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Abstract

Flavoparmelia caperata and Usnea dasypoga lichen for the first time was used to assess the concentration of heavy metals in the air
in Palembang City. Five heavy metals Cd, Cu, Pb, Fe, and Zn were measured using the transplant method. Both samples of lichen
were collected from Gununghalu, Bandung. The lichen was transplanted at 7 points on the roadside, after 8 weeks, samples were
collected and analyzed using atomic adsorption spectrometry (AAS). The concentration of heavy metals accumulated in F. caperata
was Fe> Cu> Zn> Pb> Cd, on U. dasypoga was Fe> Zn> Cu> Pb> Cd. The results showed that both types of lichen were very suitable to
be used as an air quality bioindicator. The EC ratio of both transplanted samples showed higher levels of accumulation in U. dasypoga
with a significant accumulation rate on Pb metal followed by Cu, Cd, Zn, and Fe. Furthermore, dendrogram showed clustering based
on the concentrations of heavy metals accumulated at each station due to differences in density and vehicle type. This indicated
that the metals have the same source which derived from emissions of motor vehicles, road construction activities, and other local

anthropogenic activities.
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1. INTRODUCTION

The transportation sector is the main source of urban air pollu-
tion through gas emissions and particulate matter (Sujetoviene,
2013). Heavy metals are contained in ambient air especially air
particulate PM2.5. Heavy metals released during road trans-
port operations such as fuel combustion, catalytic converter,
tire and brake pads wear, vehicle corrosion, road wear and road
construction activities (Aslan et al., 2011; Yan et al., 2013;
Dam-o, 2015). The presence of heavy metals in the air is
considered as a useful indicator for assessing urban air quality.

Lichen had been used for many years to detect air qual-
ity in urban environments (Conti and Cecchetti, 2001) as a
bioindicator for various types of air pollution such as metals
(Logesh, 2014; Brown and Brown, 1991), sulfur dioxide pol-
lution (Ahmed et al., 2016), and the effect of motor vehicle
emissions on the distribution of lichen (Coffey and Fahrig,
2012; Sujetoviene, 2013). Lichen is able to absorb metal di-
rectly from the atmosphere far beyond their needs and collect
it in the talus. The metal uptake depends on the heavy metal
content in the air, the morphology of the lichen, and environ-
mental parameters such as temperature, humidity and wind

velocity (Garty, 2001).

Lichen is transplanted from unpolluted areas or far from
polluted areas to the contaminated areas and then calculates
pollution effects or accumulation of pollutants (Logesh, 2014).
The transplantation method is used primarily in urban areas
that lichen are rarely found. The transplanted lichen is sensitive
to the pollutants especially the foliose and fruticose types. In
this study, Palembang City was selected as a research area to an-
alyze the accumulation of heavy metals in the atmosphere. Air
pollution in Palembang City is strongly influenced by anthro-
pogenic activities, high vehicle density and road construction
activities make congestion almost in every road segment, mak-
ing the road traflic as the main source of heavy metal pollution.

This study evaluates the effectiveness of the use of lichen
as a biomonitor in identifying environmental risks from air
pollution. This study used two different types of lichen with
different talus shape, Flavoparmelia caperata and Usnea filipen-
dula. Both types of lichen were transplanted at 7 locations with
different characteristics. The accumulation of heavy metals in
both lichen samples became the focus of research to assess the
air quality in Palembang City.
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Figure 1. Map of transplant station

2. EXPERIMENTAL SECTION

2.1 Transplant location

The study was conducted in Palembang City; the transplant
location was selected using survey method. The transplanta-
tion site consists of 7 stations characterized by different vehicle
activities and diverse anthropogenic activities. Other classi-
fications are based on anthropogenic activities such as road
construction activities, commercial activities, industrial estates,
and vehicle types which were passing through the road. The
location of the transplant is shown in Figure 1.

The study was conducted for 5 months (June-October
2017) with a transplant period of 8 weeks, mid-June-August.
The tools and materials which were used in this research are
Plywood, nylon net, glue wax, knife, AAS, Oven, Eksikator,
Furnace, pipette, measuring flask, cup, scales, Thermohygrom-
eter, Anemometer, HNOjg, HCI, Mg(NO3), and HoO (distilled

water).

