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INVESTIGATION OF THE INFLUENCE OF HYPERTHERMIA AND SOIL 
POLLUTION WITH THE PETROCHEMICALS ON TEST OBJECTS USING THE 

METHOD OF MATHEMATICAL PLANNING

Purpose. To increase the effi  ciency of using methods for assessing the level of soil contamination by oil products against the 

background of the infl uence of other factors.

Methodology. The authors consider the possibility of using bioassays to study the impact of several stressors on the test system. 

Based on the theory of experiment planning, a methodology for researching the infl uence of hyperthermia and soil contamination 

with kerosene on the growth parameters of test objects was developed. On the basis of the obtained experimental data, regression 

models were built which allow fi nding a numerical estimate of the impact of stress factors on changes in the characteristics of the 

test object.

Findings. It was determined that, as a rule, in order to assess the infl uence of stressful factors when normalizing the assumed 

levels of their infl uence on humans and ecosystems using biotesting methods, such an assessment is carried out for individual fac-

tors. But, in the real conditions of existence of plants and organisms, they are exposed to the simultaneous infl uence of many fac-

tors that can interact non-additively, i.e. as antagonists or synergists. In order to increase the effi  ciency of the use of methods for 

biotesting of the level of soil contamination by oil products against the background of the infl uence of other factors, the authors 

applied one of the methods of mathematical planning of the experiment. It was concluded that the eff ect of one factor depends, to 

a certain extent, on the eff ect of the other factor, the eff ect of which was studied in the work. The fact of the non-additive eff ect of 

the factors used in the experiment makes it possible to recommend the use of test objects in the practice of monitoring the condi-

tion of soils in technogenically loaded territories previously exposed to the action of hyperthermia.

Originality. The toxic eff ect of the petroleum product depends, to a certain extent, on the eff ect of hyperthermia. Pretreatment 

of the test objects with a hyperthermic factor in a hormesis dose had a preventive eff ect, increasing the resistance of the test objects 

to the eff ect of the petroleum product.

Practical value. The fact of the non-additive eff ect of the factors used in the experiment makes it possible to recommend the 

use of test objects previously exposed to the action of hyperthermia for monitoring the condition of soils in technogenically loaded 

territories.
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Introduction. The modern aviation industry is developing 

rapidly, creating many advantages and opening up new oppor-

tunities for society [1, 2]. But, at the same time, the develop-

ment of this industry creates stress for all components of the 

environment [3, 4]. It is known that the main problems of the 

negative impact of the aviation industry on the environment 

are air, water, and soil pollution due to emissions of harmful 

substances and other impacts [5, 6].

Pollution of various components of the environment at 

aviation enterprises has a special character [4, 7]. And, as a 

rule, there is a simultaneous eff ect of several dangerous fac-

tors, one of which is chemical pollution of environmental 

components with heavy metals and petroleum products, as 

well as thermal exposure. It has been established that, as a rule, 

to assess the infl uence of stress factors when normalizing the 

acceptable levels of their impact on ecosystems using biotest-

ing methods, such an assessment is carried out for individual 

factors taken [8, 9]. But, as a rule, in the real conditions of 

existence of organisms and plants, they are exposed to the si-

multaneous infl uence of several factors that can interact non-

additively, that is, as antagonists or synergists [10, 11]. 

Therefore, the purpose of our study was to take into ac-

count the simultaneous infl uence of several factors during bio-

testing of soil contaminated with aviation kerosene [12].  In 

order to further increase the eff ectiveness of the use of meth-

ods for biotesting of the level of soil pollution by oil products 

against the background of the infl uence of other factors, one of 

the methods of mathematical planning of the experiment was 

applied.

Literature review. The basics of the theory of mathematical 

planning of an experiment (MPE) are refl ected in [13, 14]. As 

is known, MPE makes it possible to obtain a statistical form of 

the connection of system outputs with independent variables 

xi. In our work, to study the infl uence of various factors on the 

eff ectiveness of the use of biotesting of oil-contaminated soils 

using the method of mathematical planning, we used one of 

the types of MPE, namely the scheme of the complete facto-

rial experiment (СFE).

