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Abstract

Kinalioglu K., Horuz A., Kutbay H.G., Bilgin A., Yalcin E.: Accumulation of some heavy metals
in lichens in Giresun City, Turkey. Ekolégia (Bratislava), Vol. 25, No. 3, p. 306-313, 2006.

Biomonitoring properties of some foliose and crustose lichen species were studied in a polluted
area of Giresun city, in the northern part of Turkey caused by high traffic density. Heavy metal
concentrations were usually ranked in the order of Fe > Zn > Mn > Cu > Pb in the studied lichen
species. Fruticose Cladonia species were significantly different from foliose species in terms of
heavy metal concentrations except for Pb and Zn. Interspecific differences with respect to heavy
metals were observed between the studied species except for Pb. According to Principal Component
Analysis (PCA) the main loading factors in the first axis were Fe and Mn in the positive zone.
However, Zn followed an opposite behaviour in relation to other heavy metals and occured in the
negative zone.
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Introduction

Lichens are extremely sensitive symbiotic organisms which react to even slightly polluted
air and they have certain characteristics, which meet several requirements of the ideal bio-
monitor i. e. large geographical ranges allowing comparison of metal concentration from
diverse region; a morphology which does not vary with seasons, thus enable accumulation
to occur throughout the year. Biological monitoring can be very effective as an early warning
system to detect environmental changes (Markert, 1993; Loppi et al., 2000).

Lichens accumulate heavy metals to a very high degree, with concentrations reflecting
environmental levels of these elements (Herzig et al., 1989; Loppi et al., 2000). The use
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of lichens in biomonitoring of particulate pollutants has gained increasing acceptance in
recent years. Due to their different sensivity to air pollution they are potentially useful for
air monitoring purposes (Herzig et al., 1989; Garty et al., 2000; Pandey et al., 2002).

However, there is a scarce information on intra- and inter-specific variability in heavy
metal accumulation, that is of obvious importance for assessing data quality in applied
studies (Nimis et al., 2001).

The aim of the present study is to determine Fe, Zn, Mn, Cu and Pb concentrations in
some foliose and crustose lichens which occured in Giresun city and to examine whether
interspecific differences were occurred or not in the studied lichen species in terms of heavy
metal accumulation.

Material and methods

Study area

Giresun city is situated in the northeastern part of Turkey and its population density is 533 390. During the study
period SO2 levels in Giresun city ranged from 12122 pg.m?and maximum SO2 levels were observed from No-
vember to March, while minimum SO2 levels were observed in spring and summer months (Anonymous, 2004).
Most of lichen samples were collected from Giresun Castle which is situated in the centre of the city. There is
a tea factory near Giresun Castle. Only Collema furfuraceum and Xanthoparmelia conspersa were collected from
the seashore and roadside, respectively to examine the effects of high traffic density (Table 1). Selected lichen
species were different from each othere with respect to thallus types. Cladonia species have fruticose thallus type
while other lichen species have foliose thallus type.

In the laboratory, the lichens were carefully removed from rocks, using a snapper blade and were oven dried to
a constant weight at 70 °C with a microwave oven. 0.5 g of the dried lichen samples were then powdered and they
were extracted with a mixture of concentrated HCl and HNO3 (3 : 1). This digest was filtered through a Whatman

Table 1. Sampling areas.

Species Sampling site [m] Substrate Traffic density™*
Cladonia rangiformis Giresun Castle, 110 soils 47.600
C. convoluta north-west of Giresun Castle, 100 soils 47.600
C. pyxdidata north of Giresun Castle, 100 soils 47.600
C. furcata north of Giresun Castle, 100 soils 47.600
Flavoparmelia caperata north-west of Giresun Castle, 120 siliceous rocks 47.600
Dermatocarpon luridum north of Giresun Castle, 90 siliceous rocks 47.600
D. miniatum south-east of Giresun Castle, 140 siliceous rocks 47.600
Xanthoria calcicola north-west of Giresun Castle, 120 siliceous rocks 47.600
Peltigera malacea north of Giresun Castle, 110 mosses 47.600
Collema furfuraceum Giresun, sea shore siliceous rocks 141.400
Xanthoparmelia conspersa Giresun roadside, 110 siliceous rocks 141.400

* Traffic density is expressed as the mean number of cars per 24 hours integrated for the year.
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filter paper No. 42. Concentrations of heavy metals (ug. g"' dry wt) were determined by a Perkin Elmer 2280 atomic
absorption spectrophorometer, using the air/acetylene flame (Allen et al., 1986; Kutbay, Kilin¢ 1991; Pandey et
al., 2000). The following heavy metals were analyzed: Pb, Mn, Cu, Zn and Fe.

Nomenclature of lichens followed that of Purvis et al. (1992) and Wirth (1995).

