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This study investigates the influence of hyperthermia on test plants as a proxy for complex stress factors affecting 
growth activity under kerosene-induced toxicity. A full factorial experimental design was employed to quantita-
tively evaluate the non-additive interactions (synergism or antagonism) between thermal seed treatment and soil 
kerosene content. Morphological parameters, specifically shoot and root length, were monitored over a nine-day 
period to establish the dynamics of these effects. Based on the empirical data, regression models were developed 
to assess the impact of these factors on growth characteristics within a petrochemical-polluted soil biotesting 
framework. The results indicate that at kerosene concentrations equivalent to or below the Allowable Permissible 
Concentration (APC), pre-sensitization via hyperthermia does not amplify the toxic effect. Conversely, potentiation 
between the factors was observed only at elevated kerosene concentrations, particularly within ranges previously 
associated with stimulatory responses in plant bioassays.
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Introduction
Soil contamination by petroleum hydrocarbons rep-
resents a pervasive environmental challenge re-
sulting from the transport, storage, and utilization of 

petroleum products(Janic, 1999). Such anthropogenic 
pressure degrades the fundamental properties of soil, 
establishing it as a persistent source of pollution that 
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adversely impacts atmospheric quality, water resourc-
es, and trophic chains (Shevchyk-Kostiuk et al., 2022; 
Brtnický et al., 2029). This issue is particularly acute in 
vicinities characterized by high technogenic loads, such 
as fuel storage facilities (Madzhd and Franchuk, 2012), 
service stations, and maintenance hubs, where pe-
troleum-derived pollutants progressively accumulate 
(Bogolyubov et al., 2010; Brtnickýet al., 2020). Further-
more, the diversification of vehicle types contributes to 
distinct pollutant profiles, thereby modulating baseline 
contamination levels.

Crude oil and its derivatives are classified among the 
most hazardous soil contaminants due to their inherent 
recalcitrance and resistance to microbial degradation 
(de Miguel et al., 1997). Consequently, such contam-
ination threatens soil ecological integrity and inhibits 
its natural recovery potential. While conventional phys-
icochemical assessment methods are essential, they 
frequently fail to account for biological interactions or 
the cumulative effects of complex pollutant mixtures. 
In contrast, biological monitoring, specifically biotest-
ing, facilitates a comprehensive evaluation of soil eco-
logical status by capturing synergistic and antagonis-
tic interactions between contaminants (Dzhura, 2011, 
Madzhd et al., 2012). This approach is crucial for eval-
uating highly stressed environments, notably airport 
territories (Franchuk et al., 2006).

Prior investigations employing bioanalytical tech-
niques have substantiated the presence of petroleum 
hydrocarbons in soil systems proximal to aviation in-
frastructures (Madzhd et al., 2012; Radomska et al., 
2020; Cherniak et al., 2020). However, a recurring chal-
lenge in interpreting phytotoxicity data is the hormet-
ic effect, where specific concentrations of petroleum 
products paradoxically stimulate plant growth (Trofi-
mov et al., 2020; Madzhd et al., 2020; Cherniak et al., 
2021a). Given that biotesting evaluates the biological 
response of indicator organisms rather than relying 
solely on chemical quantification (Dzhura, 2011; Cher-
niak et al., 2021a), there is a need to enhance the re-
liability and sensitivity of these assays, particularly in 
detecting low-level contamination that may otherwise 
elicit stimulatory responses.

To mitigate these analytical complexities, the present 
study explores the optimization of bioassay sensitivi-
ty by examining the influence of hyperthermia on seed 
germination and growth within kerosene-contaminat-
ed matrices. Hyperthermic treatment serves as a proxy 

for the multifactorial stressors encountered in situ, po-
tentially refining the accuracy of toxicity assessments 
(Cherniak et al., 2021b). By utilizing a full factorial ex-
perimental design, this research quantitatively eval-
uates the interaction between thermal pre-treatment 
and aviation kerosene concentration on plant morpho-
logical parameters. The temporal dynamics of these 
interactions were monitored over a five-to-nine-day 
interval, aligning with standard biotesting protocols.

The primary objectives of this study were as follows:

1) To evaluate the efficacy of hyperthermic seed 
pre-treatment in enhancing the sensitivity of plant-
based bioassays toward soil contaminated with avia-
tion kerosene, serving as a model petroleum hydrocar-
bon.

2) To analyze the longitudinal dynamics of the com-
bined influence of hyperthermia and kerosene concen-
tration on the morphological parameters of indicator 
plants over a 5–9 day observational period.

3) To provide a quantitative assessment of the interac-
tion types (synergism, antagonism, or non-additivity) 
between the investigated stressors by employing a full 
factorial experimental design and mathematical mod-
eling.

4) To optimize the diagnostic resolution and precision 
of phytotoxicity assessments, specifically addressing 
the confounding effects of growth stimulation (horme-
sis) at certain pollutant thresholds.

5) To establish a scientifically grounded methodologi-
cal framework for optimizing soil bioassays under the 
complex environmental pressures inherent to techno-
genically transformed landscapes, such as airport in-
frastructures.

This research addresses an existing methodological 
gap by offering a scientifically grounded approach to 
soil monitoring. By integrating the stimulatory effects 
of low-level petroleum concentrations into the ana-
lytical framework, this study enhances the regulatory 
assessment and environmental management of tech-
nogenically impacted landscapes.

Methods
The present study assesses the applicability of phyto-
toxicity bioassays for monitoring soil systems impacted  
by aviation kerosene. To evaluate the sensitivity of 
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these biological tools, hyperthermic seed treatment 
was integrated into the experimental design as a poten-
tial sensitizing agent. Morphological parameters were 
monitored over a nine-day growth cycle to establish 
the longitudinal dynamics of the response to combined 
abiotic pressures. Utilizing a mathematical modeling 
approach based on a full factorial design, the inter-
action between thermal pre-treatment and kerosene 
concentration was quantitatively evaluated to discern 
synergistic or antagonistic patterns. A key focus was 
placed on mitigating the interpretational challenges 
posed by growth stimulation at low-level contamina-
tion. The study introducesa methodological framework 
tailored for ecological monitoring in technogenically 
transformed landscapes, providing enhanced accuracy 
for environmental risk assessments in aviation-related 
environments (Ray et al., 2021).

To evaluate the influence of hyperthermic seed 
pre-treatment on the diagnostic sensitivity of plant-
based bioassays toward aviation kerosene (TS-1), let-
tuce seeds (Lactuca sativa) were utilized at a density 
of 210 seeds per replicate. The sensitization procedure 
involved immersing the seeds, contained within filter 
paper envelopes, in a water bath maintained at 60°C for 
one minute. This specific thermal regime was select-
ed based on established evidence that it maximizes the 
sensitivity of Lactuca sativa to petrochemical constitu-
ents while ensuring viable germination rates (Cherniak 
et al., 2021a; Cherniak et al., 2022; Lapan et al, 2012; 
Lapanet al., 2020; Madzhd et al., 2012; Mikhieiev et al., 
2006). Following a 24-hour dehydration period at room 
temperature, the seeds were sown in eight experimental 
units, each containing 200 g of soil. The substrate was 

artificially contaminated with TS-1 aviation kerosene 
at concentrations defined as multiples of the approxi-
mately permissible concentration (APC = 4 mg/kg), in 
accordance with environmental monitoring standards 
(Cherniak et al., 2017; Cherniak et al., 2021b; Madzhd et 
al., 2016). Each unit was supplemented with 100 ml of 
distilled water. The initial phase of the study comprised 
four experimental variants utilizing non-sensitized 
seeds (lacking heat treatment): a kerosene-free control 
and three soil samples contaminated with incremental 
concentrations of the petroleum product.

The experimental design consisted of two distinct 
blocks. The first block utilized non-sensitized seeds 
(control group) sown in the following soil variants: a 
kerosene-free control (1΄), and soil contaminated with 
TS-1 aviation kerosene at concentrations of 1 APC (2΄), 
10 APC (3΄), and 100 APC (4΄). The second block com-
prised identical soil treatments (1–4) but utilized seeds 
subjected to hyperthermic pre-treatment. Specifically, 
these included a contamination-free sample (1), and 
kerosene-impacted samples at 1 APC (2), 10 APC (3), 
and 100 APC (4). 

