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Keywords Abstract: Air pollution has been proven to affect essential metabolic processes in

Biomonitoring, algae and fungus, making lichens susceptible for over 140 years. Air contaminants

Heavy metals, such heavy metals, polycyclic aromatic hydrocarbons (PAHs), and sulfur dioxide

ﬁ.sfzédevernzafurfuracea, (SO2) are collected in lichen thallus to measure air pollution levels. Samples of

Tiligrk‘i?/e Pseudevernia furfuracea (L.) Zopf were collected from a untouched forest zone
(Yaprakli-Cankir1) and transplanted for two three-month periods in 6 stations near
the polluted Nigde provincial center in Turkiye. This research aimed (i) to analyze
the amounts of Cu, Cd, Ni, Pb, Mn, and Zn with help of Inductively Coupled Plasma
Mass Spectrometry (ICP-MS) (ii) to compute the levels of chl-a and chl-b (iii) to
create a pollution map of the city. According to analysis results for P. furfuracea
means of heavy metals; in first period 0.36ug g-1,0,032pg g-1,0,44ug g1, 0,70ug
g1,1,94ug g1,0,2 ug g-1; in second period 0,58ugg-1,0,033ug g-1,0,36ug g1,0,92ug
g1,1,98ug g1 ,0,65pg g1 for Cu, Cd, Ni, Pb, Mn, Zn. Whereas means of control
stations are 0,26 pg g1, 0,028 pg g-1,0,23pg g71,0,52ug g-1,1,90ugg™t, 0,16pgg1! in
1stperiod; 0,36 pg g-1,0,027ug g1,0,29 pg g-1,0,56ug g1,1,96pug g1, 0,58 ug g1 in
2nd period for for Cu, Cd, Ni, Pb, Mn, Zn. The factors that contribute to high heavy
metal levels are as follows: (i) traffic density, (ii) industrial activities, (iii) urban
heating activities. P. furfuracea was an effective bioaccumulator organism for
biomonitoring studies despite the survey's short length.

Transplante Liken Pseudevernia furfuracea (L.) Zopf Kullanilarak Nigde ilinde
(Tiirkiye) Atmosferik Agir Metal Kirliliginin Degerlendirilmesi

Anahtar Kelimeler Ozet: Hava kirliliginin alg ve mantarlardaki temel metabolik siirecleri etkiledigi ve
Biyoizleme, likenleri 140 yili askin siiredir duyarh hale getirdigi kanitlanmistir. Agir metaller,
polisiklik aromatik hidrokarbonlar (PAH'lar) ve siilfiir dioksit (SO2) gibi hava
kirleticileri, hava kirliligi seviyelerini 6lgmek i¢in liken talluslarinda toplanir.
Pseudevernia furfuracea (L.) Zopf 6rnekleri ormanlik bélgeden (Yaprakli-Cankir)
o toplanmis ve li¢ aylik iki donemde Nigde (Turkiye) il merkezine yakin 6 istasyona
Tuarkiye nakledilmigtir. Bu arastirmanin amac (i) Indiiktif Eslesmis Plazma Kiitle
Spektrometresi (ICP-MS) kullanarak Cu, Cd, Ni, Pb, Mn ve Zn konsantrasyonlarini
analiz etmek (ii) klorofil a ve b seviyelerini hesaplamak (iii) sehrin kirlilik
haritasim1 olusturmaktir. P. furfuracea min analiz sonuglarina goére agir metal
ortalamalar Cu, Cd, Ni, Pb, Mn, Zn i¢in; ilk periyotta 0.36ug g-1,0,032pug g-1,0,44ug
g1,0,70ug g1,1,94ug g-1,0,2 pg gt ikinci periyotta 0,58pug g-1,0,033ug g-1,0,36ug
g21,0,92ng g-1,1,98ug g71,0,65ug g1 olmustur. Kontrol istasyonlarinin Cu, Cd, Ni, Pb,
Mn, Zn ortalamalar ise 1. periyotta 0,26 pgg-1,0,028 pg g1, 0,23pg g1,0,52pug
g271,1,90ug g-1,0,16pg g-1'dir; 2. periyotta 0,36 pg g71,0,027ug g-1,0,29 pg g1, 0,56pug
g71,1,96pg g71,0,58 pg g-! bulunmustur. Yiiksek agir metal seviyelerine sebep olan
faktorler soyledir: (i) trafik yogunlugu, (ii) endiistriyel faaliyetler, (iii) kentsel
1sinma faaliyetleri. P. furfuracea, arastirmanin kisa siirmesine ragmen ileri
biyoizleme calismalari i¢in etkili bir biyoakiimiilatér organizma olmustur.

