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Abstract

In a laboratory experiment using an artificial substrate, the toxic effects on earthworm 
Eisenia fetida of two fungicides – triazole derivatives containing tebuconazole individually and in 
binary combination with triadimefon was investigated. Moderate toxicity of the fungicides was 
determined for Eisenia fetida. The fatty acid (FA) profile of Eisenia fetida lipids was studied by 
high-sensitivity gas chromatography under the acute influence of fungicides at a dose, which cor-
responded to LC50. A similar redistribution in the content of saturated and unsaturated FAs has 
been shown for both fungicides. The total content of saturated FAs decreased. The total content 
of polyunsaturated FAs increased, especially of the ω6 family, which prevails over ω3 in earth- 
worms. The observed changes in the FAs profile of the earthworm lipids are thought to indicate 
their involvement in the early metabolic response under fungicidal load.

Introduction

The chemicalization of agriculture poses a serious potential danger to 
both agrobiocenosis and the environment, given that the number and 
diversity of pesticides is steadily increasing. Extremely dangerous is the 
impact on the soil biota, which can result in the deterioration of the soil 

Address: Svitlana Khyzhnyak, National University of Life and Environmental Sciences of Ukraine, 
Heroyiv Oborony st. 15, Kyiv 03041, Ukraine, e-mail: khs2014@ukr.net 

*The research is carried out within the framework of scientific research work (SRW)  
No. of state registration 0117U002548, funded by the Ministry of Education and Science  
of Ukraine.



Svitlana Khyzhnyak et al.276

ecosystem functioning (Chagnon et al. 2015). Typical representatives of 
soil biota are earthworms – key organisms that ensure the decomposition 
of dead plants and animal remains on organic and inorganic components, 
which contributes to soil fertility (Ye et al. 2016). Since soil organisms are 
prey for animals such as shrews and birds, toxicants may reach higher 
trophic levels.

Earthworms are sensitive indicators of changes in the ecological sta-
tus of the habitat considering their environmental significance, high soil 
biomass and sensitivity to relatively low concentrations of pollutants (RiCh 
et al. 2015). Laboratory experiments revealed a negative effect of pesti-
cides on the activity of earthworms (Wang et al. 2012).

Although the earthworm E. fetida has been used in many ecotoxicolo-
gical studies in recent years, most of them focused solely on assessing the 
effects of individual pesticides (RiCo et al. 2016, Cang et al. 2017). It is 
important to study the toxic effect of pesticide mixtures on biota, conside-
ring the increasing use in agriculture of combined pesticides containing 
several active substances since it is difficult to predict the combined effect 
of pesticides due to the possibility of complex synergistic and antagonistic 
reactions (Wang et al. 2012, Yang et al. 2017).

The toxic effects of pesticides on biota are due to the processes of 
absorption and metabolism of substances in the organism (andeRson and 
Zhu 2004). An important indicator that can characterize the effect of pesti-
cides on the organism is the qualitative and quantitative composition of 
lipid fatty acids (FAs), which is determined by the course of biochemical 
processes. In particular, the modification of the FAs composition of the 
honey bee A. mellifera lipids has been shown under the pesticide influence 
(KhYZhnYaK et al. 2018).

The aim of this work is to evaluate the toxic effect of fungicides  
– triazole derivatives containing tebuconazole in an individual and in 
binary combination with triadimefon – on Eisenia fetida in the study of the 
fatty acid profile of earthworm lipids.

Material and Methods

Characteristics of Fungicides

In our research we studied fungicides used on crops in Ukraine,  
the stock solutions of which contain the active ingredients (a.i.): AC 
(a.i.: tebuconazole, 250 g/dm3) and two component AZ (a.i.: tebuconazole, 
125 g/dm3 + triadimefon, 100 g/dm3). The active ingredients of fungicides 
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belong to the chemical class of triazoles (LeWis et al. 2016). Fungicides are 
used in the formulation of an emulsifiable concentrate.

Acute Toxicity

In laboratory conditions (using artificial substrate) acute toxicity of 
fungicides (LC50, 14 days) was determined by biotesting according to 
(OECD (1984), Test No. 207).

The test object for the study was the sexually mature adult individuals 
of the earthworm Eisenia fetida weighing from 300 to 500 mg. Artificial 
substrate with a total mass of 500 g of the following composition: spha-
gnum peat – 10%; kaolin clay – 20%; quartz sand – 70% of the content (by 
dry weight) was placed in glass containers with a capacity of 2 dm3, thoro-
ughly mixed with solutions of the preparations in appropriate amount: 
100, 200, 400, 600, 800 and 1000 mg solution/kg artificial substrate. The 
control variant was an artificial substrate moistened with distilled water. 
Appropriate groups of test objects (40 individuals in each group) were for-
med for the experiment. Individuals of earthworm E. fetida were placed in 
the containers, closed by lids with apertures to provide aeration. During 
the study period, the following conditions were maintained: temperature 
20 ±2°C, light intensity in the range of 400–800 lux, illuminated period 16 
h: 8 h, soil moisture at a level close to 50% of its total moisture capacity.