Following the sowing of the treated seeds, the ex-
perimental units were placed inside transparent pol-
yethylene bags to maintain a constant humidity level 
and transferred to an incubator for germination under 
dark conditions at a regulated temperature of 22°C. To 
analyze the combined influence of hyperthermic sen-
sitization and aviation kerosene concentration on the 
morphological development of the bioindicators, seed-
ling growth was evaluated on the 5th, 7th, and 9th days 
of the germination period. Morphological parameters, 

Fig. 1. Representative soil samples showing Lactuca sativa seedling development on the fifth day of the experimental period
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specifically root and stem length, were quantified using 
standard manual measurement techniques in accord-
ance with established protocols (Madzhd et al., 2012; 
Grodzinskyi et al., 2006) (Fig. 1).

The morphological parameters of the bioindicators, 
which served as the basis for evaluating dual-factor 
impacts and calculating regression coefficients (De-
Coursey, 2003; Walpole et al., 2006), were determined 
by calculating the mean root and stem length for each 
experimental unit. Furthermore, these growth param-
eters were normalized as percentages relative to the 
corresponding control for each replicate. To quantita-
tively assess the nature of the interaction between the 
investigated factors – specifically identifying synergis-
tic, antagonistic, or non-additive effects – a full facto-
rial experimental design and mathematical planning 
methods were employed. To streamline data recording 
and statistical processing, factor levels were coded 
using a binary system, where the upper and lower lev-
els were denoted as “+1” and “−1”, respectively. In this 
framework, the magnitude of the calculated regres-
sion coefficient represents the specific contribution of 
each factor to the total variance of the response func-
tion as its level transitions from the lower to the upper 
boundary.

Utilizing a full factorial design (FFD) for two factors at 
two levels enables the derivation of a regression mod-
el characterized by the following equation (Cherniak et 
al., 2022; Kvaterniuk et al., 2018):

nsure the robustness of the regression model for predictive applications and provide a systematic basis for 
refining standardized biotesting procedures: 

 
𝐵𝐵𝐵𝐵0  =  𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (2) 

 
𝐵𝐵𝐵𝐵1  =  −𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (3) 

 
𝐵𝐵𝐵𝐵2  =  −𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (4) 

 
𝐵𝐵𝐵𝐵12  =  𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (5) 

 
where𝑌𝑌𝑌𝑌i – (i=1,2,3,4) is the value of the response function for the selected registered parameter for each separate 
experiment. 
 

The calculated regression coefficients are defined as follows. 
The regression models describing the response function for soil matrices contaminated with 1 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (6) 
 
Day 7:   𝑌𝑌𝑌𝑌 =  86 + 10𝑥𝑥𝑥𝑥1 − 1.5𝑥𝑥𝑥𝑥2 + 22.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (7) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 76.75 + 2.25𝑥𝑥𝑥𝑥1 − 10.75𝑥𝑥𝑥𝑥2 + 14.75𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (8) 
 
The regression models describing the response function for soil matrices contaminated with 10 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 143.75 − 6.25𝑥𝑥𝑥𝑥1 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (9) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 92.75 − 40.75𝑥𝑥𝑥𝑥1 + 5.25𝑥𝑥𝑥𝑥2 − 28.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (10) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 74.5 − 25.5𝑥𝑥𝑥𝑥1 − 13𝑥𝑥𝑥𝑥2 − 13𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (11) 
 
The regression models describing the response function for soil matrices contaminated with 100 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 98 − 0.5𝑥𝑥𝑥𝑥1 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (12) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 72 + 5.5𝑥𝑥𝑥𝑥1 − 15.5𝑥𝑥𝑥𝑥2 + 18𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (13) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 68 + 1.5𝑥𝑥𝑥𝑥1 − 19.5𝑥𝑥𝑥𝑥2 + 14𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (14) 
 
 
 
𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (15) 
 
𝑌𝑌𝑌𝑌 = 143.75 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (16) 
 
𝑌𝑌𝑌𝑌 = 98 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (17) 
 
 
Y =  𝐵𝐵𝐵𝐵0 + 𝐵𝐵𝐵𝐵1𝑥𝑥𝑥𝑥1 + 𝐵𝐵𝐵𝐵2𝑥𝑥𝑥𝑥2 + 𝐵𝐵𝐵𝐵12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2,  (1)

where B₀ – is the coefficient of the regression equation 
for the test sample; B₁ – is the coefficient of the regres-
sion equation for the effect of hyperthermia; B₂ – is the 
coefficient of the regression equation for the effect of 
kerosene; B₁₂ – is the coefficient of the regression equa-
tion for the influence of two factors.

To optimize the diagnostic sensitivity and precision of 
phytotoxicity bioassays for petroleum-impacted soils, 
it is necessary to account for potential hormetic ef-
fects (growth stimulation) occurring at specific pollut-
ant thresholds. Furthermore, a robust methodological 
framework is required to enhance the reliability of soil 
monitoring under the multifactorial abiotic pressures 
characteristic of technogenically transformed land-
scapes, such as airport territories. For the practical 

implementation of the proposed regression model, co-
efficients were calculated based on experimental data 
from soil matrices contaminated with aviation kerosene 
at concentrations of 1, 10, and 100 APC. These calcula-
tions were performed for the 5th, 7th, and 9th days of the 
observation period to capture the temporal dynamics of 
the biological response.

Implementing a full factorial design (FFD) framework 
enables the estimation of a total number of effects 
equal to the number of experimental trials, thereby 
facilitating the construction of a structured planning 
matrix. Within the FFD paradigm, beyond the intercept 
(B₀) and the independent contributions of each factor 
(quantified by the magnitude and sign of coefficients 
B₁ and B₂), it is possible to evaluate non-linear rela-
tionships within the response function, specifically the 
interaction effects between variables. In a two-factor 
experimental model, the interaction coefficient (B₁₂) 
elucidates how the impact of one variable is modulated 
by the level of the other, providing a quantitative meas-
ure of the non-additivity in their combined action. In the 
present study, the influence of soil petroleum-derived 
(factor x₂) was evaluated in conjunction with hyperther-
mic seed pre-treatment (factor x₁). This approach facil-
itated the determination of synergistic or antagonistic 
interactions between these factors, which is critical for 
refining methodologies aimed at regulating permissi-
ble anthropogenic loads on biological systems.

Results and Discussion
The following section details the primary findings of this 
study and interprets their significance for enhancing the 
ecological safety of soils impacted by petroleum-de-
rived pollutants. These results are analyzed in direct 
alignment with the research objectives and evaluated 
in the context of our previous investigations in the field 
of soil bioanalysis. Particular emphasis is placed on the 
broader implications of the findings, including potential 
explanations for observed inconsistencies in biotesting 
results at specific pollutant concentrations. Based on 
the empirical data obtained through the aforementioned 
methodology – specifically focusing on the growth dy-
namics of seedling organs – and utilizing a two-factor 
experimental design matrix, the results have been struc-
tured in Tables 1–3, corresponding to the respective ob-
servation periods.
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To facilitate the practical implementation of Equation 
(1), regression coefficients were quantified based on 
the theoretically derived formulas for both root and 
stem development, as detailed in Tables 1–3. These 
coefficients provide a robust quantitative assessment 
of the relative contribution of each independent factor 

to the biological response. Moreover, they establish a 
comparative framework for evaluating the sensitiv-
ity of distinct morphological parameters to varying 
concentrations of petroleum-derived pollutants. The 
derived coefficients ensure the robustness of the re-
gression model for predictive applications and provide 

Table 1. Experimental design matrix and morphological responses of Lactuca sativa following dual-factor exposure (60°C hyperthermic 
sensitization and TS-1 aviation kerosene contamination) on the fifth day of observation

Experiment 
number

A variant  
of the  

experiment

Soil aviation kerosene content relative to the APC

1 APC 10 APC 100 APC

Yi 
relative root 
length (% of 

control)

Yi 
relative stem 
length (% of 

control)

Yi 
relative root 
length (% of 

control)

Yi 
relative stem 
length (% of 

control)

Yi 
relative root 
length (% of 

control

Yi 
relative stem 
length (% of 

control)

