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Experimental Results

A study of the influence of earthworms on the assimilation of 

137Cs radionuclides from soil into plants under conditions 

of the radioactive contamination following the Chernobyl catastrophe, 

based on the example of Bryansk oblast’, Russia

The land where this experiment was conducted is contaminated with radioactivity in the wake of the accident at the Chernobyl Atomic Power Plant in 1986. Unfortunately, people continue to inhabit this region. As a rule, these are economically depressed areas, requiring subsidies and governmental assistance. The local population lacks the means of purchasing uncontaminated food. For this reason, a large portion of the residents continue to farm and grow vegetables for subsistence in soils contaminated by radionuclides.

Numerous studies have shown that the most dangerous and persistent contaminants are two radionuclides: 137Cs and 90Sr, which were scattered over parts of the territories of Ukraine, Belarus, and Russia as a result of the explosion and fire at the Chernobyl Atomic Power Plant. They are capable of migrating through food chains into ecological systems and accumulate in the human body, creating an internal source of radioactive radiation. This is the reason for the high mortality and disease rates among the residents living in the contaminated lands. The consumption of local food products (vegetables, bread, meat, and dairy) is the essential route through which the human body is contaminated by radionuclides.

We have now discovered many methods of decreasing the intensity of absorption of 137Cs and 90Sr from the soil into plants. Unfortunately, these methods are expensive and likewise not without danger to human health. For example, it has been proposed that the quantity of chemical fertilizers to be used in the radioactively contaminated zone be increased, since this woud diminish the radioactive contamination of the plants. But such a practice would accelerate erosion in the soil, leading to its becoming exhausted, and the plants in turn would accumulate nitrates and other substances harmful to health. For this reason, the examination of biological methods for purifying the soil and preventing the penetration of plants by radionuclides is important to a great many people livng in the contaminated lands.

Earthworms are an important component of the soil community. They possess the ability to change the living quarters not only for themselves, but also for other soil organisms. For this reason, they are often called the “engineers of the soil.” Earthworms exert the following types of action on the soil:

• they churn up the soil in the process of building new passageways for themselves, rendering the soil more porous;

• they transport organic and inorganic soil material in horizontal and vertical directions;

• they create the organic content of the soil;

• they increase the amount of nutrient mineral substances in a form palatable to plants;

• they alter the composition of the microbe community and even improve its health; and

• they change the acidity of the soil, bringing it closer to neutral values.

Undoubtedly, this helps create beneficial conditions for the growth and development of plants. And since earthworms exert such a significant influence on the soil, accordingly they can have an influence on the migration of radionuclides and their accumulation in plants. A series of investigations carried out by scientists in Ukraine, Belarus, and Russia indicate that these processes in large part depend on the physico-chemical qualities of the soil. For this reason, the ecology of earthworms in radioactively contaminated zones needs to be studied most closely with an eye to the goals of bioremediation.

The goal of our study is to examine the 137Cs “soil-plant” migration and the influence of earthworm activity on this process.

Description of the experiment. Methods.
The experiment was conducted in the course of a single growing season (May-September 2008) in the southwest portion of the Bryansk oblast’, Russia, in five repetitions. Due to the limited financial resources of our organization, the investigations were conducted with only one radionuclide, 137Cs, whose physical half-life is 30 years. Four agricultural crops were selected for the experiment:  “Love-Lies-Bleeding” amaranth (Amaranthus caudatus), cabbage (Brassica oleracea var. capitata), grey mustard (Brassica juncea L.) and string beans (Phaseolus vulgaris L.).  Each agricultural plant was cultivated on plots of two types, each 10 square meters, under identical natural-climate conditions.  The characteristics of the experimental plots are given in Table 1.

Table 1.  Characteristics of the Experimental Plots

	Experimental 

Plot Type
	Level of Radioactive Contamination (Bq/kg)
	Number of Earthworms 

(per m2)
	Soil Type

	WE
	4155
	88
	Soddy-podzol, gleic underneath, sabulous-clayey (sandy-loam), underlaid at a depth of 0.6 m with sandy clay loam 

	E
	
	500
	


Plots WE and E were isolated from the surrounding soil by wooden boards, reaching a deph of 75 cm, to prevent migration of earthworms. Plots WE and E were populated by earthworms from the indigenous fauna. These earthworms had been removed from soil located 15 km from the site of the experiment which had not been contaminated by radionuclides. The species composition of the earthworms on all of the plots was the following: Allophora chlorotica, Lumbricus rubellus, and Lumbricus terrestris.  The ratios of the quantities of earthworms of the various species were the same on plot E as on plot WE and are typical for the ecology of the southwestern areas of the Bryansk oblast’.

