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Abstract  
The paper presents the preliminary results obtained in a study aimed to assess the 
level of air pollution with heavy metals in urban areas by means of using bio-
indicators. The tests were carried out in one of the most polluted cities in western 
Romania, using as bio-indicators corticolous lichens collected from seven 
representative sites for air quality in the city. The assessment level of air pollution 
with heavy metals (Cd, Ni, Pb, Cu, Mn, Zn, Cr) was based on the effect that their 
presence could induce on lichens. Thus, two methods were used for the 
quantification of the effect such as: a) IAP method, variation in diversity and 
abundance - calculation of the value of Index of Atmospheric Purity, IAP and b) 
determining the content of heavy metals in the lichen thalli, respectively. 
Classification of air quality from the seven sampling sites in pollution classes (low 
pollution, moderate pollution, high pollution and very high pollution) was based on 
the statistical tests for correlation between the metal concentration in the air and the 
specific parameters for the two evaluation methods (the IAP index value for the first 
method and the metals concentration in the lichen thalli for the second method). The 
tests results revealed a differentiated air quality in the seven sites, also indicating the 
method of biomonitoring with corticolous lichens as a viable option for assessing the 
air quality in polluted areas with heavy metals.  
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Introduction  
Lichens are organisms resulting from the symbiosis of a green algae or a 
cyanobacteria and a fungus. They are a very widespread group of plants around the 
world, growing on any substrate (wood, earth, trees, stones, rocks, etc.) and under 
the most unfavourable conditions, so they were named "pioneers of vegetation". 
Air pollution from urban centres and around them reaches concentrations that are 
large enough to have a damaging effect on vascular plants. 
Lichens accumulate very efficiently minerals and pollutants, they grow slowly and 
live for a long time and, therefore, can accumulate large amounts of toxic substances 
over a long period of time while other types of plants usually remove large areas of 
loaded leaves with toxins every year (Johnson 1979). 
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When they are hydrated, lichens absorb nutrients and contaminants all over the 
surface. During dehydration, nutrients and many contaminants, concentrate by 
absorbing on cell walls, inside cellular organisms, or crystallize before cells 
(Nieober et al 1978).  
Characterization of the chemical composition of atmospheric deposits is relevant for 
the assessment of ambient air quality by providing information on the origin of 
atmospheric pollutants (natural or anthropogenic), regional and long-distance 
transport, and impacts on ecosystems (Petrescu et al 2017). Traffic arteries are 
known to be contaminated with heavy metals emitted by the exhaust gases of motor 
vehicles after combustion of fuels. It is well known that pollution of the natural 
environment with heavy metals is an universal problem because these metals are not 
biodegradable and many of them have toxic effects on micro and macro organisms 
and implicitly on human health (Kim et al 2017).  
The current study aimed to quantify heavy metals in the atmosphere by 
unconventional methods (use of corticolous lichens) other than those already 
existing. Our study was conducted in July 2017. 
 
Materials and Methods  
Study area 
The study area of the present paper was Timisoara, one of the largest cities in 
Romania, located in the Western Plain. According to the 2011 census, the city has 
319,279 inhabitants and an area of 130.5 km2 (National Institute of Statistics 2017), 
being the third largest city in Romania. This makes Timisoara an important 
industrial centre which also leads to considerable pollution level of the environment 
with various compounds. In addition to industrial pollution, the urban agglomeration 
contributes to an augmentation of pollution with heavy metals resulting from mainly 
by heavy traffic, which is a growing problem in large and crowded cities in 
Romania. 
Seven sampling sites were selected at a distance of ~2-3 km from each other on the 
N-S axis as a study area (Figure 1). The influence of the road traffic on the 
lichenological flora and the degree of accumulation of heavy metals in thallus were 
considered. Sites 1 and 2 were not directly influenced by road traffic, sites 4 and 5 
indicated a medium traffic, sites 3 and 6 were characterized by heavy traffic, and site 
7 highlighted very heavy traffic. 