1 t° (1´) 100 100 100 100 100 100

2 Fuel (1 APC) 75 63 75 63 75 63

3 t°+Fuel 73 85 52 85 49 26

4 Test sample 250 12 117 106 83 29

Table 2. Experimental design matrix and morphological response of Lactuca sativa under dual-factor exposure (60°C hyperthermic sensi-
tization and TS-1 aviation kerosene contamination) on the seventh day of the observation period

Experiment 
number

A variant  
of the  

experiment

Soil aviation kerosene content relative to the APC

1 APC 10 APC 100 APC

Yi 
relative root 
length (% of 

control)

Yi 
relative stem 
length (% of 

control)

Yi 
relative root 
length (% of 

control)

Yi 
relative stem 
length (% of 

control)

Yi 
relative root 
length (% of 

control)

Yi 
relative stem 
length (% of 

control)

1 t° (1´) 100 100 100 100 100 100

2 Fuel (1 APC) 75 63 75 63 73 63

3 t°+Fuel 200 249 167 222 100 56

4 Test sample 200 8 29 19 23 19

Table 3. Experimental design matrix and morphological responses of Lactuca sativa following dual-factor exposure (60°C hyperthermic 
sensitization and aviation kerosene contamination) on the ninth day of the observation period

Experiment 
number

A variant  
of the  

experiment

Soil aviation kerosene content relative to the APC

1 APC 10 APC 100 APC

Yi
relative root 
length (% of 

control)

Yi
relative stem 
length (% of 

control)

Yi
relative root 
length (% of 

control)

Yi
relative stem 
length (% of 

control)

Yi
relative root 
length (% of 

control)

Yi
relative stem 
length (% of 

control)

1 t° (1´) 100 100 100 100 100 100

2 Fuel (1 APC) 75 63 75 63 75 63

3 t°+Fuel 97 115 33 37,5 33 23,5

4 Test sample 120 97 80 115 64 82
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a systematic basis for refining standardized biotesting 
procedures: nsure the robustness of the regression model for predictive applications and provide a systematic basis for 

refining standardized biotesting procedures: 
 
𝐵𝐵𝐵𝐵0  =  𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (2) 

 
𝐵𝐵𝐵𝐵1  =  −𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (3) 

 
𝐵𝐵𝐵𝐵2  =  −𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (4) 

 
𝐵𝐵𝐵𝐵12  =  𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (5) 

 
where𝑌𝑌𝑌𝑌i – (i=1,2,3,4) is the value of the response function for the selected registered parameter for each separate 
experiment. 
 

The calculated regression coefficients are defined as follows. 
The regression models describing the response function for soil matrices contaminated with 1 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (6) 
 
Day 7:   𝑌𝑌𝑌𝑌 =  86 + 10𝑥𝑥𝑥𝑥1 − 1.5𝑥𝑥𝑥𝑥2 + 22.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (7) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 76.75 + 2.25𝑥𝑥𝑥𝑥1 − 10.75𝑥𝑥𝑥𝑥2 + 14.75𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (8) 
 
The regression models describing the response function for soil matrices contaminated with 10 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 143.75 − 6.25𝑥𝑥𝑥𝑥1 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (9) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 92.75 − 40.75𝑥𝑥𝑥𝑥1 + 5.25𝑥𝑥𝑥𝑥2 − 28.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (10) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 74.5 − 25.5𝑥𝑥𝑥𝑥1 − 13𝑥𝑥𝑥𝑥2 − 13𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (11) 
 
The regression models describing the response function for soil matrices contaminated with 100 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 98 − 0.5𝑥𝑥𝑥𝑥1 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (12) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 72 + 5.5𝑥𝑥𝑥𝑥1 − 15.5𝑥𝑥𝑥𝑥2 + 18𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (13) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 68 + 1.5𝑥𝑥𝑥𝑥1 − 19.5𝑥𝑥𝑥𝑥2 + 14𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (14) 
 
 
 
𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (15) 
 
𝑌𝑌𝑌𝑌 = 143.75 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (16) 
 
𝑌𝑌𝑌𝑌 = 98 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (17) 
 

(2)

nsure the robustness of the regression model for predictive applications and provide a systematic basis for 
refining standardized biotesting procedures: 

 
𝐵𝐵𝐵𝐵0  =  𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (2) 

 
𝐵𝐵𝐵𝐵1  =  −𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (3) 

 
𝐵𝐵𝐵𝐵2  =  −𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (4) 

 
𝐵𝐵𝐵𝐵12  =  𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (5) 

 
where𝑌𝑌𝑌𝑌i – (i=1,2,3,4) is the value of the response function for the selected registered parameter for each separate 
experiment. 
 

The calculated regression coefficients are defined as follows. 
The regression models describing the response function for soil matrices contaminated with 1 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (6) 
 
Day 7:   𝑌𝑌𝑌𝑌 =  86 + 10𝑥𝑥𝑥𝑥1 − 1.5𝑥𝑥𝑥𝑥2 + 22.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (7) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 76.75 + 2.25𝑥𝑥𝑥𝑥1 − 10.75𝑥𝑥𝑥𝑥2 + 14.75𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (8) 
 
The regression models describing the response function for soil matrices contaminated with 10 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 143.75 − 6.25𝑥𝑥𝑥𝑥1 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (9) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 92.75 − 40.75𝑥𝑥𝑥𝑥1 + 5.25𝑥𝑥𝑥𝑥2 − 28.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (10) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 74.5 − 25.5𝑥𝑥𝑥𝑥1 − 13𝑥𝑥𝑥𝑥2 − 13𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (11) 
 
The regression models describing the response function for soil matrices contaminated with 100 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 98 − 0.5𝑥𝑥𝑥𝑥1 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (12) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 72 + 5.5𝑥𝑥𝑥𝑥1 − 15.5𝑥𝑥𝑥𝑥2 + 18𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (13) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 68 + 1.5𝑥𝑥𝑥𝑥1 − 19.5𝑥𝑥𝑥𝑥2 + 14𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (14) 
 
 
 
𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (15) 
 
𝑌𝑌𝑌𝑌 = 143.75 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (16) 
 
𝑌𝑌𝑌𝑌 = 98 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (17) 
 

(3)

nsure the robustness of the regression model for predictive applications and provide a systematic basis for 
refining standardized biotesting procedures: 

 
𝐵𝐵𝐵𝐵0  =  𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (2) 

 
𝐵𝐵𝐵𝐵1  =  −𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (3) 

 
𝐵𝐵𝐵𝐵2  =  −𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (4) 

 
𝐵𝐵𝐵𝐵12  =  𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (5) 

 
where𝑌𝑌𝑌𝑌i – (i=1,2,3,4) is the value of the response function for the selected registered parameter for each separate 
experiment. 
 

The calculated regression coefficients are defined as follows. 
The regression models describing the response function for soil matrices contaminated with 1 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (6) 
 
Day 7:   𝑌𝑌𝑌𝑌 =  86 + 10𝑥𝑥𝑥𝑥1 − 1.5𝑥𝑥𝑥𝑥2 + 22.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (7) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 76.75 + 2.25𝑥𝑥𝑥𝑥1 − 10.75𝑥𝑥𝑥𝑥2 + 14.75𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (8) 
 
The regression models describing the response function for soil matrices contaminated with 10 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 143.75 − 6.25𝑥𝑥𝑥𝑥1 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (9) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 92.75 − 40.75𝑥𝑥𝑥𝑥1 + 5.25𝑥𝑥𝑥𝑥2 − 28.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (10) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 74.5 − 25.5𝑥𝑥𝑥𝑥1 − 13𝑥𝑥𝑥𝑥2 − 13𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (11) 
 
The regression models describing the response function for soil matrices contaminated with 100 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 98 − 0.5𝑥𝑥𝑥𝑥1 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (12) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 72 + 5.5𝑥𝑥𝑥𝑥1 − 15.5𝑥𝑥𝑥𝑥2 + 18𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (13) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 68 + 1.5𝑥𝑥𝑥𝑥1 − 19.5𝑥𝑥𝑥𝑥2 + 14𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (14) 
 
 
 
𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (15) 
 
𝑌𝑌𝑌𝑌 = 143.75 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (16) 
 
𝑌𝑌𝑌𝑌 = 98 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (17) 
 

(4)

nsure the robustness of the regression model for predictive applications and provide a systematic basis for 
refining standardized biotesting procedures: 

 
𝐵𝐵𝐵𝐵0  =  𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (2) 

 
𝐵𝐵𝐵𝐵1  =  −𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (3) 

 
𝐵𝐵𝐵𝐵2  =  −𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (4) 

 
𝐵𝐵𝐵𝐵12  =  𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (5) 

 
where𝑌𝑌𝑌𝑌i – (i=1,2,3,4) is the value of the response function for the selected registered parameter for each separate 
experiment. 
 