Agir metal,
Pseudevernia furfuracea,
Nigde,

*Corresponding author: ayildiz@science.ankara.edu.tr, atilayildiz66@gmail.com

126


mailto:ayildiz@science.ankara.edu.tr
https://orcid.org/0000-0003-3940-9199
https://orcid.org/0000-0002-3324-5771
https://orcid.org/0000-0001-7052-8634

A.YILDIZ et al. / Assessment of atmospheric pollution by heavy metals using transplanted lichen Pseudevernia furfuracea (L.) Zopf in Nigde Province, Turkiye

1. Introduction

The utilization of lichens for the purpose of detecting
and monitoring the chemical compositions of the
atmosphere has been considered very important for a
considerable period of time. This is due to the fact
that their prolonged life cycle enables the acquisition
of long-term information from the ecosystem [1]. The
application of cryptogams, particularly lichens and
mosses, for biomonitoring has been a popular
method in recent years. It has proven to be efficient
in identifying the origins and distribution patterns of
many persistent airborne pollutants, such as heavy
metals, PAHs, dioxins, and furans [2,3,4,5,6,7,8,9].
Contrary to plants, lichens and mosses do not possess
a root system. Instead, they depend on gas
interchanges, sorption of nutrients, and absorption of
contaminants to take place all over their outer layer.
[4,10,11]. However, the practicality of using
cryptogams as bioindicators of PM contamination is
often limited in cases when there are numerous
human activities in a small area or when land use is
diverse [12]. The utilization of nitrogen, carbon,
sulfur, and heavy metal isotope patterns might be
advantageous in this regard. Mass spectrometry
analysis, an exceptionally efficient and accurate
technique, requires just minute amounts of sample
[13,14,15,16,17,18]. Nevertheless, the analyses may
incur significant expenses, making them potentially
unsuitable for large sample collections [9].

Lichens often inhabit many terrestrial environments,
however their occurrence in metropolitan settings is
frequently influenced by human activities. Passive
biomonitoring is rendered useless in such cases and
is substituted by active biomonitoring. A technique
entails the placement of lichen-filled bags inside a
contaminated environment to quantify the extent of
contaminants affecting the specimen.
[19,20,21,22,23,24]. The features of the pre-exposure
lichen material are crucial in the bag method
operation. Due to the material's frequent acquisition
in untouched locations far from known sources of
pollution, most of its components are anticipated to
have a minimal amount of contamination. If there is a
lack of naturally occurring lichens or their growth is
restricted, It is still possible to conduct lichen
biomonitoring by bringing live specimens from a
different area into the target area. Due to insufficient
lichen growth in the research area, it was necessary
to use a transplanting method for conducting air
monitoring. The use of lichen transplants has
numerous advantages, including the ability to utilize
various experimental methodologies and the
capability to measure levels of elements at the
beginning of the monitoring study and during the
exposure period [25].

P. furfuracea is a kind of macrolichen that grows on
acidic bark in a wide area. It is fruticose, meaning it
has a shrub-like growth form, and it prefers moderate
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moisture levels and bright light. This lichen has been
extensively used in numerous biomonitoring studies,
primarily employing the transplant method [39,
58,59,60,61]. This method involves collecting thalli of
suitable species from distant locations and exposing
them in specific areas to analyze the deposition of
trace elements and organic compounds. The lichen is
chosen for its easy accessibility, high resistance to
harmful gaseous contaminants and climatic stressors,
and its capacity to accumulate and store heavy metals
[8,26,27].

