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 The article studies the content of radionuclides in embryonic soils and fruits of Rosa 
majalis Herrm. in the circumstances of the rock waste disposal area of the Kedrovsky 

coal pit. It was experimentally proved that the main share in overall radioactivity of 

embryonic soil and rose hips falls to natural radionuclides, especially K-40. Its share in 
the overall radioactivity equals to 91% in embryonic soil, and 81% in rose hips. The 

share of anthropogenic radionuclides – Cs-137 and Sr-90 – is less than 1% in 

embryonic soil and 1.6-2% in rose hips. Analysis of the ratios of radionuclides 
accumulation (Са) showed that the artificial radionuclides Cs-137 and Sr-90 most 

intensively move from embryonic soil to rose hips, but their Са< 1. Hygienic 

assessment of rose hips showed no excess of the maximum allowable concentration of 
artificial radionuclides, which concentration is determined for biologically active 

additives based on vegetables and plant raw materials. 
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INTRODUCTION 

 

 A large number of herbs, which are applied in practical medicine, grow at rock waste disposal areas of coal 

pits in the Kuznetsk Basin. Dog rose – Rosa majalis Herrm. of the rose family (Rosaceae) – is one of the most 

common brushwood. Dog rose is a high value forest improvement and decorative brushwood as well as a 

pharmacopeial raw material used as a vitamin agent [1]. Rose hips contain ascorbic acid, carotenoids, 

flavonoids, catechins, carbohydrates, organic acids, vitamins of the В, К1, Р, and Е groups, polyunsaturated fatty 

acids, pectin substances, salts of potassium, sodium, calcium, magnesium, phosphorus, iron, etc. [2-4]. 

Medicines made of rose hips have multiple pharmacological effects [5-11]; they are also applied at production 

of combined, enriched foods [12-14]. 

 However, coal-mining wastes (disposal areas, terricones) can cause excessive radiation background [15]. 

Radionuclides (RN) are the most dangerous source of natural environments' pollution. One of the ways, in 

which RN penetrate into a human organism, are herbs, which are used as raw material for production of 

medicines and food [16, 17].  

 In order to assess the possibility of using starting materials of herbal origin, which grow in the 

anthropologically disordered territories, in medicine and food production, research is required with regard to 

their radiation safety. It is a known fact that the amount of accumulated RN in plants depends on the properties 

of radionuclides, their forms, as they exist in soil, physical and chemical parameters of the soil, climate 

conditions, and biological peculiarities of plants [18-26].  

 This article is continuing previously published studies dealing with hygienic assessment of herbs growing at 

the rock waste disposal areas of coal pits in the Kuznetsk Basin [27-30]. 

 The research works dealing with this agenda allow to assess the possibility in principle of introduction and 

industrial harvesting of medicinal herbs on the rock waste disposal areas of the Kuznetsk Basin, to expand the 

range of harvested medicinal herbs in the region, and to draw the land, which is anthropologically disordered by 

coal-mining, into economic circulation. 

 The goal of this work is to assess the pollution of rose hips (Rosa majalis Herrm.) and adjacent embryonic 

soil with radionuclides in the circumstances of the rock waste disposal area of the Kedrovsky coal pit. 
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Objects and methods of the research: 

 The research was carried out at the Yuzhny rock waste disposal area of the Kedrovsky coal pit in the 

Kuznetsk region of Russia. The total square of the Yuzhny rock waste disposal area is 599.3 hectares; its height 

is 58 meters with flat to sloping terrain. Rocks, which the waste disposal areas consist of, are mainly represented 

by sandstone (60%) including a large share of siltstone (20%), clay stone (15%), clay loam and clay (5%). 

Embryonic soil is represented mainly by heavy, medium concentration clay loam (3.5% of humus), with its 

typically alkaline reaction of the soil solution (pH of the water extract is equal to 7.1-7.7), low concentration of 

phosphorus and nitrogen (1.7-7.0), and a little below the normal level of exchange potassium (125 mg/kg). The 

objects of the research were samples of rose hips (Rosa majalis Herrm.) and conjugated embryonic soil, which 

had been collected during 2012-2013.  

 Raw material harvesting was carried out during the period of puberty of the fruits (early September) during 

dry sunny weather according to common rules. The raw materials without visible damages were collected. 

Average sample was prepared by quartering in compliance with the State Standard GOST 24.027.0-80. 

Embryonic soils conjugated with plants were collected from the root zone (A = 0-15 cm) according to the 

commonly accepted method.  

 Laboratory study of the embryonic soil and vegetation samples was carried out at the premises of the 

certified test center of the agrochemical service "Kemerovsrky". 

 Radioactivity of the studied samples was detected using the Progress spectrometric detector for measuring 

the activity of alpha-, beta-, and gamma-emitting nuclides [31]. 

 In order to assess the movement of Sr-90 and Cs-137 in the soil–plant system, the accumulation ratio (Са) 

was calculated, which is the ratio between concentration of an element in a plant and concentration of the 

element in soil. The analyses were repeated three times; the results were statistically processed using the 

Statistica 6.0 software.  