The acute experiment lasted 14 days. After 7 and 14 days, the behavio-
ral response and mortality were evaluated. At the end of the experiment 
the total biomass of the earthworms was determined and acute fungicide 
toxicity (LC50, 14 days) was calculated.

Determination of the Tebuconazole Content in the Samples

The tebuconazole content after the end of the experiment (14 days) 
was determined in the samples of the bioobjects and the artificial subs-
trate where these organisms were located. The samples were subjected to 
organic solvent extraction and subsequent chromatography using an Agi-
lent Technologies 7900-MSD 5975C chromatographic-mass spectrometer 
with HP-5 MS 15 m × 0.25 µm ID × 0.25 µm column. Carrier gas pressure 
(helium) – 60.7 kPa. Quantitative determination was performed using the 
analytics-Chrom application by the method of the correlation with the 
standard by peak height (Food of plants… EVS-EN 15662:2008).

Bioaccumulation of Tebuconazole in the Earthworms

Fungicide bioaccumulation means an increased content in the ear-
thworm body as a result of penetration through the skin and uptake with 
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contaminated soil. Fungicide bioaccumulation by biological objects is charac-
terized by the bioaccumulation factor (BAF) as an index of chemical exchange 
between the environment and the body. It is defined as the ratio of the 
substance amount in the earthworm organism (mg/kg dry weight) to the 
content of the substance in the soil (mg/kg of substrate) (MoRRison 2000).

Fatty Acid Profile Determination

A certain amount of sample was transferred to a Teflon-coated tube, 
the samples were homogenized, followed by lipid extraction with chloro-
form-methanol mixture. Lipid hydrolysis and FAs methylation were per-
formed according to (Animal and vegetable… ISO 12966-2:2017). FA 
methyl ethers were analyzed on a Trace GC Ultra gas chromatograph 
(USA), detector type: flame-ionizing.

Separation was performed on a high-polar capillary chromatographic 
column SPTM-2560 (Supelco, USA). The standard mixture of methyl 
esters of FAs “37 Component FAME Mix” (Supelco) was used to identify 
the acids. All reagents and solvents were of analytical quality (Merck Che-
micals). For the quantitative evaluation of individual FAs the method of 
internal normalization was used and the relative FAs content was repre-
sented as a percentage of their total content. The following combinations 
of the FAs were calculated: ω3 FAs, ω6 FAs, total saturated fatty acids 
(SFAs), total unsaturated fatty acids (UFAs), total monounsaturated fatty 
acids (MUFAs), polyunsaturated fatty acids (PUFAs), SFAs/UFAs ratio 
and ω3/ω6 ratio.

Statistical Analysis

The half-lethal concentration (LC50) of the pesticide was determined 
by probit-analysis (FinneY 1952). The data were analyzed by computer 
software Origin 6.0 and Excel (Microsoft, USA) using Student’s t-test. Dif-
ferences were considered significant when P < 0.05.

Results

In the acute experiment (14 days) on the effect of the fungicide AC 
(tebuconazole) the reduction of the body mass of E. fetida test individuals 
was observed, which with agent application in the amount of 200, 400, 
600, 800 and 1000 mg/kg substrate was 26.3; 46.8; 96.2; 99.6 and 100%, 
respectively (P < 0.05). The study of the behavioral response of E. fetida on 
the 7th and 14th day of exposure showed that at the fungicide content in 
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artificial substrate up to 100–200 mg/kg no changes were revealed compa-
red to the control variant: the test objects were mobile and reacted equally 
to light and mechanical irritation. Using the agent in the amount of 400 mg 
or more per kg substrate, mobility, reaction to light and mechanical irrita-
tion of living individuals decreased on the 7th and 14th day compared with 
the control group, and for the agent in the amount of 1000 mg/kg substrate 
100% death of test objects and their decomposition were observed already 
on the 7th day (PoLishChuK et al. 2018).