P. furfuracea has been widely used in past
transplanting trials. Due to the inadequate
colonization of P. furfuracea in the Nigde urban zone,
the bag technique was employed during the
transplantation operation to assess urban air
pollution at selected sites. The bags utilized in this
method were constructed from a nylon mesh
containing water-rinsed lichens. The risk of
contamination through root absorption was
eliminated as the lichens contained in the bags were
not connected to the soil. The "bag technique" lacks a
precise definition regarding the quantity of lichen
material, length of exposure, relationship to airborne
depositions, and way of the absorption (either
passively through trapping atmospheric particles and
the cation exchange capacity of external binding
points, or actively through biochemical processes in
the plasma membrane and cytoplasm). However, it
offers the benefit of accumulating data that is
collected over the whole period of exposure [8,28].
Any lichen is uniquely adapted to the substrate it
grows on, hence P. furfuracea has established a
suitable environment on P. sylvestris, which will
impact the accumulation of heavy metals.
Furthermore, P. furfuracea has the ability to collect
heavy metals in various substrates, as seen in Table 1
and 3. We transferred samples of P. furfuracea thalli,
together with the tree branches (Pinus sylvestris L.)
they were growing on, from a distant location
(Yaprakh-Biiytiik plateau region) situated at an
elevation approximately 1700 m above sea level, to 6
designated places within our study area. Yaprakli is a
district of Cankir1 and is a clean forested area away
from the city and anthropogenic pollution factors.
Two lichen bags were affixed to tree twigs or poles at
each transplanting site using plastic wires. The
lichens were placed at a height of around 3 meters
above the soil in order to deter destruction and
reduce any natural influence on their capacity to
absorb elements.

The primary goal of this research was to determine
Zn, Cd, Pb, Ni, Mn, Cu accumulation in thallus of P.
furfuracea that was transplanted in the central area
of Nigde. Due to variations in pollution parameters,
geographical position, and climatic conditions in all
regions, the city of Nigde in the Central Anatolia area
of Tirkiye was selected for biomonitoring
atmospheric heavy metal accumulation. This location
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is characterized by high levels of atmospheric
element enrichment due to residential areas, traffic,
and industrial activities. We conducted a detailed
analysis of the quantity of heavy metals present at
each station and investigated the root cause.
Additionally, we generated a pollution map using
data on heavy metal levels, and identified the effect of
heavy metal accumulation on changes in chlorophyll
content.

2. Material and Method
2.1. Study area

The research area is situated in the southeastern part
of the Central Anatolia Region of Tiirkiye and inside
the Cappadocia Region. Its coordinates are between
372 25" and 382 58' N, and 332 10' and 352 25" E, as
shown in Figure 1. At a height of 1,229 meters above
sea level, the area is situated. The land area of this
place measures around 2,223 square kilometers, and
it is inhabited by a population exceeding 99.308
individuals and has number of registered vehicles in
city 41,698 as of 2002 [56,57]. An excel program was
used to generate a temperature-rainfall table using
the temperature-rainfall data obtained from the State
Statistics Institute up to 2002. Nigde experiences the
characteristic continental climate of Central Anatolia,
characterized by a predominance of closed weather
conditions. The summers are characterized by high
temperatures and lack of precipitation, while the
winters are marked by low temperatures and
abundant snowfall. Winter is characterized by
snowfall, whereas rainfall is typically noted in spring.
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Figure 1. Nigde Province (a) from [29] (b) from [30]
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Figure 2. Climate diagram of Nigde Province (2002)
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Figure 3. Weathercock of Nigde Province (2002)

The most industrial establishments of Nigde
province; cement factory, sugar factory, flour
factories, cheese-butter factory, concrete pole factory,
tile-brick factories, automobile spare parts. The
primary sources of possible contamination in Nigde
are: (i) industrial activities, (ii) motor vehicles, (iii)
heating activities, (iv) meteorological factors.
According to the 2020 air quality assessment report
published by the Ministry of Environment,
Urbanisation and Climate Change, air pollution in
Nigde shows seasonal and topographical
characteristics. There is sensed and detected
pollution caused by SO in winter, late autumn and
early spring. The aforementioned situation illustrates
the origin of air pollution in Nigde (in terms of SO2
pollution) is not a pollution caused by industry and
motor vehicles, but an air pollution caused by heating
and meteorological factors. Pollutants from motor
vehicles also have an effect on air pollution. Traffic
density, especially in the morning and evening hours,
adversely affects the air. The industrial branches
operating in Nigde Province vary. Air pollution
caused by industry is mainly caused by wrong site
selection, inappropriate fuel use and discharge of
waste gases to the receiving environment without
adequate technical measures. While the calcite
quarries in the vicinity of the city do not directly
affect residential areas, the particulate matter
produced from the operations of these facilities
adversely affects the air quality of the city [31].

