LICHENS GROWING ON PAINTED METAL PLATES
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ABSTRACT

This study was based on the description of different species of lichens which were growing on metal plates exposed
to the weather conditions in La Plata, Buenos Aires Province, Argentina. Among the six species observed,
Caloplaca cinnabarina was the most common. Lichen species were identified by observation under optical
microscope and chemical reactions. The chemical composition of the paint was analyzed by IRS and the metal
composition of the plates by SEM and EDS. SEM analysis also revealed paint cracking around the lichen and paint

particles trapped in the thallus.
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1. INTRODUCTION

Lichens are able to colonize a wide range of substrates
[1], this is limited only by the surface texture and
microtopography for the successful attachment and
survival of propagules [2, 4,3,5,6].This allows them to
grow not only on natural surfaces (rocks, soil, bark,
decorticated wood, leaves, and animal carapaces), but
also industrial materials (plastic, paint, concrete,
ceramic, glass and metal).

In the case of lichens growing on metal, the species
most commonly found on iron show no particular
preference for naturally occurring iron-containing

rocks. In general, the observed species aresaxicolous and
are known ones that generally grow on other man-made
materials [7, 8, 9, 10].

Brightmanand Seaward [7] make a classification of three
apparently distinct types of iron substrate: exfoliated
iron, rusted iron and painted iron.

-The exfoliate iron substrate usually originates from
wrought iron which has become so extensively rusted
that layers of iron oxide have flaked off in sheets.

-Rusted iron is often, more strictly, steel, which has
acquired a firmly adhering thin and coherent coat of
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oxide. The surface is smooth but more or less finely
pitted. The horizontal members of steel bridges and the
horizontal supports of iron railings from which the
original paint has long since flaked away may rust in
this manner and often support crustose species.

-Painted iron will support lichens when the paint coating
is sufficiently weathered. They do not grow on loose
flaky paint, but on pitted paint surface with a texture
similar to that of rusted iron.

After colonization lichens modify their environment
because of the growth of the thallus. This deterioration
is performed in the interface between lichen and
substrate, this is a place of considerable physical and
chemical activity, presenting a  complicated
heterogeneity in which primary and secondary
minerals, organic acids and compounds, and all kind of
organisms including the myco- and photobionts of
lichens, free-living algae and fungi, and bacteria, are
involved [11, 12, 13, 14]. This process is performed on
any type of substrate, natural and man-made, in the
case of metal, can directly affect or affect this antirust
paint, contributing to the oxidation process.

In our case, lichens were found on nine metal plates
used to test the protective action of anti-rust paints;
they were exposed to weather conditions in the terrace
of LEMIT.

The objective of this study was the identification of
lichens present on nine metal plates painted, and
identification of possible effects of installation on the
substrate.

2. MATERIALS AND METHODS

The metal plates were exposed for 15 years at ambient
environmental conditions, in the city of La Plata
(34°56’00”S  57°57°00"0) Argentina. The area is
characterized by moderate climate, warm summers
{minimum temperatures about 21°C and maximum up
to 40°C), and mild sunny winters (mean temperatures
9.9 °C) with rainfalls mainly concentrated in autumn,
around 1040 mm/ year[15].

Lichens were observed under stereomicroscope.
Handmade sections and squash preparations were
obtained and observed under optical microscope. The
spot test reactions in thalli and apothecia were
performed with K (KOH) and C (NaClO) also the

reaction under UV light. Thin-Layer Chromatograph
was not performed due to the small size and low
number of thalli. For the identification of the lichens
species the following papers and keys were consulted:
De La Rosa et al[16], Elix [17], Sliwa [18],
Mccune[19], and Nash et. al. [20].Because of the low
number of iron substrates and thalli is not possible to
perform a statistical analysis of the existence of the
location preferences of lichens.

All plates have a size of 15.5 x 8 cm, they were made of
metal commonly used in construction, commercially
known as “1015 carbon steel” (Table 1). The exact
composition of the anti-rust paint was not known, but
SEM shows the major components (Fig 1). In all the
plates an IRS studies was performed. A strong band at
980 nm was found, corresponding to basic phosphates, a
component of anti-rust paints. No records remain of the
exact composition of the paint, because was
characterized for  semi-quantitative elemental
compositions obtained by EDS -Electron Dispersive
Spectrometry- (SDD Apollo 40).