Similar studies were performed for the combined agent. In the acute 
experiment (14 days) on influence of the fungicide AZ (tebuconazole + tria-
dimefon) body mass reduction of the test objects was also revealed, which 
under the conditions of the agent application in the amount of 200, 400, 
600, 800 and 1000 mg/kg substrate was 24.7; 32.4; 86.2; 98.9 and 100%, 
respectively (P < 0.05). The study on the 7th and 14th day of exposure sho-
wed no changes in the E. fetida behavioral response at the agent content 
in the artificial substrate up to 100 mg/kg, compared to the control group: 
the test objects were mobile and equally responded to both light and mecha-
nical irritation. When using the agent in the amount of 200–400 mg/kg 
substrate, the reduction of mobility and reaction to light and mechanical 
irritation of living individuals was revealed on the 7th and 14th day compa-
red with the control variant, which deepened with the agent content of 600 
mg/kg substrate. At 1000 mg/kg substrate 100% death of test objects was 
observed on the 7th day and practically all dead E. fetida individuals were 
located on the substrate surface (PoLishChuK et al. 2018).

The calculated half-lethal concentration (LC50, 14 day period) of AC 
(tebuconazole) for E. fetida is 435 mg/kg substrate (Figure 1a). The calcula-
ted half-lethal concentration (LC50, 14 day period) of AZ (tebuconazole  
+ triadimefon) for E. fetida is 488 mg/kg substrate (Figure 1b). According to 
the IUPAC classification the studied fungicides exhibit moderate toxicity 
(LeWis et al. 2016). It should be noted that the fungicide toxicity to E. fetida 
is mediated by bioaccumulation process that is estimated by intake of the 
tebuconazole, which is a component of both fungicides. The study showed 
that in accordance with the increased percentage of tebuconazole in АС in 
comparison with AZ the tebuconazole content in the artificial substrate also 
increased after addition of the fungicides. Besides, for AC with tebuconazole 
content twice higher than in AZ its amount in the earthworm body after the 
14-day exposure (in terms of dry weight) in turn increased (Table 1). It was 
estimated that the BAF value of tebuconazole for E. fetida does not differ 
in single or binary combinations and may be an indicator of toxicity.
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Table 1
Indicators of tebuconazole accumulation in Eisenia fetida (in terms of dry weight)  

after 14 days of exposure

Experimental 
conditions

Fungicide 
content [mg/kg 

substrate]

Tebuconazole 
content in the 

substrate [mg/kg 
substrate]

Tebuconazole 
content in the body 

of worms [mg/kg 
dry weight]

Tebuconazole 
bioaccumulation 

factor (BAF)

AC
(tebuconazole)

200 49.8±0.4 56.3±0.7 1.13

400 99.6±0.5 100.3±0.9 1.01

600 149.4±1.6 150.1±1.5 1.01

AZ
(tebuconazole + 

triadimefon)

200 24.9±0.4 25.0±0.2 1.00

400 49.8±0.8 57.6±0.6 1.16

600 74.7±0.9 79.7±0.8 1.07
Note: BAF (bioaccumulation factor) – the ratio of the tebuconazole amount in the earthworm 
organism [mg/kg dry weight] to the content of the tebuconazole in the soil [mg/kg of substrate]

Fig. 1. Determination of half-lethal concentration (LC50, 14 day period) of AC (tebuconazole) –  
(а) and of AZ (tebuconazole + triadimefon) – (b) for earthworms Eisenia fetida at 14-day exposure 
using probit analysis (FinneY 1952). Note: data corresponding to Log10 concentration are given 

only in groups of test objects with mortality < 100%
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Important structural and energy components of cells, the FAs, play  
a significant role in the processes of metabolism, undergo reorganization 
at metabolic disorders and toxicant response and therefore can characte-
rize the influence of exogenous factors on the organism of soil biota.

The high-sensitivity gas chromatography method revealed and quan-
tified 18 FAs of earthworm E. fetida lipids in the control group. Saturated 
fatty acids (SFAs) is predominantly represented by palmitic (C16:0) and 
stearic (C18:0) acids. The pool of unsaturated FAs (UFAs) is represented 
by monounsaturated (MUFAs), in particular oleic (C18:1ω9) and poly-
unsaturated (PUFAs), in particular linoleic (C18:2ω6), linolenic (C18:3ω3) 
and arachidonic (C20:4ω6) acids (Table 2). In the conditions of the experi-
ment no short-chain SFAs were detected in E. fetida. The identified profile 
of FAs in the control group of E. fetida confirms the data in the scientific 
literature (gunYa et al. 2016).