2.2. Collection and assessment of lichen samples

P. furfuracea, which grows on other plants without
harming them, was chosen as a widely applied
indicator of trace elements and PAHs based on
previous studies [6,7,8,26,32]. This lichen is very
prevalent, easily identifiable, capable of withstanding
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stress, resistant to transplantation [7], and has a
tendency to capture particle matter due to the
formation of many finger-like vegetative propagules
called "isidia" [9,33].

Table 1. Geographical positions of stations

Station Location Substrate of Elevation Latitude
no the of see and
specimens level (m) longitude
C1 Cankiri-Yaprakl, N 402 47"
Yaprakli Biiytik Pinus 1750m 600"
Plateau, Dikilitas sylvestris E 33246’
area (control 818"
group)
C2 Cankiri-Yaprakl, N 400 47"
Yaprakli Biiytik Pinus 1750m 600"
Plateau, Dikilitas sylvestris E 33246’
area (control 818"
group)
Nigde- Inoni Populus alba 1320m N 37259’
1 Mah,, Villalar, 748"
38.Sok, No:14 E 342 40'
garden of the 599"
house
Nigde- Siileyman 1320 m N 37258’
2 Fethi Cad, Fraxinus sp. 155"
Rectorate garden E 34239’
906"
Nigde- Selguk 1200 m N 37257
3 Mah., Old Salix sp. 575"
Slaughterhouse E 34240’
Passage, 695"
opposite the
Watchman's hut,
near Niggaz
Nigde- Bor Cad., 1200 m N 37258’
4 opposite Fraxinus sp. 018"
Kardelen E 34240
427"
Nigde-Terminal 1220 m N 37258’
5 Cad., under Fraxinus sp. 271"
Orphanage, E 342471
Cumbhuriyet 021"
Bulvari, Faik
Sahenk
Boulevard
Nigde- Kayseri- Robinia 1270 m N 37257
6 Adana Road pseudoacacia 988"
junction, Hub, E 34942'
Kayseri side, 250"
Regional traffic,
Nigde exit,
Intersection

The pre-transplant samples were obtained from
branches of individual Pinus sylvestris L. trees in the
Yaprakli-Cankir1 forest region at a height of 1750
meters a.s.l. These trees were located far away from
any local sources of pollution in Nigde. The samples
were taken at heights ranging from 1 to 5 meters
above the ground (Table 1). Paper bags were used to
carefully collect the specimen of lichen, which was
accompanied by a twig that served as a support. It
was then brought to the laboratory, where it was
allowed to dry naturally at room temperature for a
period of time. The exposure occurred on July 4t
2002, within one hour of conducting fieldwork. In
order to prevent damage and reduce the impact of
natural variables on the lichens' ability to capture
elements, two lichen bags were firmly fastened to
tree branches or poles with the help of plastic cables.
The bags were positioned at an elevation of around 3
meters above floor at each transplantation site. The
initial sampling from lichen thallus was gathered
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on October 5, 2002, while the subsequent sampling
was obtained on January 9, 2003. Following
exposure, the samples were transferred to the
laboratory, where the bags were unzipped and left to
dehydrate at ambient temperature. Furthermore,
although we initially had a total of 7 stations, the
sample inexplicably vanished from one of the sites.

2.3. Lichen specimen preparation and heavy
metal determinations

Following the collection of transplanted lichen
specimens, they underwent twice of washing using
regular and distilled water to eliminate any
extraneous materials such as soil particles, sand,
dust, and bark. The samples were dehydrated for a
duration of 24 hours at a temperature of 80°C using
yellow paper bags. This was done to prevent any
microbial decay and to get accurate reference values
for dry weight. The dried samples were pulverized
using a mortar to ensure uniformity and dispersion of
heavy metals.