The calculated regression coefficients are defined as follows. 
The regression models describing the response function for soil matrices contaminated with 1 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (6) 
 
Day 7:   𝑌𝑌𝑌𝑌 =  86 + 10𝑥𝑥𝑥𝑥1 − 1.5𝑥𝑥𝑥𝑥2 + 22.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (7) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 76.75 + 2.25𝑥𝑥𝑥𝑥1 − 10.75𝑥𝑥𝑥𝑥2 + 14.75𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (8) 
 
The regression models describing the response function for soil matrices contaminated with 10 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 143.75 − 6.25𝑥𝑥𝑥𝑥1 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (9) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 92.75 − 40.75𝑥𝑥𝑥𝑥1 + 5.25𝑥𝑥𝑥𝑥2 − 28.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (10) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 74.5 − 25.5𝑥𝑥𝑥𝑥1 − 13𝑥𝑥𝑥𝑥2 − 13𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (11) 
 
The regression models describing the response function for soil matrices contaminated with 100 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 98 − 0.5𝑥𝑥𝑥𝑥1 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (12) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 72 + 5.5𝑥𝑥𝑥𝑥1 − 15.5𝑥𝑥𝑥𝑥2 + 18𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (13) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 68 + 1.5𝑥𝑥𝑥𝑥1 − 19.5𝑥𝑥𝑥𝑥2 + 14𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (14) 
 
 
 
𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (15) 
 
𝑌𝑌𝑌𝑌 = 143.75 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (16) 
 
𝑌𝑌𝑌𝑌 = 98 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (17) 
 

(5)

where Yi – (i=1,2,3,4) is the value of the response func-
tion for the selected registered parameter for each 
separate experiment.

The calculated regression coefficients are defined as 
follows.

The regression models describing the response func-
tion for soil matrices contaminated with 1 APC of avi-
ation kerosene at different stages of the observation 
period are as follows:

Day 5:

nsure the robustness of the regression model for predictive applications and provide a systematic basis for 
refining standardized biotesting procedures: 

 
𝐵𝐵𝐵𝐵0  =  𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (2) 

 
𝐵𝐵𝐵𝐵1  =  −𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (3) 

 
𝐵𝐵𝐵𝐵2  =  −𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (4) 

 
𝐵𝐵𝐵𝐵12  =  𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (5) 

 
where𝑌𝑌𝑌𝑌i – (i=1,2,3,4) is the value of the response function for the selected registered parameter for each separate 
experiment. 
 

The calculated regression coefficients are defined as follows. 
The regression models describing the response function for soil matrices contaminated with 1 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (6) 
 
Day 7:   𝑌𝑌𝑌𝑌 =  86 + 10𝑥𝑥𝑥𝑥1 − 1.5𝑥𝑥𝑥𝑥2 + 22.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (7) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 76.75 + 2.25𝑥𝑥𝑥𝑥1 − 10.75𝑥𝑥𝑥𝑥2 + 14.75𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (8) 
 
The regression models describing the response function for soil matrices contaminated with 10 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 143.75 − 6.25𝑥𝑥𝑥𝑥1 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (9) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 92.75 − 40.75𝑥𝑥𝑥𝑥1 + 5.25𝑥𝑥𝑥𝑥2 − 28.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (10) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 74.5 − 25.5𝑥𝑥𝑥𝑥1 − 13𝑥𝑥𝑥𝑥2 − 13𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (11) 
 
The regression models describing the response function for soil matrices contaminated with 100 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 98 − 0.5𝑥𝑥𝑥𝑥1 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (12) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 72 + 5.5𝑥𝑥𝑥𝑥1 − 15.5𝑥𝑥𝑥𝑥2 + 18𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (13) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 68 + 1.5𝑥𝑥𝑥𝑥1 − 19.5𝑥𝑥𝑥𝑥2 + 14𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (14) 
 
 
 
𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (15) 
 
𝑌𝑌𝑌𝑌 = 143.75 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (16) 
 
𝑌𝑌𝑌𝑌 = 98 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (17) 
 

(6)

Day 7: 

nsure the robustness of the regression model for predictive applications and provide a systematic basis for 
refining standardized biotesting procedures: 

 
𝐵𝐵𝐵𝐵0  =  𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (2) 

 
𝐵𝐵𝐵𝐵1  =  −𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (3) 

 
𝐵𝐵𝐵𝐵2  =  −𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (4) 

 
𝐵𝐵𝐵𝐵12  =  𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (5) 

 
where𝑌𝑌𝑌𝑌i – (i=1,2,3,4) is the value of the response function for the selected registered parameter for each separate 
experiment. 
 

The calculated regression coefficients are defined as follows. 
The regression models describing the response function for soil matrices contaminated with 1 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (6) 
 
Day 7:   𝑌𝑌𝑌𝑌 =  86 + 10𝑥𝑥𝑥𝑥1 − 1.5𝑥𝑥𝑥𝑥2 + 22.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (7) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 76.75 + 2.25𝑥𝑥𝑥𝑥1 − 10.75𝑥𝑥𝑥𝑥2 + 14.75𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (8) 
 
The regression models describing the response function for soil matrices contaminated with 10 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 143.75 − 6.25𝑥𝑥𝑥𝑥1 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (9) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 92.75 − 40.75𝑥𝑥𝑥𝑥1 + 5.25𝑥𝑥𝑥𝑥2 − 28.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (10) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 74.5 − 25.5𝑥𝑥𝑥𝑥1 − 13𝑥𝑥𝑥𝑥2 − 13𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (11) 
 
The regression models describing the response function for soil matrices contaminated with 100 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 98 − 0.5𝑥𝑥𝑥𝑥1 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (12) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 72 + 5.5𝑥𝑥𝑥𝑥1 − 15.5𝑥𝑥𝑥𝑥2 + 18𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (13) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 68 + 1.5𝑥𝑥𝑥𝑥1 − 19.5𝑥𝑥𝑥𝑥2 + 14𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (14) 
 
 
 
𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (15) 
 
𝑌𝑌𝑌𝑌 = 143.75 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (16) 
 
𝑌𝑌𝑌𝑌 = 98 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (17) 
 

(7)

Day 9: 

nsure the robustness of the regression model for predictive applications and provide a systematic basis for 
refining standardized biotesting procedures: 

 
𝐵𝐵𝐵𝐵0  =  𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (2) 

 
𝐵𝐵𝐵𝐵1  =  −𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (3) 

 
𝐵𝐵𝐵𝐵2  =  −𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (4) 

 
𝐵𝐵𝐵𝐵12  =  𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (5) 

 
where𝑌𝑌𝑌𝑌i – (i=1,2,3,4) is the value of the response function for the selected registered parameter for each separate 
experiment. 
 

The calculated regression coefficients are defined as follows. 
The regression models describing the response function for soil matrices contaminated with 1 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (6) 
 
Day 7:   𝑌𝑌𝑌𝑌 =  86 + 10𝑥𝑥𝑥𝑥1 − 1.5𝑥𝑥𝑥𝑥2 + 22.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (7) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 76.75 + 2.25𝑥𝑥𝑥𝑥1 − 10.75𝑥𝑥𝑥𝑥2 + 14.75𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (8) 
 
The regression models describing the response function for soil matrices contaminated with 10 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 143.75 − 6.25𝑥𝑥𝑥𝑥1 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (9) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 92.75 − 40.75𝑥𝑥𝑥𝑥1 + 5.25𝑥𝑥𝑥𝑥2 − 28.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (10) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 74.5 − 25.5𝑥𝑥𝑥𝑥1 − 13𝑥𝑥𝑥𝑥2 − 13𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (11) 
 
The regression models describing the response function for soil matrices contaminated with 100 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 98 − 0.5𝑥𝑥𝑥𝑥1 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (12) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 72 + 5.5𝑥𝑥𝑥𝑥1 − 15.5𝑥𝑥𝑥𝑥2 + 18𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (13) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 68 + 1.5𝑥𝑥𝑥𝑥1 − 19.5𝑥𝑥𝑥𝑥2 + 14𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (14) 
 
 
 
𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (15) 
 
𝑌𝑌𝑌𝑌 = 143.75 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (16) 
 
𝑌𝑌𝑌𝑌 = 98 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (17) 
 

(8)

The regression models describing the response func-
tion for soil matrices contaminated with 10 APC of avi-
ation kerosene at different stages of the observation 
period are as follows:

Day 5: 

nsure the robustness of the regression model for predictive applications and provide a systematic basis for 
refining standardized biotesting procedures: 

 
𝐵𝐵𝐵𝐵0  =  𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (2) 

 
𝐵𝐵𝐵𝐵1  =  −𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (3) 

 
𝐵𝐵𝐵𝐵2  =  −𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (4) 

 
𝐵𝐵𝐵𝐵12  =  𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (5) 

 
where𝑌𝑌𝑌𝑌i – (i=1,2,3,4) is the value of the response function for the selected registered parameter for each separate 
experiment. 
 

