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Abstract 

The dissertation contributes to the As mobility at the naturally contaminated site of Mokrsko gold 

deposit in Central Czech Republic. The primary goal of the dissertation is to fill some gaps in previous 

research carried out at the study site in order to contribute to the quantitative biogeochemical model of As 

in the bedrock-groundwater-soil-surface water system.  

In the first part, the previous research related to As environmental issues at the study site has been 

reviewed, discussed and evaluated. These include detail information on (i) the extent of natural As 

contamination in bedrock and soil, (ii) the extent of As contamination in groundwater, (iii) the primary 

and secondary As mineralogy in bedrock and soil, (iv) the chemical speciation of As in soil and (v) the 

leaching experiments of the gold ore. 

In the second part, the mineralogical and chemical speciation of As in soil, in stream and fishpond 

sediments and dissolved As concentrations in waters have been studied to determine the processes that 

lead to release of As into solution and control its concentration under different redox conditions at the 

Mokrsko gold deposit. The highest dissolved As was found in groundwater (more than 1000 g L-1), 

which mostly represents a redox transition zone where both sulphide minerals and Fe oxyhydroxides are 

not stable. The groundwater level elevation and/or variations of microbial activity are responsible for the 

variations of redox potential in this zone, which is related to reductive dissolution of host Fe 

oxyhydroxides and secondary arsenate minerals, followed by release of soluble As. Some shallow 

subsurface environments with high organic matter around the gold deposit are characterized by very 

reduced conditions that evidenced formation of Fe(II) sulphides with adsorbed and/or coprecipitated As. 

Dissolved As concentration at equilibrium with sulphide under the reduced conditions is lower than those 

in transition zone, and is less than 100 g L-1. Under oxic conditions, arsenate minerals are undersaturated 

and release As into the solution which is characterized by As concentration from 300 to 450 g L-1 in the 

stream and fishpond waters. A general biogeochemical model of As derived from our field observations 

and analytical data shows complicated behaviour of As at the solid phase-solution interface in 

contaminated soils and sediments, affected by a number of biological and geochemical processes. 

In the third part, monthly monitoring of stream waters for the period of two years was combined 

with thermodynamic modelling and detailed mineralogical-geochemical observation of stream sediments. 

Hydrobiogeochemical processes regulating seasonal variation of dissolved As and other elements (Zn, Pb, 

Cu, Mo, Sb) were identified in two stream waters within the Čelina-Mokrsko gold district. Concentrations 

of metal cations (Zn, Pb, Cu) increased between 150% and 330% from summer-autumn minimum values 

to maximum values at winter-spring as pH and temperature decreased. In contrast, concentrations of 

metal and metalloid oxyanions (As, Mo, Sb) revealed opposite seasonal pattern with increase between 

120% and 190% at summer-autumn. While the seasonal variations of As, Mo and Sb are the result of 

microbially mediated Mn and/or Fe redox reactions, seasonal variation of Zn, Pb and Cu are rather 

controlled by pH- and/or temperature-driven adsorption processes on inorganic substances such as Fe and 

Mn oxyhydroxides that are abundant in both streams. The results of single extractions indicate that 
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majority of elements, with the decreasing order of abundance As>Cu>Sb>Zn>Mo≈Pb, were bonded to 

reducible phases, which is consistent with mineralogical and geochemical observations in stream 

sediments. 

In the fourth part, weathering mass balance of As and rates of weathering in regolith have been 

evaluated from monitored inputs and outputs in two small watersheds located within the Čelina-Mokrsko 

gold district. Annual chemical weathering fluxes of As have been calculated from the monthly weighted 

means of stream water and groundwater, and were corrected for atmospheric precipitation, agrochemical 

inputs and biological uptake. The input of As due to total weathering of bedrock was estimated to be 1369 

g ha-1yr-1 in the Mokrsko watershed (MW) and 81 g ha-1yr-1 in the Čelina watershed (CW). These results 

indicate that the annual weathering rate of As in the watersheds represents more than 95% of the total As 

input to the regolith. Accumulation rate of As in the soil was estimated at 311 g ha-1yr-1 in MW and 69 g 

ha-1yr-1 in CW. The results of mass balance method in both watersheds suggest that weathering could be 

the most important process in the biogeochemical cycle of As in the areas with elevated As content in the 

bedrock. While the method presented is too simple to provide exact quantitative values of As mobility in 

the bedrock-water-soil-biomass system, our results indicate that it is highly promising in evaluation and 

estimation of the mass balance of As in regolith with both natural and anthropogenic inputs and outputs 

of As.  


