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Abstract. Three representative areas (two in the range of the Buhovo mine and one near the village of Katina) located in Western 
Bulgaria and a part of the Balkan Mountains uranium deposit were sampled between 2015 and 2016. Physical and chemical 
parameters of the soil, such as moisture content, temperature, pH, organic matter, and texture, were measured at three differently 
polluted sites on the territory of the mines and three distant enough to be used as control sites. The data of the gamma radioactivity 
of the mine sampling sites were stated. The species that were mainly presented in all sampling sites are endogeic - Aporrectodea rosea 
(Savigny, 1826), Octolasion lacteum (Örley, 1881), and epigeic - Eisenia fetida (Savigny, 1826), which is used as the most widespread 
earthworm model in all ecotoxicological studies. All three species are tolerant to aggravated soil conditions, and their occurrence 
can be a result of intensive anthropogenic mining practices. The cluster analysis of the data showed higher similarity between the 
sampling sites at the territories of the mines compared to the control ones. The PCA ordination diagram indicated that the gamma 
radiation, which characterizes the radioactive load, separated the affected from the control sites. This factor has played a key role in 
shaping the habitat conditions for the earthworm communities. 
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Introduction 
 
Earthworms are considered ecosystems engineers that 
comprise the largest macrofauna biomass in most soils 
(Lavelle et al. 2004) and stimulate the soil organic matter 
turnover, nutrient release, and plant growth (Lavelle & 
Spain 2001). Lumbricids feed and live in the soil, so their 
communities and abundances are determined by soil 
properties and environmental conditions (Curry 1998). Any 
management practices applied to soils will likely affect 
earthworm density and diversity. These effects are primarily 
a result of changes in soil temperature, soil moisture, and 
organic matter quantity or quality (Hendrix 1998, Hendrix & 
Edwards 2004). A well-developed earthworm community in 
the soil is regarded as an indicator of good soil conditions 
(Wever et al. 2001). 

The soil properties considerably impact soil ecotoxicity 
and heavy metals uptake by earthworms and influence their 
activities. Earthworms are permanently exposed to soil 
contaminants via their skin (dermal uptake pathway) and 
digestive tract (intestinal uptake pathway), and they are 
considered indicator organisms of soil quality. Heavy metals 
(HMs) pollution may disturb soil ecosystems by affecting the 
structure of soil earthworm communities. A generally 
observed pattern is that the communities lose their diversity 
with the increasing pollution, like HMs. This is because the 
abundance of most species decreases, although some species 
may survive even in the most polluted sites (Vandecasteele 
et al. 2004, Rahtkens & von der Trenck 2007). Among soil 
invertebrates, earthworms are the most suitable biological 
indicators of radioactive pollution since they are parts of 
food chains, occur in relatively high numbers, and can be 
collected for almost the whole year (Krivolutzkii 1987). 
Monitoring studies of the earthworm fauna about soil 
properties and site characteristics conducted by many 
authors (Bouche 1972, Nordstrom & Rundgren 1974, 

Mascato et al. 1987, Irmler 1999, Rombke et al. 2005, Suthar 
2008) have revealed the habitat preferences and 
requirements of different earthworm species, which can be 
used as ecological indicators of soil contamination. 

Some published data are referring the effects of two 
abandоned uranium mines located in South-Western 
Bulgaria (Eleshnitsa & Senokos) on the earthworm 
communities (Bogoev et al. 2010, Tsekova & Bogoev 2010, 
Tsekova & Sakelarieva 2020). However, there is only a little 
information about the impacts of the activities in the region 
of Buhovo uranium mines on the earthworms (Tsekova & 
Lozev 2017). 

The study aimed to assess the impact of the long-term 
soil contamination on the earthworm communities in two 
regions affected by the uranium mining activities in Western 
Bulgaria (Buhovo and Katina).  

