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The efficiency of removing heavy metals (lead, cadmium, zinc, copper) from gray forest soils in the cultivation of milk thistle has 

been studied. The research included field, laboratory method of atomic absorption, mathematical and statistical processing. We 

found that the content of lead, cadmium, zinc, and copper in the vegetative mass of milk thistle when grown on gray forest soils in 

the right-bank forest-steppe of Ukraine was 6.2 mg/kg, 1.25 mg/kg, 32.5 mg/kg, and 12.0 mg/kg, respectively. The high 

accumulation of heavy metals by milk thistle had a positive effect on the removal of lead, cadmium, zinc, and copper due to 

phytoremediation. Thus, 159 g and 1.12 g of lead; 31.9 g and 0.15 g of cadmium; 828.5 g and 11 g of zinc, and 306 g and 4.0 g of 

copper, respectively, are removed from the soil of each hectare with a vegetative mass and seeds of milk thistle with a yield of 25.5 

t/ha. Thus, when growing milk thistle from gray forest soils per 1 ha of area for each growing season of this culture is made 160 g 

of lead, 32 g of cadmium, 839 g of zinc, and 310 g of copper. 
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Introduction 

Artificial population activities have led to increased pollution of the environment, particularly agricultural soils with various toxicants, 
including heavy metals (Zwolak et al., 2019, Razanov et al., 2018; Razanov et al., 2020). Today, both in Ukraine and globally, the 
sources of agricultural soil pollution are mineral fertilizers, pesticides, herbicides, growth stimulants, the use of which, especially in 
intensive agriculture, is growing year by year, which is the reason for increased toxicants in soils. (Lemanowicz, 2015; Razanov et 
al., 2018; Kumar et al., 2019; Titarenko, 2021). Practice shows that in Ukraine, the use of mineral fertilizers and plant protection 
products from weeds and pests has increased dramatically over the past 30 years, their application rates have increased, especially 
in intensive farming conditions. 
Among the heavy metals that enter the soil, the most significant dangers are lead, cadmium, zinc, and copper due to their high 
supply to plants (Caldasa & Machadob, 2004; Ali, 2018). Toxic metals are nondegradable and accumulated in nature. As a result, 
they consequently enter into the food chain (Patra et al., 2020). 
It is known that with mineral fertilizers, in particular nitrogen, phosphorus and potassium fertilizers enter the soil (mg/kg): lead–
174.4; 138.1; 196.5; cadmium–1.3; 2.7; 0.6; zinc–186.4; 1230.1; 182.3; copper–201.9; 155.1; 186.4 respectively (Orlov, 1994). 
Organic fertilizers (humus, sugar beet lime sludge compost), 3.3 mg and 28 mg of lead, 0.2 mg and 0.18 mg of cadmium, 12.1 mg 
and 22 mg of zinc, and 19.8 mg and 6.3 mg of copper enter the soil with each kilogram. 
Intensive receipts of heavy metals into the soil have caused some problems in agricultural production. Since the 60s of the last 
century, as a result of human activities, environmental pollution in some areas has exceeded the natural capacity for self-cleaning. 
Once in the soil, heavy metals fill the reaction centers. It is known that the course of migration and sorption processes of heavy 
metals in soils depends on soil properties, in particular, humus content, mineral composition, soil pH, and metabolic bases (Zhou et 
al., 2016). Entering the soil, heavy metals turn into slowly movable complexes. There are some differences in the movement of 
heavy metals in the soil; in particular, lead and copper are more firmly fixed in organic complexes than cadmium. Soil organic 
matter binds heavy metals more strongly than mineral complex. Heavy metals in soil may be found in one or more of the following 
forms: dissolved (in soil solution), exchangeable (in organic and inorganic components), as insoluble precipitates with other soil 
components (Aydinalp & Marinova, 2003). Heavy metals in exchange form are the most dangerous because they are constantly 
moving in the soil-plant syste-their products, which threatens its use as food raw materials (Wang et al., 2003). Therefore, in the 
conditions of man-caused load on agricultural lands, essential measures to reduce pollution and inflow of heavy metals into plants 
are the use of agronomic and agrobiological measures in crop production, which include tillage methods, selection in crop rotation 
of crops with low ability to accumulate toxicants, removal of heavy metals from soils by plants due to phytoremediation, increase of 
humus content due to the use of organic and green fertilizers, lowering of soil pH (Saxena et al., 2020; Muthusaravanan et al., 
2018). 
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Among these measures, the high efficiency of reducing the concentration of heavy metals in the soil is observed due to 
phytoremediation, in which the vegetative mass of plants from the soil removes a certain amount of heavy metals in exchange form 
(Muthusaravanan et al., 2018; Liu et al., 2020; Saxena et al., 2020; Shah Vijendra & Daverey, 2020; Nedjimi, 2021). 
Phytoremediation is a low-costly, socially acceptable, and environmentally friendly technology compared to other chemical methods 
of HMs decontamination. This technique applied various mechanisms, which include HMs uptake (phytoextraction), breakdown and 
transformation of HMs (phytodegradation), emission in the atmosphere (phytovolatilization), and their stabilization in the root 
system (phytostabilization) (Nedjimi, 2021). Among agricultural plants, there are plants suitable for phytoremediation (Kirdey, 
2017). 
Recently, crop rotation in the right-bank Forest-Steppe of Ukraine also includes milk thistle, the vegetative mass, and seeds used 
mainly as medicinal raw materials (Devi, 2019; Bhattacharya, 2020). It is known that milk thistle actively accumulates heavy metals, 
which helps to reduce their concentration in soils (Razanov et al., 2021). Therefore, the research aimed to study the intensity of 
removal of heavy metals from the soils by milk thistle in the conditions of agricultural lands of the Forest-Steppe of Ukraine. 
 

