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Introduction 
Since many years the lichens have been proposed as biomonitors in studies related to the 
atmospheric pollution of metals and trace elements. The specific ability of absorbing and 
accumulating this type of pollutants from the air, their longevity and resistance to the environmental 
stresses, make lichens suitable for studies on air quality assessment. 
In this work, a preliminary investigation employing epiphytic lichens and Instrumental Neutron 
Activation Analysis (INAA) was carried out to evaluate the trace elements (TE) distribution in 
different areas of an Alpine region in north Italy characterized by the presence of many wool 
industrial settlements. 
Air particulate matter and soils samples were collected and analyzed for the determination of more 
than 25 TE. These results gave information on the actual concentrations in ng/m3 of the TE in the air 
and allowed the determination of their Enrichment Factors (EFs) calculated from the analysis of the 
soils and normalized using the concentration of scandium as reference natural element. In the same 
site, different epiphytic lichens and surrounding soils samples were collected too and, following the 
same procedure, analyzed for the determination of the trace elements and for the calculation of the 
corresponding EFs. The comparison between the EFs obtained from the air particulate and the 
lichens made it possible: 
•  verifying if both series of samples (air particulate and lichens) could give similar EFs values 

for those elements considered of anthropic origin. 
•  having information about the bioaccumulation ability of the different lichen species for these 

pollutant elements 
•  selecting the lichen species that could be used as monitors for the area under investigation. 

Most of the elements have been determined by INAA, while all lead and cadmium measurements 
were carried out by Electrothermal Atomic Absorption Spectroscopy (ET-AAS). This last technique 
was also used, in some cases, for nickel and copper determination. 
The second part of this work it’s an application of the method followed in the first part. It shows the 
results of the analysis of different species of lichens collected in high altitude remote areas for the 
determination of  trace elements (TE) concentrations and the corresponding EFs. 
The data have been obtained from the analysis of Himalayan lichens collected in different areas at 
different altitude of the Khumbu valley in the Sagarmatha National Park (Nepal). A specific study 
for the evaluation of the origin of the trace elements through Enrichment Factors, was carried out. 
To this purpose, samples of soils, collected in the same areas of the lichens, were also analyzed. The 
data were also compared with those of Alpine lichens collected in the Gran Paradiso National Park 
(Italy). 
 
Materials and Methods 
Sampling 
The investigated area is located in the northern pre-Alps region (500 m s.l.) in the district of Biella 
(Piedmont-Italy) where the Italian wool industry (more than 40 factories) is concentrated. All lichen 
samples were collected during the winter 1998-99. The samples collection points were chosen in 



dependence of the dislocation of the industrial settlements, the territory conformation and the 
predominant winds direction.  
Airborne particulate matter was collected onto 0.8 μm cellulose filters (PALL) of 4.7 cm diameter 
by pump aspiration (Zambelli s.r.l. Bareggio, Italy) with a collection rate of 18 L/m for 48 h at 2 m 
height from the ground. Six different samplings were performed (site 1) during  working days of the 
winter (December 98 - March 1999). In each sampling site different species of epiphytic lichens 
such as Parmelia caperata, Physcia tenella, Pseudevernia furfuracea, Cladonia parasitica, 
Parmelia sulcata have been collected (pools of at least 18 samples each species) from the bark of 
trees at a height of about 1.5 m from the ground. In the same sampling points, 4 samples of about 50 
g of superficial (3 cm depth) neighboring soil were also collected.  
 

Table 1 – Sagarmata National Park. Sampling points  and lichens description. 
 

Sampling points Altitude (m) Locality Lichen Genus 
1 1350 Katmandu Parmotrema 

Parmotrema 2 2700 Benkar Hypotrachyna 
Usnea 

Heterodermia 
Hypotrachyna 3 3200 Namche 

Hypogymnia 
Hypotrachyna 

Usnea 4 3850 Tyangboche 
Heterodermia 

Usnea 5 4150 Shomare Hypotrachyna 
Hypogymnia 6 5090 Pyramid CNR Umbilicaria 

7 5200 Highest point Alectoria 
 
Table 2 – Gran Paradiso National Park. Sampling points and lichens description. 