 
 

Materials and Methods 
 
Study areas 
Two of the study areas are in the region of the Buhovo uranium 
mine, and one is in the “Iskra” mine, both located in the Western 
part of the Balkan Mountains, Western Bulgaria. Buhovo uranium 
deposits have an old аlpine origin. They are situated at the altitude 
of approximately 700 - 800 m.a.s.l., between the towns of Buhovo 
and Seslavtsi on the southern slopes of the Western Balkan 
Mountains. 

Uranium mine "Iskra" is located next to the village of Katina and 
the town of Novi Iskar, about 15 km north of the city of Sofia. It 
operated as an opencast mine between 1956 and 1962 and used “in 
situ” technology from 1985 until 1992. In 2000, a technical liquidation 
began, including aboveground (dismantling of equipment; 
demolition of buildings and decontamination; disposal of 
radioactive waste) and underground activities (sealing of the mine 
with two concrete walls) that lasted until 2008 and ended with the 
planting of various shrub species.  

Previous research clearly shows that the soils in the region of 
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Buhovo and “Iskra” uranium mines are heavily contaminated with 
radioactive elements and heavy metals (Table 1) (Bojkov 2007, 
Arhangelova et al. 2010, Nikolova 2020). 
 
 
Table 1. Measured gamma activity of some nuclides at the sampling 

sites. 
 

   

НМВ 
(m) 

gamma 
phon 
(nSv) 

238 U / 
(Bq/kg) 

232 Th / 
(Bq/kg) 

MB mine  
Buhovo 

695 1250 3940 770 
CB control site  n d  n d n d  n d  
MK mine  

Katina 
n d  350 745 54 

CK control site  n d  n d  n d  n d  
MS mine  

Seslavtsi 
831 58 11452 1200 

CS control site  n d  n d n d  n d  
 
 
Sampling sites 
The sampling took place at six sites in May and October 2015, and 
2016. Four of the sites were in the Buhovo mine area – two sampling 
sites: the border between the new and the old tailing dams (MB) and 
a control site (CB) were located near the village of Buhovo, and two 
other sites: Quarry 82 (MS) and a control site (CS) were near the 
village of Seslavtsi. Sites MB and MS were chosen in places with 
higher levels of radionuclides in the soil, according to the research of 
Arhangelova et al. (2010). Two more sampling sites were located in 
the village of Katina sampling area: one on the territory of the 
“Iskra” mine (MK) and a control site near the village of Katina (CK). 
The control sites were located within 3-5 km of the mines. 
 
Soil parameters 
At each sampling site, three subsamples were randomly taken with a 
soil probe (500 g each) from the soil surface layer (10 cm in depth) 
and were mixed into a representative sample for further analysis. All 
samples were marked and transported in plastic bags. In the 
laboratory, the samples were dried, sieved (2 mm), stored at room 
temperature, and analyzed within five days after sampling. 

Soil temperature (T) was recorded in situ at each site at a depth 
of 10 cm. The soil pH was measured potentiometrically (HANNA 
pH meter) in distilled water solution (1:5; soil: water). The 
gravimetric water content was determined by drying the soil 
samples at 105°C for 24 h. The soils were then combusted at 550°C 
for a minimum of 3 h to determine the organic matter content (OM) 
as loss-on-ignition. Soil texture was determined by the method of 
Bowman and Hutka (2002). The analysis was made in the 
laboratories of Sofia University “St. Kliment Ohridski” and the 
Institute of soil science, agro-technologies, and plant protection 
“Nikola Poushkarov”. 
 
Earthworm sampling and identification 
The samples were taken according to the procedure described in ISO 
18589-2 to collect undisturbed soil samples using a uniform 
approach. An approximate depth of 25 cm was chosen. The 
specimens were collected by digging and hand sorting the 0.25x0.25 
m blocks and turning over rocks, debris, and logs. At each sampling 
site, five subsamples were collected while walking in a zigzag 
pattern. The worm materials were combined into one representative 
sample and were put in paper bags (collectors). The collectors were 
placed separately, labeled, and transported to the laboratory. The 
earthworms were cleaned, killed in 70% ethanol, fixed in 4% 
formalin solution, and stored in 90% ethanol. 

