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Abstract.  Starting with the middle of the twentieth century, the pollution of the environment with heavy metals became a problem 
of great importance. Due to the human activity the concentration of heavy metals in many areas exceeds the normal background 
levels. In this study lichens were used as biomonitors to assess the atmospheric pollution of heavy metals in the Hăşmaş Mountains 
(East Carpathians, Romania). The source of pollution consists of the untreated spoil banks of a non-ferrous metal mine near the vil-
lage Bălan. Concentration of Cd, Cu, Pb and Zn was determined in lichen and soil collected from ten sampling sites. The results 
show that the studied area is slightly contaminated with heavy metals. The highest concentration values were obtained at the 
Hăghimaşu-Mare peak, which is the most exposed site to the air pollution.  
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Introduction 
 
Industrial heavy metal pollution has become a serious envi-
ronmental problem all over the world in recent years. In the 
air heavy metals are transported adsorbed on the surface of 
tiny dust particles called particulate matter. Particles smaller 
than 2.5 µm in diameter cause the most severe toxicological 
problems, because they are enriched with the more volatile 
trace elements as Cd, Cu, Pb, Zn (Papp 2005). The particulate 
matter may reach the ground and vegetation through dry 
deposition (due to gravity) or through wet deposition (rain), 
may enter into their organism by respiration. It causes mor-
phological changes, metabolic disorders in plants and toxic 
symptoms in animals and humans (Kerényi 2006).  

Bioaccumulation of trace metals from atmospheric depo-
sition is currently evaluated by biomonitors, as lichens and 
mosses. Lichens are considered to be the result of a symbi-
otic association of a fungus and an alga. These organisms are 
perennial and maintain a uniform morphology over time 
(Conti & Cecchettib 2001).  

Lichens can be used as biomonitors of air pollution be-
cause they are highly dependent on atmospheric sources for 
mineral nutrition due to the lack of roots. The lack of cuticle 
facilitates the absorption of water and nutrients directly 
from the air, but the accumulation of toxic elements as well 
(Hawksworth & Honegger 1994, Nash 1996). They accumu-
late and store various materials without selectivity.  The ma-
jority of lichens is sensitive to pollutants in the environment 
and is capable to accumulate high amounts of heavy metals 
in polluted areas (Dzubaj et al. 2008, Godinho et al. 2008, 
Mendil et al. 2009, Monna et al. 2006, Rusu et al. 2006). 

The influence of the untreated spoil banks of a non-
ferrous metal mine near Bălan village over the vegetation of 
the Hăşmaş Mountain was studied using lichens as biomoni-
tors. The non-ferrous metal mine has been closed since 2007, 
but the spoil banks haven’t been treated yet, and the dust is 
transported by the wind, polluting the region. 

 
 
 
 
 

Materials and methods 
 

Study area 
The sampling area is part of the Cheile Bicazului – Hăşmaş National Park 
(Fig.1). The park is located in the Hăşmaş Mountains, situated in the cen-
tral group of East Carpathians, in the central-north-eastern region of Ro-
mania, in the zone of Harghita and Neamţ districts. The highest peak in 
the Hăşmaş Mountain is the Hăghimaşu-Mare peak, which has an alti-
tude of 1792 m. There are several massif rocks, and the studied area in-
cludes the Hăghimaşu-Mare, Piatra Singuratică and Ecem rocks. 

 

 
 

Figure 1.  Location of Cheile Bicazului – Hăşmaş National Park  
(http://cheilebicazului-hasmas.ro/ro/about.php) 

 
 

The Hăşmaş Mountain is made up of limestone. Its varied geomor-
phologic, pedologic and climactic elements determine the existence of a 
rich and diverse flora and fauna. The mountain slopes and parts of the 
rocks are coated with spruce forests and sub-alpine pastures. Many rare 
species can be seen here, among which are: Juniperus sabina, Ajuga pyrami-
dalis, Silene zawadzkii, Daphne cneorum, Nigritella rubra and Leontopodium 
alpinum (Edelweis). The fauna of the park is very rich in rare and endan-
gered species and also in other species characteristic for the mountain re-
gion: Vipera berus, Tichodroma muraria, Picoides tridactylus, Tetrao urogallus, 
Rupicapra rupicapra, Ursus arctos and Lynx lynx. 

 

Lichen and soil sampling 
In November 2008, thalli of the lichen Pseudevernia furfuracea, the most 
common lichen species in the region, were collected from 10 sampling 
sites (Table 1). The sampling sites were chosen in order to compare the 
regions which are the most and the least subjected to pollution (Fig. 2).  

