestones (fig. 2), the concentrations of both lead and sulphur increasing from Queluz Palace (lower
pollution degree) through Batalha Monastery close to a highway to Belem Tower, located within the urban
area of Lisbon close to the Tagus river border.

The representative point of Xanthoria parietina incrusting granites in Monsanto Castle deviates
significantly from this correlation line, a feature possibly related with variations in the sulphur level inherent
to the incrusted rock. Thus, the contents of Pb and S in the lichen seem to respond to the pollution degree of
the environment for the same substrate, at least for limestones.

Chlorine contents appear to depend on the atmospheric availability of this halogen, higher values
being found in limestones close to the seaside.
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As expected from the mineral composition of the rock, the mean values of M/Ar ratios for K, Mn, Fe,
Rb, Zr are higher for Xanthoria samples collected over granites compared to limestones. Conversely,
corresponding values for Ca are significantly increased in samples incrusting calcareous rocks (fig. 3).

The levels of the remaining elements present an aleatory variation.

3. FINAL COMMENTS

The present results rise some doubts over the use of lichens to monitor the pollution degree of the
environment.

Indeed, in view of the clear dependence of the contents of most inorganic components on the mineral
nature of the substrate, it can be concluded that elemental concentrations in lichens - at least in saxicolous
species - do not respond directly to the environmental levels. A more careful selection of the lichen species
is advisory in pollution studies, along with the complementary use of pollution biomonitoring features - such
as, the species vitality and coverage capability [9] - other than the chemical concentrations of polluting
elements alone.
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