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Abstract: The present study examines the possibilities for reclamation of soils contaminated with heavy metals from the extraction of 

polymetallic ores with soil improvers mixture of waste - sludge from WWTP and ash from thermal power plants, through a vegetation 

experiment. Two herbaceous species of the genus Rumex were selected for the experiment - R. acetossela and R. patienta known for their 

ability to accumulate heavy metals and in particular copper. The results of the study prove the ability to use the improvers in biological 

reclamation of old embankments. 
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1. Introduction 

Contamination of soils with heavy metals and metalloids 

(TMM) as a result of mining and mining waste management poses a 

serious risk to human health and the environment. Contamination of 

soils with heavy metals and metalloids leads to changes in the 

cycling of substances, biomass production and decomposition 

processes. It activates processes of accumulation of the elements in 

the components of the ecosystems and of the migration from one 

component to another, thus the movement along the food chain is 

also realized [1-4]. Heavy metals are toxic under certain conditions, 

inhibit the growth of biomass, reduce production, impair the ability 

of microorganisms to mineralize and reproduce organic matter. This 

provoked significant interest in the development of technologies for 

remediation of soils contaminated with heavy metals and restoration 

of the ecosystem [5,6]. In recent years, alternatives to expensive 

conventional methods for removing heavy metals from soils have 

been sought. A successful technique for reducing their availability is 

by applying soil improvers that lead to a change in the form in 

which metals exist. On the other hand, the growing trend towards a 

negative balance of humus is reflected in thousands of hectares of 

degraded land, deprived of conventional restoration processes, 

which require the use of a humus layer [7]. This fact leads to the 

need to explore the possibilities in the field of humus-free 

reclamation as a technological approach to environmental 

restoration management. To solve the problem, a number of studies 

are being conducted on the use of various soil improvers to intensify 

the formation of soil organic matter and soil humus. Successful 

reclamation agents for these purposes are compost, peat, zeolites, 

organic and inorganic fertilizers. In recent years, there has been a 

trend for the use of a number of wastes such as activated sludge 

from wastewater treatment plants (WWTPs), fly ash from the 

incineration of biowaste, lignite ash and others as successful 

reclamation agents for humus reclamation [8-13]. 

A number of studies prove the ability of activated sludge as a 

suitable ameliorant in the reclamation of disturbed terrains. The 

sludge is characterized by a high content of organic matter, which 

helps to immobilize heavy metals by forming insoluble complexes 

with them. To improve the properties of activated sludge and their 

effect on contaminated soils, a number of scientists are exploring the 

possibility of mixing them with other soil improvers. sewage sludge 

mixed with coal ash to reduce the presence of Cu, Zn, Ni and Cd 

[14]. The mix of fly ash and activated sludge stabilizes Ni, Zn, Mn, 

Cu and Sb, and reduces the bioavailability and phytotoxicity of Ti, 

V, Mn, Co, Cr and Cd. Additives such as straw, vegetable husks, 

sawdust and others increase the stability of the sludge, increase its 

pH and eliminate toxicity conditions [15, 16]. 

The present study aims to determine the possibilities for 

reclamation of embankments as a result of old mining activities in 

the Zlatitsa-Pirdop valley with the use of soil improvers mixture of 

sludge from WWTP and ash from the TPP by conducting vegetation 

experiment after determining appropriate indicator species. During 

the setting of the vascular vegetation experiments, the improvement 

of the structure and the supply of the soil with nutrients were also 

studied. 

2. Study area, methods and materials 

Study area 

To achieve the objectives of the present study, soil samples were 

taken from embankments resulting from old mining activities in the 

Zlatitsa-Pirdop valley, located in forest areas, under the following 

climatic conditions (average daily temperature 8 ⁰ C). 

 
Fig. 1. Embankment, object of work 

 

Materials 

To achieve the objectives of the present study, a mixed soil 

sample of 12 points from an embankment for sterile rock masses as 

a result of mining in the area of the Zlatitsa-Pirdop valley in the 70s 

of the last century was taken. For the remediation of the soils taken, 

soil improvers have been created from waste: sludge from WWTPs 

and fly ash from the burning of wood materials in TPPs. 

Methods 

Ecological assessment of the area. In order to determine the 

ecological conditions in the area, with which the reclamation of the 

disturbed terrains must be complied with, an ecological 

characteristic of the following components: location, relief, climate, 

waters, soils, flora and fauna has been performed. 