The quantity of earthworm passageways in the soil was counted with the naked eye after horizontally slicing off an upper layer.

The agrochemical indicators of the soil were within the following ranges: pH – 4.0-5.4, P2O5 – 3.5-8.2 (mg/100g soil), K2O – 7.3-9.6 (mg/100g soil), humus – 1.6-2.0%.

The consistency of surface covering with radioactive contamination was measured by analysis of selected samples in a radiological laboratory.  The 137Cs content in soil and plants was determined by the gamma-spectrometric method with a Germanium detector.  This device’s margin of error did not exceed 10%.  The extent of the uptake of radionuclides into plants from the soil was determined with the aid of a coefficient for the uptake of radionuclides ([image: image2.png]ks
Bq/] y/kBq/mZ



). (The soil-to-plant concentration ratio CR (or transfer factor) was determined as 
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Tilth-topsoil layer – 25 cm. )


For the study of the vertical migration of radionuclides through the soil, samples were taken in April and August layer by layer (0-5, 5-10, 10-15, 15-20, 20-25, 25-30, 30-35, 35-40, 40-45 сm).

Results and Discussion

1. Earthworms
Increasing the quantity of individual earthworms in the soil leads to a rise in their activity of mixing up the soil.  The number of passageways per square meter (Table 2) testifies to this.

Table 2. Quantity of Passageways of Earthworms on Experimental Plots (passageways/m2).

	Depth (м)
	Experimental Plots

	
	WE
	E

	0.1
	113
	378

	0.2
	132
	365

	0.3
	76
	397

	0.4
	59
	334

	0.5
	18
	210



The active digging activity of earthworms changes the physical and chemical properties of the soil.  The large number of burrows means that the particles of soil on plot E are more actively mixed throughout the soil.


At the end of the vegetative period, the numbers of mature individual worms had changed (Fig. 1).
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Fig. 1. Number of IndividualMature Earthworms at Beginning and End of Experiment   [Green = Beginning of Experiment; Purple = End of Experiment; 

Vertical Axis = No. of Individual Earthworms]

Plot E is of interest, insofar as the worm population had been artificially increased. The quantity of worms on this plot fell below its level at the beginning of the experiment. This can be explained by the fact that the initial concentration of humus was insufficient to maintain the life activity and reproductive processes of such a large number of individuals. Studies by numerous scholars have indicated that it is compost that creates favorable feeding and reproductive conditions for earthworms. If one does not add compost, the number of worms will fall to a certain level, which will be the optimal population for the given chemical composition of the soil substrata. But if Table 2 and Figure 1 are analyzed in tandem, it becomes clear that an artificial increase in the number of worms without adding compost may have an effect for a single growing season.

Since the soil was radioactively contaminated, we conducted tests of the accumulation in the worms’ bodies of 137Cs radionuclides (Fig. 2).
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Fig.2 Accumulation of 137Cs Radionuclides by Earthworms in Soil

On Plot E at the experiment’s conclusion, the earthworms had absorbed 23.6% of the 137Cs radionuclides from the soil, while those on Plot WE had absorbed 12.4%.  Thus, the greater the biomass of earthworms in the soil, the more 137Cs they absorb.  Our prior studies have indicated that the capacity of worms to absorb radionuclides is limited and does not exceed 25% of the total amount of 137Cs in the soil.

The issue of what effect radioactive contamination has on the earthworms themselves has not been conclusively elucidated. Our investigations of 2005 and those of colleagues in Russia have demonstrated beyond a doubt that low dosages of radiation – up to 530 kBq/m2 – increase the number of certain species of earthworms, while dosages above this level diminish the numbers of all species. The stimulating effect of low dosages has been known for a long time. Perhaps in the case of this experiment, it is this phenomenon that we are witnessing. Thus, there are limitations to the utilization of earthworms for bioremediation. The most successful results can be achieved in the case of slight and intermediate contamination (5-10 and 10-15 Ku/m2). Areas with precisely this level of radioactive contamination are the most widespread and populated in Russia, Belarus, and Ukraine.

2.  Soil

The activities of earthworms exert an influence on the physical and chemical qualities of the soil. Nowadays, no one casts doubt on the fact that worm activity improves the conditions for growth and development in plants. Earthworms stimulate the intermixing  of the soil, as well as the vertical and horizontal migration of soil particles.  Insofar as 137Cs radionuclides are bonded with soil particles, they too are spread throughout the soil. This is demonstrated in Table 3.