 
Sampling points Altitude (m) Locality Lichen Genus 

Hypygymnia 
Pseudevernia 1 1975 Pont 

Usnea 
Hypygymnia 

Letharia 
Pseudevernia 2 2010 Pont 

Usnea 
Pseudevernia 3 2015 Pont Usnea 
Hypygymnia 

Letharia 
Pseudevernia 4 2030 Pont 

Usnea 
Hypygymnia 5 1740 Right riverside Pseudevernia 

Letharia 
Pseudevernia 6 1895 Right riverside

Usnea 
Letharia 

Pseudevernia 7 2100 Right riverside
Usnea 

Letharia 
Pseudevernia 8 2270 Right riverside

Usnea 



The samples of Sagarmatha National Park (Nepal) were collected on the way from Katmandu (1350 
m) to the CNR research pyramid (5050 m) up to 5200 m following the Kumbu valley. The samples 
of Gran Paradiso National Park (Italy) were collected in Val Savarenche in Valle d'Aosta region. 
From 1975 to 2270 m. Tables 1 and 2 reports the corresponding sampling sites and the lichens 
genus collected. 
Samples preparation 
All the lichens were submitted to stereoscopic microscope for their classification and 
biomorphological investigation. During this procedure the lichens were cleaned from the residues of 
the bark substrates and other extraneous materials. Next, lichens were dried onto P2O5 and 
subsampled by collecting, under microscope and with plastic tweezers, homogeneous parts of the 
thallus that were weighed (about 200 mg each sample) and sealed in plastic containers for the TE 
determination. The soil samples collected in each point were mixed, dried in oven at 105 C°, 
grounded in agate mortar, sieved (about 50 mesh) and three replicate amounts of about 100 mg each 
were submitted to analysis. 
Analyses and standards 
INAA was used for the determination of most of the trace elements, while ETAAS was used for all 
lead and cadmium determination and, in some cases, for the determination of nickel and copper. 
The TRIGA MarkII (General Atomic - USA) research nuclear reactor of the University of Pavia 
was used for the neutron irradiations. 
ETAAS - The analysis were carried out by a SHIMADZU AA 660 (Shimadzu–Italia, Milan, Italy). 
The samples were dissolved in high pressure Teflon® lined bombs with conc. HNO3 and conc. HF 
(3:1). In the case of soil samples, equal parts of HNO3 and HF were used. Quality control of the 
analytical procedures was carried out by analyzing, with the same procedures adopted for the 
samples, the standard reference materials SRM Peach Leaves 1547, SRM Apple Leaves 1515 from 
NIST (USA) and CRM Lichen 482 from BCR (EU). 
 
Results and Discussion 
Enrichment Factor (EF)  
The EF of an element gives information on its anthropic origin and can be calculated by the 
following equation: 
EF = Cx/Cn (ambient): Cx/Cn (background) 
where Cx is the concentration of the X element whose enrichment is to be determined and Cn is the 
concentration of the normalizing element assumed to be uniquely characteristic of the background.  
In our case the ambient consists of samples of air particulate matter or lichens while the background 
consists of samples of the surrounding soils. 
Using scandium as normalizing reference crustal element and the data obtained from the analysis of 
the air particulate matter and the soil samples, the EFs values of more than 30 elements have been 
calculated in the airborne particulate 
The following elements: W, Se, Mo, Co, Cu, Cr, V, Cd, As, Pb, Ni, Sb and Br present EFs values 
significantly greater than 1, therefore they may be considered released in the air from anthropic 
activities. The same EFs calculation procedure was applied also to 4 different species of lichens 
collected. The EFs trends of the air particulate matter and those of two analyzed lichens have been 
compared as reported in the Fig.1 
The EFs trends of almost all the anthropogenic elements are quite similar, while, in all the lichens, 
the EFs values of elements such as Rb, K, Mn and Mg are higher. This can be explained 
considering the typical elemental composition of the lichens where these natural constituents are  
biologically enriched. The EF trends (comparable with those of the air particulate matter) together 
with its local variance suggested the use of the Parmelia caperata as the most representative 
biomonitor for these elements in the area of interest. 
 