The glass, plastic, and ceramic materials were soaked
in a solution of detergent and water for an extended
period of time, followed by rinsing with regular water
and then immersion in a 20% concentration of nitric
acid overnight. Subsequently, the glassware was
cleansed using double distilled water and
subsequently subjected to a drying process in a 60 °C
oven for a duration of 12 hours. The standard
treatments and solutions were prepared using a
mixture of 65% w/w nitric acid and 35% w/w
hydrochloric acid (Merck reagent). Nitric acid (HNO3)
is frequently employed for the dissolution of lichen
material. A total of 1 gram of dehydrated lichen
samples were incinerated in a porcelain crucible for a
duration of 24 hours at a temperature of 460°C. The
charred ash samples were placed into a 100 mL
beaker containing a solution of 65% 100 molar
concentration nitric acid (HNOs). The beakers were
heated in a sand bath to facilitate the evaporation and
precipitation of HNOs. After the process of
evaporation, the remaining fraction was transferred
to a centrifuge beaker and the capacity was expanded
to 15 ml using a 1% HNOs solution. After centrifuging
the extract at a speed of 3000 rpm for 20 minutes
(equivalent to 1157 g of relative centrifugal
acceleration), it was transferred to a 25 ml beaker
and then diluted to a final volume of 25 ml using a 1%
HNOs3 solution. The ICP-MS instrument was employed
to assess the concentration of heavy metals in all
samples, including the control station.

2.4. Chlorophyll measurement

5 mL DMSO was administered to the lichen thallus
throughout the extraction procedure to produce
chlorophyll from 20 milligrams of dried lichen
material. The lichen extract-containing tubes were
then held in the dark at 65 °C for 40 minutes before



A.YILDIZ et al. / Assessment of atmospheric pollution by heavy metals using transplanted lichen Pseudevernia furfuracea (L.) Zopf in Nigde Province, Tiirkiye

being allowed to achieve ambient temperature.
Whatman no 3 filtration paper was employed to filter
lichen extracts. The UV-Spectrophotometer was
regulated at 750 nm. The samples' absorbance ranges
were estimated at 665 and 648 nm. The calculations
were done using DMSO, 100% (pure solvent)
(DMSO=Dimethyl sulphoxide (for synthesis) 99%
purity, Merck 8.02912). Chlorophyll content was
calculated according to equations (1), (2) and (3) of
[34]

Chlorophyll-a = 14.85A665- 5.14A648 (1)
Chlorophyll-b = 25.48A648- 7.36A665 (2)
Chlorophyll (a+b) = 7.49A665 + 20.34A6%  (3)

3. Results
3.1. Element contents of the lichen transplants

Clean samples obtained from the Yaprakli-Cankiri
forests region and exposed near the Nigde city center
revealed a significant accumulation of heavy metals.
Table 2 displays the average levels of heavy metal
contents in the 1st and 2n exposure periods and in
terms of these means, there is a positive correlation
between each element and the control station in 1st
and 2 periods.

Table 2. Mean values of heavy metals contents in 1st and
2nd exposure periods (pug g-!) and correlation of these
averages between each element and the control station in
the 1stand 2nd periods.

Periods | Cu Cd Ni Pb Mn Zn
Control 1 0,26 | 0,028 | 0,23 | 0,52 | 1,90 | 0,16
stations 2 0,36 | 0,027 | 0,29 | 0,56 | 196 | 0,58
Exposure | 1 036 | 0,032 | 0,44 | 0,70 | 1,94 [ 0,2
stations 2 0,58 | 0,033 | 0,36 | 092 | 198 | 0,65
08 o 0,035 e
06 P 0,033 -
04 - 0,0325 .
02 0032 e
0 v 0,0315 .
o 01 02 03 o04 0,0265 0,027 0,0275 0,028 0,0285
Cu cd
05 1
04 ’\. 08 —
03 06
02+ y=r T 04
01 Eel 02
o 0
0 02 04 05 052 054 05 058
Ni Pb
19 08
198 St . »
197 Fmt ,—" 0.6 /‘/
19 04 <
Py y 7 yeionn 00
1,94 o’/ 02 - =
193 4 0
185 19 195 2 o 02 04 06 08
Mn Zn

According to analysis results for P. furfuracea means
of heavy metals; in first period 0.36 pg g1, 0,032 pg
g1 044 ug gt 0,70 pg g, 1,94 ug g, 0,2 ug g°%; in
second period 0,58 pg g1, 0,033 pug g4, 0,36 pg g1
,092 ugg1,1,98 uggt, 0,65 ug g1 for Cu, Cd, Ni, Pb,

Mn, Zn. Whereas means of control stations are; in 1st
period 0,26 pg g1, 0,028 pg g4, 0,23 pg g71,0,52 pg
g1,1,90 ug g%, 0,16 pg g1; in 2nd period 0,36 pg g4,
0,027 pg g71,0,29 pg g1, 0,56 ug g4, 1,96 ug g1, 0,58
pg gt for for Cu, Cd, Ni, Pb, Mn, Zn (Table 3). Figure 4
illustrates the air pollution maps created based on
the heavy metal data at the exposure stations.