2.2 Lichen Transplantation

Flavoparmelia caperata and Usnea dasypoga, previously known as
Usnea filipendula are collected in June 2017 from areas far from
air pollution, here in after referred to as control sites located
in mountainous areas in the District of Gununghalu, Bandung
Barat Regency (702°2.784 ” S, 107017°41.112”E, about 1134
m asl). The lichen selection criteria were based on the height
of the tree, i.e. 2 m above the surface of the soil, 5-10 cm
of lichen size, in healthy condition / in growth period, and
both samples were taken from the tree and its substrate. U.
dasypoga samples were taken from pine trees, while F. caperata
were collected from fruit trees.

The lichen was transplanted in accordance to Yemets method
(Yemets, 2013) at a distance of 0-5 m from the highway. Species
of the lichen are placed on a wooden board 20 x 80 cm and cov-
ered with nylon mesh. The wooden boards then were mounted
on tree trunks at a height of 2 m vertically mimicking their
natural location on tree trunks. Each station was mounted 3
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Figure 2. Transplant Position

lichen for each species, the position of the samples of lichen
transplantation were shown in Figure 2. The transplants were
positioned facing the road and exposed to direct sunlight.

2.3 Analysis of heavy metals

Lichen samples were collected from 7 stations then dried at
oven on 105 °C temperature for 3 hours. The samples then
were cooled in the indicator. These processes were carried out
3 times until a constant weight was obtained. Each sample
then was burned in a furnace with a temperature of 500 °C
until it turns into white ash. Then added 5 ml of HCI and
HNOj solution in each sample until dissolved. After that each
sample was added 10 ml of distilled water. The solution then
was fed into a measuring flask and subsequently the heavy
metal content (Cd, Cu, Pb, Fe, and Zn) was measured using
an Atomic Absorption Spectrometer (SNI 01-2896-1998).
The heavy metal content of the samples calculated using the
following formula:

Mm%adbk (1)
m

heavymetalcontent =

Where: C : The concentration of the calibration curve (mg/Kg)
V : volume of dissolution (mL) Fp : dilution factor M : The dry
weight of samples (g) %adbk : Percentage on a dry weight basis

2.4 Data analysis

The accumulations of heavy metals in the exposed samples
were assessed by comparing the concentration after exposure
to control ratio (EC ratio) calculated according to Frati (Frati
etal., 2005). To assess the accumulation or loss of heavy metals
(A / L) in the lichen, a class 5 interpretation scale was used. To
see the heavy metal content in the lichen was used multivariate

Page 124 of 129



Mirawati et. al.
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No Location Koordinat Characteristics
akabaring 3°1’19.25" S ) o )
hicle ac d 3

1 Ja]an HA Bas[ari 104047’1'01”]3 LOW venicle aLthlty, road construction
9 Plaju 3°0°28.50” S Industry. 1 hicle activit

Jalan Kapten Abdullah 104°49°8.847 BT~ 1USHY, oW VERIGC achivity

Fountain 2°59°20.307” S . . . . .
3 Jalan Merdeka 104°45'36.85” F High vehicle activity, commercial area, road construction
4 \E}IEEIESIIZIC{{SE;?OH ? 054852502 4}]§T Office area, high vehicle activity, road construction, RS

Polda Intersection 2°57°40.31” S . . .. .
5 Jalan Demang Lebar daun 104°44°15.98” E High vehicle activity, road construction
6 ﬁlﬁ{;t Ogan ? 0549 483’53010‘ 0 ,?,, E Medium vehicle activity

Musi 2 3°1°’49.06” LS ) ] o
7 JI M. Yusuf Singedekane  104°48'14.977  High vehicle activity

BT

analysis (Cluster Analysis) by grouping the location based on
inter-group relationship. Data analysis was performed using

PAST 3.16.

Table 2. Interpretation scale exposed-to-control ratio, EC ratio

EC ratio Accumulation/loss
0-0.25 Severe loss
0.26-0.75  Loss

0.76-1.25  Normal

1.26-1.75  Accumulation

>1.75 Severe accumulation

3. RESULTS AND DISCUSSION

Samples of Flavoparmelia caperata and Usnea dasypoga was trans-
planted in Palembang City with different microclimate condi-
tions with control area. Average Temperature, humidity and
wind velocity were lower to the control area Table 3.