 



Fig.1 - Comparison between the trace element EF of air particulate matter and of Parmelia 
caperata and Physcia tenella collected in an Alpine region of Northern Italy 
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The lichens
among the different areas but it could not give information about the actual amounts of pollutants 
present in the air. To evaluate the degree of air pollution, the determination of 28 TE was performed 
in the collected air particulate matter. 
Only Ni and V show concentrations si
associated to the oil combustion processes mainly used in the wool and textile factories. 
 
A
Lichens, of fo
Himalaya region and lichens collected in Val Savarenche in the north-west Italian alps in November 
1999, have been investigated as biomonitors for trace metals atmospheric pollution. The study 
furnishes a preliminary data bank on  the concentrations of more than 20 elements determined in the 
thallus corresponding to the last year of growth. By the analysis of the elemental concentration of 
the local soils the Enrichment Factors of many trace elements have been also calculated using 
scandium as normalizing elements. The results of the EF values of  Pb,Cu, Zn, Cd, As, Sb and Br, 
suggest that these elements may derive not only from the local soils but also, by long transport 
phenomena, from other natural and/or anthropogenic sources.  
The graphics reported in Fig. 2 shows a comparison of the EF
Alpine lichens, the elements whit an EF values significantly greater than 1 and that may be 
considered of non local origin are almost the same. The Gran Paradiso values are generally higher.  
For those elements with high EF values, the EF have been plotted versus the altitude in m of the
sampling points. 
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Fig. 2 Comparison between trace elements EF of Himalayan and Alpine lichens 

 
 
 The Himalayan EF values (Fig.3) shows a sensible decrease with the altitude up to about 4000 m , 
and a subsequent slight increase at higher altitude .It may be thought that part of these elements are 
associated to the finest airborne particles and can be subjected to long transport phenomena in the 
higher tropospheric stratus. For the Gran Paradiso lichens (Fig.4) this behavior cannot be noticed. 
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Fig. 3 Trace elements EF trends in Himalayan foliose lichen vs altitude in m 

 
 
 
 



 
 
 

Fig. 4 Trace elements EF trends in  Alpine foliose lichen vs altitude in m 
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Conclusions 
The combined use of biomonitors and neutron activation analysis is very effective for the evaluation 
of the trace element distribution from the atmospheric pollution. This study is only a small evidence 
of the potentiality offered by the INAA in the research fields related to trace elements 
determination. At present, no other analytical technique can offer the same suitable performance in 
carrying out, for example, multielement analysis at ppb (part per billion) levels on few micrograms 
of dust or  few milligrams of lichens thallus. 
This work was mainly based in establishing a procedure for the use of lichens as biomonitors for the 
evaluation of the TE atmospheric pollution in a selected area. The main points of the proposed 
method can be summarized as following: 
1. the analysis of the air particulate matter gives information on the elemental composition and on 

the actual concentration in ng/m3 of the major pollutant elements in the local air. 
2. the analysis of the soils allows the calculation of the EFs which give information about the 

presence of anthropic and/or non local elements. 
3. the determination of the same TE in different lichen species and the comparison of the resulting  

EFs can give important information for the choice of the most suitable lichen to be sampled and 
used as bio-monitor; 

4. if sufficient number of samples are collected, the data obtained from the analyses can be 
submitted to statistical evaluation and combined with local information (winds trajectory, 
topographic and meteorological characteristics, industrial settlements...). 
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