Unsolved aspects of the problem. Each of the experiments 

that were conducted corresponded to an appropriate combina-

tion of factor levels [15, 16]. A certain set of levels of applied 

factors (factors) determines one of the possible states (certainly, 

in dynamics) of the object under study. The set of states of the 

studied system is determined by all possible sets of factor level 

values. In order to obtain the characteristics of all possible states 

of the object (within the range of factor values   used by us), it was 

necessary to perform a series of experiments, the number of 

which is equal to the number of those states of the object under 

investigation, and which is determined by the formula

N  nk,
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where N is the number of object states; n is the number of lev-

els (values) of each factor, k is the number of factors.

СFE allows fi nding the numerical values of the parameters 

of the mathematical model of the object under study, which is 

characterized by a regression equation that describes the rela-

tionship between the system output and the operating factors. 

This equation has the following general form Y  f (X1, X2, …, Xn).

This function is called the “response function”. Since the 

actual type of the response function is unknown in advance, 

use a regression model of this function – its decomposition 

into a power series

0

1 , 1

,

N N

i i ij ij
i i j

Y B B X B X
 

   

where Xi, Xj are variables (factors); Bi, Bj are regression coeffi  -

cients for the corresponding variables. The given equation is 

called the regression equation. Regression coeffi  cients allow 

quantifying both the independent contribution of each factor 

(“weight”, the signifi cance of the factor) and the eff ects of 

their joint (combined) action. The latter possibility should be 

noted especially because it means obtaining estimates of the 

degree of nonlinearity (non-additiveness, varieties of which 

are synergism and antagonism) of factors, which is especially 

important for studying possible non-additive (synergistic, in 

particular) interaction of various factors on ecosystems in 

technogenically loaded territories, which include airport ter-

ritories and their adjacent territories [1, 3].

Presentation of the main material and research results. We 

conducted a full factorial experiment, in which all possible op-

tions for combining the levels of infl uence of factors (tempera-

ture and toxic eff ect of petroleum products) were implement-

ed. The conditions of the conducted experiment can be re-

corded in the form of a table, whose rows correspond to the 

various conducted experiments, and the columns – the values   

of the selected factors. 

Table 1 is a refl ection of the experiment planning matrix. It 

is presented in the table for the study of a two-factor experi-

ment, in our case an experiment in which each of the two fac-

tors used (toxicity of oil products and hyperthermia) takes two 

values.

Conducting experiments according to the specifi ed CFE 

scheme makes it possible to estimate the number of eff ects 

equal to the number of conducted experiments and to imple-

ment an experimental study that corresponds to this experi-

ment planning matrix.

The analysis of the level of soil contamination by oil prod-

ucts – factor X2 – was carried out using a test object subjected 

to hyperthermic treatment – factor X1, which made it possible 

to fi nd out how the factors chosen by us for research interact. 

The latter is important from the point of view of developing 

and improving methods for assessing the ecological state of 

soils in technogenically loaded territories, which include, in 

particular, the territories of modern airports.

The method of determining the level of soil pollution by pet-
rochemicals using phytotesting. The required amount of the test 

object (lettuce (Lactucasativa) seeds) (210 seeds) was wrapped 

in fi lter paper in the form of an envelope. Next, the test object 

was subjected to hyperthermic treatment in water at a tempera-

ture of 60 °C. Processing time was 1, 3, 5, 10 and 15 min. After 

fi nishing the heat treatment, the envelopes with the test objects 

were dried under normal temperature conditions for a day.

As a rule, the normalization of permissible levels of tech-

nogenic impact on humans and ecosystems using biotesting 

methods occurs according to individual factors. However, in 

the real conditions of existence of organisms, they are exposed 

to the simultaneous infl uence of many factors that can interact 

non-additively, as antagonists or synergists  [10, 11]. In order 

to improve the eff ectiveness of the existing method for assess-

ing the level of soil pollution by petroleum products using 

plant test objects against the background of the infl uence of 

other factors, one of the methods of mathematical planning of 

the experiment was applied  [12, 13].

Next, the test object was placed in containers fi lled with 

soil (which was used as a substrate for germination) in the 

amount of 210 pcs.