To show the grouping of species in terms of heavy metal concentrations, principal component analysis (PCA)
and average-linkage were performed by using the CAP 1.5 version (Anonymous, 1999a) software programmes.
The first two axes of PCA are now the theoretical variables minimizing the total residual sum of squares among
all possible choices of two explanatory variables (Jongman et al., 1995).

One- and two-way analysis of variance (ANOVA) tests and Pearson correlation coefficients were carried out
by using SPSS 10.0 version. Tukey’ s honestly significant difference (HSD) test was used to rank means following
the analysis of variance by using SPSS 10.0 version (Anonymous, 1999b).

Results

Heavy metal concentrations were usually ranked in the order of Fe > Zn > Mn > Cu > Pb.
However, there was a minor change in the order of Cu and Pb in Cladonia rangiformis, C.
convoluta, C. furcata, Flavoparmelia caperata and Xanthoparmelia conspersa. Interspecific
differences were observed between the studied species except for Pb according to Tukey’s
HSD test (Table 2).

Table 2. Heavy metal concentrations (ug. g dry weight) in the studied species. Means followed by the same
letter are not significantly different at the 0.05 level using Tukey’s HSD test.

Species Thallus Pb Mn Cu Zn Fe
Cladonia fruticose 10.9083 # 13.1867 * 4.7067 * 65.8267 * 623.4900 ¢
rangiformis

C. convoluta fruticose 10.5083 # 79.9200 * 9.8067 © 140.2800 «* | 3121.250 °
C. pyxdidata fruticose 7.7667 * 42.0167 * 8.9533 > 157.9867 % | 1270.710 *
C. furcata fruticose 7.3100 * 23.7500 * 5.7667 © 96.5067 > | 856.6500 *
Flavoparmelia foliose 19.0167 ¢ 79.8267 ¢ 13.7033 ¢ 132.9767 <& | 2432.490 <
caperata

Dermatocarpon foliose 11.4200° 74.8967 * 14.6933 ¢ 182.9233 ¢ | 2097.490 b
luridum

D. miniatum foliose 6.8533 ¢ 63.0233 ¢ 7.6100 53.2267 ¢ 1972.870 ®
Xanthoria calcicola | foliose 6.3367 ¢ 79.4633 ¢ 8.5300 ¢ 120.3367 ¢ | 2996.630
Peltigera malacea | foliose 4.1133 2 52.5200° 7.8933® 118.3967°¢ | 1494.490
Collema foliose 9.5933¢ 205.5133° | 9.8067 © 112. 7967 > | 3216.390 °
Sfurfuraceum

Xanthoparmelia foliose 12.3333 ® 45.6700 * 8.6000 > 116.2667 *¢ | 2713.890 <%
conspersa

Fruticose Cladonia species were significantly different from foliose species in terms of
heavy metal concentrations except for Pb and Zn (Table 3).
There were significant correlations between Mn—Cu, Zn—Cu, Fe—Mn and Fe—Cu (Table 4).
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Across all study sites and species T.a bl e 3. Comparison of fruticose Cladonia species
heavy metals, fall into three groups. with foliose species by one-way ANOVA.

The first group consists of only Element val
Fe. However, the second and third
groups consist of Mn and Zn and Pb Pb 0.115 NS
and Cu, respectively (Fig. 1). Mn 6.908 *
The main loading factors in the Cu 7578 *
first axis were Fe and Mn in the posi- Zn 0.095 ns
Fe 10.499 **

tive zone according to PCA analysis.

Ns- not significant. * P < 0.05, ** P < 0.01

Table 4. Pearson correlation coefficients between element pairs.

Pb Mn Cu Zn Fe
Pb 1 0.1213ns | 0.2000ns | 0.0812ns | 0.2475 ns
Mn 1 0.4068 * 0.2822ns | 0.6544 **
Cu 1 0.6604 ** 0.5420 *
Zn 1 0.3292 ns
Fe 1

Ns- not significant, * P <0.05, ** P < 0.01

r
1.27E4 556 433 374 1]

e Mn

a Zn

e Fe

Fig. 1. Dendrogram of the studied heavy metals by Euclidian distance.

However, Zn followed an opposite behaviour in relation to other heavy metals and occurred
in the negative zone (Fig. 2).
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Fig. 2. PCA of the studied species and heavy metals.