For practical reasons it was decided to study the
interface lichen-sustrate most abundant, this was
performed by SEM -Scanning Electron Microscope-
(FEI, Quanta 200).

3. RESULTS

The substrate occupied was not uniform, it was a
combination of rusted and coated iron [7]. The
frequency, percentage of plate covered and type of
substrate on which each species was found are listed in
Table 2.

Six species were found, these were:

3.1 Calopfacacinna barina (Ach.) Zahlbr.
(Fig. 2)

Thallus crustose cracked-areolate in the center, marginal
areoles slightly elongated reddish orange similar to the
apothecia or somewhat lighter, epruinose. Apothecia
reddish orange to orange, to 0.4 mm diam; spores ca. 8.5-
11 x 4 pm; septum 2-3 pm; apothecia immersed in the
areoles or finally raised; in natural environment grow on
exposed acidic rocks. This species was the most frequent
and occupied most of the surface of the plates.

Table 1. Chemical composition of the metal plates

Fe C Si Mn
% 98,88 0,12 0,22 0,77

P 8 Cr Ni Mo
0,02 0,006 0,04 0,04 0,01
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Fig. 1. semi-quantitative elemental compositions obtained by EDS of the anti-rust paint
Table 2. Frequency, percentage of covered space and type of substrate where species were found
Species Freguency % covered space Substrate
C. cinnabarina 9 60 rusted iron, painted iron
S. monosporoides 9 10 rusted iron, painted iron
C. aurella 3 5 rusted iron, painted iron
R. peloleuca 3 5 rusted iron, painted iron
L. dispersa 2 5 rusted iron, painted iron
Buellia sp 1 5 painted iron

3.2 Candelariella aureila (Hoffm.) Zahlbr.
(Fig. 2)

Thallus inapparent. Apothecia: abundant, lecanorine,
0.25-0.6 mm wide, the disc is darker yellow, round, flat
or more often sligthly convex, sometimes strongly
convex, the margin is thin to thick, yellow, entire and
even to very uneven and often partly excluded and
remaining as a few granules. 8-spored, ascospores are
hyaline, simple to 1-septate, +narrowly ellipsoid, 12- 17
X 4-5 pm. Spot tests: K- mostly on calcium-rich rocks,
sometimes on bark or wood. It was also found in the
walls around the metal plates.

3.3 Rinodina peloleuca (Nyl.) Mull. Arg

Thallus  crustose, epilithic, to  rimose-arcolate;
prothallus black or absent. Upper surface dirty white to
pale grey. Apothecia 1.0-1.3 mm wide, common,

usually lecanorine, immersed to adnate, contiguous;
thalline margin entire, concolorous with the thallus,
persistent or becoming excluded; proper margin usually
visible as a thin brown line; disc dark brown to black,
plane to weakly convex, epruinose. Asci 8-
spored.AscosporesPhysconia-type,  1-septate,  brown,
ellipsoidal, 12-27 x 8-15 pm. Thallus K-, C—, P—, UV—;
medulla K+ red-violet, C—.

3.4 Staurothele monosporoides R. Sant. (Fig. 2)

Thallus crustose, epruinose, brown, aerolateand lobes at
the margin, presence of immersed perithecia with an apical
pore, hymenium with algaealgae ovoid between perifisis;
Asci 1-spored. Ascospore dark brown, ovoid-ellipsoid and
muriform 30-50 % 15-25 pm. It is a saxicolous species and
found on nearby walls. Thallus K-, C—UV—; medulla K-,
C-.