Six soil samples were prepared for placement of heat-treat-

ed test objects:

Six samples of plants were prepared, on which heat-treated 

seeds were spread:

1) control sample (lettuce seeds without heat treatment);

2) lettuce seeds after heat treatment for 1 min;

3) lettuce seeds after heat treatment for 3 min;

4) lettuce seeds after heat treatment for 5 min;

5) lettuce seeds after heat treatment for 10 min;

6) lettuce seeds after heat treatment for 15 min.

On the fi fth day after germination, the germination, weight 

of raw substance of germinated lettuce sprouts, length of their 

stem and root were determined. The measurement results are 

presented in Table 2.

The next stage of work was to establish the eff ect of lettuce 

seed treatment at a temperature of 60 °C on the growth rates of 

seedlings during germination on soil with diff erent levels (con-

centrations) of contamination with aviation kerosene brand 

TS-1. Lettuce seeds were treated at the temperature of 60 °C. 

Processing time was 1 min. Heat treatment of seeds was per-

formed  in the same way as mentioned above.

Then lettuce seeds were sown in the plant, fi lled with soil, 

in the amount of 210 pcs. In total, 8 samples were prepared.

The fi rst four options are soil samples with diff erent con-

centrations of aviation kerosene (in multiples of CPE) for ger-

mination of unheated seeds:

1) control, soil sample not contaminated with fuel;

2) concentration of kerosene 1 APC;

3) kerosene concentration 10 APC;

4) kerosene concentration 100 APC.

Table 1
Matrix for planning of two-factor experiment

Experiment number X1 X2 X1X2 Y1

1 1 1 1 Y1

2 1 1 1 Y2

3 1 1 1 Y3

4 1 1 1 Y4

Marking: X1, X2 – factors of impact, X1, X2 – interaction eff ect, 

Yi  – the value of the response function

Table 2
Matrix for planning a two-factor experiment
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1 APC 10 APC 100 APC

1 Control 

sample

Yi
(root)

Yi 

(stem)

Yi 

(root)

Yi 

(stem)

Yi 

(root)

Yi 

(stem)

2 t° (1) Y1

(100)

Y1

(100)

Y1 

(100)

Y1 

(100)

Y1 

(100)

Y1 

(100)

3 Fuel

(1APC)

Y2 

(138)

Y2 

(95)

Y2 

(138)

Y2 

(95)

Y2 

(138)

Y2 

(95)

4 t°  Fuel Y3

(77)

Y3 

(92)

Y3 

(77)

Y3 

(92)

Y3 

(87)

Y3 

(75)

5 Control Y4 

(115)

Y4 

(108)

Y4 

(115)

Y4 

(108)

Y4 

(101)

Y4 

(98)
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The following four options are soil samples for germina-

tion of  lettuce seeds treated at the temperature of 60 °C for 

1 min:

1) control, soil sample not contaminated with fuel;

2) concentration of kerosene 1 APC;

3) concentration of kerosene 10 APC;

4) aviation kerosene concentration 100 APC.

Then the plants were placed in a package to maintain the 

required level of humidity and placed in a thermostat for ger-

mination at a temperature of 22 °C.

On the fi fth day after germination, the growth characteris-

tics of lettuce seedlings were determined. The results of mea-

suring growth characteristics according to all these schemes 

are presented in Figs. 1–3.

From the data presented in Fig. 1, it is visible that the heat 

treatment of seeds for 1 min stimulated the growth activity of 

the root against the background of almost neutral action on 

the stem. Larger doses of heat treatment were inhibitory for 

both organs. Based on the data obtained at this stage of the 

study, we can assume that the eff ect on plants of petroleum 

products will depend on the initial state in which they will be – 

neutral (initial), hormesis (positively stimulated) or sup-

pressed (inhibited).

For further research, it was decided to use heat-treated for 

1 min seeds, whose germination was observed to stimulate the 

growth activity of the root. It was supposed to reveal the nature 

of the interaction of the heat treatment factor in this dose with 

the soil contamination factor with oil product (aviation kero-

sene).