Analysis of soil condition. To determine the condition of the 

studied soils, the following tests were performed: soil reaction - 

potentiometrically with "LP-17" pH meter; the content of nutrients, 

alkali and alkaline earth elements, heavy metals and metalloids by 

decomposition with aqua regia and subsequent analysis with Optical 

emission spectrometry with inductively coupled plasma High 

Dispersion ICP-OES Prodigy. 

Development of soil improvers To achieve the objectives of this 

study, three mixtures of 450 g with different content of sludge from 

WWTP and wood ash were prepared: 

 Mixture 1 (M1) - 50:50; 

 Mixture 2 (M2) - 60:40 in favor of sewage sludge; 
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 Mixture 3 (M3) - 70:30 in favor of sludge. 

An attempt to create a mixture with a ratio of 40:60 in favor of 

wood ash was made, but this proved impossible. The reason is 

insufficient amount of moisture in the components for adhesion of 

the constituent particles 

After complete homogenization of the mixtures, they are 

granulated by an extruder. The developed soil enhancers are 

characterized by Optical emission spectrometry with inductively 

coupled plasma High Dispersion ICP-OES Prodigy. 

Vegetation experiment (VE). To evaluate the effectiveness of the 

application of the created soil improvers, a vegetation experiment 

was conducted. For this purpose, a literature study was made to 

select a species according to the specific ecological conditions.  

3. Results 

Ecological characteristics of the area 

The study area is located at an altitude of 734 m. The relief of 

the municipality is flat and medium mountainous and its territory is 

located within the Western Stara Planina. The region is in the 

transitional-continental climate area and especially in the Climate 

region of the hilly and lowland parts of Western Central Bulgaria. 

The climate is modified by the complex orography and the 

difference in altitude, influenced by the geographical location - in a 

deep valley between two mountain ranges. Milder winters and cool 

summers are typical. Dominant for the region is the northeast wind. 

The average annual wind speed is 1.9 m.s-1. The annual amount of 

precipitation is 620 mm. According to the Soil-geographical zoning 

of Bulgaria the territory, the studied sites fall into the South 

Bulgarian xerothermal soil zone and Mountain soil zone. It is typical 

for the region that the soils are anthropogenically affected. In terms 

of floristics, the region falls within the floristic regions of Western 

Sredna Gora and Central Stara Planina (Yordanov, 1966). The 

natural vegetation is represented by oak, hornbeam and beech 

forests - hornbeam (Carpinus orientalis Mill.), hornbeam (Quercus 

frainetto Ten.), cer (Quercus cerris L.), hairy oak (Quercus 

pubescens L.) and sessile oak (Quercus dalechampii Ten.) [17, 18]. 

Analysis of soil condition 

The data from the analysis of soil acidity and nutrient content 

are presented in Table 1. The studied soils are strongly acidic. These 

pH values are an indicator of an increase in the intensity of 

destructive changes and the appearance of exchanged aluminum. 

Nutritional conditions for plants are unfavorable. The high acidity is 

the reason for the lack of soil not only in bases, but also in 

phosphates and molybdates, which turn into forms that are difficult 

for plants to digest [19]. Nutrition is characterized by the absorption 

of excess micronutrients. 

 
Table 1: Data on pH and nutrient content  

Indicator 
pH N P2О5 K2О 

 % mg/100 g mg/100 g 

Value 5.0 0.089 7.63 69.3 

 

An analysis of the data from the testing of nutrients was made 

according to Penkov,1996 [20]. Determining soil fertility is an 

important indicator for choosing future vegetation [21]. The data 

show that the soils are slightly stored in terms of nitrogen, very little 

in terms of phosphorus absorbed by plants and very abundantly 

stored in terms of potassium. The results show the need for 

additional import of nutrients - nitrogen and phosphorus, necessary 

for normal vegetation development and successful biological 

reclamation. 

Data on the total pollution with heavy metals and metalloids are 

presented in Table 2. The analysis of the data is made according to 

the requirements of Ordinance 3/2008 for precautionary 

concentrations (PC), maximum permissible concentrations (MPC) 

and intervention concentrations (IC) of heavy metals and metalloids 

in permanent grasslands. 