The identification and nomenclature of taxa were made in the 
laboratories of Sofia University and the University of Kragujevac 
(Serbia) by R. Tsekova and M. Stojanovic, according to Šapkarev 
(1978), Zicsi (1982), Mršić (1991), Csuzdi & Zicsi (2003), and 
Blakemore (2008).  

Statistical Data Processing 
Cluster analysis (Bray-Curtis method, Primer 6) was performed to 
demonstrate the similarity of the species composition between the 
sampling sites. РСА was applied through Canoco 5 to illustrate the 
ordination distribution of the significant environmental factors 
which affect the sites.  
 
 
Results 
 
Soil parameters 
The soils at the Buhovo mine and control sites have been 
classified as clay loam soils and at Seslavtsi and Katina 
sampling sites (“Iskra” mine and control site) - as loam to 
sandy loam soils. 

The soil moisture values at Buhovo and Seslavtsi vary 
between 17 % and 27 %. There was a large difference 
between the soil moisture content at the “Iskra” mine and 
Katina control site with min and max values of 12.11 % (Oct 
2016, at the territory of the mine) and 42.75 % (Oct 2015 at 
the control site) respectively. The water content in the soils at 
the Katina control site was much higher than at all other 
sites (Fig. 1). 
 
 

 
 

Figure 1. Soil moisture (%) at all sampling sites (2015-2016). 
 
 

The pH values fluctuated within narrow limits – from 6.7 
(Buhovo mine, Oct 2016) to 7.47 (Katina control site, May 
2015). The soils at the Buhovo mine and control sites were 
slightly acidic, with average values of 6.9 at the control site 
and 6.84 at the territory of the mine. Slightly alkaline soil pH 
values were measured at Seslavtsi sampling sites (from 7.07, 
Oct 2016 to 7.23, Oct 2015). Neutral or very close to neutral 
pH values were measured at Katina sites, except for the 
control site in 2015. There was a tendency to lower the pH 
values at Buhovo and Seslavtsi mine sites from May 2015 to 
October 2016 (Fig. 2). 

Buhovo mine sampling site has the lowest content of OM 
– only 1.8 % on average, and the Katina control site has the 
highest content – 5.7 % on average. The lowest values of OM 
content were recorded at the Buhovo mine in May 2015 
(1.1%) and the highest at the Katina control site in October 
2016 (6.5 %). The content of OM at the Buhovo control site, 
Seslavtsi mine, and “Iskra mine” was between 3.3 % and 3.6 
%. The values for Seslavtsi and Katina control sites varied 
between 5.2 % and 5.7 %, respectively. Generally, the OM 
content in the territories of the mines is lower than the one at 
the control sites (Fig. 3). 
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The average temperature value during the study period 
was 12.9°C, varying from 11.15°C to 15.7°C. In both years, 
higher temperatures were measured in May – with an 
average value of 12.4°C. The average temperature in October 
(2015 and 2016) was 11.2°C. The minimum value was 
recorded in October 2016 – at 10.12°C at the Buhovo control 
site and the maximum in May 2016 – at 13.05°C at the 
“Iskra” mine sampling site (Fig. 4). 

 

 
 

Figure. 2. Values of pH at all sampling sites (2015-2016). 
 
 

 
 

Figure. 3. Organic matter content (%) at all sampling sites (2015-
2016). 

 
 

 
 

Figure. 4. Temperature (°C) measured at all sampling sites (2015-
2016). 

 
 
Earthworm communities 

Species composition and total abundance 
Seven earthworm species (Aporrectodea rosea, A. 

caliginosa, Eisenia fetida, Octolasion lacteum, Lumbricus rubellus, 
L. terrestris, L. meliboues) belonging to four genera of the 

Lumbricidae family were identified during the study. 
Species represent 14% of all registered species in Bulgaria 
and have no conservation value. 

The number of identified species is equal at the mine and 
corresponding control sites (Buhovo and Katina) or higher at 
the mine sampling site (Seslavtsi). The number of collected 
individuals is always higher at the control sites (Fig. 5 a & b). 