 
Figure 1. Satellite view of the study area – Timisoara and the seven sampling sites. 
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In order to compare the heavy metals concentrations in lichen species harvested 
from Timisoara with reference values from unpolluted areas, a control sample was 
used: a lichen sample was collected from a forest area located at 70 km northeast of 
Timisoara (Figure 2). This area was considered as one with low pollution.  
 

 
Figure 2. Satellite view of the control sample area. 
 
Index of Atmospheric Purity (IAP) 
In July 2017, for each site, lichens were sampled from 2-4 trees with a distance of at 
least 100 m. The identification of lichen species and the quantification of individuals 
of each species was carried out on an imaginary surface of 20x20 cm metric scale, 
across the entire circumference of the tree at 1-1.5 m from the ground. This distance 
from the ground was used to avoid the influence of soil and precipitation water that 
washed the road and came to the bottom of the trees. After this procedure, the 
lichens were inserted into plastic bags and transferred to the laboratory to determine 
the existing species. 
Based on the number of individuals of each species on each studied tree, a scale of 
measurement of the coverage abundance was proposed by us, starting from the scale 
proposed by Braun-Blanquet (Stringer & Stringer 1974): 2= 1-10 individuals, 3= 
11-20 individuals, 4= 21-40 individuals, 5= 41-70 individuals, 6= 71-100 
individuals. 
The degree of atmospheric pollution of each site was determined using the formula 
of Index of Atmospheric Purity (IAP) proposed by LeBlanc and DeSloover (1970) 
                                                  IAP = Σ(Q x F)/10                                                  (1)                                                                                                                                                                                
where”Q” is the association index for each species and ”F” represents the sum of the 
abundance values for each species, according to the used scale. 
The "Q" value for each species represents the sum of the species in each site where 
the species are found and the resulting amount is divided by the number of sites 
where the species referred to were present.  
The number of individuals of crustose thalli species were could not be identified and      
thus, the values for "F" were based on visual appreciation. 
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Determining the accumulation of heavy metals in the lichen thalli 
Additional analysis of the abiotic factors affecting the lichenological communities 
was necessary to identify the stress related to the decrease of lichen biodiversity. For 
this reason, a spectrophotometric analysis was carried out to determine the content 
of heavy metals in the lichen thalli (Cd, Ni, Pb, Cu, Mn, Zn, Cr). For this, the lichen 
thallus was thoroughly washed with distilled water and dried in the oven at 105°C 
(Labtech, South Korea) to determine the dry matter. From 0.25 to 0.50 g dry tissue 
was weighed and calcined at 550°C (Daihan Labtech CO-LTD, South Korea). The 
ash was digested with a mixture of HCl + HNO3 3:1 (aqua regia). The crucible was 
washed three times with 3 ml of HCl 1:1. The solutions to take over the residue and 
the solutions for washing were filtered through paper Sartorius filter papers 2-206 
FT and quantitative moved in 25 ml flasks (rated baloon). They were filled to the 
mark with the HCl 1:1. Determination of metals was carried out with a 
spectrophotometer Avanta AAS type (GBC Scientific Equipment Pty Ltd, 
Australia). 
 
Results and Discussion 
The values of the Index of Atmospheric Purity for each site, were presented in 
Figure 3. Low IAP values indicated areas with high atmospheric pollution, and high 
IAP values indicated areas with improved air quality. 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. IAP values for each site from Timisoara in July 2017. 
 
The different values of the IAP were used to divide the study area into 4 sub-zones 
as follows: zone I includes sites with IAP values between 0-5 (very high pollution); 
zone II= 6-10 (high pollution); zone III= 11-20 (moderate pollution) and zone IV= 
21-30 (low pollution). Table 1 showed the results of IAP values at each site and the 
corresponding pollution degree. 