The fatty acid composition of the E. fetida lipids after 14 days of AZ or 
AC exposure in the amount of 400 mg/kg substrate (close to LC50 value) 
was studied. The quantitative changes of the lipid FAs in these conditions 
were detected (Table 2). The total content of SFAs was reduced by 32% and 
27% relative to the control (P < 0.05) when exposed to the fungicides AZ 
and AC, respectively. Of special interest is the reduction in the con-
tent of such important acids as palmitic (C16:0) and stearic (C18:0) for AZ 
fungicide by 22% and 31%, and for AC by 15% and 29%, respectively, com-
pared to the control (P < 0.05). This may indicate a decrease of energy 
supply and a depletion of FAs structural reserve of earthworm organism. 
The saturation index (SFAs/UFAs) under the exposure to the AZ and AC 
decreased to 0.37 and 0.40, respectively, against 0.65 in control.

Under the conditions of an acute experiment (after 14 days) the con-
tent of lipid MUFAs, with antioxidant properties, in particular, oleic 
(C18:1ω9) acid, decreases. At the same time, the content of linoleic 
(C18:2ω6) acid slightly increases (Table 2).

Table 2
Fatty acid content [%] in Eisenia fetida after 14 days of exposure to the fungicides AZ

(tebuconazole + triadimefon) and AC (tebuconazole) in the amount of 400 mg/kg substrate

Fatty acids [%]
Control group AZ AC

M ± m M ± m M ± m

С14:0 3.46 0.08 1.82* 0.07 1.88* 0.06
С15:0 1.27 0.04 0.22* 0.01 0.08* 0.01
С16:0 14.66 0.41 11.40* 0.50 12.52* 0.44
С16:1 0.12 0.01 0.11 0.01 0.11 0.01
С17:0 0.30 0.01 0.19* 0.01 0.23* 0.01
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С18:0 17.53 0.62 12.10* 0.28 12.51* 0.28
C18:1ω9c 21.43 0.89 18.02* 0.20 17.72* 0.34
C18:2ω6c 20.43 0.43 29.28* 0.55 29.70* 0.43

C20:0 0.21 0.03 0.11* 0.01 0.16* 0.01
C18:3ω3 0.27 0.02 0.27 0.02 0.23 0.02

C20:1 2.32 0.09 0.75* 0.04 0.53* 0.02
C21:0 1.65 0.05 0.84* 0.04 1.12* 0.04

C20:2 ω6 2.10 0.09 1.31* 0.09 1.98 0.09
С22:0 0.28 0.02 0.23* 0.01 0.21* 0.01

C20:4ω6 11.23 0.23 19.32* 0.21 17.31* 0.32
C22:2ω6 1.56 0.08 2.49* 0.09 2.34* 0.16
C20:5ω3 0.66 0.03 0.79* 0.03 0.69 0.03
C22:6ω3 0.52 0.03 0.75* 0.03 0.68* 0.03
Σ SFAs 39.36±0.45 26.91±0.35* 28.71±0.41*
Σ UFAs 60.64±0.51 73.09±0.65* 71.29±0.67*

Σ MUFAs 23.87±0.21 18.88±0.15* 18.36±0.16*
Σ PUFAs 36.77±0.11 54.21±0.42* 52.93±0.41*

Σ ω3 1.45±0.04 1.81±0.04* 1.6±0.03
Σ ω6 35.32±0.26 52.4±0.15* 51.33±0.06*
ω3/ω6 0.04 0.03 0.03

SFAs / UFAs 0.65 0.37 0.40
Note: data are presented as mass fraction of fatty acid in % of total fatty acids. SFAs – saturated 
fatty acids, UFAs – unsaturated fatty acids, MUFAs – monounsaturated fatty acids, PUFAs – 
polyunsaturated fatty acids; * − Р < 0.05 vs control 

The total PUFAs content increased by 47% and 44%, respectively, for 
the fungicides AZ or AC in comparison with control (Table 2). Acids of the 
ω3 and ω6 families, the precursors of biologically active substances, are 
important among PUFAs (Сalder 2001). The revealed predominance of 
the ω6 FAs in E. fetida is confirmed by other findings (gRdisa et al. 2013). 
In experimental conditions the total content of ω6 in E. fetida increases 
which can characterize the type of eicosanoids synthesized under exoge-
nous exposure.

Among long-chain FAs arachidonic (C20:4ω6) acid predominates which 
content increases in earthworm lipids under influence of the fungicide AZ 
or AC by 72% and 54% (P < 0.05) as compared to control group. However, 
the accumulation of arachidonic acid to ensure the vital functions of the 
organism in extreme conditions can lead to an increase in the content of 
prostaglandins in the cells and can have a negative effect. In this case, the 
involvement of docosahexaenoic acid (C22:6ω3) is being considered as one 
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of the adaptive mechanisms to regulate this process. It was found that in 
the conditions of the acute experiment the content of this acid in E. fetida 
increased by 44 and 31% (P < 0.05) for AZ or AC, respectively, compared to 
the control. However, in both control and experimental conditions the pro-
portion of this acid does not exceed 1% of the total FAs (Table 2).