The calculated regression coefficients are defined as follows. 
The regression models describing the response function for soil matrices contaminated with 1 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (6) 
 
Day 7:   𝑌𝑌𝑌𝑌 =  86 + 10𝑥𝑥𝑥𝑥1 − 1.5𝑥𝑥𝑥𝑥2 + 22.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (7) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 76.75 + 2.25𝑥𝑥𝑥𝑥1 − 10.75𝑥𝑥𝑥𝑥2 + 14.75𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (8) 
 
The regression models describing the response function for soil matrices contaminated with 10 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 143.75 − 6.25𝑥𝑥𝑥𝑥1 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (9) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 92.75 − 40.75𝑥𝑥𝑥𝑥1 + 5.25𝑥𝑥𝑥𝑥2 − 28.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (10) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 74.5 − 25.5𝑥𝑥𝑥𝑥1 − 13𝑥𝑥𝑥𝑥2 − 13𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (11) 
 
The regression models describing the response function for soil matrices contaminated with 100 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 98 − 0.5𝑥𝑥𝑥𝑥1 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (12) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 72 + 5.5𝑥𝑥𝑥𝑥1 − 15.5𝑥𝑥𝑥𝑥2 + 18𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (13) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 68 + 1.5𝑥𝑥𝑥𝑥1 − 19.5𝑥𝑥𝑥𝑥2 + 14𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (14) 
 
 
 
𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (15) 
 
𝑌𝑌𝑌𝑌 = 143.75 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (16) 
 
𝑌𝑌𝑌𝑌 = 98 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (17) 
 

(9)

Day 7: 

nsure the robustness of the regression model for predictive applications and provide a systematic basis for 
refining standardized biotesting procedures: 

 
𝐵𝐵𝐵𝐵0  =  𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (2) 

 
𝐵𝐵𝐵𝐵1  =  −𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (3) 

 
𝐵𝐵𝐵𝐵2  =  −𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (4) 

 
𝐵𝐵𝐵𝐵12  =  𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (5) 

 
where𝑌𝑌𝑌𝑌i – (i=1,2,3,4) is the value of the response function for the selected registered parameter for each separate 
experiment. 
 

The calculated regression coefficients are defined as follows. 
The regression models describing the response function for soil matrices contaminated with 1 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (6) 
 
Day 7:   𝑌𝑌𝑌𝑌 =  86 + 10𝑥𝑥𝑥𝑥1 − 1.5𝑥𝑥𝑥𝑥2 + 22.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (7) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 76.75 + 2.25𝑥𝑥𝑥𝑥1 − 10.75𝑥𝑥𝑥𝑥2 + 14.75𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (8) 
 
The regression models describing the response function for soil matrices contaminated with 10 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 143.75 − 6.25𝑥𝑥𝑥𝑥1 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (9) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 92.75 − 40.75𝑥𝑥𝑥𝑥1 + 5.25𝑥𝑥𝑥𝑥2 − 28.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (10) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 74.5 − 25.5𝑥𝑥𝑥𝑥1 − 13𝑥𝑥𝑥𝑥2 − 13𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (11) 
 
The regression models describing the response function for soil matrices contaminated with 100 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 98 − 0.5𝑥𝑥𝑥𝑥1 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (12) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 72 + 5.5𝑥𝑥𝑥𝑥1 − 15.5𝑥𝑥𝑥𝑥2 + 18𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (13) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 68 + 1.5𝑥𝑥𝑥𝑥1 − 19.5𝑥𝑥𝑥𝑥2 + 14𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (14) 
 
 
 
𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (15) 
 
𝑌𝑌𝑌𝑌 = 143.75 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (16) 
 
𝑌𝑌𝑌𝑌 = 98 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (17) 
 

(10)

Day 9: 

nsure the robustness of the regression model for predictive applications and provide a systematic basis for 
refining standardized biotesting procedures: 

 
𝐵𝐵𝐵𝐵0  =  𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (2) 

 
𝐵𝐵𝐵𝐵1  =  −𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (3) 

 
𝐵𝐵𝐵𝐵2  =  −𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (4) 

 
𝐵𝐵𝐵𝐵12  =  𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (5) 

 
where𝑌𝑌𝑌𝑌i – (i=1,2,3,4) is the value of the response function for the selected registered parameter for each separate 
experiment. 
 

The calculated regression coefficients are defined as follows. 
The regression models describing the response function for soil matrices contaminated with 1 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (6) 
 
Day 7:   𝑌𝑌𝑌𝑌 =  86 + 10𝑥𝑥𝑥𝑥1 − 1.5𝑥𝑥𝑥𝑥2 + 22.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (7) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 76.75 + 2.25𝑥𝑥𝑥𝑥1 − 10.75𝑥𝑥𝑥𝑥2 + 14.75𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (8) 
 
The regression models describing the response function for soil matrices contaminated with 10 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 143.75 − 6.25𝑥𝑥𝑥𝑥1 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (9) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 92.75 − 40.75𝑥𝑥𝑥𝑥1 + 5.25𝑥𝑥𝑥𝑥2 − 28.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (10) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 74.5 − 25.5𝑥𝑥𝑥𝑥1 − 13𝑥𝑥𝑥𝑥2 − 13𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (11) 
 
The regression models describing the response function for soil matrices contaminated with 100 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 98 − 0.5𝑥𝑥𝑥𝑥1 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (12) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 72 + 5.5𝑥𝑥𝑥𝑥1 − 15.5𝑥𝑥𝑥𝑥2 + 18𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (13) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 68 + 1.5𝑥𝑥𝑥𝑥1 − 19.5𝑥𝑥𝑥𝑥2 + 14𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (14) 
 
 
 
𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (15) 
 
𝑌𝑌𝑌𝑌 = 143.75 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (16) 
 
𝑌𝑌𝑌𝑌 = 98 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (17) 
 

(11)

The regression models describing the response func-
tion for soil matrices contaminated with 100 APC of 

aviation kerosene at different stages of the observation 
period are as follows:

Day 5: 

nsure the robustness of the regression model for predictive applications and provide a systematic basis for 
refining standardized biotesting procedures: 

 
𝐵𝐵𝐵𝐵0  =  𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (2) 

 
𝐵𝐵𝐵𝐵1  =  −𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (3) 

 
𝐵𝐵𝐵𝐵2  =  −𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (4) 

 
𝐵𝐵𝐵𝐵12  =  𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (5) 

 
where𝑌𝑌𝑌𝑌i – (i=1,2,3,4) is the value of the response function for the selected registered parameter for each separate 
experiment. 
 