Materials and Methods  
 
The research was conducted in the conditions of the right-bank Forest-Steppe of Ukraine on gray forest soils in the farms of the 
Vinnytsia region, using four agricultural lands. Soil selection to detect the intensity of heavy metal contamination was performed by 
the envelope method. The vegetative mass of milk thistle was selected by spot sampling. The concentration of heavy metals (lead, 
cadmium, zinc, copper) was determined by atomic absorption spectrometry. The content of heavy metals in the vegetative mass 
and seeds was determined based on dehydrated matter. The coefficient of accumulation (AC) was calculated as the ratio of heavy 
metals in the plant (vegetative mass, seeds) to their mobile contents soil forms and hazard ratio (HR), as the ratio of heavy metals 
in the plant (vegetative mass, seeds) to their MPC. The milk thistle's vegetative mass was 5 mg/kg for lead, 1.0 mg/kg for cadmium, 
10 mg/kg for zinc, and 5 mg/kg for copper. The MPC of milk thistle seeds was lead–0.5 mg/kg, cadmium–0.1 mg/kg, zinc–50 
mg/kg, and copper–10 mg/kg. 
 

Results and Discussion 
 
The analysis of research results (Table 1) showed that in the soils where milk thistle was grown, no exceedances of the MPC were 
observed. The lead content in the soils of agricultural lands where milk thistle was grown ranged from 1.0 mg/kg to 1.3 mg/kg, 
which averaged 1.2 mg/kg. Compared to the MPC, the lead content in the soil was 1.17 times lower than this figure. The cadmium 
content ranged from 0.23 mg/kg to 0.4 mg/kg, which averaged 0.32 mg/kg, 2.1 times lower than the MPC. The zinc content in the 
soils ranged from 3.5 mg/kg to 5.2 mg/kg, which averaged 4.7 mg/kg. 
Compared to the MPC, the zinc content in soils was 4.9 times lower than this figure. The soil's copper content ranged from 1.0 

mg/kg to 1.8 mg/kg, which averaged 1.35 mg/kg. Compared to the MPC, the copper content in soils was 2.2 times lower. 