Studies have shown that lipid FAs of E. fetida are involved in the 
response of the body to individual and combined fungicides belonging to 
the chemical class of triazoles.

Discussion

Agriculture requires the use of plant protection agents to improve the 
crop quality and yield. However, their uncontrolled applying may entail 
risks to human health and the environment. The regulation of the safe use 
of chemicals (pesticides) requires studies of their effects on soil mesofauna. 
In the laboratory experiment E. fetida was used as the test object for the 
study of acute toxicity of two fungicides, triazole derivatives (in individual 
and binary combinations), recommended for use on crops in Ukraine. 
Moderate toxicity of the fungicides was determined for E. fetida. In parti-
cular, LC50 (14 days) for AC (tebuconazole) is 456 mg/kg substrate and for 
AZ (tebuconazole+ triadimefon) − 488 mg/kg substrate. The bioaccumula-
tion of the fungicide in E. fetida under experimental conditions, which was 
evaluated by the BAF of tebuconazole, was shown to be similar for AC  
and AZ. Because parameter BAF characterizes the exchange of agents 
between the environment and the body, as well as their effect on metabo-
lism, the toxic effect of triazoles was estimated by examining the FAs pro-
file of E. fetida lipids considering their significant role in metabolic proces-
ses. The FAs profile of E. fetida lipids was analyzed using fungicides at 
amount of 400 mg/kg substrate corresponding to LC50. Under these con-
ditions there is a decrease in mobility and response to light and mechani-
cal irritation of E. fetida individuals as well as body mass reduction by 
32–46% compared to control. The obtained results indicate the same quali-
tative composition of FAs in the control and experimental groups of  
E. fetida. At the same time, a similar modification is observed in the quan-
titative content of FAs using the fungicides – triazole derivatives conta-
ining tebuconazole individually and in binary combination. In particular, 
the redistribution of the content of SFAs and UFAs was detected. The 
decrease in the level of SFAs, including palmitic (C16:0) and stearic (C18:0) 
acids, indicates a reduction of energy and structural component of the earth- 
worm organism under the influence of fungicides. At the same time, the 
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growth of UFAs is due to PUFAs as the content of lipid MUFAs is slightly 
reduced. An increase in the content of UFAs can produce membrane-ac-
ting effect leading to the formation of the continuous membrane structural 
regions enriched with unsaturated bonds and different in charge. The 
change of the unsaturation degree of phospholipid FAs can contribute to 
the adaptation of the cellular membranes to the influence of exogenous 
factors (ChebotaReva et al. 2011).

In view of the direct involvement of PUFAs in the regulation of most 
cellular processes the increase in their total content, in particular the ω6 
family, can also be considered as the mobilization of adaptive body 
response. On the other hand, the accumulation of arachidonic acid 
(C20:4ω6) in the organism, which can lead to an increase in prostaglandin 
content in cells, along with a low content of docosahexaenoic acid (C22:6ω3) 
may contribute to the balance of PUFAs in this condition.

The obtained results indicate complex processes of metabolism of  
E. fetida lipid FAs at acute effect of the triazole derivatives. However, stu-
dying the profile of lipid FAs may be important for characterization of the 
toxic effect of triazoles on the organism, especially when combined fungi-
cides are used. It was noted (RiCo et al. 2016) that biochemical indices 
along with histopathological changes (muscle damage, tissue swelling, 
endothelial degeneration and necrosis) of E. fetida are sensitive biomar-
kers for pesticide contamination monitoring and can be proposed for  
a comprehensive assessment of the risk of pesticide use in agroecosystems.

Conclusions

The results of the studies indicate the involvement of fatty acids of  
E. fetida lipids in the early organism reactions on acute action of fungi-
cides, triazole derivatives, both in individual (tebuconazole) form and 
binary (tebuconazole + triadimefon) combination of the active ingredients. 
The tested fungicides are revealed to be moderately toxic. This is charac-
terized by a similar modification in the quantitative content of lipid FAs, 
accompanied by a decrease in the content of saturated FAs and a redistri-
bution in the content of unsaturated FAs. In particular, the content of 
monounsaturated FAs decreases. At the same time, the increase of long-
-chain polyunsaturated FAs content mainly of ω6 families, which are 
involved in the regulation of a wide range of physiological processes, was 
revealed. Understanding the pesticide toxic potential for soil ecosystem 
representatives is essential in the practical assessment of pesticide risk 
for biota.
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