Three species were found at all sampling sites (endogeic 
A. rosea, O. lacteum, and epigeic – E. fetida), and they were 
the only members of the earthworm communities at the 
Buhovo mine and control sites. One more species, L. 
rubellus, was recorded at Katina sampling sites. All seven 
species were registered at the Seslavtsi mine site, and two of 
them, A. caliginosa and L. meliboues, were not found at the 
control site. 

 
Total community and population densities 
The density of earthworm communities ranged from 160 
(Buhovo mine, May 2015) to 784 (Katina control site, October 
2016) ind/m2. The community densities were consistently 
higher at the control than the mine sites. This parameter had 
higher values in all autumn samples (Fig. 6). 

At all sampling sites, A. rosea, O. lacteum, and E. fetida 
have higher densities than the other species (Fig. 7). Two of 
the species, A. caliginosa and L. meliboues, were present, with 
only four individuals each for the whole study period. 

 
Statistical Data Processing 
A more remarkable similarity between radioactively loaded 
sites than their controls was observed (Fig. 8). The sites 
located in the Buhovo area are grouped in one subcluster. 
Nevertheless, a differentiated division into two subgroups is 
observed. The first one is from all the sampling sites located 
in the Buhovo mine, where the highest gamma radiation 
values were registered, and the second one – is from the 
control site of Buhovo. 

 
 

a  

b  
 

Figure. 5. Number of species (a) and total abundance 
(b) at all sampling sites (2015-2016). 
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PCA ordination demonstrated that the first axis 
explained nearly 97% of the data variation, and it 
corresponded to the values of gamma radiation (Fig. 9). The 
parameter that characterizes the radioactive load forms a 
gradient that separates the affected (MS, MB, and MK) from 
the control sites (CS, CB, and CK). The rest measured 
environmental factors (organic matter, moisture, substrate 
type) were important at the control sites where 
anthropogenic pressure was not registered (left part of the 
diagram). 
 
 
 

 
 

Figure. 6. Community densities (ind/m2) at all sampling sites (2015-
2016). 

 
 
 

 
 

Figure. 7. Species population densities (ind/m2) at all sampling sites 
(2015-2016). 

 
 
 

 
 

Figure 8. Clustering of the sampling sites according to the similarity 
in the species composition (2015-2016). 

 
 Axis 1 Axis 2 Axis 3 Axis 4 
Eigen values 0.9669 0.0211 0.0072 0.0036 
Explained variation (cumulative) 96.69 98.80 99.53 99.88 

 

Figure 9. PCA of the study sites distribution and the main 
environmental factors (2015-2016). 

 
 
Discussion 
 
The soil properties such as soil moisture, pH, OM content, 
and temperature are suggested as the major regulatory 
factors for earthworms' occurrence, distribution, and 
diversity (Tischer 2008, Dey & Chaudhuri 2014).  

The differences between the soil water content at the 
Katina control site and all the other sites can reflect the 
spatial specialty of the sample site. 

Studies (Edward & Lofty 1977, Turgay et al. 2011) have 
shown that some earthworm species are often less abundant 
in soils with low pH. The total abundance of the earthworm 
communities is lower in the territory of the Buhovo mine, 
where the min values of pH were measured. Lower pH 
values may correspond to no organic inputs (Creamer et al. 
2007). Van Gestel et al. (2011) reported that HMs uptake by 
earthworms is affected by soil pH, with the highest uptake 
levels occurring at a pH up to 4. However, it is unknown if 
earthworms physiologically cannot tolerate low pH or if 
soils with low pH lack the nutrients necessary for 
earthworm survival. 