The first two sites are located in the spruce forest, at low altitudes, in 
the valley of the Fierarilor stream. Site number 3, La Pânda, is a promi-
nent rock, which looks to the valley and is exposed to the effect of the 
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wind. The Ecem Peak, the Piatra Singuratică and the Hăghimaşu-Mare 
(site numbers 4, 5, 6) are the highest peaks of the Hăşmaş Mountains. 
They are uncovered, without forests and are the windiest parts of the re-
gion. The Poiana Albă and the Oii Stream (site numbers 7, 8) are moun-
tain pastures at high altitudes, on the opposite site of the ridge. The last 
two sites (Lacul Roşu and Cheile Bicazului) are in the valley of Bicaz 
stream, on the other side of the Hăşmaş Mountains.  

 
Table 1.  Sampling sites from the studied area. 

 

Site 
number Site name Geographical coordinates 

1 Spruce forest 1 40°39’50.3”N, 25°48’55.3”E 
2 Spruce forest 2 46°40’27.7”N, 25°49’09.3”E 
3 La Pânda 46°40’29.5”N, 25°49’43.7”E 
4 Ecem Peak 46°40’27.1”N, 25°50’20.7”E 
5 Piatra Singuratică 46°41’01.3”N, 25°49’27.8”E 
6 Hăghimaşu-Mare 46°42’14.7”N, 25°48’15.8”E 
7 Poiana Albă 46°43’20.3”N, 25°48’06.2”E 
8 Oii Stream  46°44’45.3”N, 25°47’20.4”E 
9 Lacul Roşu  46°47’16.2”N, 25°47’16.0”E 

10 Cheile Bicazului 46°48’17.9”N, 25°48’29.2”E 
 

 

 
 

Figure 2.  Location of the sampling sites. 
 
 
All samples were collected from trunks of Norway spruce (Picea 

abies) at height of 1–1.5 m above ground level. From each sampling sites 
soil samples were also collected from 0–2 cm depth. The thalli were rinsed 
with double distilled water, dried at 60 °C, grinded and meshed. The soil 
samples were dried at 60 °C, grinded and meshed. The samples were 
stored in polyethylene bottles. 

The samples were digested at atmospheric pressure in round-bottom 
flasks in a week after sampling: 8 ml of concentrated HNO3 was added to 
0.5 g dry lichen as well as 1 g soil. The solutions were boiled for eight 
hours; 2 ml concentrated H2O2 was added twice or three times to the 

samples.  After digestion the pH of the solutions was adjusted to 0.5 with 
concentrated NH3 and the solutions were diluted with double distilled 
water to 50 ml. The addition of ammonia is needed since in acidic solu-
tions with pH below 0.5 the voltammetric determination of zinc is not 
possible (Buzica et al. 2006). A blank with the same procedure was also 
prepared. 

 

Procedure 
Heavy metals (Cd, Cu, Pb, Zn) were determined with polarographic 
method, using a VA Computrace 797 (Metrohm) voltammeter. The ionic 
strength was adjusted with 3 M KCl. Acetate buffer was used to adjust the 
pH at 4.6. The quantitative analysis was performed with the standard ad-
dition method in two steps. The samples were analyzed two times, and 
mean values were used as results.   

 
 

Results and discussion 
 

The concentrations of heavy metals in lichen and soil are 
given in Table 2 and 3. The concentrations of each metal 
were calculated taking into account the values obtained for 
the blank. The confidential intervals are given at a signifi-
cance level of p = 0.05. The heavy metal concentrations were 
found to be higher in the soil. However more elevated con-
centration values were obtained in the sample sites charac-
terized with a high exposure to the wind and air pollution 
for lichens and soils as well. 

In many sample sites the Cd, Pb and Zn concentrations 
in the soil exceed the normal background levels, but do not 
exceed the pollution limit values (Table. 3). The mean values 
calculated for the sites characterized with the highest expo-
sure (samples no.: 4, 5, 6, 7) are as follows: 1.75 μg.g-1 for Cd, 
10.67 μg.g-1 for Cu, 56.15 μg.g-1 for Pb and 175.26 μg.g-1 for 
Zn. These values show exceeds of concentration of 1.75 times 
for Cd and Zn, 2.8 times for Pb to the normal background 
levels. Comparing the values with others obtained in three 
areas in Romania very strongly polluted with heavy metals 
caused by non-ferrous ore extraction and processing indus-
try (Lăcătuşu 2008, Lăcătuşu et al. 2009) it can be said that 
the pollution in the Hăşmaş Mountains is moderate, rather a 
contamination than a pollution, but which should not be ne-
glected.   