The concentration of heavy metals on F. caperata and U.
dasypoga after 8 weeks of transplantation was shown in Table 4
with heavy metal concentrations in the lower control areas of
the transplant samples. From the data obtained showed that
both species could be used to detect air quality in urban areas.
In F. caperata, Fe accumulation was ranked highest with the
sequence of Fe> Cu> Zn> Pb> Cd, the highest concentration
at stations 1, 3, 5. The order of metal concentrations in the U.
dasypoga was Fe>Zn>Cu>Pb>Cd. The highest concentrations
were found at stations 3, 6, and 7. Accumulated high enough
to indicate higher levels of pollution load in the atmosphere.

Based on Table 4, the highest accumulation of heavy metals
tended to be found at stations with high density. This suggests
that vehicles are the main source of heavy metals in urban

© 2018 The Authors.

areas. Fe and Zn metals are an essential component of alloy
pipe and wire on motor vehicles and released on the road due
to mechanical abrasion and wear (Abechi et al., 2010). The
fairly high of Fe uptake in F. caperata and U. dasypoga reflects
the presence of larger Fe metals in the air. Construction activi-
ties contain heavy metals Fe because most road construction
materials are iron (Dam-o, 2015) while Zn is emitted from car
tires and worn brake pads (Aras et al., 2011).

Pb metal uptake in both lichen samples increased in com-
parison with controls even though the Pb metal content on fuel
oil has been banned, Pb absorption indicated the availability of
Pb in Palembang City air that is sourced from anthropogenic
activity. In stations with high traffic densities Pb tended to
increase, (5.092 ug/g) in F. caperata and (3.614 ug /g) on U.
dasypoga. The relatively heavy traflic conditions by cars are the
main cause of the high Pb (Kar et al., 2013). Cd was found in
the lowest concentrations of all metals measured. Cd is a metal
that is toxic to plants, in some previous studies, Cd associated
with motor vehicles (Uluozlu et al., 2007) released by catalytic
converter and flue gas (Aras et al., 2011). The concentration
of Cd in this study was in accordance with a study conducted
by Saiki et al. (Saiki et al., 2013) Cd metal concentrations in
urban areas tend to be lower compared to the other metals.

Cu metal concentrations were not much different from con-
trol lichens, but at some stations showed a fairly high increase.
The Cu source on the highway is derived from the corrosion
of metal components on the car (Uluozlu et al., 2007), asphalt
and brake wear are main source of Cu emissions (Winther and
Slentg, 2010). Abah et al. (Abah, 2014 ) found significant in-
creases in Cu concentrations at some road construction sites
in Namibia City. Although this concentration is still below the
threshold value but enough to prove that construction activity
is a potential source.

The interesting thing here was the concentration of Fe metal

Page 125 of 129



Mirawati et. al.

Science and Technology Indonesia, 3 (2018) 123-129

Table 3. Temperature, humidity and wind speed at transplant location and area control

Location of Transplantations
EnvironmentalFactors Station 1 ~ Station 2  Station 8  Station 4  Station 5  Station 6  Station 7 K. area
Average Temperature (°C) 32.7 32.1 31.4 31.1 32.8 32.8 35.3 18
Average Humidity (mm) 69.4 69.3 71.1 69.7 65.8 66.1 64.0 79
Average Wind elocity (m/s) 2.7 1.6 2.7 24 3.1 1.5 3.0 4

Table 4. Accumulation of heavy metals ug / g dry weight in moss samples of flavoparmelia caperata and Usnea filipendula

Station of Transsplantation

Lichen Control Station 1~ Station 2  Station 8 Station4  Station 5 Station 6  Station 7
Flavoparmelia caperata  Cd 0.035 0.110 0.037 0.106 0.056 0.075 0.061 0.057
Cu 3,314 3,952 5,573 11,442 5,809 6,064 3,556 3,429

