
I. Summary 
 

Environmental contamination with trace elements, including heavy metals, poses a 

toxicological hazard to plants, animals, and humans. Although some of these elements are 

microelements required for the proper function of the organism, they can become toxic in 

excessive amounts. Furthermore, such metals as lead, cadmium, or mercury are only toxic 

elements whose presence in the organism contributes to disruption of metabolic processes. 

Therefore, it is extremely important to identify the main sources of heavy metals for humans 

and to determine the impact of environmental pollution on the penetration and accumulation of 

trace elements in crop plants. Such an assessment should only be carried out with the use of 

reliable and precise analytical techniques characterised by appropriate reproducibility and 

sensitivity as well as a high level of specificity. 

The aim of the dissertation was to optimise the sample preparation and elemental analysis 

procedures and to assess the impact of environmental contamination associated with mining 

and processing of metal ores on the accumulation of heavy metals in two medicinal plants - 

Betula pendula and Plantago lanceolata. The following specific study objectives were 

achieved: 

1. Development of a protocol for mineralisation and preparation of plant and soil samples 

for trace analysis  

2. Optimisation and comparison of the suitability of two main analytical techniques: ASA 

and ICP for analysis of environmental soil and plant samples 

3. Determination of the effect of anthropogenic point sources of contamination with heavy 

metals on their content in selected medicinal plant raw materials 

4. Evaluation of the level of bioaccumulation of heavy metals and the degree of 

contamination of medicinal plants collected in areas subjected to high anthropogenic 

transformations  

In the experimental work, the sample preparation methods were based on mineralisation of the 

material with the use of various oxidising mixtures, and the process was supported with 

microwave energy (TOPWave) or heating (DigiPREP MS). The “trace” levels of the elements 

were determined with the use of the two most common atomic methods: radiation absorption 

HR-CS-AAS (high-resolution atomic absorption spectrometer with a continuous radiation 



source ContrAA700) and radiation emission HR ICP-OES (high-resolution emission 

spectrometer with plasma excitation - PlasmaQuant PQ 9100). 

Summary and conclusions: 

1) The procedure of mineralisation of the soil and plant samples with the use of an 

oxidising mixture based on concentrated nitric acid, hydrogen peroxide, and deionised 

water was optimised for the microwave mineralisation and heating block procedures. 

Both methods of sample preparation in the optimised conditions proved to be effective, 

as confirmed by the analysis of reference material. However, due to the greater capacity, 

the heating block procedure in the following conditions was selected for further 

analyses:  

a) a temperature of 120°C, duration of 160 minutes, and a mixture of 2 ml of 

concentrated nitric acid, 1 ml of hydrogen peroxide, and 2 ml of deionised water 

turned out to be optimal for reconstitution of the plant material samples  

b) a temperature of 125°C, duration of 180 minutes, and a mixture of 2.5 ml of 

concentrated nitric acid and 2.5 ml of deionised water for the soil sample  

2) To determine the elements contained in the samples, the ICP-OES and AAS methods 

were optimised with the use of 2 types of atomisation approaches: the flame and graphite 

cuvette techniques. ICP-OES proved to be the optimal technique in terms of elemental 

analysis of the soil and plant samples. It was used for determination of the content of 

Ca, Mg, K, Zn, Fe, Cu, Cd, Ag, Cr, Mn, Pb, Ni, and As in the plant and soil samples. 

The effectiveness of the optimised method was verified through analyses of the content 

of these elements in 5 reference materials of plant origin, which showed high 

compliance with the reference values at a 95% confidence interval. 

3) The heavy metal content determined in the plant raw materials collected from the 

contaminated sites exceeded the permissible standards for herbs specified by the World 

Health Organisation and Polish legislation. 

4) The high correlation between the presence of heavy metals in soil and the accumulation 

in P. lanceolata indicates a potential role of this species as an environmental 

bioindicator of the degree of contamination and availability of metals in soil. 

5) The heavy metal content in birch leaves collected near the zinc and lead smelter 

indicates a high degree of adsorption of airborne dusts on the leaf surface. This suggests 

the suitability of this species in air phytoremediation in urbanised, industrial, and mining 

areas. 


