E KnE Engineering

Corresponding Author:
Lavrentyeva G. V.

Lavrentyeva_G@list.ru

Received: 23 December 2017
Accepted: 15 January 2018

Published: 21 February 2018

© Lavrentyeva G. V. et al. This
article is distributed under the
terms of the

, which
permits unrestricted use and
redistribution provided that the
original author and source are

credited.

Selection and Peer-review
under the responsibility of the
AtomFuture Conference

Committee.

AtomFuture-2017 ‘,‘
XlIl International Youth Scientific and Practical Conference

“FUTURE OF ATOMIC ENERGY - AtomFuture 2017”

Volume 2017

Engaging minds

Conference Paper

'0Obninsk Institute for Nuclear Power Engineering of the National Research Nuclear University
MEPhI, Studgorodok 1, Obninsk, Kaluga region, 249040, Russia
2Bauman Moscow State Technical University (Kaluga Branch), Kaluga, Russia

One of the most promising methods of soil diagnostics is the determination of the
parameters of enzymatic activity. Changes in urease, invertase, dehydrogenase and
catalase activity of soil subjected to radioactive contamination with radionuclide Sr-90
have been studied. When the specific activity of Sr-9o in the soil varies in the range
from the control value to more than 1.5 kBq / kg, the stability of invertase, urease
and dehydrogenase is established. At the same time, the catalase activity of the soil
is a sensitive indicator to radioactive contamination, which is described by a reliable
model with a threshold value, after which the oppression of the indicator is observed.

The soil in the structure of the terrestrial ecosystem is the main depository of pollutants
entering the environment, including radionuclides of technogenic origin, which are
included in the trophic migration chains and cause irradiation of the ecosystem and
human components. Radioactive contamination of soil can disrupt its homeostasis and
lead to degradation, which causes a change in the functional and biochemical activity
of soil microorganisms. At the same time, over the years, a high efficiency of ecological
soil diagnostics has been established through biochemical methods, among which the
most promising is the determination of the parameters of enzymatic activity [2, 3, 10-
12].

It should be noted that the level of enzymatic activity of soils can be determined by
natural conditions, the physical and chemical properties of soils, as well as contami-
nation of the soil cover of different genesis. At the same time, most of the research is
aimed at revealing the stimulation / inhibition of enzymatic activity of soils in condi-
tions of soil contamination with heavy metals, petroleum products, and also with the
introduction of mineral substances. However, the question of the effect of ionizing
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radiation on the enzymatic activity of soils under actual conditions remains poorly
studied and is mainly aimed at studying the effect of the natural radiation background.

In this paper, we analyze the changes in the invertase, urease, dehydrogenase and
catalase activity of soils under conditions of radioactive contamination of the terrestrial
ecosystem by the radionuclide Sr-go.

Catalase - an enzyme that decomposes hydrogen peroxide, the level of which cor-
responds to the intensity of respiratory metabolism in the soil. Dehydrogenase is a
vast group of enzymes of the class of oxidoreductases, which catalyze the elimination
of hydrogen from one substrate and its transfer to another. Invertase - splits sucrose
into simple sugars - glucose and fructose. Urease is an enzyme of the hydrolase class,
it catalyzes the decomposition of urea to ammonia and carbon dioxide.

The experimental site is the territory of the regional storage of radioactive waste.
Radioecological situation on the territory is due by Sr-g9o [8].

Soils were selected on local sites of the studied territory with the help of Edelman’s
specialized sampler.

Measurement of specific activity with preliminary radiochemical isolation of Sr-90 in
samples of soil was carried out on a scintillation beta spectrometer BETA-01C according
to the standard procedure for determining Sr-9o content from the beta radiation of its
daughter radionuclide Y-90 in environmental objects [4].

Sampling of soil samples and determination of enzymatic activity of soils were
carried out according to the generally accepted method [3].

The determination of the enzymatic activity of soils was carried out in triplicate.

The statistical processing of the experimental data was carried out using the pro-
gram R.

In 2013, the enzymatic activity of soils in the study area was determined (Table 1). The
specific activity of Sr-9o in soil varied from 25 to 1864 Bq/kg.

In the framework of radioecological research in 2015, the area of research has been
expanded, and, consequently, the range of specific radionuclide activity in the soil.
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TABLE 1: Enzymatic activity of soils contaminated with Sr-9o.