Pb 1,965 3,965 3,317 5,092 2,645 3,441 2,239 4,159

Fe 27,067 45,605 37,612 34,938 44,147 47,489 23,912 39,912

Zn 3,605 8,480 6,687 6,570 7,464 9,163 4,428 7,061

Usnea filipendula Cd 0.027 0.027 0.062 0.064 0.069 0.0562 0.072 0.072
Cu 1,083 1,668 3,158 7,922 1,217 6,921 4,089 3,667

Pb  0.26319444 1,417 1,333 2,357 1,675 2,597 2,620 3,614

Fe 26,958 28,740 48,817 42,777 44,550 47,578 47,031 57,323

7Zn 3,766 4,702 7,209 6,888 7,387 8,424 8,133 11,002

Descripion: The highest concentrations of each heavy

in F. caperata at station 6 (23.912 ug / g) and metal Cd on U.
dasypoga at station 1 (0.027 ug/g). The accumulated levels are
both at the same level even lower than the control area. This
means that there was no increase in Cd in the transplanted
lichen or an increase but lost rinse when rain falls. Rain can
increase the absorption of elements by stimulating metabolism
(Nash and Gries, 1995) also reducing it by removing particles
from the surface of the talus (Brown and Brown, 1991). Lichen
is a low-grade plant that has no cuticle as a cell protector, ab-
sorbed nutrients and contaminants will be converted to cell
walls in crystalline form and when heavy rain will gradually be
washed to maintain balance (Sett and Kundu, 2016).

The concentration of the elements obtained in the analysis
of samples of F. caperata and U. dasypoga showed mixed results.
To compare the accumulated rate of transplanted samples used
the EC ratio scale (Frati et al., 2005). The value of EC Ratio
in both samples is shown in Table 5.

Based on EC values on both samples of lichen during 8
weeks of transplantations there were no cases of severe loss
(0<EC<0.25) and loss (0.25<EC<0.75). The normal conditions
(0.75<EC<1.25) were found in 11 cases, the accumulation
conditions (01.25<EC<1.75) were found in 18 cases and severe
accumulation conditions (EC>1.75) were found in 41 cases.

The rate of heavy metal accumulation in U. dasypoga was
higher than F. caperata. The sequence of accumulation rates on
F. caperata showed the greatest increase in Cd (2.05 times), con-
centration increase was also observed in 4 other heavy metals,
Cu (1.72 times), Pb (1.81 times), Zn (1.98 times), and Fe (1.44

© 2018 The Authors.

metal in both samples at each station were written in bold
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Figure 3. Comparison of the degree of heavy metal
accumulation on Flavoparmelia caperata with Usnea dasypoga

times). While at U. dasypoga, biggest increase seen in metal Pb
(5,89 times) followed by Cu (3,78 times), Cd (2,21 times), Zn
(2.04 times) and Fe (1.68 times). Differences of accumulation
level of heavy metals are influenced by the structure and shape
of morphology of the lichen (Garty, 2001), environmental
factors such as temperature and humidity (Coffey and Fahrig,
2012), and the availability of heavy metals in the environment.
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Table 5. The ratio of heavy metal accumulation to the exposed sample of the lichen was compared with the control sample at the

transplantation sites

ECratio Class ECratio Class ECratio Class Ecratio Class ECratio Class
Cd L/A Cu L/A Pb L/A Fe L/A 7n L/A
3.14 SA 1.19 N 2.02 SA 1.68 A 2.35 SA
1.06 N 1.68 A 1.69 A 1.39 A 1.85 SA
3.03 SA 3.45 SA 2.59 SA 1.29 A 1.82 SA
Fla'(}()parmglia Cal)grata 160 A 175 N 135 A 163 A 207 SA
2.14 SA 1.83 SA 1.75 A 1.75 A 2.54 SA
1.74 A 1.07 N 1.14 N 0.88 N 1.28 N
1.63 A 1.08 N 2.12 SA 147 A 1.96 SA
1.00 N 1.54 A 3.74 SA 1.07 N 1.25 N
2.30 SA 2.92 SA 3.52 SA 1.81 A 1.91 SA
2.87 SA 7.31 SA 6.22 SA 1.59 A 1.83 SA
Usnea filipendula 2.56 SA 1.12 N 442 SA 1.65 A 1.96 SA
1.93 SA 6.39 SA 6.85 SA 1.76  SA 2.24 SA
2.67 SA 3.78 SA 6.91 SA 1.74 A 2.16 SA
2.67 SA 3.40 SA 9.54 SA 2.13 SA 292 SA

Description: N = normal, A = accumulation, SA = Severe accumulation. The highest level on each station is indicated by the
number in bold.