The calculated regression coefficients are defined as follows. 
The regression models describing the response function for soil matrices contaminated with 1 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (6) 
 
Day 7:   𝑌𝑌𝑌𝑌 =  86 + 10𝑥𝑥𝑥𝑥1 − 1.5𝑥𝑥𝑥𝑥2 + 22.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (7) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 76.75 + 2.25𝑥𝑥𝑥𝑥1 − 10.75𝑥𝑥𝑥𝑥2 + 14.75𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (8) 
 
The regression models describing the response function for soil matrices contaminated with 10 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 143.75 − 6.25𝑥𝑥𝑥𝑥1 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (9) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 92.75 − 40.75𝑥𝑥𝑥𝑥1 + 5.25𝑥𝑥𝑥𝑥2 − 28.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (10) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 74.5 − 25.5𝑥𝑥𝑥𝑥1 − 13𝑥𝑥𝑥𝑥2 − 13𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (11) 
 
The regression models describing the response function for soil matrices contaminated with 100 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 98 − 0.5𝑥𝑥𝑥𝑥1 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (12) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 72 + 5.5𝑥𝑥𝑥𝑥1 − 15.5𝑥𝑥𝑥𝑥2 + 18𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (13) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 68 + 1.5𝑥𝑥𝑥𝑥1 − 19.5𝑥𝑥𝑥𝑥2 + 14𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (14) 
 
 
 
𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (15) 
 
𝑌𝑌𝑌𝑌 = 143.75 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (16) 
 
𝑌𝑌𝑌𝑌 = 98 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (17) 
 

(12)

Day 7: 

nsure the robustness of the regression model for predictive applications and provide a systematic basis for 
refining standardized biotesting procedures: 

 
𝐵𝐵𝐵𝐵0  =  𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (2) 

 
𝐵𝐵𝐵𝐵1  =  −𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (3) 

 
𝐵𝐵𝐵𝐵2  =  −𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (4) 

 
𝐵𝐵𝐵𝐵12  =  𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (5) 

 
where𝑌𝑌𝑌𝑌i – (i=1,2,3,4) is the value of the response function for the selected registered parameter for each separate 
experiment. 
 

The calculated regression coefficients are defined as follows. 
The regression models describing the response function for soil matrices contaminated with 1 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (6) 
 
Day 7:   𝑌𝑌𝑌𝑌 =  86 + 10𝑥𝑥𝑥𝑥1 − 1.5𝑥𝑥𝑥𝑥2 + 22.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (7) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 76.75 + 2.25𝑥𝑥𝑥𝑥1 − 10.75𝑥𝑥𝑥𝑥2 + 14.75𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (8) 
 
The regression models describing the response function for soil matrices contaminated with 10 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 143.75 − 6.25𝑥𝑥𝑥𝑥1 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (9) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 92.75 − 40.75𝑥𝑥𝑥𝑥1 + 5.25𝑥𝑥𝑥𝑥2 − 28.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (10) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 74.5 − 25.5𝑥𝑥𝑥𝑥1 − 13𝑥𝑥𝑥𝑥2 − 13𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (11) 
 
The regression models describing the response function for soil matrices contaminated with 100 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 98 − 0.5𝑥𝑥𝑥𝑥1 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (12) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 72 + 5.5𝑥𝑥𝑥𝑥1 − 15.5𝑥𝑥𝑥𝑥2 + 18𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (13) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 68 + 1.5𝑥𝑥𝑥𝑥1 − 19.5𝑥𝑥𝑥𝑥2 + 14𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (14) 
 
 
 
𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (15) 
 
𝑌𝑌𝑌𝑌 = 143.75 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (16) 
 
𝑌𝑌𝑌𝑌 = 98 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (17) 
 

(13)

Day 9: 

nsure the robustness of the regression model for predictive applications and provide a systematic basis for 
refining standardized biotesting procedures: 

 
𝐵𝐵𝐵𝐵0  =  𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (2) 

 
𝐵𝐵𝐵𝐵1  =  −𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (3) 

 
𝐵𝐵𝐵𝐵2  =  −𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (4) 

 
𝐵𝐵𝐵𝐵12  =  𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (5) 

 
where𝑌𝑌𝑌𝑌i – (i=1,2,3,4) is the value of the response function for the selected registered parameter for each separate 
experiment. 
 

The calculated regression coefficients are defined as follows. 
The regression models describing the response function for soil matrices contaminated with 1 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (6) 
 
Day 7:   𝑌𝑌𝑌𝑌 =  86 + 10𝑥𝑥𝑥𝑥1 − 1.5𝑥𝑥𝑥𝑥2 + 22.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (7) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 76.75 + 2.25𝑥𝑥𝑥𝑥1 − 10.75𝑥𝑥𝑥𝑥2 + 14.75𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (8) 
 
The regression models describing the response function for soil matrices contaminated with 10 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 143.75 − 6.25𝑥𝑥𝑥𝑥1 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (9) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 92.75 − 40.75𝑥𝑥𝑥𝑥1 + 5.25𝑥𝑥𝑥𝑥2 − 28.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (10) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 74.5 − 25.5𝑥𝑥𝑥𝑥1 − 13𝑥𝑥𝑥𝑥2 − 13𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (11) 
 
The regression models describing the response function for soil matrices contaminated with 100 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 98 − 0.5𝑥𝑥𝑥𝑥1 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (12) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 72 + 5.5𝑥𝑥𝑥𝑥1 − 15.5𝑥𝑥𝑥𝑥2 + 18𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (13) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 68 + 1.5𝑥𝑥𝑥𝑥1 − 19.5𝑥𝑥𝑥𝑥2 + 14𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (14) 
 
 
 
𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (15) 
 
𝑌𝑌𝑌𝑌 = 143.75 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (16) 
 
𝑌𝑌𝑌𝑌 = 98 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (17) 
 

(14)

Following the estimation of the regression coefficients, 
the model’s goodness-of-fit was validated using Fish-
er’s F-test. The statistical analysis demonstrated that 
all derived regression equations adequately character-
ize the investigated biological processes. In all instanc-
es, the condition F≤Fcrit was satisfied (F = 0.7669 in this 
study), confirming the model’s validity at a significance 
level of α = 0.05.

The significance of individual regression coefficients 
was further evaluated using Student’s t-test, exempli-
fied here by the data from the fifth day of observation. 
For the 1 APC variant, all coefficients were found to be 
statistically significant. However, it was observed that 
as the petroleum concentration exceeds the 1 APC 
threshold, the coefficient B₁ loses its statistical signifi-
cance and may be excluded from the model.

Thus, the final regression models characterizing the 
development of the biological test system on the fifth 
day of observation are defined by the following equa-
tions:

Day 5: 

nsure the robustness of the regression model for predictive applications and provide a systematic basis for 
refining standardized biotesting procedures: 

 
𝐵𝐵𝐵𝐵0  =  𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (2) 

 
𝐵𝐵𝐵𝐵1  =  −𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (3) 

 
𝐵𝐵𝐵𝐵2  =  −𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (4) 

 
𝐵𝐵𝐵𝐵12  =  𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (5) 

 
where𝑌𝑌𝑌𝑌i – (i=1,2,3,4) is the value of the response function for the selected registered parameter for each separate 
experiment. 
 

The calculated regression coefficients are defined as follows. 
The regression models describing the response function for soil matrices contaminated with 1 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (6) 
 
Day 7:   𝑌𝑌𝑌𝑌 =  86 + 10𝑥𝑥𝑥𝑥1 − 1.5𝑥𝑥𝑥𝑥2 + 22.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (7) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 76.75 + 2.25𝑥𝑥𝑥𝑥1 − 10.75𝑥𝑥𝑥𝑥2 + 14.75𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (8) 
 
The regression models describing the response function for soil matrices contaminated with 10 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 143.75 − 6.25𝑥𝑥𝑥𝑥1 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (9) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 92.75 − 40.75𝑥𝑥𝑥𝑥1 + 5.25𝑥𝑥𝑥𝑥2 − 28.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (10) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 74.5 − 25.5𝑥𝑥𝑥𝑥1 − 13𝑥𝑥𝑥𝑥2 − 13𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (11) 
 
The regression models describing the response function for soil matrices contaminated with 100 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 98 − 0.5𝑥𝑥𝑥𝑥1 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (12) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 72 + 5.5𝑥𝑥𝑥𝑥1 − 15.5𝑥𝑥𝑥𝑥2 + 18𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (13) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 68 + 1.5𝑥𝑥𝑥𝑥1 − 19.5𝑥𝑥𝑥𝑥2 + 14𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (14) 
 
 
 
𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (15) 
 
𝑌𝑌𝑌𝑌 = 143.75 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (16) 
 
𝑌𝑌𝑌𝑌 = 98 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (17) 
 

(15)

Day 7: 

nsure the robustness of the regression model for predictive applications and provide a systematic basis for 
refining standardized biotesting procedures: 

 
𝐵𝐵𝐵𝐵0  =  𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (2) 

 
𝐵𝐵𝐵𝐵1  =  −𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (3) 

 
𝐵𝐵𝐵𝐵2  =  −𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (4) 

 
𝐵𝐵𝐵𝐵12  =  𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (5) 

 
where𝑌𝑌𝑌𝑌i – (i=1,2,3,4) is the value of the response function for the selected registered parameter for each separate 
experiment. 
 