Usually, anthropogenic management impacts 
lumbricids, yet little is known about how the mining 
activities interact with the earthworm abundance and OM 
dynamics. According to some authors (Van Straalen et al. 
2001), metal concentrations in soils are often negatively 
correlated with the OM content. That can explain why it is 
always lower at the territories of the mines than at the 
control sites. Nannoni et al. 2011 reported that organic 
matter is the main food source for earthworms and 
consequently represents an important source of heavy 
metals, which are later absorbed in the gut. It has been 
reported that the gut microbiota of the worms was found to 
exhibit strong metals tolerance and binding abilities (Breton 
et al. 2013). So, it could be hypothesized that the intestinal 
microorganisms of earthworms have the ability of heavy 
metals tolerance and removal. The redistribution of OM also 
depends on the eating pattern of the different ecological 
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groups of earthworms. Endogeic earthworms keep moving 
and feed inside the soil, while anecic ones feed on plant litter 
and organic residues and tend to stay in the same burrow 
(Lavelle et al. 1997). Epigeic species, which consume 
considerable amounts of raw OM, have a broad range of 
enzymatic capacities, probably mainly originating from 
ingested microflora (Curry & Schmidt 2007). The absence or 
presence of the ecological groups of earthworms and 
different burrowing species in disturbed landscapes can 
serve as a useful indicator of environmental degradation or 
rehabilitation (Paoletti 1999). According to Blanchart & Julka 
(1997), maximum population density and species diversity 
occur within 2.4% to 4.5% OM content. All the samples, 
except those taken from the Buhovo mine, have values of 
OM higher than 2.4%. The average value of OM at the 
Buhovo mine is 1.9% for all the investigated period and only 
1.4% for the samples taken in May. That can be a reason for 
the low number of species and individuals found at the sites 
in the Buhovo mine area.  

The maximum earthworm density was measured at the 
Katina control site, the sampling site with the highest soil 
moisture and OM content values. The sampling site is 
located between the sorption column of the mine and Teina 
River, and probably fine materials with suitable organic 
matter content were accumulated and generated good living 
conditions for the earthworms.  

The most frequent species with the highest densities for 
the study period and sample sites are A. rosea, O. lacteum, 
and E. fetida. These three species are the only members of 
the earthworm communities at the Buhovo mine and control 
sites. A. rosea and O. lacteum are endogeic species, much 
adaptive and in some cases better able to survive the 
pesticide and heavy metal residues than some anecic-deep 
burrowing species. Among the epigeic species, E. fetida is 
the most capable of heavy metal accumulation and is used as 
a reference in various toxicity tests (Hertel-Aas et al. 2007). E. 
fetida can perform ecological and physiological behaviors 
different from those of the anecic or endogeic species 
(ecological groups, which live deeper in the soil and move 
up or not to the surface to feed). Some earthworm species, 
such as E. fetida, are known to be relatively radioresistant, 
and the LD50/30 for adults is approximately 650 Gy for 
acute gamma (γ) radiation (Edwards 1969, Reichle et al. 
1972, Suthara et al. 2008). Hence, at moderate exposure 
levels, mortality is not expected to significantly influence 
earthworm population dynamics. For most species, 
reproduction is far more sensitive to ionizing radiation than 
mortality (UNSCEAR, 1996). Leveque et al. 2012 observed 
significantly fewer casts and significant weight losses in 
polluted soil for Eisenia and Lumbricus species. The 
combination of behavioral factor measurements (cast 
production) and heavy metals absorption, their 
bioaccumulation, and localization in earthworm tissues 
provide a valuable indication of pollutant bioavailability and 
ecotoxicity. 

All the species registered during the study occurred at 
the Seslavtsi mine, and the number was higher than the one 
found at the control site. Some of the species have higher 
population numbers at the territory of the mine compared 
with the control site (Fig. 7). That corresponds with the 
findings of Krivolutzkii (1987) and Krivolutzkii et al. (1992), 

according to which two years after the Chernobyl accident 
(1988), the earthworm population numbers and the ratio of 
mature to immature specimens were higher in the 
contaminated plots than in the control ones. Of all the seven 
species registered at the Seslavtsi mine site, A. caliginosa 
and L. meliboues are presented with only four individuals 
each and not found at the control site. A. caliginosa is one of 
the most dominant earthworm species in temperate 
agroecosystems (Bart et al. 2018). Usually, it is not found in 
contaminated areas (Krivolutzkii et al. 1992). L. meliboeus is 
mainly a mountain species (Milutinović et al. 2013), 
inhabiting areas unaffected by anthropogenic impacts. Both 
species seem to overcome the stress from heavy metals in the 
soils and occur but in strongly reduced abundances. 