Table 3. Heavy metal contents of clean and exposed P.
furfuracea lichen samples analysis for each stations (ug g-1)

Stations | Periods Cu Cd Ni Pb Mn Zn

C1* 1 028423 | 002621 | 0.27508 | 0.51637 | 1.89763 | 0.15076
2 038909 | 0.02757 | 0.28306 | 0.55338 | 194752 | 057671
2% 1 025191 | 003153 | 0.20229 | 0.52883 | 191850 | 0.18884
2 034413 | 002832 | 031485 | 0.56882 | 1.98790 | 058973

1 1
031401 | 002208 | 096226 | 0,63504 | 246733 | 023323
2 028011 | 002564 | 0,59925 | 0,56602 | 2,09254 | 049185

2 1
032159 | 002212 | 032397 | 048804 | 166188 | 0,16847
2 023505 | 002847 | 028212 | 048029 | 149659 | 0,60287

3 1
025080 | 003316 | 0,27445 | 053006 | 148448 | 0,16700
2 043639 | 004568 | 030920 | 0,88345 | 196096 | 029325

4 1
039251 | 003098 | 056249 | 0,69905 | 224653 | 022314
2 047377 | 003424 | 030434 | 083700 | 180414 | 090077

5 1
041504 | 002629 | 0,29624 | 0,88979 | 199383 | 034427
2 0,60392 | 003162 | 031500 | 096374 | 197278 | 055663

6 1
047260 | 005773 | 024648 | 097326 | 182779 | 038721
2 1,48957 | 0,03296 | 040016 | 1580854 | 258594 | 1,06657
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Pb- 1st period

Pb - 2nd period
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Periods Chl-a Chl-b Chla+b
1 6,381 1,527 7,908

Control
stations 2 7,072 2,024 9,097
1 3,378 0,665 4,043

Exposure
stations 2 3,174 1,312 4,486

Mn- 1st period Mn - 2nd period

Zn- 1st period Zn-2nd period

Figure 4. Nigde pollution maps categorized by heavy metal
concentrations

3.2. Chlorophyll contents

The average amount of chlorophyll of the lichen
specimens transplanted to the city center of Nigde
exhibited a notable decline throughout the first and
second periods, as compared to the specimens
collected from the forest region of Yaprakli-Cankiri.
Within this particular framework, there exists a
statistically significant association between pollution
and a reduction in chlorophyll concentration (Table
4).

Table 4. Average concentrations of Chl(a), Chl(b), chl(a+b)
in micrograms per milliliter (pg/ml)and correlation
between exposure and control stations.

46

v=13018x - 13229 , 0 e s
34 ® 5= 02952+ 52618 L5 R=1 g y=032 108
Re= 1 a4 /
33 \\\ 1 / e
¥ 4,2 -
3 A 05 .
32 - .
31 v}
6 65 7 75 0 1 2 3
Chl-a Chl-b Chl-a+b

Chlorophyll contents of Chl-a, Chl-b, Chl-a+b also Chl-
a/b and Chl-b/a ratios in 1st and 2" periods are given

Chl(a/b)-1st period Chl(a/b)-2nd period

in Table 5. Especially Chl-a, at 4t station in 1st period
and at 5thstation in 274 period shows min value. Chl-b
at all exposure stations in 1st period shows values
that are almost close but surprisingly in 2dperiod at
4th station shows max value. The chlorophyll maps of
lichens exposed to pollution at the stations are
presented in Figures 5 and 6.