3.9 Bueiiiz sp. (Fig. 22

Thalhis cmastose aerolate zweyish, a lLttle pmincse
apotheda  bidonne, sessile, fld 030305 nm
diamn disc black, thallive marrm entive, concolomnsentir
with the dise, proper mawzin not apparent, ascos poves
browm l-septate ellipscadal, 1827 = 8- pm Thalls-14
E- CUV—, apotheda K- C—

3.6 Lecanorg dispersa (Fers) Rahl. (Fig 2

Thalhis, mrrersed and not apparest, mostly exdolithoe, o
superficial but indishret, very thin Apotheda ccouming
sivgly, or chistered inzroaps, sessils, or cowshicted at the
base, concave, flat when matwe, or soon convesx, 0505
non diam ; dise plane 09 smwooth, pale broam, eprminose;
marm propanent, or level with the disc, smooth, ente,
epruncse, white, Ascl clavate, Sspored;, ascos pores
hyalive, smmplespored, elbpsoid (broadly ellipsoid to
rawowrly ellipecad), B28-12 % 456 pm. [twa also foand
o the wralls rear tof the samples.

The area of cortact betarean the thalhs of C. kg baring
cipnabaring and the safare was chserved by

soaming elechon nucroscopy, i this aea crmcks aoand the
surfice layer of pamt were noted. Small pieces of material
writh an argualar stoctre wewe chserved bapped betoreen the
flames of'the thallus, EDE analywis foard that these straciires
copraspord tosmall praces of the paint layer (Fiz. 3.

4. DISCUSSION AND CONCLUSION

The metal plates had all the types of sabstrates proposed by
Enghbvan & Seaward [7] of these only msted and panded
monwere oooupaed by ichens, 15 Likely to exdtliate ron is too
unstable for these species [1]. Owver msted ron and pamted
mon are fand grovwanz the same specles, In some cxes the
thalhys extends fromm a surface to the other, 50 it 15 not strange
to think that for these hehars there 15 1o difference bebareen
these types of substrates and their presence 1s only corditioned
b the smival ot the surfice. With the exception of Buelliz sp.
that was fomnd m pairted non with very lowr freqerncy and
coversze becarse of this 15 not clear whether this s an
ecological cholce, The metal, with or withoot the presence of
pairt, proved to be a sutable swrfice for the growth of
saacolons lohens, as noted by other anthos [7,10, 9.

Fig. 2. Lichenz on metal. A, C ckegbarng and L digeerss B, C. auwla C, &
mohosparaides D Brella sp., C cihnabarng, S, monosporokie s,



Fig. 3. A&, semi-gquantitative elemental compositions obtained by EDS; B, cracked surface layer of paint
guartitative around C. ainpabaring C, pieces of paint trapped by lichen thalluz dnnabaring;

As already chserved by Enghbman & Seawad [7] the
species found arve not associated with non rchrocks, the
most are cosmopolitan able to zroar on other mbstrates,
m this case the neathy walls, However C. chaabaring
and S moposporokdie have been able to zroar in all
plates, but anly C. chngbarihg cover nearly all the
surfaces, suggesting the species’ eco-physiclogical
characteristics allowr a nachbetter zroarth of the species
on this mmsual substrate than those of the others. In
contast 5. MOROSPOF0eS presents a smnall thalhas that
does not cover nmch of the surface, this species may
have a developiment tine slosrer than C. cipnabanng,

The most of the pant deteriombon was cawsed by
envirarmmertal conditons, althaoigh S EM analysis

wvealed cracking of the paint sarface avonnd the licken
thalbas; this coadd be cansed by the exparsion and
cortracton of the thalhis [21, 22] amd by chemical
coppaands [117] possibly leadimg to loss of protechon
and contbmting to metal codaton The paint particles
ate enveloped by the thallns of C. cinkabadng, 4
similar stratezy has been described in saxicolms lichers,
where the rock particles are ichided within the thalbs
[23, 24, 25]We can conchide that . cinkhabaring iz
able to deteriorate the paied snface as well as
ircotporate small pleces of material removed fom it. In
the renmwemaiming species this could not be observed,
since data were limited by their loar presence, but are
likely to have the sane stratezy. It seamns Dnportat to
stady species which



can colonize this material because it is necessary to
learn more about lichen-material interaction.

In this study we observed that metal plates protected
against corrosion can be an excellent substrate for
colonization and growth of lichens. Carrosion
protection generates a new substrate for other damaging
agent, in this case, lichens described above.
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