Table 3. Distribution of Radionuclides on Plot E Before and After Experiment

	Depth of Soil, cm
	Quantity of Radionuclides

	
	Before Experiment
	After Experiment

	0-5
	953±105.4
	667±34.5

	5-10
	805±92.5
	580±46.7

	10-15
	734±83.1
	484±56.3

	15-20
	812±75.6
	404±44.7

	20-25
	702±64.7
	354±66.7

	25-30
	556±43.4
	322±34.9

	30-35
	12±3.5
	234±25.8

	35-40
	3±0.7
	212±17.8

	40-45
	3±0.3
	201±22.4

	45-50
	2±0.3
	198±15.9

	Variations are statistically reliable 


If the number of earthworms in the soil is insignificant, then 137Cs radionuclides are distributed evenly within the confines of the tilth-topsoil layer (0-30 cm).  This is a result of the intermixing and churning of the soil in the process of being dug up.  As one can see from Table 3, the presence of a large quantity of earthworms serves to disperse radionuclides deeper than the tilth-topsoil.  The most important role in this process is played by the species Lumbricus terrestris L.  It creates the deepest passageways of all the species included in this experiment.  Moreover, the concentration of radionuclides in all layers of the soil diminishes, thanks to worm activity and the worms’ capacity to accumulate 137Cs.  The dispersal of radionuclides throughout the soil profile lowers the risk of plants taking them up from the soil, while a high concentration of Cesium in the tilth-topsoil layer increases this risk.

3. Plants

The accumulation of  137Cs radionuclides by plants differs between Plots WE and E.  The data on the soil-to-plant concenttration ratio in plants (Fig. 3) testifies to this.
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Fig.3. Concentration ratio for plants on experimental plots 

(variations are statistically reliable


All of the plants, except Brassica oleracea var. capitata, accumulated fewer 137Cs radionuclides.  The smallest differential in radionuclide accumulation was exhibited by Brassica juncea L. (1.08 times less), while the greatest differential was exhibited by Amaranthus caudatus (1.45 times less).  Brassica juncea L. and Amaranthus caudatus are normally utilized for the phytoremediation of soils, contaminated by heavy metals and radionuclides.  Our experiment demonstrated that these plants will accumulate less heavy metals and radionuclides as the quantity of earthworms in the soil increases.  Brassica oleracea var. capitata, on the contrary, displayed an increase in the accumulation of 137Cs radionuclides by a factor of 1.9.  Thus, plants accumulate radionuclides in different measures in the presence of earthworms.


Earthworms not only influence the migration of radionuclides in the “soil-plant” uptake system, they also exert a favorable influence on the growth and development of plants.  In Table 4, the results of measurements of Brassica oleracea var. capitata plant organs from the experimental plots are given.

Table 5.  Influence of Earthworms on the Growth and Development of Brassica oleracea var. capitata
	Parameters
	WE
	E

	
	x
	CV
	x
	CV

	Height of Plant (cm)
	42.8
	14.2
	51.5
	16.4

	Weight of Plant (kg)
	13.8
	5.6
	16.3
	2.3

	Weight of Roots (kg)
	0.9
	11,4
	1.9
	3.8

	Length of Roots (m)
	0.63
	9,4
	0.84
	5.6



Table 5 demonstrates that the growth and development of cabbage are considerably improved by a significant quantity of earthworms.  A series of scholarly investigations have shown that the cabbage Brassica oleracea var. capitata actively accumulates radionuclides while rapidly increasing its biomass.  Moreover, the mass and length of the root system of the cabbage definitely increased on Plot E.  This was predicated on increased root contact with radionuclides and most probably facilitated radionuclide concentration in the plant organs of Brassica oleracea var capitata.


Conclusions


1. Earthworms have an influence on 137Cs radionuclide migration in the “soil-plant” uptake system.  For some plants this migration is weakened, while for others the process of accumulation of radionuclides becomes more intensive.  For this reason, this phenomenon deserves further study. 


2. Earthworms are capable of accumulating 137Cs radionuclides in their bodies, which makes them useful in bioremediation .


3. The burrowing activity of earthworms facilitates the dispersal of 137Cs radionuclides throughout the soil, which lowers the likelihood of contact of radionuclides with plants’ roots.


4. The technology of bioremediation using worms and plants should consist of the following stages:


I. Populating a plot with earthworms taken from uncontaminated locations. The species breakdown should be typical for the new locale. It is desirable to employ several species of earthworms with differing ecological characteristics. The number of earthworms per square meter should be no less than 500. Compost is an indispensable amendment to maintain diet and reproductive capacity.


II.  Phytoremediation of a contaminated plot with the use of Brassica oleracea var. capitata should be conducted after earthworms have been transplanted to the plot beforehand. At the end of the growing season, the plants should be removed from the plot with their roots and buried.


III. The elimination of the maximum possible quantity of earthworms, as they have accumulated radionuclides. They should be captured with various traps and bait. (It is possible to use an electric method to collect specimens of earthworms.)