Agricultural land  
Heavy metals 

Lead MPC Cadmium MPC Zinc MPC Copper MPC 
3.0 1 1.2 6.0 0.3 0.7 4.7 23 1.0 

2 1.0 6.0 0.2 0.7 3.5 23 1.2 3.0 
3 1.3 6.0 0.4 0.7 5.4 23 1.8 3.0 
4 1.2 6.0 0.37 0.7 5.2 23 1.4 3.0 

On average 1.17 6.0 0.32 0.7 4.7 23 1.35 3.0 
 

Table 1. Soil pollution by heavy metals, mg/kg. 

Analysis of research results (Table 2) showed that even though in the soil of agricultural lands the content of heavy metals (lead, 

cadmium, zinc, copper) was lower than the MPC, in the vegetative mass of milk thistle revealed a significant excess of existing 

permissible norms. 

Agricultural 
land 

Lead Cadmium Zinc Copper 

Actual 
conc. 

AC HR 
Actual 
conc. 

AC HR 
Actual 
conc. 

AC HR 
Actual 
conc. 

AC HR 

1 6.2 5.1 1.2 1.3 4.3 1.3 32 6.8 3.2 12.5 12.5 2.5 
2 7.1 7.1 1.4 1.2 5.2 1.2 34 9.7 3.4 14.5 10.4 2.9 
3 5.4 4.1 1.3 1.1 2.7 1.1 34 6.3 3.4 10.5 5.8 2.0 
4 6.2 5.1 1.2 1.4 3.8 1.4 30 5.7 3.0 10.5 7.5 2.0 

On average 6.2 5.3 1.27 1.25 4.0 1.25 32.5 7.1 3.25 12.0 9.0 2.4 

 

Table 2. Contamination of the vegetative mass of milk thistle spotted with heavy metals. 

In particular, the lead content in the vegetative mass of milk thistle ranged from 5.4 mg/kg to 7.1 mg/kg, which averaged 6.2 
mg/kg. That is, the content in the vegetative mass of milk thistle exceeded the MPC by 1.24 times.  
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The cadmium content in the vegetative mass of milk thistle ranged from 1.1 mg/kg to 1.4 mg/kg, which averaged 1.25. Compared 
with the MPC, the cadmium content exceeded this figure by 1.25 times. 
The zinc content in the vegetative mass of milk thistle ranged from 30 mg/kg to 34 mg/kg, which averaged 32.5 mg/kg. Compared 
with the MPC, the zinc content in the vegetative mass of milk thistle was 3.25 times higher.  
The copper content in the vegetative mass ranged from 10.5 mg/kg to 14.5 mg/kg, which averaged 12.0 mg/kg, and in comparison 
with the MPC, exceeded this figure by 2.4 times. 
The average coefficient of accumulation of lead, cadmium, zinc, and copper on the studied lands was 5.3; 4.0; 7.1, and 9.0, 
respectively. The highest coefficient of accumulation in the vegetative mass of milk thistle was observed for copper and the lowest 
for cadmium. 
The hazard ratio for heavy metals in the vegetative milk thistle on average for agricultural land was for lead, cadmium, zinc, and 
copper 1.27; 1.25; 3.25 and 2.4 respectively. The hazard ratio for heavy metals in the vegetative mass was observed for zinc and 
the lowest for cadmium. 
Analyzing the results of the studies shown in Table 3, it should be noted that the content of heavy metals in the seeds of milk thistle 

on the studied lands was on average: lead 2.8 mg/kg, cadmium 0.41 mg/kg, zinc 16.8 mg/kg and copper 7.1 mg/kg. At the same 

time, it should be noted that the content of lead and cadmium in milk thistle seeds exceeded the MPC by 5.6 times and 4.1 times, 

while the content of zinc and copper was lower than the MPC by 2.9 and 1.4 times. 

Agricultural 
land 

Lead Cadmium Zinc Copper 

Actual 
conc. 

AC HR 
Actual 
conc. 

AC HR 
Actual 
conc. 

AC HR 
Actual 
conc. 

