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Industrialization, urbanization, and intensification of agriculture are the main causes of increased levels of pollution in 

the environment [1]. Among pollution heavy metals and polycyclic aromatic hydrocarbons (PAHs) are recognized as one of 

the wider distributed worldwide. Their excessive accumulation in soils may pose a potential risk of contamination of 

cultivated plants and human health risks. One of the most effective ways to maintain ensure adequate soil functionality and 

soil fertility, limiting the possibility of uptaken harmful compounds by plants is to provide enough soil organic matter, or 

soil organic carbon pools, in the soil [2]. It was also reported that the application of zeolite can be an effective soil amendment 

in the soil remediation process [3]. 

The aim of the study was to evaluate the effect of mineral-organic mixtures on 1) accumulation of heavy metals (Pb, Zn, 

Cd in plants and soils 2) accumulation of PAHs in plants and soils 3) changes in the activity of dehydrogenase (DhA) in soils 

4) changes in the content of organic carbon and black carbon in soils. The experiment included six different objects: two 

reference: C – soil without fertilization; MF – soil with NPK mineral fertilization, and four treatments with addition of  NaX-

Ver3%Leo3% (3% of zeolite-vermiculite composite and 3% of leonardite); NaX-Ver9%Leo6% (9% of zeolite-vermiculite 

composite and 6% of leonardite); NaX-C3%Leo3% (3% of zeolite-carbon composite and 3% of leonardite); NaX-

C9%Leo6% (9% of zeolite-carbon composite and 6% of leonardite). The pot experiment was conducted in the vegetation 

hall of the University of Agriculture on soil classified as loamy sand. After maize cultivation (variety of Kosynier), the 

following laboratory analysis were conducted in the soil and plant materials: determination of the content of Zn, Cd, and Pb 

in soils and plants using inductively coupled plasma optical emission spectrometry, extraction of PAHs by Soxtec method 

and the separation of PAHs using an Agilent Technologies 7890A gas chromatograph coupled with an Agilent 5975C, 

determination of the activity of dehydrogenase, determination of organic carbon and black carbon content. 

It was found that both type and dose of the applied mineral-organic mixture had an effect on the growth of maize plants 

and the accumulation of heavy metals and PAHs in plants and soils. Among applied fertilization, the highest biomass of 

maize was determined for MF fertilization, however, for this treatment, the highest accumulation of heavy metals and PAHs 

was also observed. The application of zeolite-carbon composite resulted in the highest decrease of accumulation of heavy 

metals and PAHs in straws and seeds in comparison to MF. It was found that all applied fertilizers have no significant effect 

on accumulation of Cd in grains, however the highest concentration of Zn was observed for the application of zeolite-carbon 

composite with 6% of leonardite. In tested soils, there was a strong correlation between the content of organic carbon and 

the total concentration of PAHs in soils (0.91), and strong correlation between the content of organic carbon and DhA (0.73).  

In conclusion, the zeolite-carbon composite applied with addition of leonardite (especially NaX-C9%Leo6%) could be 

an effective additive to fertilizers, minimalizing the accumulation of heavy metals and PAHs in maize cultivated on the 

polluted soils.  
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