 

 

Table 2: Content of heavy metals and metalloids 

Indicator Fe Mn Cu Cd Pb Zn As 

 mg.kg-1 

Value 10790 30.4 72.3 0.35 92.0 12.6 172 

PC - - 50 0.6 40 110 15 

MPC - - 80 2 90 220 30 

IC - - 500 12 500 900 90 

 

Important elements for the proper development of plants are the 

elements - manganese and iron. These are micronutrients that are 

vital for plants, but within strictly defined limits for each species. In 

the studied samples the iron is below the average for the side 5% 

[22], here it is 1%. According to Pendias (1989), of the elements in 

group VIIb, only manganese is a vital trace element for organisms 

and is sufficiently widespread in the environment in volumes of 100 

- 2000 mg/kg [23]. In the tested samples, manganese is in extremely 

low quantities. Of the studied heavy metals, arsenic exceeds the IR 

soils 2 times and the MPC - 5.7 times, determining the BIII level of 

pollution - dangerously contaminated with arsenic soils. Lead 

exceeds the MPC, copper exceeds the PC, but not the MPC, and the 

values for cadmium and zinc are below the PC. The analysis shows 

that it is necessary to take corrective action to increase soil acidity, 

in a range that creates optimal conditions for plant development, 

increase soil nutrients to improve soil fertility and immobilize 

arsenic and lead. Under current conditions, soils pose a risk to the 

components of the environment and human health due to the 

possibility of migration of pollutants into surface and groundwater, 

surrounding soils and thus reach the food chain. 

Analysis of soil improvers 

The created granules are characterized by an excessive 

abundance of phosphorus and potassium, which would have a 

beneficial effect on the studied soils, which are poor in nutrients. 

Mixture M1 is characterized by the highest content of the two 

elements, as their values exceed the values for phosphorus in M3 - 

20 times and for potassium - 2.2 times. On the other hand, soil 

improvers have a toxic content of Na, which would have an adverse 

effect on soils, which are characterized by excessive storage of 

sodium (11.4 mg.kg-1) and would complicate the conditions for 

biological reclamation. The granules have a high to ultra high 

content of calcium and a low content of magnesium. The granules of 

M1 are distinguished by the highest concentrations of the two 

elements. The high content of calcium in them is essential due to the 

possibility of raising the pH during their use. All three mixtures are 

rich in sulfur. Serious attention should be paid to the high content of 

arsenic in the created granules. The Ordinance on the procedure and 

manner of utilization of sewage sludge through their use in 

agriculture does not regulate limit values for the quantities of 

arsenic that can be added annually in agricultural land, based on the 

average values for 10 years, but compared to the norms. of 

Ordinance 3/2008, the amount of arsenic exceeds the MRL for 

permanent grassland. The amount of copper and zinc exceeds the set 

regulated limit values for the quantities that can be added annually 

in agricultural land, based on the average values for 10 years in all 

three mixtures, and the amount of cadmium is at the limit in M1. 

The iron content in all three mixtures is very low - less than 1% and 

the Mn content - average. Soil improvers meet the requirements for 

the Minimum content of micronutrients in Regulation (EC) № 

2003/2003 of the European Parliament and of the Council of 13 

October 2003 on fertilizers, percentage by weight of fertilizers for 

B, Cu, Fe, Mo and Zn. M1 also meets the requirements for Mo 

content. 

The granules of the three mixtures are shown in figure 2. 
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Fig. 2. Granules from mixtures UT + PB - M1, M2, M3 

 

Vegetation experiment  

After clarifying the agrochemical properties of the studied soils 

and the created soil improvers, the vegetation experiments are 

conducted as experimental evidence under controlled conditions of 

the possibilities for the use of soil improvers and the improvement 

of the growth environment through them. Indicator species must 

take into account environmental conditions and specific pollutants. 

Resistance to heavy metals of members of the genus Taraxacum, 

genus Populus, genus Trifollum, genus Rumex, genus Lolium and 

genus Poa has been studied in the study area. Studies show better 

tolerance and adsorption capacity than species of the genus Rumex. 

Plants of the genus Rumex (Lapad) are perennial (rarely annual) 

herbaceous plants, naturally distributed in Bulgaria [24, 25]. 

Representatives of the genus Rumex are known to be tolerant to soils 

contaminated with heavy metals, and some are even defined as 

hyperaccumulators [26]. 

For the purposes of the present study, two species of genus 

Rumex were selected: Rumex acetosella L. (R1) and Rumex 

patientia L. (R2). Rumex acetosella L. is known for its ability to 

adsorb Zn, Pb, Cd, the species is also a bioindicator for determining 

the content of copper and molybdenum and is often used for 

reclamation of disturbed terrains, such as abandoned mines [27]. 