AC HR 

1 2.7 2.2 5.4 0.4 1.3 4.0 18.0 3.8 0.36 7.0 7.0 0.7 
2 2.8 2.8 5.6 0.38 1.6 3.8 16.3 4.6 0.32 7.5 6.2 0.75 
3 2.9 2.2 5.8 0.45 1.1 4.5 16.0 2.9 0.30 7.1 3.9 0.71 
4 2.7 2.2 5.4 0.44 1.2 4.4 17.2 3.3 0.34 6.9 4.9 0.69 

On average 2.8 2.35 5.5 0.41 1.3 4.2 16.8 3.6 0.33 7.1 5.5 0.71 
 

Table 3. Contamination of milk thistle seeds spotted with heavy metals. 

The accumulation coefficient in the milk thistle seeds spotted a lead, cadmium, zinc and copper averaged 2.35; 1.3; 3.6, and 5.5, 
respectively. The highest coefficient of accumulation of heavy metals in the seeds of milk thistle was observed for copper and the 
lowest–for cadmium. 
The hazard ratio of heavy metals in the milk thistle seeds on the studied lands, notably lead, cadmium, zinc, and copper, averaged 
5.5; 4.2; 0.33, and 0.71. The lead had the highest hazard ratio for heavy metals in the milk thistle seeds, zinc – the lowest. 
The high accumulation of heavy metals by milk thistle had a positive effect on the removal of lead, cadmium, zinc, and copper due 
to phytoremediation (Table 4). 
 

Agricultura
l land 

Yield, t/ha Lead Cadmium Zinc Copper 

Vegetativ
e mass 

Seed
s 

Vegetativ
e mass 

Seed
s 

Vegetativ
e mass 

Seed
s 

Vegetativ
e mass 

Seed
s 

Vegetativ
e mass 

Seed
s 

1 25 0.38 155 1.14 32.5 0.16 800 10.6 312.5 4.0 
2 26.5 0.37 188 1.07 31.8 0.15 901 11.1 384.2 4.0 
3 24.5 0.39 132 1.13 27.0 0,15 833 10.9 257.2 4.7 
4 26.0 0.38 161 1.17 36.4 0.15 780 11.7 273 3.9 

On average 25.5 0.38 159 1.12 31.9 0.15 828 11.0 306 4.0 

 
Table 4. Removal of heavy metals with vegetative mass and seeds of milk thistle (g/ha) 
 
Thus, 159 g and 1.12 g of lead; 31.9 g and 0.15 g of cadmium; 828.5 g and 11 g of zinc, and 306 g and 4.0 g of copper, 
respectively, are removed from the soil of each hectare with a vegetative mass and seeds of milk thistle with a yield of 25.5 t/ha. 
Thus, when growing milk thistle from gray forest soils per 1 ha of area for each growing season of this culture is made 160 g of 
lead, 32 g of cadmium, 839 g of zinc, and 310 g of copper. 
Thus, in conditions of heavy metal contamination in agricultural lands of the right-bank Forest-Steppe Ukraine, milk thistle can be 
grown both for obtaining seeds from this crop and for phytoremediation with subsequent removal of vegetative mass from 
agricultural lands and its utilization. 
 

Conclusion 
As a result of the conducted research, it is established that in the vegetative mass of milk thistle, grown in agricultural crop rotations 
on gray forest soils of the right-bank Forest-Steppe, the MPC is exceeded: lead-1.24 times; cadmium-1.25 times; zinc-3.25 times; 
copper-2.4 times. The high efficiency of removing heavy metals from the soil by milk thistle makes removing from the soil per 1 ha 
at a yield of 28.5 t/ha of lead-160 g, cadmium-32 g, zinc-839.5 g, and copper-310 g. 



 Assessment of heavy metal pollution of gray forest soils of agricultural lands and their phytoremediation in the cultivation of milk thistle 

   

Ukrainian Journal of Ecology, 11(6), 2021 

 

 

References 
Ali, H., Khan, E. (2018). What are heavy metals? Long-standing controversy over the scientific use of the term 'heavy metals’–

proposal of a comprehensive definition. Toxicological & Environmental Chemistry, 100:6-19. 

Ashraf, M., Ozturk, M., Ahmad, M.S.A. (2010). Toxins and their phytoremediation. In Plant Adaptation and Phytoremediation, pp:1-

32. 