 
Table 1. The grading of sites in the pollution sub-zones, based on IAP values 

 
Sub-zone 

I (very high 
pollution) 

II (high 
pollution) 

III (moderate 
pollution) 

IV (low 
pollution) 

Site 3, 6, 7 4, 5 1 2 

 
Moreover, the total amount of heavy metals determined in lichen thallus for each 
site were presented in Table 2.  
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Table 2. Quantitative results of heavy metals detected in lichen thallus from the 7 
sites from Timisoara 

Site Total amount 
[mg/kg d.m.] 

Concentrations of heavy metals [mg/kg d.m.] 
Ni Zn Mn Cu Pb Cd Cr 

Site 1 
Site 2 
Site 3 
Site 4 
Site 5 
Site 6 
Site 7 

Control 
sample 

175 
151 
314 
317 
149 
205 
469 
159 

3.50 
4.00 
3.90 
9.50 
6.00 
3.60 
9.00 
1.60 

115 
87.1 
210 
218 
74.8 
103 
296 
47.7 

34.6 
37.5 
79.6 
66.5 
46.5 
69.8 
77.0 
97.0 

15.3 
21.3 
15.2 
22.2 
16.9 
17.2 
83.2 
3.60 

6.60 
1.00 
5.00 
0.500 
4.80 
11.1 
4.00 
8.22 

<0.11 
<0.11 
<0.11 
<0.11 
<0.11 
<0.11 
<0.11 
<0.11 

<0.13 
<0.13 
<0.13 
<0.13 
<0.13 
<0.13 
<0.13 
<0.13 

d.m.=dry matter 
 
Table 2 indicate that Zn, Mn and Cu were found in the largest proportion in the 
lichen thalli. The presence of zinc in the control site may be explained by the use of 
fungicides and fertilizers containing Zn in the forest boundary area. In addition, the 
presence of Zn in the urban areas might be a consequence of cars evacuation and tire 
wear. The large amount of Cu in the urban environment was also an effect of diesel 
and unleaded gasoline, these being the main sources of atmospheric Cu. The use of 
Cu-containing products, such as fungicides in agriculture could be a possible source 
of Cu in lichens in the control site.  
Manganese is an abundant element in the lithosphere, and the appearance of this 
element in the lichen thalli was derived at least partially from the upper layer of 
wind-blown soil. Besides of this natural contamination, the presence of manganese 
in high concentrations may also be caused by the abrasion of motor vehicles, due to 
the fact that they release heavy metal particles into the atmosphere (Affum 2008).  
Lead was described as a major toxic metal that causes multiple effects on human 
health such as adrenal insufficiency, cardiovascular disease, hypertension, 
Parkinson's disease etc. (Goyer & Clarkson 2001), so it is very important to know 
the level of lead in the atmosphere, and lichens can give indications of the presence 
of this element in the atmosphere. Lichens are highly efficient Pb-accumulation 
through aerosols, leakage of metal particles or acid rain (Cervantes et al 2008).  
The values obtained for nickel were compared to those reported by Loppi (Loppi et 
al 1994) for the centre of Italy. He reports values between 1.19 and 4.59 µg/g d.m. 
which are similar to those determined by us. 
Cadmium and chromium had values below the detection limit of the method.  
It was evident, however, that besides the anthropogenic sources heavy metal 
contamination, their presence in lichens was also determined, at least partially, by 
natural causes, and this was confirmed by the presence of heavy metals in the 
control sample. 
 
Considering the total amount of metals detected in the lichen thalli, it was possible 
to divide the study area into 4 sub-zones with different degrees of atmospheric 
pollution (Table 3). Zone I= 100-200 mg/kg d.m. (low pollution); Zone II= 201-300 
mg/kg d.m. (moderate pollution); Zone III= 301-400 mg/kg d.m. (high pollution); 
Zone IV= ≥401 mg/kg d.m. (very high pollution). 
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Table 3. The grading of sites in the pollution sub-zones, based of heavy metals 
amount 

 
Sub-zone I (low pollution) II (moderate 

pollution) 
III (high 

pollution) 
IV (very high 

pollution) 