The calculated regression coefficients are defined as follows. 
The regression models describing the response function for soil matrices contaminated with 1 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (6) 
 
Day 7:   𝑌𝑌𝑌𝑌 =  86 + 10𝑥𝑥𝑥𝑥1 − 1.5𝑥𝑥𝑥𝑥2 + 22.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (7) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 76.75 + 2.25𝑥𝑥𝑥𝑥1 − 10.75𝑥𝑥𝑥𝑥2 + 14.75𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (8) 
 
The regression models describing the response function for soil matrices contaminated with 10 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 143.75 − 6.25𝑥𝑥𝑥𝑥1 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (9) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 92.75 − 40.75𝑥𝑥𝑥𝑥1 + 5.25𝑥𝑥𝑥𝑥2 − 28.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (10) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 74.5 − 25.5𝑥𝑥𝑥𝑥1 − 13𝑥𝑥𝑥𝑥2 − 13𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (11) 
 
The regression models describing the response function for soil matrices contaminated with 100 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 98 − 0.5𝑥𝑥𝑥𝑥1 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (12) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 72 + 5.5𝑥𝑥𝑥𝑥1 − 15.5𝑥𝑥𝑥𝑥2 + 18𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (13) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 68 + 1.5𝑥𝑥𝑥𝑥1 − 19.5𝑥𝑥𝑥𝑥2 + 14𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (14) 
 
 
 
𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (15) 
 
𝑌𝑌𝑌𝑌 = 143.75 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (16) 
 
𝑌𝑌𝑌𝑌 = 98 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (17) 
 

(16)

Day 9: 

nsure the robustness of the regression model for predictive applications and provide a systematic basis for 
refining standardized biotesting procedures: 

 
𝐵𝐵𝐵𝐵0  =  𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (2) 

 
𝐵𝐵𝐵𝐵1  =  −𝑌𝑌𝑌𝑌1+𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (3) 

 
𝐵𝐵𝐵𝐵2  =  −𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2+𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (4) 

 
𝐵𝐵𝐵𝐵12  =  𝑌𝑌𝑌𝑌1−𝑌𝑌𝑌𝑌2−𝑌𝑌𝑌𝑌3+𝑌𝑌𝑌𝑌4

4
, (5) 

 
where𝑌𝑌𝑌𝑌i – (i=1,2,3,4) is the value of the response function for the selected registered parameter for each separate 
experiment. 
 

The calculated regression coefficients are defined as follows. 
The regression models describing the response function for soil matrices contaminated with 1 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (6) 
 
Day 7:   𝑌𝑌𝑌𝑌 =  86 + 10𝑥𝑥𝑥𝑥1 − 1.5𝑥𝑥𝑥𝑥2 + 22.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (7) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 76.75 + 2.25𝑥𝑥𝑥𝑥1 − 10.75𝑥𝑥𝑥𝑥2 + 14.75𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (8) 
 
The regression models describing the response function for soil matrices contaminated with 10 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 143.75 − 6.25𝑥𝑥𝑥𝑥1 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (9) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 92.75 − 40.75𝑥𝑥𝑥𝑥1 + 5.25𝑥𝑥𝑥𝑥2 − 28.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (10) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 74.5 − 25.5𝑥𝑥𝑥𝑥1 − 13𝑥𝑥𝑥𝑥2 − 13𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (11) 
 
The regression models describing the response function for soil matrices contaminated with 100 APC of aviation 

kerosene at different stages of the observation period are as follows: 
 

Day 5:   𝑌𝑌𝑌𝑌 = 98 − 0.5𝑥𝑥𝑥𝑥1 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (12) 
 
Day 7:   𝑌𝑌𝑌𝑌 = 72 + 5.5𝑥𝑥𝑥𝑥1 − 15.5𝑥𝑥𝑥𝑥2 + 18𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (13) 
 
Day 9:   𝑌𝑌𝑌𝑌 = 68 + 1.5𝑥𝑥𝑥𝑥1 − 19.5𝑥𝑥𝑥𝑥2 + 14𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (14) 
 
 
 
𝑌𝑌𝑌𝑌 = 124.5 + 38𝑥𝑥𝑥𝑥1 + 37𝑥𝑥𝑥𝑥2 + 50.5𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (15) 
 
𝑌𝑌𝑌𝑌 = 143.75 + 56.25𝑥𝑥𝑥𝑥2 + 6.25𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2, (16) 
 
𝑌𝑌𝑌𝑌 = 98 + 10.5𝑥𝑥𝑥𝑥2 + 12𝑥𝑥𝑥𝑥1𝑥𝑥𝑥𝑥2. (17) 
 

(17)

Within these regression models, x1 and x2 represent 
the experimental variables influencing seedling devel-
opment. The intercept (B0) reflects the baseline growth 
response under control conditions, while the coeffi-
cients for x1 and x2 quantify the magnitude and direc-
tion of the independent effects exerted by each factor. 
Furthermore, the interaction term (x1x2) characterizes 
the synergistic or antagonistic effects arising from the 
simultaneous application of both factors.
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The derived models demonstrate that both individual 
and combined effects significantly modulate the ob-
served morphological responses. Notably, the high 
magnitude of the interaction coefficients suggests 
that the combined action of the investigated factors is 
a primary determinant of the overall growth dynam-
ics in the bioassays. Consequently, these regression 
equations serve both descriptive and predictive func-
tions, allowing for the assessment of plant responses 
across a range of experimental conditions.

Following the aforementioned algorithmic procedure, 
regression coefficients were calculated to establish the 
concentration-dependent relationship based on the root 
elongation of Lactuca sativa seedlings. These estimations 
were performed for seeds subjected to 1-minute hyper-
thermic pre-treatment at 60°C and subsequently cultivat-
ed in soil matrices contaminated with aviation kerosene.

The calculated coefficients are illustrated in Figs. 2–4, while 
the temporal dynamics of these coefficients across vary-
ing kerosene concentrations are presented in Figs. 5–7.

Fig. 2. Concentration-dependent dynamics of regression coefficients (normalized to the intercept B0, %) for root elongation on the fifth day of 
observation: B1 – effect of hyperthermic sensitization; B2 – effect of aviation kerosene contamination; B12 – interaction effect between thermal 
and chemical factors
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As illustrated in Fig. 2, on the fifth day of the experi-
ment, the inhibitory effect of hyperthermia (B1) on root 
elongation was restricted to the 100 APC kerosene 
treatment. Conversely, at lower concentrations, the iso-
lated influence of kerosene was evident, transitioning 
to a stimulatory effect at 1 APC (B2). The interaction 

between factors x1 and x2, characterized by the con-
centration-dependent coefficient B12, remained posi-
tive across all kerosene concentrations. These findings 
suggest that the combined application of these factors 
amplified their individual positive effects, manifesting 
as a synergistic interaction.

Fig. 3. Concentration-dependent dynamics of regression coefficients (normalized to the intercept B0, %) for root elongation on the seventh 
day of observation: B1 – effect of hyperthermic sensitization; B2 – effect of aviation kerosene contamination; B12 – interaction effect between 
thermal and chemical factors.
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By the seventh day of observation (Fig. 3), the influ-
ence of x1 (hyperthermic seed treatment) manifested 
exclusively as an inhibitory effect. Factor x2 exhibited a 
negative impact only at a concentration of 100 APC. The 
interaction coefficient B12 was negative at both 10 and 100 
APC, signifying an additional adverse effect resulting from 

the combined application of these factors, particularly at 
the highest concentration. This indicates a negative syner-
gism, wherein the simultaneous exposure to both factors 
intensified their individual toxicity. These results under-
score the potential for exacerbated deleterious impacts 
under stressful environmental conditions.