Ashraf, S., Ali, Q., Zahir, Z.A., Ashraf, S., Asghar, H.N. (2019). Phytoremediation: Environmentally sustainable way for reclamation 

of heavy metal polluted soils. Ecotoxicology and Environmental Safety, 174:714-727. 

Marinova, S. (2003). Distribution and forms of heavy metals in some agricultural soils. 12:629-633. 

Bhattacharya, S. (2020). Milk Thistle Seeds in Health. In Nuts and Seeds in Health and Disease Prevention, pp:429-438. 

Caldas, E.D., Machado, L.L. (2004). Cadmium, mercury and lead in medicinal herbs in Brazil. Food and Chemical Toxicology, 

42:599-603. 

Devi, K.P. (2019). Milk thistle (Silybum marianum). In Nonvitamin and Nonmineral Nutritional Supplements, pp:321-325. 

Didur, I., Bakhmat, M., Chynchyk, O., Pantsyreva, H., Telekalo, N., Tkachuk, O. (2020). Substantiation of agroecological factors on 

soybean agrophytocenoses by analysis of variance of the Right-Bank Forest-Steppe in Ukraine. Ukrainian Journal of Ecology, 10:54-

61. 

Didur, I., Сhynchyk, O.P.H., Olifirovych, V., Olifirovych, S., Tkachuk, O. (2021). Effect of fertilizers for Phaseolus vulgaris L. 

productivity in Western Forest-Steppe of Ukraine. Ukrainian Journal of Ecology, 11:419-424. 

Gutsol, G. (2020). Assessment of intensity of soil pollution by heavy metals and measures to improve their quality. The Scientific 

Heritage, 48:3-8. 

Honcharyk, I., Kovalchuk, S. (2020). Agricultural Production Greening Management in the Eastern Partnershipcountries with the EU. 

Publishing House "Baltija Publishing". 

Kadukova, J., Kavuličova, J. (2011). Phytoremediation of heavy metal contaminated soils-Plant stress assessment. Handbook of 

Phytoremediation. Nova Science, New York, pp:185-222. 

Kirdey, T.A. (2017). The influence of humate on the phytoremediation properties of wheat with increasing concentrations of lead 

nitrate. Applied Ecology, 4:102-107. 

Kumar, S., Prasad, S., Yadav, K.K., Shrivastava, M., Gupta, N., Nagar, S., Malav, L.C. (2019). Hazardous heavy metals 

contamination of vegetables and food chain: Role of sustainable remediation approaches-A review. Environmental Research, 

179:108792. 

Lemanowicz, J. (2019). Activity of selected enzymes as markers of ecotoxicity in technogenic salinization soils. Environmental 

Science and Pollution Research, 26:13014-13024. 

Liu, S., Yang, B., Liang, Y., Xiao, Y., Fang, J. (2020). Prospect of phytoremediation combined with other approaches for remediation 

of heavy metal-polluted soils. Environmental Science and Pollution Research, 27:16069-16085. 

Mahmood, A., Malik, R.N. (2014). Human health risk assessment of heavy metals via consumption of contaminated vegetables 

collected from different irrigation sources in Lahore, Pakistan. Arabian Journal of Chemistry, 7:91-99. 

Malynovska, I.M., Kaminskyi, V.F., Tkachenko, M.A. (2020). Influence of heavy metals pollution on the formation of microbial 

community in gray forest soil. Ukrainian Journal of Ecology, 10:94-97. 

Muthusaravanan, S., Sivarajasekar, N., Vivek, J.S., Paramasivan, T., Naushad, M., Prakashmaran, J., Al-Duaij, O.K. (2018). 

Phytoremediation of heavy metals: mechanisms, methods and enhancements. Environmental Chemistry Letters, 16:1339-1359. 

Nedjimi, B. (2021). Phytoremediation: a sustainable environmental technology for heavy metals decontamination. SN Applied 

Sciences, 3:1-19. 

Orlov, D.S. (1994). Soil-ecological monitoring and soil protection. Moscow: MSU Publication. 

Patra, D.K., Pradhan, C., Patra, H.K. (2020). Toxic metal decontamination by phytoremediation approach: Concept, challenges, 

opportunities and future perspectives. Environmental Technology & Innovation, 18:100672. 