Rumex patientia L. adsorbs As, Cd, Cu, Pb and Zn. The species also 

manifests itself as a good high ability to accumulate Sb in tissues, 

especially in its roots. Golovach at al. in their study they defined the 

species as a hyperaccumulator for heavy metals [28, 29]. 

Plastic containers with a capacity of 0.6L and dimensions: H = 

80mm, d = 130mm were used for conducting the vegetation 

experiment. An equal amount of soil is placed in each container - 

0.500 kg. Six vessels were prepared with 0,025 kg of the mixtures 

(M1, M2, M3) - three of them were seeded with Rumex acetosella 

L. (R1) and another three with Rumex patientia L. (R2). Control 

samples were also prepared without the addition of soil improvers - 

C1 and C2. 

 
Fig. 3. Preparation of the vessels for conducting the vegetation 

experiment 

 

The sowing of R1 and R2 is carried out in the prepared 

containers in February. According to the literature, direct sowing in 

the open is possible in March, as the seeds should germinate for 6-7 

days at a temperature of -3 ⁰ C, and two weeks later should develop 

to two true leaves. The seeds are sown at the level of application of 

the soil improver and covered with 1 cm of soil, with an optimal 

sowing depth of 1.5 cm. Because the species is moisture-loving, the 

soil is pre-moistened [27]. 

The test conditions - temperature and humidity are controlled. 

Of the respective species, 30 seeds are sown in each vessel. Rumex 

patientia L. germinates 4-11 days after sowing, and Rumex 

acetosella L. after 10-12 days. The largest number of germinated 

and surviving plants are observed in soil samples treated with M2 

for both species – R1 and R2. Leaf formation of the first true leaves 

is expected 14 days after germination. Rumex acetosella L. does not 

form true leaves within the vegetation experiment -45 days. R. 

Rumex patientia L. forms true leaves 17-20 days from the beginning 

of the experiment. In mixtures of M1 and M3, the plants show the 

typical symptoms of As poisoning - first turn yellow and then turn 

brown [19]. In the control samples there are single sprouted seeds, 

which die 3-5 days later. 

Development of R2 in mixture M2 is shown in figure 4. 

 
Fig. 4. Development of R2 in M2 mixture - 14 days after sowing, 21 days, 

30 days, 37 days (from left to right) 

 

The experiment lasted 45 days. At the end of the experiment, 

there were no surviving plants in the control samples. Data tracking 

plant development are summarized in Table 3. 

Table 3. Plant development 

Indicator 
Rumex acetosella L. Rumex patientia L. 

C1 М1 М2 М3 C2 М1 М2 М3 

Number of 
seeds sown 

30 30 30 30 30 30 30 30 

Day of 

germination 
12 12 10 11 8 4 8 10 

Number of 

surviving 
plants on the 

end of VE 

0 7 5 4 0 4 15 3 

H, 

cm 

14 

day  
- 0.8  1  0.5  - 0.8  1  0.6  

21 
day 

- 1.2  1. 5  0.9  - 1.5  2.8  1.7  

30 

day 
- 1.8  2  1.2  - 2.9  4  2.5  

37 

day 
- 2  2.5  1.5  - 4  5 3  

 

The highest number of sprouted and surviving plants was 

observed in soil samples treated with soil improver M2. R1 has a 

slower development compared to R2, and the percentage of 

surviving plants is lower. Only Rumex acetosella L. forms true 

leaves. No plants developed in the control samples, although in the 

literature review the species was defined as tolerant to heavy metals. 

4. Conclusion 

As a result of the study, the following conclusions can be drawn: 

From the chemical analysis of the soil improvers it is clear that 

they are overstocked with calcium, which can have a beneficial 

effect on acidic soils. All three mixtures contain trace elements B, 

Cu, Fe, Mo and Zn. However, due to the content of arsenic, sodium 

and sulfur, soil improvers can pose a risk in reclamation of disturbed 

terrains, creating preconditions for toxicity to plants and salinization 

of the soils in which they will be invested. 
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The highest number of sprouted and surviving plants was 

observed in soil samples treated with soil improver M2 for both 

species. R1 has a slower development compared to R2, and the 

percentage of surviving plants is lower, and in the control samples 

the plants do not develop. At the end of the vegetation experiment, 

all plants dry out, which shows that the use of soil improvers does 

not improve the growth environment in soils contaminated with 

heavy metals. 
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