The use of a full factorial experiment planning matrix al-

lowed us to determine the independent eff ect of individual fac-

tors used in our experimental study, namely, the eff ect of heat 

treatment of lettuce seeds at diff erent processing times and dif-

ferent concentrations of oil (kerosene) in the soil. Figs. 2 and 3 

present the data of the study on the combined action of these 

factors. It can be seen that for both the root and the stem part 

of the lettuce seedlings, the previous heat treatment of the 

seeds caused a certain protective eff ect and even a hormesis 

eff ect was observed for concentration of 1 APC. In order to 

identify the type of interaction between the heating factor and 

the oil factor, we used the appropriate algorithm of the CFE 

method.

Using the primary data of the infl uence of factors on the 

growth activity of the organs of seedlings and the planning ma-

trix of a two-factor experiment, in accordance with which, in 

fact, the experiments were presented as follows – Table 2.

Using the algorithm described above, the coeffi  cients of 

the regression equations were calculated. Regression coeffi  -

cients, determined by the length of the root and stem of lettuce 

seedlings, when germinating lettuce seeds, treated for 1 min. 

for temperatures 60 °C for soil samples contaminated with 

aviation kerosene in a concentration multiple of the APC, are 

presented in Figs. 4–5.

Analyzing the results of calculations of the coeffi  cient B1 

(coeffi  cient of the regression equation, which indicates the in-

dependent infl uence of temperature), we can see that with in-

creasing kerosene concentration there is a positive eff ect of 

heat treatment on the growth activity of roots. The most posi-

tive eff ect of temperature is observed at the highest concentra-

tion of oil in the soil.

For the length of the stem, there was a signifi cantly small-

er positive eff ect of heat treatment. This can be explained by 

the diff erence in the dynamics of the impact on the root and 

stem. Namely, the fact that the stem later feels the fl ow of the 

toxicant.

As for B2 (coeffi  cient of regression equation, which re-

fl ects the independent infl uence of  concentration of the pe-

troleum product in the soil), it clearly shows a negative impact 

Fig. 1. Dependence of the length of the root and stem of lettuce 
seedlings on the time of heat treatment

Fig. 2. Dependence of root length of lettuce seedlings (without 
heat treatment) and heat treatment of seeds on the concen-
tration of oil in the soil

Fig. 3. Dependence of stem length of lettuce seedlings (without 
heat treatment) and with heat treatment on the concentra-
tion of oil in the soil

Fig. 4. Concentration dependence of regression equations for 
soil contaminated with petroleum products (in relation to 
control sample (%) for growth parameter - root length) B 0 
is the coeffi  cient of the regression equation for the control 
sample without the action of various factors:

B1 – the coeffi  cient of the regression equation for the infl uence of 
the factor –temperature; B2 – the coeffi  cient of the regression 
equation for the infl uence of the factor – the concentration of pe-
troleum product in the soil; B12 – the coeffi  cient of the regression 
equation for the infl uence of the two factors – the concentration of 
petroleum product in the soil and the temperature
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on the development of the root system of lettuce seedlings. 

The fact that 10 ODC has the greatest negative impact indi-

cates that this concentration of petroleum product in the soil 

may be optimal in terms of penetration into plant cell mem-

branes.

According to the growth characteristic of the stem length 

of lettuce seedlings, only a noticeable eff ect of the maximum 

applied concentration of kerosene was observed. Given the 

fact that a negative eff ect on the root system was observed at 

the same time, the better growth parameters of the stem may 

be due to the indirect eff ect of fuel due to its absorption by the 

root system and inhibitory trophic and hormonal eff ects on 

the stem.

As for B12 (regression coeffi  cient for the infl uence of two 

factors – the temperature of lettuce seeds and the concentra-

tion of oil in the soil), there is a low positive level of this coef-

fi cient, which indicates that the eff ect of the factors, however, 

to some extent is non-additive. In other words, although insig-

nifi cant, the protective eff ect of hyperthermal treatment in re-

lation to the toxic eff ects of the applied petroleum product can 

be stated.