Razanov, S.F., Tkachuk, O.P., Bakhmat, O.M., Razanova, A.M. (2020). Reducing danger of heavy metals accumulation in winter 

wheat grain which is grown after leguminous perennial precursor. Ukrainian Journal of Ecology, 10:254-260. 

Razanov, S.F., Tkachuk, O.P., Mazur, V.A., Didur, І.М. (2018). Effect of bean perennial plants growing on soil heavy metal 

concentrations. Ukrainian Journal of Ecology, 8:294-300. 

Razanov, S.F., Tkachuk, O.P., Razanova, A.M., Bakhmat, M.I., Bakhmat, O.M. (2020). Intensity of heavy metal accumulation in 

plants of Silybum marianum L. in conditions of field rotation. Ukrainian Journal of Ecology, 10:131-136. 

Riza, M., Hoque, S. (2021). Phytoremediation of Copper and Zinc Contaminated Soil around Textile Industries using Bryophyllum 

pinnatum Plant. Journal of Ecological Engineering, 22:88-97. 

Saxena, G., Purchase, D., Mulla, S.I., Saratale, G.D., Bharagava, R.N. (2019). Phytoremediation of heavy metal-contaminated sites: 

eco-environmental concerns, field studies, sustainability issues, and future prospects. Reviews of Environmental Contamination and 

Toxicology Volume, 249:71-131. 

Shah, V., Daverey, A. (2020). Phytoremediation: A multidisciplinary approach to clean up heavy metal contaminated soil. 

Environmental Technology & Innovation, 18:100774. 

Suhanova, І.P., Sonko, S.P., Vasylenko, О.V., Shchetyna, М.А., Nikitina, О.V., Nechyporenko, N.V., Balabak, А.V., Soroka, L.V., 

Shevchenko, N.O., Hurskyi, I.M. (2020). Effect of heavy metals contamination in soil on the level of oncological diseases. Ukrainian 

Journal of Ecology, 10:1-5. 



 Assessment of heavy metal pollution of gray forest soils of agricultural lands and their phytoremediation in the cultivation of milk thistle 

   

Ukrainian Journal of Ecology, 11(6), 2021 

 

 

Titarenko, O.M. The state of natural fodder meadows of the eastern podillya of Ukraine in modern ecological conditions of the 

environment. Сolloquium-Journal, 14:49-54. 

Tkachuk, O. (2020). Height dynamics of perennial leguminous herbs in the context of soil contamination with heavy metals. 

Sciences of Europe, 49:7-12. 

Tsyhanska, O. (2021). Influence of mineral fertilizers and methods of using the complex of microelements on the height of soybean 

plants. Slovak International Scientific Journal. 52:8-12. 

Wang, Q.R., Cui, Y.S., Liu, X.M., Dong, Y.T., Christie, P. (2003). Soil contamination and plant uptake of heavy metals at polluted 

sites in China. Journal of Environmental Science and Health, 38:823-838. 

Yakovets, L. (2021). Migration of heavy metals in the soil profile. Norwegian Journal of development of the International Science. 

Norway:Oslo, 54:8-12. 

Zhou, H., Yang, W.T., Zhou, X., Liu, L., Gu, J.F., Wang, W.L., Liao, B.H. (2016). Accumulation of heavy metals in vegetable species 

planted in contaminated soils and the health risk assessment. International Journal of Environmental Research and Public Health, 

13:289. 

Zwolak, A., Sarzyńska, M., Szpyrka, E., Stawarczyk, K. (2019). Sources of soil pollution by heavy metals and their accumulation in 

vegetables: A review. Water, Air, & Soil Pollution, 230:1-9. 

 

Citation: 

Razanov, S., Vdovenko, S., Hetman, N., Didur, I., Ogorodnichuk, G. (2021). Assessment of heavy metal pollution of gray forest soils of agricultural 

lands and their phytoremediation in the cultivation of milk thistle. Ukrainian Journal of Ecology, 11 (6), 41-45. 

 This work is licensed under a Creative Commons Attribution 4.0. License 

 

 