Table 5. Chl(a), Chl(b) and Chl(a+b) contents (pug/ml) and

Stations | Periods | Chl-a Chl-b Chla+b Chla/b Chib/a
c1* 1
7.7827 1.945 9.7277 5.0007 0312
2 9.252 3.013 12.265 4.5167 03337
c2* 1 02017
4.9797 1.109 6.0887 57143
2 4.8937 1.036 5.9297 5.9523 0.1983
1 1
3,59 0,494 4,084 7,267 0,138
2 4,004 0,492 4,496 8,138 0,250
2 1
3,565 0,549 4114 6,494 0,154
2 4,521 0,58 5,101 7,795 0128
3 1
4,234 0,608 4,842 6,964 0,144
2 1,898 0,596 2,494 3,185 0314
4 1
2,291 1,295 3,586 1,769 0,565
2 5,286 52 10,486 1,017 0,984
5 1
3,244 0,548 3,792 592 0,169
2 0,727 0373 11 1,949 0,513
6 1
3,348 0,496 3,844 6,75 0,148
2 2,612 0,631 3,243 4,139 0,242
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Chl (a/b), Chl (b/a) ratios for each stations

Chl(a)-2nd period

Chl(b)-2nd period

i i 1
Chl(a+b)-1st period Chl(a+b)-2nd period.

Figure 5. Nigde pollution maps based on chl(a), Chl(b), and
chl(a+b) concentrations.

= .
’ 2 :’\ ‘ i
Chl(b/a)-1st period Chl(b/a)-2nd period

Figure 6. Nigde pollution maps based on chlorophyll a/b
and b/a ratio
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4. Discussion and Conclusion

The highest Cu contents were 0,60 pg g-1 at 5t station
in 2nd period and lowest 0,250 pg g-tat 3t station in
1st period. When Cu contents are analysed, it is
observed that there are significantly high values in
the 2nd periods of the 34, 4th, 5th and 6t stations. The
3rd station being close to gas station (NigGas) and
motor vehicle traffic and urban winter heating
activities, and the 4, 5th, and 6t stations being close
to motor vehicle traffic and urban winter heating
activities support this increase in Cu values. Similar
findings for Cu hadbeen reported by
[35,36,37,38,39].

As stated in a study [40], plants from uncontaminated
locations exhibit 0.01-0.3 pg gt Cd. Cd value ranges at
exposure stations vary between 0.02 and 0.05. The
highest Cd value was recorded at station 6 in the 1st
period. Cd values at other stations did not show a
significant variation compared to control stations.
The fact that 6t station is located on a high traffic
route supports that Cd is associated with motor
vehicle exhaust gas [41].

The maximum Ni value was found in the 1st and 2nd
periods of the 1st station, as well as the 1st period of
the 4th station, while the lowest Ni value was found in
the 1t period of the 6% station. Seasonal
winter heating activities (coal) and vehicular
traffic are two variables that contribute to elevated Ni
levels [42]. The authorized limit value for Ni in plants,
as determined by the FAO/WHO, is 5 pg gt [43]. In
this investigation, the average Ni content was 0.40 pg
g1l. The average Ni content observed in the current
research is lower than that found in [39,44,45]
investigations. The quantity is below the acceptable
Ni concentration for plants.

While the 1st and 20d periods of the 4t, 5t and 6th
stations and the 2" period of the 3rd station showed
considerably higher Pb values than the control
stations, the other stations showed relatively similar
values. As shown from Table 2, the average Pb value
of the control station in the 15t and 2»d periods was
0.52 pg g1-0.56 pg g! and the mean of the exposure
stations was 0.70 pg g1-0.92 pg g'1. Equivalent results
were made by [46] with Flavoparmelia caperata (L.)
Hale, by [37], [47], [48], [49] with P. furfuracea. The
contribution of gasoline to Pb concentrations in the
atmosphere is decreasing, however coal and gasoline
combustion remain the primary producers of harmful
chemicals in the environment [49]. The pollution of
Pb is connected to the release of pollutants from
vehicles and the burning of gasoline [42]. [50]
examined the existence of heavy metals in a small
number of samples and discovered that automobiles
released significant levels of Pb and Cu. The
measurements of Pb accumulation clearly reveal Pb
contamination at stations 4, 5, and 6, which may be
identified to motor vehicles sources.
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Table 3 shows that Mn values were high in 15t and 2nd
periods of 1st and 5t stations, in 1st period of 4th
station and in 2" period of 6t station. The emissions
from vehicles caused considerable bioaccumulation
at these stations. In contrast to the control station,
fewer metrics were assessed at the 2nd and 3
stations. 1st and 2n period Mn average of exposure
stations is 1.96 pg g1, whereas the average of the
control stations is 1.93 pg g-1. The mean Mn content
observed is lower than the Mn content reported in
[38,44,45] research.