The species with the highest values of both frequency of 
occurrence and density parameters for all the study period 
and the sample sites is A. rosea, which lives among 
grassroots and in the topsoil betwееn 2 and 10 cm. The 
species is very common in Bulgaria (Rosa 1897, Černosvitov 
1937, Plisko 1963, Mihailova 1964, 1966, Šapkarev 1986, 
Uzunov 2010, Stojanović et al. 2012, Valchovski 2014, 
Valchovski & Szederjesi 2016). The occurrence of species like 
A. rosea and L. rubellus tolerant to different conditions and 
disturbances can result from intensive anthropogenic 
practice. A community that includes more sensitive species 
indicates ecological factors that are more suitable (Ivask & 
Kuu 2005).  

The same four species А. rosea, E. fetida, O. lacteum, and 
L. rubellus, were found in two other uranium mines in 
South-Western Bulgaria – Eleshnitsa and Senokos (Tsekova 
& Sakelarieva 2020). The species are numerically dominants 
in arable land, agro-ecosystems, and other ecosystems with 
considerable anthropogenic impacts on soils. The taxa are 
cosmopolitan because of their high adaptability and wide 
tolerance to many environmental factors. 

The impact of the activities in the uranium mines in 
certain periods was overcome by the adaptive mechanisms 
of some species, and the tolerant ones were more abundantly 
represented. However, the species structure of the 
earthworm communities was strongly deformed – a small 
number of species represented with a small number of 
individuals.  

The responses of soil invertebrates, including 
earthworms, to metal pollution agree with the ecological 
theory, according to which stressed ecosystems become less 
diverse, few species are dominants, and tolerant populations 
replace the more sensitive ones (Odum 1985, Pennanen et al. 
1996). 

The year of study, not so much the seasons (spring or 
autumn) within the same year, had the determining role in 
the species composition similarity between the sites (Fig.8). 
The physical and chemical parameters values in both years 
of investigation showed differences in the soil conditions at 
the Buhovo mine and control sites compared to all the other 
sampling sites. This is the reason why the samples were 
separated from this study area in one common cluster with 
two subgroups - samples collected from the control and the 
affected sites. Our results demonstrate that radioactive load 
was the dominant factor at the sites with registered gamma 
radiation (Table 1, Fig. 9). A reduction in the number of 
species was found at the Seslavtsi control site (Fig. 5a). 
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Radioactive contamination in the soil had an unfavorable 
influence on the abundance of the earthworms (Fig. 5b). The 
changes in soil’s physical and chemical properties probably 
contribute to the low abundance of earthworms (Curry 1998, 
Smith et al. 2008). Parameters such as organic matter, 
humidity, and substrate type have a decisive role in the 
earthworm habitats' environmental characteristics (Bouche 
1972, Nordstrom & Rundgren 1974, Mascato et al. 1987, 
Irmler 1999, Rombke et al. 2005). 

Data referring to the soil HMs contamination and the 
level of radionuclides in the ore waste materials in the region 
of the Buhovo uranium mine show that the impact of the 
dispersed radioactive products (as dust emissions and 
polluted water) in the study area had not stopped (Bojkov 
2007, Arhangelova et al. 2010, Dikov & Bojkov 2014). The 
different state of the Buhovo mine can be an outcome of the 
existing radioactive contamination in the area.  

Some uranium mines in Bulgaria still have no official 
monitoring networks for radiation control, and no 
explanatory work is done among the local population. That 
is why future research can help in the assessment of specific 
HMs pollution left from the uranium mining activities and 
can determine the risks for the earthworm communities. 
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