Site 1, 2, 5, 
control sample 6 3, 4 7 

 
Correlation of the two methods presented with reference values in the air 
In order to achieve the study goal represented by the correlation of corticolous 
lichens results with the intensity of air pollution measured from fraction PM10 of 
the particles in suspension, the National Environmental Protection Agency (NEPA) 
public database was used. In Timis County, there were six automatic stations, out of 
which four in Timisoara. The quantification of heavy metals (only lead and nickel) 
was done in three stations: TM1, TM2 and TM5. The analysis measured at the three 
automatic stations as well as the lichen analysis for all sampling points, was noted a 
good overlapping. Each sampling site was located near an automatic station: TM 1 
station (Timisoara South) - site 3; site 4; site 5; TM 2 station (Timisoara Center) - 
site 1; site 2; TM 5 station (Timisoara North) - site 6; site 7. 
No mathematical relationship was established between the air quality determined by 
the instrumental analysis and the two methods analysed in the present study, 
therefore a conventional air quality assessment scale was introduced taking into 
account the average annual values for 2017 from National Environmental Protection 
Agency database: TM 1 - increased intensity; TM 2 - medium intensity; TM 5 - low 
intensity. 
The correlation between the results of air quality surveillance network and the 
grading of sites according to heavy metals concentration, as well as IAP was 
presented in Table 4. 

 
Table 4. Correlation between the classification of the pollution level according to 

heavy metal concentrations and indicator IAP and NEPA database 
 

Harvesting 
area 

Grading according to 
heavy metals in the thallus 

Grading according to 
IAP values 

Grading according to 
NEPA network 

Site 1 
Site 2 
Site 3 
Site 4 
Site 5 
Site 6 
Site 7 

Low pollution 
Low pollution 
High pollution 
High pollution 
Low pollution 

Moderate pollution 
Very high pollution 

Moderate pollution 
Low pollution 

Very high pollution 
High pollution 
High pollution 

Very high pollution 
Very high pollution 

Medium intensity 
Medium intensity 
Increased intensity 
Increased intensity 
Increased intensity 

Low intensity 
Low intensity 

 
The three harvesting areas in the south of the municipality (site 3, site 4, site 5), and 
the sites in the central area (site 1 and site 2), an acceptable correlation was 
observed. For the other two sites it was not possible to make a accurate correlation, 
based on the frames presented above, because these areas do not present a constant 
and uniform pollution, these areas being influenced mainly by the road traffic. The 
area located in the south of the city was likely to have a constant pollution, but 
considering the ability of lichens to accumulate and store heavy metals over several 
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years, this bio-indicators might be used as warning system in air pollution 
assessment studies. 
 
Conclusions 
In the present study, the intensity of air pollution was assessed in seven sampling 
sites located on the north-south axis of Timisoara. Both the Index of Atmospheric 
Purity and the metals concentrations in the lichen thallus were calculated, based on 
which, an evaluation scale was made by 4 levels of pollution intensity (low, 
moderate, high and very high pollution).  
The highest quantities of heavy metals were recorded in heavy and very heavy 
traffic areas, and the lowest values were presented in the areas that were not directly 
affected by road traffic. The heavy metals with the highest concentrations detected 
in the thallus were zinc, copper and manganese. The presence of these metals was 
mostly caused by road traffic, which signals the existence of a growing problem for 
highly developed cities from Romania.  
Some of the study results were correlated with the National Environmental 
Protection Agency data, about heavy metals detected in the air (lead and nickel). The 
experiments carried out in the present study, lead to the conclusion that the 
analytical experiments, both the heavy metal detection method and the method using 
the IAP indicator, could be used as low cost alternatives for assessing air pollution 
in areas with constant pollution. Moreover, using the IAP indicator, heavy metal 
pollution can be determined through the mathematical formula based on species 
abundance, the formula that does not involve any chemical analysis.   
Therefore, the experimental study validated the fact that lichens were good 
bioindicators of heavy metals in the air, and they can be used for the identification of 
heavy metals in the air samples. 
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