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- Lichens are known as reliable bioaccumulators 
of inorganic and organic atmospheric 
pollutants.

- They are especially effective in trapping trace 
elements from the surrounding environment 

- It has been demonstrated that the 
concentrations of trace elements in lichen thalli 
are correlated with the environmental levels of 
these elements.



 

Incinerators and lichens
Bioaccumulation in native thalli 
of the lichen Flavoparmelia caperata
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Incinerators and lichens

Transplanted lichens (6 months - Evernia prunastri) and soil samples

Elements Cd Cr Cu Ni Pb Sb As Co V Tl Mn Hg

EF 1.05 0.7 2.01 0.38 1.42 0.94 0.26 0.1 0.33 0.75 0.03 15.37

Enrichment Factors = (XL/RL)/(XS/RS)



 

Landfilling and lichens
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Paoli et al. 2015. Waste Management 42: 67–73.

Landfilling and lichens



 

Landfilling and lichens
Assessment of physiological effects: stress signals were observed in lichens 
growing in front of the facility, i.e. discoloration, necrosis, membrane lipid 
peroxidation, lower ergosterol content, higher dehydrogenase activity, 
decreased photosynthetic efficiency, altered chlorophyll integrity and 
production of secondary metabolites.



 



Image D. Senko.

40 km NE 
of Bratislava 
(Slovakia)

Cement and lichens 

cement plant



Sources of pollution

dust

Atmospheric pollutants

A cement industry is a source of dust 
pollution, from quarrying and grinding of 
the raw material, kiln operations, 
transportation, packing and dispatch of the 
cement. Airborne pollutants related to 
combustion processes are also emitted, 
especially during kiln operations and power 
generation, including SO

2
, NO

x
, particulate 

matter, heavy metals and potentially 
dioxins and furans in case of waste burning.

Exhaust gases and dust released to the 
atmosphere from cement plants may 
degrade air quality and create considerable 
environmental pollution



 Ca content in native X. parietina 



 Ca content in transplanted E. prunastri 



Bioaccumulation: E. prunastri transplants 
Exposed to Control (EC) ratios indicated that the number of chemical elements with a 
significant accumulation in E. prunastri increased along with the duration of the exposure
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Traffic and lichens

Aprile et al., 2009. Environ Monit Assess
DOI 10.1007/s10661-009-0796-x 







 

Heavy metals in the lichen thallus may occur 
as...

- particles adsorbed on the cortex or within 
intercellular spaces; 

- ions bound to extracellular and intracellular 
exchange sites; 

- soluble intracellular ions. 
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the uptake of soluble cations may occur by means 
of passive reversible binding to anionic sites.
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The contemporary supply of 
positively charged elements may 
displace the original cations from 
their extracellular exchange sites

Cation exchange properties
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Single metal solution
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Concentrations in lichen thalli



Solutions
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MIX solution

[M++] 
single solution

÷
Estimating the loss...







Bioaccumulation data might result in an 
underestimation of some elemental levels 
measured in biomonitoring studies



Cпасибо!
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