5 54 E
10 10
]
54

20 & 20

Distance

Distance

25 25

30 30~

Falavoparmelia caperata Usnea filipendula

Figure 4. Cluster analysis of 7 transplantation stations in Kota
Palembang city and area control based on Flavoparmelia
caperata and Usnea filipendula metal content after 8 weeks of
transplantation with cophenetic correlation index 0.9407 and

0.8803.

Furthermore, heavy metal accumulation in both samples
was analyzed by Cluster analysis (CA) using distance measures
as a measure of inequality and paired group (UPGMA) as a
clustering algorithm (Mitrovic et al., 2012). Size of inequality
is used to see the difference of heavy metal accumulation at
each transplant station.

From the picture above shows on F. caperata dendrogram
formed 4 groups: (1) Area control; (2) station 6; (3) stations 2,
1, 5, 2, and 7; (4) station 8 whereas in U. filipendula formed 3
groups: (1) control area and station 1; (2) stations 2, 3, 4, 5, and
6; (3) Station 7. Based on dendrogram results in both samples,
area controls tended to be separated from other groups. It

© 2018 The Authors.

was as expected that the area selected as the control area was
far from air pollution and shows the least impact exposure to
heavy metals compared to urban areas.

The main factor that distinguishes the grouping of each sta-
tion in this study was the degree of heavy metal accumulation
at each station with different densities and vehicle types. This
indicated that the highway is the main source of heavy metals
accumulation. Research conducted by Huang et al. (IHuang
et al.,, 2017) in Singapore found the pattern of heavy metal
concentrations in different locations highly dependent on vehi-
cle density and distance from the highway. The same is shown
by Aslan et al. (Aslan et al., 2011) that the strong correlations
of heavy metal groups such as Fe, Mn, Zn, Cu, Cd, Se, Cr, Pb
and Ni as pollutants are sourced from motor vehicle emissions.

The results of this study indicated that the concentration
of heavy metals in the moss lichen samples at each station was
different and highly dependent on the density of the traffic. At
stations with high vehicle densities heavy metal accumulation
tended to be higher. The relationship between metal content
and traflic volume showed that metallic elements, emitted as
pollutants derived from vehicles and also industrial emissions
that spread (Kar et al., 2013). Furthermore, a recent study
conducted by Liu et al. (Liu et al., 2017) and Petrova et al.
(Petrova, 2015) found that anthropogenic and urban traffic
activities were a very important factor in increasing the accu-
mulation of metals such as Cd, Zn, Pb, Fe and Cr. The further
the distance from the highway accumulation of heavy metals is
getting lower.
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4. CONCLUSIONS

The results showed the success of lichen transplantation as an
air quality biomonitor in Palembang City. This research used
2 types of lichen, foliose and fruticose which have different
sensitivity. Variations in accumulated heavy metal concentra-
tions illustrated that both species of Flavoparmelia caperata and
Usnea filipendula are good accumulators of heavy metals Cd,
Cu, Pb, Fe, and Zn and were particularly suitable for air quality
biomonitors.

After 8 weeks of transplantation both samples showed an
increase in metal, reflected the presence of heavy metals in the
air. The order of heavy metals accumulated in Flavoparmelia
caperata: Fe > Cu > Zn > Pb > Cd and on Usnea filipendula:
Fe > 7Zn > Cu > Pb > Cd. Flavoparmelia caperata exhibits a
greater accumulation of capacity of heavy metals, but when
compared with Exposed to Control (EC) the rate of accumu-
lation of Usnea filipendula is higher than that on Flavoparmelia
caperata. Metal sources in Palembang City come from motor
vehicle emissions, road construction activities, and other local
anthropogenic activities / transplantation site characteristics.
The highest concentrations of heavy metals were found in sta-
tions with high traffic density. The dendrogram results showed
the proximity of Fe and Zn, Pb and Cd metals which indi-
cate the metal was from the same source. Likewise, transplant
stations with low density tended to form the same group.
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