The Zn level of lichen specimens proved to be related
to road traffic. Based on research, the primary
sources of Zn pollution include petroleum, fuel oils,
composting, and metal alloys. The elevated levels of
zinc in areas such as industry, urban roads, urban
sites, urban parks, and shanty settlements indicate
the influence of high traffic intesity and the wearing
of car tires [37,51]. At exposure sitations, highest Zn
value was measured in the 2md period of the 6t
station (1,06 ug g1), 4th sations, which were related to
traffic and the lowest value was measured in the 1st
period of the 2rd and 3rd stations (0,16 pg g'1). Similar
results were found by [52] and [47].

Photosynthetic pigment levels may be readily
quantified and are commonly employed to evaluate
the impact of metal toxicity on plants and lichens.
Heavy metals are believed to impact enzymes
responsible for regulating chlorophyll production,
hence inhibiting the productivity of chlorophyll
pigments. The study [53] revealed that Zn decreased
photosynthetic pigments by replacement of Fe, which
is essential for the synthesis of chlorophyll. At 4thand
6th stations, this situation was observed for Zn. Based
on reference [54], the presence of Cu has resulted in a
decrease in chlorophyll levels. At the 5t and 6t
stations, this situation was observed for Cu. The
degradation of chlorophyll in plant cells is induced by
the buildup of heavy metals. In a study [63], the
concentrations of Cu at 100 and 200umol-L-1 had no
significant impact on the levels of Chl a, Chl b, Chl a +
b, and Chl a/b. However, when the concentrations
were raised to 400 and 800umol-L-1, there was a
substantial drop in the levels of Chl a, Chl b, and Chl a
+ b. Zn caused a substantial drop in the levels of
chlorophyll a (Chl a), total chlorophyll (Chl a + b), and
the ratio of Chl a to Chl b in the treated plants.
However, this effect was seen only at a dosage of
800pumol-L-1. Zinc had no significant impact on the
content of chlorophyll b (Chl b).

Heavy metal presence owing to heating and vehicle
traffic (especially at 3rd,4th 5th 6th stations) is related
with reduced chlorophyll content in lichen thallus, as
seen in Table 5. The chl(a+b) decline map confirmed
that the photosynthetic pigments had totally
degenerated, providing evidence for this outcome.
The chl(a/b) maps indicated that chl(a) was more
adversely afflicted by air pollution compared to
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chlorophyll b. Furthermore, the pollution resulted in
a reduction in photosynthetic pigments, as
anticipated. The accuracy of the finding was further
confirmed by the examination of the chlorophyll b/a
maps. The variations in the amounts and ratios of
chlorophyll a and b might potentially be caused by
environmental stressors, such as pollution. The level
of chlorophyll in lichen thallus is often correlated
with environmental adversity, exhibiting higher
chlorophyll content in stressful settings compared to
non-stressful situations [55]. Furthermore, [55]
observed that the positioning of the station did not
impact the amount of chlorophyll present in the
lichen thalli. Further inquiry is necessary to establish
the correlation between these alterations and factors
such as contaminants, climatic conditions, seasons,
the amount of light, and the lichen organism itself.

From chemical point of view, heavy metal contents of
lichen tallus exposed to pollution for 6 months at 3-
month intervals are expected to increase. The
findings of the present investigation suggest that the
accumulation of metals in lichens is significantly
affected by the location of the station and the
duration of exposure. This survey found that heavy
metal concentrations of P. furfuracea in Nigde was
higher than at the control station and suggests that P.
furfuracea is a species that effectively collects heavy
metals in lichen-bags that are exposed in urban areas.

Before the start of our biomonitoring research, we
underline the importance of how the amount of
elements in tallus of lichen samples with low
elemental content, taken from natural flora away
from pollution factors, may react to heavy metals
after transplantation to polluted areas. This will
assist us in improving the quality of the
bioaccumulation data, allowing us to enhance the
accuracy of interpretations of our findings in future
studies.
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