Conclusions. Thus, it can be concluded that the eff ect of 

the toxic action of one factor (petroleum product) to a certain 

extent depends on the action of the other factor (hyperther-

mia). The fact of the non-additive eff ect of the factors given in 

the experiment makes it possible to recommend the use of test 

objects previously exposed to stress factors in the practice of 

biotesting.

In particular, with an increase in the concentration of the 

petroleum product in the soil up to 100 APC, a positive eff ect 

of heat treatment on the growth activity of the roots is ob-

served. The most positive eff ect of temperature is observed at 

the highest concentration of petroleum products in the soil. As 

for the coeffi  cient of the regression equation, which refl ects 

the independent infl uence of the factor of the concentration of 

the oil product in the soil, it clearly demonstrates a negative 

eff ect on the development of the root system of plant seedlings 

on the example of lettuce. And the fact that the content of the 

petroleum product in the amount of 10 APC has the greatest 

negative impact indicates, in our opinion, that perhaps this 

concentration of the petroleum product in the soil is optimal, 

from the point of view of penetration into the plant cell mem-

branes.

The obtained data indicate that pre-treatment of seeds 

with a hyperthermic factor in a hormetic dose had a prophy-

lactic (hardening) eff ect, increasing the resistance of the stud-

ied test objects to the toxic eff ect of the oil product. In real 

conditions of existence, organisms experience the positive or 

negative eff ect of many factors (for example, temperature, ra-

diation, etc.), which must be taken into account when assess-

ing the level of ecological safety of technogenically loaded ter-

ritories.

Therefore, the results obtained by us create a scientifi c and 

practical basis for increasing the eff ectiveness of the use of 

methods for biotesting of the level of soil contamination by oil 

products against the background of the infl uence of other fac-

tors and further improvement of the methodology for assess-

ing the ecological state of soils in technogenically loaded ter-

ritories.
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Мета. Підвищення ефективності використання ме-

тодів оцінки рівня забрудненості ґрунтів нафтопродукта-

ми на фоні впливу інших факторів.

Методика. Автори розглядають можливість викорис-

тання біотестування для вивчення впливу кількох стре-

сорів на тест-систему. На основі теорії планування екс-

перименту розроблена методика дослідження впливу гі-

пертермії й забруднення ґрунту гасом на ростові параме-

три тест-об’єктів. На основі отриманих експерименталь-

них даних побудовані регресійні моделі, що дозволяють 

знайти чисельну оцінку впливу стресових факторів на 

зміни характеристик тест-об’єкту.

Результати. Визначено, що, як правило, для оцінки 

впливу дії стресуючих факторів при нормуванні припус-

тимих рівнів їх впливу на людину та екосистеми з вико-

ристанням методів біотестування така оцінка здійсню-

ється для окремих факторів. Але в реальних умовах існу-

вання рослин та організмів вони піддаються одночасно-

му впливу багатьох чинників, що можуть взаємодіяти 

неадитивно, тобто як антагоністи або синергісти. Авто-

рами, з метою підвищення ефективності використання 

методів біотестування рівня забрудненості ґрунтів на-

фтопродуктами на фоні впливу інших факторів, застосо-

вано один із методів математичного планування експе-

рименту. Зроблено висновок про те, що ефект від дії од-

ного фактору в певній мірі залежить від дії іншого факто-

ру,  дію яких досліджували у роботі. Факт неадитивної дії 

наведених в експерименті факторів дає можливість реко-

мендувати застосовувати у практиці моніторингу стану 

ґрунтів на техногенно навантажених територіях попере-

дньо підданих дії гіпертермії тест-об’єкти.

Наукова новизна. Ефект від токсичної дії нафтопро-

дукту в певній мірі залежить від дії гіпертермії. Попере-

дня обробка тест-об’єктів гіпертермічним фактором у 

гормезисній дозі здійснила профілактичний вплив, під-

вищивши стійкість тест-об’єктів до дії нафтопродукту.

Практична значимість. Факт неадитивної дії наведе-

них в експерименті факторів дає можливість рекоменду-

вати застосовувати попередньо піддані дії гіпертермії 

тест-об’єкти для моніторингу стану ґрунтів на техноген-

но навантажених територіях.
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