1 = Cladonia rangiformis 6 = Xanthoria calcicola

2 = Flavo parmelia caperata 7 = Dermatocarpon miniatum
3 = Dermatocarpon luridum 8 = Peltigera malacea

4 = Cladonia convoluta 9 = Cladonia furcata

5 = Cladonia pyxidata 10 = Collema furfuraceum

11 = Xanthoparmelia conspersa

Discussion

The normal level of Pb, Mn, Cu, Zn and Fe in the plants growing in uncontaminated areas
have been reported to vary in the ranges 2—10 pg. g*' dry wt, 20-300 pg. ¢! dry wt, 5-20
pg. gt dry wt, 20-100 pg. g dry wt and 50-250 pg. g dry wt, respectively (Markert,
1992; Markert, 1994; Aksoy, Oztiirk, 1996). Taking these values into account, the results
of the present study show that the area is polluted by Pb, Zn and Fe. One of the sources
of emission of Pb and Zn is motor vehicles. Zn exists as alloys in accumulators of motor
vehicles or in carburetors and it is released as combustion product. Much of the bodywork
of motor vehicles is galvanized, and Zn oxides are also released by wear and tear on car
tyres (Bereket, Yiicel 1990; Bloemen et al., 1995). Elevated concentrations of these elements
may therefore have been caused by the effects of high traffic density (Kutbay, Kiling 1991;
Tirkan et al., 1995; Aksoy, Oztiirk, 1997).

Heavy metal concentrations in the present study were concurred with the data obtained by
Nimis et al. (2001) who studied foliose lichens. Higher concentrations of largely terrigenous
elements such as Fe was found in Collema furfuraceum and Xanthoria calcicola. Nimis et
al. (2001) reported high Fe concentrations in Xanthoria parietina and high Fe concentrations
were explained on the basis of the dominance of siliceous rocks. Siliceous rocks made up
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of Fe and Al hydroxides are also very widespread in the study area. In addition to this, Fe
is the most abundant heavy metal in the other studied lichen species. Lichens have been
shown to demonstrate special affinity for Fe (Pandey et al., 2002).

According to dendrogram of the studied species Pb and Cu are belonging to the same
group and significant correlations were found between different element pairs except for
Pb. These findings were consistent with the studies of Bennett, Wetmore (1999) and Garty
et al.’s (2000).

Fruticose Cladonia species were significantly different from foliose species in terms of
heavy metal concentrations except for Pb and Zn. Pandey et al. (2001) stated thallus types play
an important role in determining the accumulation of heavy metals. Collema furfuraceum,
Dermatocarpon luridum and Xanthoria calcicola were the best accumulator of heavy met-
als as compared to the other species in the present study and all of these lichen species are
foliose lichens. McCune et al. (1997) stated these genus are heavy metal-tolerant and based
on the results of the present study these species can be used safely in biomonitoring.

Conclusions

Lichens accumulate heavy metals to a very high degree, with concentrations reflecting
environmental levels of these elements (Herzig et al., 1989; Loppi et al., 2000). Due to
their different sensivity to air pollution they are potentially useful for air monitoring pur-
poses (Herzig et al., 1989; Garty et al., 2000; Pandey et al., 2002). Fruticose and foliose
lichen samples were taken from Giresun city which is situated in the northeastern part of
Turkey near the roads that have high traffic density. High Pb, Zn and Fe values were found.
Elevated concentrations of these elements may therefore have been caused by the effects
of high traffic density (Kutbay, Kiling, 1991; Tiirkan et al., 1995; Aksoy, Oztiirk, 1997).
Higher concentrations of largely terrigeneous elements such as Fe was found in Collema
Sfurfuraceum and Xanthoria calcicola. High Fe concentrations were may be due to the
dominance of siliceous rocks. Siliceous rocks made up of Fe and Al hydroxides are also
very widespread in the study area. According to the dendrogram of the studied species Pb
and Cu are belonging to the same group and significant correlations were found between
different element pairs except for Pb. Fruticose Cladonia species were significantly different
from foliose species in terms of heavy metal concentrations except for Pb and Zn. Collema
furfuraceum, Dermatocarpon luridum and Xanthoria calcicola were the best accumulator
of heavy metals as compared to the other species.

Translated by the authors
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Kinalioglu K., Horuz A., Kutbay H.G., Bilgin A., Yal¢in E.: Akumulacia niektorych fazkych kovov v liSajnikoch
v meste Giresun, Turecko.

V oblasti mesta Giresun nachddzajicej sa v severnej Casti Turecka znecCistenej hustou dopravou sme skimali
biomonitorovacie vlastnosti niektorych krovitych a listnatych druhov liSajnikov. U skiimanych liSajnikov boli
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koncentricie tazkych kovov v poradi Fe > Zn > Mn > Cu > Pb. V koncentracidch tazkych kovov okrem Pb a Zn
sa krovité druhy Cladonia znac¢ne IiSili od listnatych druhov. U skiimanych druhov sme zistili vnitrodruhové roz-
diely z hladiska fazkych kovov okrem Pb. Podla Principal Component Analysis (PCA) boli hlavnym zdtaZovym
faktorom v pozitivnej z6ne Fe a Mn, avSak Zn sa vo vzfahu k ostatnym fazkym kovom sprdval opacne a objavil
sa v negativnej zéne.
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