In the case of Cd and Pb the variation of the concentra-
tion in the lichen and soil is quite the same, which is not the 
case of Cu and Zn (Fig. 3). The variation of the Cu concentra-
tion in the lichen and soil is the same only in the sampling 
sites 4, 5, 6, 7. These are the most exposed sites to the wind 
and air pollution. The similar variation of the metal concen-
trations in soil and lichen shows clearly that the source of the 
metals is the dust carried by the wind. The dust is accumu-
lated by the lichen, and it is washed out from the air by wet 
or dry deposition upon the vegetation and soil.  

Lichens with significantly high concentrations of heavy 
metals are those collected from the sample site number 6, the 
Hăghimaşu-Mare peak. This region is expected to be the 
most vulnerable part of the studied area, because it is the 
highest peak, the mostly uncovered with forests and ex-
posed to the air pollution.  

Sample sites number 9 and 10 are very far from the pol-
lution source, in the valley of Bicaz stream. The higher val-
ues of Cd, Pb in the soil could be explained with the traffic, 
because these sites are intersected with roads. However in li-
chens Cd could not be determined and the Pb concentration 
is low.  
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Table 2.  The concentration of heavy metals in lichen. 
 

Site number Cd (μg.g-1) Cu (μg.g-1) Pb (μg.g-1) Zn (μg.g-1) 
1 0.02 ± 0.01 1.91 ± 0.15 4.28 ± 0.15 29.20 ± 0.95 
2 0.03 ± 0.01 0.42 ± 0.16 5.18 ± 0.20 20.70 ± 1.95 
3 0.05 ± 0.01 1.07 ± 0.21 8.08 ± 0.05 28.40 ± 1.10 
4 0.20 ± 0.01 2.57 ± 0.10 4.23 ± 0.05 26.45 ± 0.45 
5 0.12 ± 0.01 1.26 ± 0.10 4.08 ± 0.05 19.30 ± 0.30 
6 0.17 ± 0.03 6.51 ± 0.24 13.73 ± 0.50 84.45 ± 4.80 
7 0.15 ± 0.01 2.25 ± 0.05 4.43 ± 0.10 30.15 ± 0.75 
8 0.03 ± 0.01 1.13 ± 0.01 1.23 ± 0.05 14.65 ± 0.80 
9 < 0.01 1.60 ± 0.06 0.83 ± 0.05 8.00 ± 0.35 
10 < 0.01 4.40 ± 0.16 2.78 ± 0.15 16.00 ± 0.75 

 
 

Table 3.  The concentration of heavy metals in the soil. 
 

Site number Cd (μg.g-1) Cu (μg.g-1) Pb (μg.g-1) Zn (μg.g-1) 
1 0.77 ± 0.19 17.69 ± 1.19 25.65 ± 0.39 165.75 ± 3.00 
2 0.61 ± 0.15 24.32 ± 0.27 33.47 ± 0.84 146.20 ± 17.45 
3 0.83 ± 0.01 6.75 ± 0.11 54.39 ± 5.52 92.75 ± 1.55 
4 1.90 ± 0.08 14.85 ± 0.81 63.57 ± 3.66 105.40 ± 3.45 
5 1.50 ± 0.04 6.97 ± 0.47 61.82 ± 2.72 164.70 ± 7.15 
6 1.66 ± 0.04 14.13 ± 0.51 44.7 ± 12.5 188.15 ± 4.75 
7 1.93 ± 0.01 11.94 ± 0.06 62.28 ± 1.46 242.80 ± 4.60 
8 0.25 ± 0.01 18.83 ± 0.61 28.11 ± 0.85 69.40 ± 1.80 
9 0.64 ± 0.03 5.55 ± 0.10 21.88 ± 0.43 126.05 ± 4.35 
10 1.55 ± 0.05 7.44 ± 0.29 40.92 ± 2.91 69.20 ± 3.45 

Background 
levels 1 20 20 100 

Pollution limit 
value B 5 250 250 700 

 
 

 
 

Figure 3.  The heavy metal concentration of lichen and soil in the studied area 
 
 

Conclusions 
 
The study showed that the Hăşmaş Mountains are contami-
nated with heavy metals carried by the wind from the spoil 
banks of the non-ferrous metal mine near Bălan. The heavy 
metal concentrations exceed the normal background levels 

in the wind-exposed sites. The mostly contaminated area is 
the Hăghimaşu-Mare peak.  

Similar variation of heavy metal concentrations in lichen 
and soil can be observed in the sampling sites most exposed 
to the air pollution. Since the soil samples were collected 
from the ground level not deeper than 2 cm, it shows obvi-
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ously that the main source of the studied heavy metals in 
soil and lichen is the atmospheric pollution.   

This assessment of the heavy metal content in lichen and 
soil in the Hăşmaş Mountains is a preliminary study. Ac-
cording to the results of the present study, extended re-
searches are needed in order to gain a better knowledge of 
the air polluting effect of the spoil banks at Bălan. 
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