Fig. 4. Concentration-dependent dynamics of regression coefficients (normalized to the intercept B0, %) for root elongation on the ninth 
day of observation: B1 – effect of hyperthermic sensitization; B2 – effect of aviation kerosene contamination; B12 – interaction effect between 
thermal and chemical factors
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By the ninth day of observation (Fig. 4), the influence of x1 
on root elongation shifted toward a slightly positive trend, 
suggesting the onset of regenerative processes. This in-
dicates that the hyperthermal seed treatment, under 
the specified heating regime, did not induce irreversible 

physiological damage. Concurrently, root growth was 
generally stimulated by factor x2, maintaining a positive 
effect notably at the 1 APC level. The interaction coeffi-
cient (B12) remained positive, significantly mitigating the 
inhibitory effects associated with x2 (fuel) exposure.

Fig. 5. Dynamics of regression coefficients for root length in soil contaminated with petroleum products at 1 APC (compared to B0, (%)): B1 –  
main effect of hyperthermia; B2 – main effect of kerosene; B12 – interaction coefficient of the combined factors
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cultivated in aviation kerosene-contaminated soil. 
These findings are illustrated in Fig. 8–10, while the 
temporal dynamics of the coefficients across varying 
kerosene concentrations are presented in Fig. 11–13.

As illustrated in Figs. 8–10, the impact of hyperthermal 
treatment (x1) on seedling stems mirrored the patterns 
observed in the root systems, with evidence of growth 
recovery emerging by the ninth day. The transient in-
hibitory effect on stem elongation on day 5 may be 
attributed to inter-organ competition for seed-derived 
nutrients. Under conditions of high metabolic demand, 
the prioritized stimulation of one organ may result in 
the reciprocal suppression of another.

Consequently, it can be inferred that at kerosene con-
centrations of 1 APC or lower, no additional inhibitory 
effects occur in pre-sensitized plants, as simulated by 
hyperthermal seed treatment (x1). This conclusion is 
further corroborated by the analysis of factor dynam-
ics (Fig. 5–7). An intensification of the x2 effect was 
exclusively observed at higher concentrations, specifi-
cally within the range of petroleum soil contamination, 
where stimulatory responses in plant bioassays have 
been previously documented.

The concentration dependence of regression coef-
ficients for the stem length of lettuce (Lactuca sati-
va) seedlings was derived from seeds subjected to a 
5-minute thermal treatment at 60°C and subsequently 

Fig. 6. Dynamics of regression coefficients for root length in soil contaminated with petroleum products at 10 APC (compared to B0, (%)): 
B1 – main effect of hyperthermia; B2 – main effect of kerosene; B12 – interaction coefficient of the combined factors
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Fig. 7. Dynamics of regression coefficients for root length in soil contaminated with petroleum products at 100 APC (compared to B0, (%)): 
B1 – main effect of hyperthermia; B2 – main effect of kerosene; B12 – interaction coefficient of the combined factors
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Fig. 8. Concentration dependence of regression coefficients (relative to B0, %) for seedling stem length on day 5 of observation in petro-
leum-contaminated soil: B1 – main effect of hyperthermia; B2 – main effect of kerosene; B12 – interaction coefficient representing the com-
bined influence of both factors

Fig. 9. Concentration dependence of regression coefficients (relative to B0, %) for seedling stem length on day 7 of observation in petro-
leum-contaminated soil: B1 – main effect of hyperthermia; B2 – main effect of kerosene; B12 – interaction coefficient representing the com-
bined influence of both factors
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Fig. 10. Concentration dependence of regression coefficients (relative to B0, %) for seedling stem length on day 9 of observation in petro-
leum-contaminated soil: B1 – main effect of hyperthermia; B2 – main effect of kerosene; B12 – interaction coefficient representing the com-
bined influence of both factors
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Fig. 11. Dynamics of regression coefficients for seedling stem length in soil contaminated with petroleum products at 1 APC (relative 
to B0, %): B1 – main effect of hyperthermia; B2 – main effect of kerosene; B12 – interaction coefficient reflecting the combined influence of 
both factors

Kerosene contamination (x2) initially induced a stim-
ulatory response at low concentrations (1 and 10 APC 
on days 5 and 7), whereas higher exposure levels (10 
and 100 APC) exerted a pronounced negative impact. 
By the later stages of observation (Figs. 11–13), seed-
lings exposed to low concentrations exhibited a return 
to baseline growth parameters. This phenomenon 
characterizes a transient hormetic response to the 

contaminant, where low-dose stimulation precedes 
potential recovery.

The contribution of non-additivity (coefficient B12) in the 
reaction of the stem part also changes with the time of 
observation. Specifically, for 1 APC, a synergistic en-
hancement of the combined negative impact was ob-
served on days 5 and 7, indicating that the joint effect ex-
ceeded the sum of individual factor influences (Fig. 11).

Fig. 12. Dynamics of regression coefficients for seedling stem length in soil contaminated with petroleum products at 10 APC (relative 
to B0, %): B1 – main effect of hyperthermia; B2 – main effect of kerosene; B12 – interaction coefficient reflecting the combined influence of 
both factors
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At an exposure level of 10 APCs (Fig. 12), an inten-
sified inhibitory effect of x1 was recorded exclusively 
on the 7th day of observation. In the case of 100 APCs 
(Fig. 13), the fluctuations of the B12 coefficient mirrored 
the dynamics of B1, albeit maintaining positive values. 
Consequently, these findings suggest that the duration 
of soil biotesting under petroleum contamination and 
hyperthermic seed treatment should be limited to a 
maximum of 7 days.

Within the scope of this study, the correlation between 
hyperthermia and biotoxicity is defined through a sen-
sitization mechanism, wherein short-term thermal ex-
posure of seeds (60°C for 1 minute) serves as a diag-
nostic enhancer that modulates the biological response 
to chemical contamination by aviation kerosene. At low 
fuel concentrations not exceeding the APC, hyperther-
mia does not intensify toxic effects and, in certain in-
stances, may even facilitate temporary growth stimu-
lation. However, as hydrocarbon content increases to 
levels of 10–100  APC, a negative synergism emerg-
es, whereby thermal treatment radically intensifies 
the inhibition of growth processes. This interaction is 
non-additive: hyperthermia acts as a factor that de-
pletes the organism’s adaptive resources and alters 
cell membrane permeability, thereby facilitating the in-
flux of toxic hydrocarbons and provoking more severe 
oxidative stress. This relationship is most pronounced 
on the 7th day of observation, when mathematical 

models (specifically the B12 coefficient) demonstrate 
a systemic transition from hormetic stimulation to 
intensive inhibition. This allows for the application of 
hyperthermia as a tool for detecting latent toxicity that 
remains undetectable by standard bioassay methods 
under low levels of anthropogenic load.

Conclusion
This study examined the effects of hyperthermia on test 
plants to simulate the cumulative impact of multiple 
factors under conditions of kerosene-induced toxicity. 
The dynamics of these processes were monitored over 
a period of 5 to 9 days, extending beyond the standard 
5-day biotesting protocol to capture delayed physiolog-
ical responses. To quantify the influence of these fac-
tors, a full factorial design was employed to measure 
stem and root elongation, with the resulting data used 
to construct predictive regression models.

Experimental results indicated that at kerosene con-
centrations of 1 APC or lower, no potentiation of the 
inhibitory effect was observed in pre-sensitized plants 
(modeled via hyperthermic seed treatment, x1). Analy-
sis of factor dynamics confirmed that the enhancement 
of the x2 effect occurred exclusively at elevated con-
centrations, specifically at levels previously identified 
as stimulatory in plant bioassays.

Fig. 13. Dynamics of regression coefficients for seedling stem length in soil contaminated with petroleum products at 100 APC (relative to B0, 
%): B1 – main effect of hyperthermia; B2 – main effect of kerosene; B12 – interaction coefficient reflecting the combined influence of both factors
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At a concentration of 10 APCs, a significant increase 
in the negative impact of x1 was recorded only on the 
7th day of observation. Conversely, at 100 APCs, the 
B12 coefficient exhibited synchronous dynamics with B1, 
albeit maintaining positive values.

Based on these findings, it is determined that the opti-
mal duration for soil biotesting in petroleum-contami-
nated environments using hyperthermia-treated seeds 

should be capped at 7 days. These regression models 
provide a robust framework for ecological monitoring, 
enabling the estimation of fuel concentrations based 
on established phytotoxicity thresholds. Furthermore, 
the application of hyperthermia to plant seeds is rec-
ommended as a standardized stress-simulation tech-
nique for future environmental impact assessments of 
petroleum products.
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