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Relationships between soil properties and characteristics of water repellent Technosols containing
Pliocene clays, coal and ash from Maritsa-East lignite coal basin in Bulgaria, South-East Europe
were studied during the summer period of 2017 and compared with the data from the spring season.
Non-vegetated, pine-afforested and tuff-vegetated spoils were investigated for the depths of 0-20
cm where water repellency was the highest. The water drop penetration time (WDPT) varied
between 8-11636 s and acidity between pH 3-4. Principle Component Analysis (PCA) and cluster
analysis revealed that four principle components were identified with eigenvalue > 1, describing 86
% of the total variability. The first component explained 42 % of the total variance and was loaded
by cation exchange capacity (CEC), total organic carbon (TOC), humified organic carbon (HOC)
and sand content. The second component (19.7 %) was loaded by cation exchange capacity (CEC)
and electrical conductivity (EC), the third (14.3 %) by fulvic organic carbon (FOC), mineral
nitrogen (Nmin) and water drop penetration time (WDPT) and the fourth (10 %) by dissolved
organic carbon (DOC) and Nmin. Cluster analysis revealed similar results. Major cation
composition during the summer exhibited a clear decrease in concentration, as compared to the
spring period which correlates with a simultaneous decrease in heavy metal concentrations.
Concentrations of sulfates and chlorides also decreased during the summer period, while those of
phosphates and nitrates slightly increased. The reasons for the lower concentrations of heavy metals
are due to specific sorption and lack of enough moisture, although direct correlation between the
summer concentrations of labile metals and WDPTs was not found. During the spring season higher
proportions of metals are ion-exchangeably sorbed due to non-specific sorption and significant
correlation between WDPT and labile concentrations was established.
Heavy metal species (Visual Minteq) in the soil solution during the summer season varied in a
narrower range and although the trends and proportions between them did not change significantly,
the shares of established predominant species were lower than those registered during the spring
season. The majority of heavy metal species were represented by more labile free ions (M2+) and
neutral sulfate complexes (MSO4 aq0). The most abundant species were 52.6-55.6 % Zn2+,
52.8-57.8 % PbSO4(aq), 58.3-60.4 % Co2+, 49.8-52.8 % Cd2+, 56.5-60 % Ni2+, 60.8-63.2 %
Mn2+, 53-55.3 % Fe2+, 44-53.4 % Cu2+ and 66.3-69.3 % AlSO4+. Contrary to spring, significant
relationship between DOC and WDPT was not established during summer most probably due to the
higher inertness of soil organic matter.
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