Specific activity ~ Urease activity, Invertase activity, Dehydrogenase Catalase activity,
of Sr-9o in soil, ~mg NH,/10 g for mg C(H,,0,/g/day  activity, mg cm?® O, /g * min

Bq / kg 24 hours TFF/10 g soil for
24 h

25 (control) 1,93+0,28 2,11+0,06 2,10+1,15 1,1+0,1
32 1,83+0,11 2,53+0,28 2,30+0,73 1,2+0,2

33 1,80+0,18 2,57+0,46 1,93+0,59 1,3+£0,3
44 1,30+0,64 2,47+0,28 2,20+0,18 1,7+0,2

86 1,13£0,74 2,80+0,18 2,374+0,38 1,6+0,1
118 1,57+0,46 2,63+0,28 2,20+0,95 2,3+1,1%
155 1,63+0,70 2,63+0,11 2,47+1,33 2,5+0,6*
172 1,63+0,28 3,20+0,18 2,80+0,49 3,6+1,1%
173 2,20+0,55 3,00+0,18 2,37+0,38 4,0+0,8*
214 1,80+0,18 3,33+0,28 2,30+0,49 3,2+1,7%
314 1,63+0,64 2,5740,28 3,17+0,21 4,8+1,5%
331 1,77+0,28 2,33+0,38 3,10+0,18 4,2+1,0%
353 1,63+0,28 3,43+0,76 1,87+0,42 4,0+0,4*
744 1,73%0,38 3,97+0,18 2,30%1,27 7,0+0,1*
847 1,50+0,37 3,4040,28 2,00+0,49 8,3+1,6*
981 1,03+0,28 3,43+0,18 1,53+0,46 8,4+1,7*
1137 1,07+0,46 1,70+0,18 2,17+0,70 1,7+6,4%
1864 1,87+0,46 2,27+0,28 1,77+0,46 21,3+6,4*

*- significant difference from control

The change in the catalase activity of soils with an increase in Sr-9o in the soil from
19.7+11.1 to 1858+22 Bq/kg is shown in Fig. 1.

An analysis of the results of studies conducted in 2013 allows us to establish the
following. There was no significant change in invertase activity with an increase in
Sr-90 specific activity in soil from 24.7+5.6 to 1864+9 Bq/kg (Table 1). A high value
(above the confidence level of 0.05) of p-value = 0.7643 indicates a lack of reliable
correlation, the correlation coefficient is 0.0395. There were no statistically significant
differences in the values of invertase activity from the control (2.1+0.1 mg C¢H,,0,
/g/day) on the basis of the Student’s test.
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Figure 1: Change in catalase activity with increasing Sr-9o content in soilO6cyxaeHwe.

Dehydrogenase activity of the soil varies within a narrow range of values from
1.5+0.5 to 3.2+0.2 mg TFF/10 g soil for 24 hours (Table 1). However, significant dif-
ferences from the control (2.1+1.1 mg TFF/10 g soil for 24 hours) on the basis of the
Student’s test were not established for any of the experimental points, on the basis of
which one can speak of the stability of dehydrogenase activity in the contamination
of the terrestrial ecosystem of Sr -go0.

A similar situation is observed in the analysis of urease activity in soil (Table 1),
which varies in the range from 0.6+0.3 to 2.2+0.6 mg NH,/10 g for 24 hours. There
were no significant differences in urease activity in the soils of local sites from the
control value (1.9+0.3 mg NH,/10 g for 24 hours) based on the Student’s test

The change in the catalase activity of the soil is described by a reliable linear depen-
dence y = 0.976x + 0.0098 (p-value = 2.2e-16 at a confidence level of 0.05, the correla-
tion coefficientis 0.962). On the basis of the Student’s test, significant differences in the
values of catalase activity for the studied regions from the control value (1.1+0.1 cm*0,
/g* min) were established (Table 1). In this case, the catalase activity is stimulated with
an increase in the specific activity in the soil from 118+16 to 1864+9 Bq/kg.

Considering the significant change in catalase activity with an increase in Sr-9o
content in the soil, an additional study of the catalase response to the radioactive
contamination of the terrestrial ecosystem was carried out when the range of the
study was expanded and, consequently, the specific activity range of the radionuclide
in the soil. In this case, the change in catalase activity has a threshold character (Figure
1) with a threshold value of 21.3+5.9 cm?® 0,/ g*min.

With the specific activity of Sr-9o in the soil from 19.7+11.1 to 1858+22 Bq/kg, stim-
ulation of catalase activity is noted. The increase in catalase activity from 0.9 + 0.3 to
21.3 + 5.9 cm0, /g*min is linear and described by the equation of the form y = 0.482x
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+ 0.0118 (p-value <2.2e-16). A further increase in the specific activity of Sr-go in the
soil to 5,202+38 Bq/kg leads to inhibition of catalase activity to 0.6+0.3 cm>0,/g*min
at a reference value of 0.9+0.3 cm®0, /g*min.

Based on the foregoing, it can be concluded that the activity of invertase, urease and
dehydrogenase is resistant to radioactive contamination of Sr-9o soil in the range of
specific radionuclide activity from 118+16 to 1864+9 Bq/kg. Some researchers also
noted the stability of the activity of the above soil enzymes to contamination of dif-
ferent genesis [1, 7].

It was revealed the sensitivity of catalase activity for radioactive contamination of
Sr-90 in the studied range of its specific activity. In this case, stimulation of activity
is noted, and when the threshold value is reached, oppression is noted. It is known
that the activity of catalase exhibits a different response to the technogenic effect.
For example, there is a catalytic effect on catalase activity when oil products are
introduced into the soil [6] and inhibitory - in soil radioactive contamination [10], at
high concentrations of heavy metals in soil [5] and the level of dusting [9].
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