 

Research results and their discussion: 

 Study of the radionuclide structure of herbal and soil samples from the rock waste disposal areas showed 

that the content of natural and artificial radionuclides in embryonic soil is higher than in rose hips (Table 1). At 

that, main radioactivity of embryonic soil is caused by natural RN, especially by K-40 with its 91% contribution 

to the overall radioactivity. The share of artificial RN in embryonic soils is less than 1% (Table 2). The obtained 

results indicate absence of disposal area embryonic soil pollution with artificial RN – the Sr-90 and Cs-137 

content is much lower than the regional average accumulation degree in the soil of the south of Tomsk region, 

adjacent to the Kemerovo region [32]; and the degree of natural RN is within the background rate of radioactive 

elements' content in the Earth crust [33]. 

 
Table 1: The content of radionuclides in the rose hips and conjugated embryonic soil in the circumstances of a rock waste disposal area  

(average data for 2012-2013). 

 
Sample 

Specific activity, Bq/kg 

Sr-90 Cs-137 K-40 Th-232 Ra-226 

Embryonic soil (root 

zone) 

 

0.993±0.002 

 

2.590±0.213 

 

516.367±10.909 

 

26.455±2.073 

 

24.369±1.594 

Rose hips 0.497±0.058 0.627±0.218 24.767±1.049 1.670±0.254 2.905±0.385 

Maximum allowable 
concentration: 

- herb-based BADs 
- Herbal raw materials 

(grass, bark, 

underground stem, 
fruits) [34] 
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 Analysis of radioactivity of rose hips revealed relatively high value of the weighted average (by weight) 

relative activity of K-40. The share of K-40 in the overall radioactivity is equal to 81% (Figure 1). 

 This proves the necessity of K-40 for normal growth of plants. The absolute values of relative activity of 

Th-232 and Ra-226 are lower than the absolute value of K-40, and their share in the overall radioactivity is 

equal to just 5% and 10% accordingly (Figure 2). It is a known fact that unlike radionuclides of potassium, Th-

232 and Ra-226 are not vital elements for plants [35]. The share of the anthropogenic radionuclides Cs-137 and 

Sr-90 is 1.6% and 2% of the overall radioactivity accordingly (Figure 1). 
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Fig. 1: Comparative assessment of the content of artificial and natural radionuclides in rose hips. 

 

 Analysis of the ratios of radionuclides accumulation (Са) showed that the artificial radionuclides Cs-137 

and especially Sr-90 most intensively move from soil to rose hips, but their Са< 1.  

 

 
 

Fig. 2: Ratios of radionuclides accumulation by fruits of Rosa majalis Herrm. in the circumstances of a rock  

waste disposal area. 

 

 This indicates that the plant does not accumulate these RN. The publication by B. Lukšienė et al. states the 

more extensive biological availability of Sr-90. [19]. 

 There is information in literary sources that the move of radionuclides from soil to plants is strongly 

influenced by the mechanical structure of the soil – radionuclides are more intensively taken up by plants form 

soil that has light mechanical composition rather than from one with heavy composition [36]. Hygienic 

assessment of Rosa majalis Herrm. fruits has shown that the specific activity of artificial RN – Sr-90 and Cs-137 

– in various organs of plants (roots, leaves, inflorescences) does not exceed the maximum allowable 

concentration as per SanPiN 2.3.2.1078-01, developed for biologically active additives (BAD) based on herbal 

and plant raw materials (Table 1) and is not harmful for consumers. 

 

Conclusion: 

 The research stated that natural radionuclides, particularly K-40, constitute the major share of the overall 

radioactivity of embryonic soil and rose hips (Rosa majalis Herrm.) in the circumstances of the rock waste 

disposal area of the Kedrovsky coal pit in the Kuznetsk region (the share of K-40 in the overall radioactivity of 

embryonic soil and rose hips is equal to 91% and 81% accordingly). The share of anthropogenic radionuclides – 

Cs-137 and Sr-90 – is less than 1% in embryonic soil and 1.6-2% in rose hips. Analysis of the ratios of 

radionuclides accumulation (Са) showed that the artificial radionuclides Cs-137 and especially Sr-90 most 
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intensively move from soil to rose hips, but their Са< 1. This evidences absence of accumulation of these 

radionuclides in rose hips.  

 The obtained results evidence absence of pollution of embryonic soil of the rock waste disposal areas with 

artificial radionuclides – the content of Sr-90 and Cs-137 is significantly lower than the average regional degree 

of accumulation for the soil in the region; and the content of natural radionuclides is within the background rate 

of radioactive elements in the Earth crust. 

 Hygienic assessment of rose hips (Rosa majalis Herrm.) has shown that the specific activity of artificial 

radionuclides – Sr-90 and Cs-137 – does not exceed the maximum allowable concentration as per SanPiN 

2.3.2.1078-01 developed for biologically active additives (BAD) based on herbal and plant raw materials and is 

not dangerous for the health of consumers.  

 Thus, it has been experimentally proved that rose hips grown up in the circumstances of rock waste disposal 

area of the Kedrovsky coal pit are ecologically safe in terms of such intoxicants as radionuclides. In order to 

ensure further utilization of rose hips grown up at the rock waste disposal areas as crude drugs and biological 

additive at production of functional products, it is necessary to carry out studies of the content of heavy metals 

in fruits as well as studies of compliance of the merchandising characteristics (humidity, ash-content) of 

biologically active substances with the normative standards.  
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