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Summary 

The study of biogeochemical cycle of rare earth elements (REE) carried out in the Lesní potok 

catchment and its vicinity (located in the Nature State Reserve, Voděradské bučiny, 30 km SE 

of Prague) was focused on the monitoring of REE concentrations and distribution patterns in 

natural environment, their relationship with other analysed elements and compounds such as 

Al, Ca, Fe, K, Mg, Mn, Na, P, S, Si, F-, Cl-, NO3
- SO4

2-, HCO3
- and organic carbon, and its 

response to physicochemical conditions in various investigated ecosystem compartments. 

The samples of soil, stream sediment, stream and ground water, rainwater and throughfall in 

beech and spruce forest, samples of tree assimilatory organs, bark and stem wood of Norway 

spruce (Picea abies) and European beech (Fagus sylvatica) and lichens (Hypogymnia 

physodes) were collected in the catchment and its vicinity. 

Liquid samples were acidified with dilute nitric acid to prevent losses by adsorption, and 

filtered using a 0.45 µm membrane filter. Stream water samples sampled in months 

characterized by low and high discharge were processed by ion exchange chromatography 

and membrane dialyses. Solid samples were dried to constant weight (and sieved and 

homogenized in case of soil stream sediment samples) and decomposed in the microwave 

oven with a mixture of HF and HNO3 acids. Selected soil samples were subject of sequential 

extraction. 

The REE concentrations were determined by quadrupole-based inductively coupled plasma-

mass spectrometry using the PlasmaQuad (VG Elemental). The concentrations of Al, Ca, Fe, 

K, Mg, Mn, Na, P, S, and Si were determined with an IRIS Intrepid II XPS inductively 

coupled plasma optical emission spectrometer. The F- concentrations were analysed using the 

ion selective electrode. The Cl-, NO3
- and SO4

2- were determined by high pressure liquid 

chromatogramy (Shimadzu LC-6A). The HCO3
- concentrations were analysed by titration. 

Total and dissolved organic carbon was determined by organic carbon analyser (Tekmar-

Dohrmann Apollo). 

The main factors affecting the REE concentrations in soil were the depth in the soil profile, 

pH of the soil and the content of clay fraction. 

The REE concentrations in the stream water were correlated with organic carbon 

concentrations, which strongly depended on the temperature. Speciation computations 
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suggested that in the warm season, when the organic matter content in the stream water 

growths and the declining discharge cause the pH increase and Eh decrease, the REE are 

mainly complexed by the humic substances. 

The REE concentrations in the groundwater were predominantly influenced by the infiltration 

of the precipitation water through the soil into the groundwater accompanied by the decrease 

of the ground water pH. The lowering pH resulted in the desorption of the REE associated 

with mineral particles and organic matter and the ground water REE concentrations increased.  

The main source of REE in precipitation water was most likely the leaching or dissolution of 

mineral dust particles originating from the local bedrock. Higher REE concentrations in 

throughfall were identified to be just the result of the wash-out of dry deposition and REE 

were not susceptible to foliar leaching in the throughfall. 

The overall comparison of investigated vegetation species showed that the highest 

concentrations of REEs and some other elements (Al, Fe) were found in lichens, while typical 

nutrients prevailed in tree vegetation. The REE concentrations in stem wood were 

significantly lower compared to those in tree assimilatory organs and bark, in which the REE 

atmospheric deposition contributed to the total REE concentrations. However atmospheric 

deposition was not the only source of REE in tree assimilatory organs and bark, REE were 

found to bioaccumulate in vegetation, although at a much smaller rate than the essential 

elements K, Mn, P, Mg and Ca. 

Markedly positive mass balances of REE in Lesní potok catchment reflected the low mobility 

of these elements. The input of REE by weathering substantially exceeded the input of REE 

by atmospheric deposition and outputs by surface and subsurface discharge. The biological 

fixation of REE was minor compared to other mass fluxes. 
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