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ABSTRACT:  

Introduction: The article presents studies (2020–2024) in Sheki-Zagatala economic region on the dynamics 

of pesticides to determine residual amounts of pesticides in plant samples of various agricultural crops as part 

of registration tests using gas and liquid chromatography methods. In order to reduce the risk of contamination 

of various classes of chemical compounds with pesticides, monitoring studies of the content of residual 

quantities of active substances of pesticides at trace levels in various agricultural crops are carried out as part 

of registration tests, which make it possible to assess compliance with pesticide application regulations and 

decide on the possibility of using the resulting products for food and feed purposes.  

Methods: A method for determining microquantities of pesticides in plant products (apples, cucumbers, 

tomatoes, potatoes), soil and water has been developed. 

Results: In the period 2020–2024, 366 units of preparations were analyzed, of which 86 in 2020, about 60–69 

in 2020–2022 and 89 in 2023 on various samples of agricultural crops (green mass, grain, straw, seeds, oil). 

In winter grain crops (wheat, triticale, barley, rye) in the period 2020-2025, residual amounts of 31 AS were 

detected in various matrices, including in 30 cases in straw, where the MPL is not standardized, and in 5 cases 

in green mass, where the MPL is also not standardized. The following were detected in straw and green mass: 

propiconazole, cyproconazole, azoxystrobin, kresoxim-methyl, tebuconazole, spiroxamine, prothioconazole 

destio, fluopyram, fluoxastrobin, alpha-cypermethrin, and lambda-cyhalothrin - 0.006-0.9754 mg/kg. Three 

active fungicidal substances were detected in the harvest in the amount of 0.00280–0.01320 mg/kg without 

exceeding the MPL. 

Conclusions: Based on the analyzed data obtained in the conditions of the pesticide dynamics laboratory, it 

can be concluded that contamination of food products with pesticides in the Azerbaijan Republic is practically 

absent, which is a consequence of the mandatory registration procedure for plant protection products. Thus, 

the use of recommended regulations for the use of preparations, compliance with their consumption rates and 

waiting periods makes it possible to guarantee a safe and clean harvest of agricultural crops.  

 

1. Introduction 

 According to scientists, the agricultural sector is among 

the leaders in terms of anthropogenic load. Despite their 

environmental impact, pest and weed control chemicals 

are important in agriculture. We explore how humanity 

can achieve more environmentally friendly food 

production. Ensuring the safe use of pesticides and, 

accordingly, obtaining high-quality food raw materials 

and food products is an important and popular task. An 

important tool in minimizing the negative consequences 

of pesticide use is analytical monitoring of their micro 
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quantities in environmental objects, in feed and food 

products as part of the mandatory registration procedure 

for chemicals in crop protection systems. Harmful effects 

of pesticides involve the occurrence of negative effects 

in non-target species (species that are not targets when 

pesticides are used) as a result of exposure [1,2]. Annual 

crop losses from pests, diseases and weeds without the 

use of pesticides can reach 30-40%. On the other hand, 

excessive use of pesticides leads to their accumulation in 

food products and environmental objects. In this regard, 

determining their residual quantities is an important task 

for ensuring the safety of human life. In the last decade, 

the analysis of pesticide residues in food and feed has 

changed significantly due to the advent of high-

resolution mass spectrometers, which are used to identify 

and determine organic pollutants [3,4]. Registration 

studies are carried out to assess the biological and 

economic effectiveness of pesticides, on the one hand, to 

determine the content of their residual quantities in 

agricultural products and to develop application 

regulations (consumption rate, the period of the last 

treatment before harvesting the crop, the frequency of 

treatment, the maximum permissible level (MPL)) [5,6]. 

Among the general ecological problems, one can single 

out the global migration of pesticides, including through 

food chains, the impact on humans directly and through 

food products, the development of resistance in harmful 

organisms, and a number of others. The following are 

primarily exposed to the impact of pesticides: 

agricultural soil, vegetation, terrestrial and underground 

biota, water bodies, including groundwater. Pesticides 

accumulate in individual objects and environments and 

are included in various migration chains [7,8]. Impact or 

local monitoring is a system of observations in a region 

of the consequences of the entry of pesticides or other 

pollutants from established sources. Direct control over 

the accumulation levels of pesticide residues and their 

metabolites is a particular task of such monitoring [9,10]. 

Monitoring of the content of residual quantities of 

pesticides is carried out for the following purposes: 

assessment of the possibility of applying general 

recommendations for chemical plant protection in 

specific soil and climatic conditions and their zonal 

adjustment as necessary; verification of compliance with 

technology and regulations during application, including 

rules for transportation, storage, preparation and 

application of preparations, disposal of their residues and 

containers from pesticides, as well as rules for the 

decontamination of machines and tools used in work on 

transportation, preparation and application of pesticides; 

establishment of the actual scale and levels of soil 

contamination with pesticide residues, including areas 

with possible increased content (adjacent to warehouses 

and burial sites of pesticides), and determination of the 

suitability of contaminated soils for subsequent 

cultivation of agricultural crops; determining the 

potential danger of secondary contamination with 

pesticide residues of environments and natural objects 

adjacent to contaminated soils; determining the actual 

levels of accumulation of pesticide residues in plants and 

the possibility of selling plant products for their intended 

purpose; determining possible losses of agricultural crop 

yields due to the phytotoxic aftereffect of herbicide 

residues in crop rotation. Pesticides are needed to control 

pests and weeds. If they are abruptly banned, agricultural 

productivity will decline and agricultural prices will rise 

[11,12,13]. 

 

2. Methods 

Determination of residual quantities of pesticides in 

agricultural products was carried out according to official 

guidelines using gas and liquid chromatography. The 

following gas chromatographs were used in the work: 

GCMS-QP2010 Ultra with a mass spectrometric detector 

(Shimadzu, Japan), Crystal 5000.1, Crystal 5000.2 and a 

high-performance liquid chromatograph HP 1100 with a 

diode matrix detector, as well as auxiliary equipment 

(scales, water bath, centrifuge, rotary evaporator, 

chemical glassware, etc.). Samples of plant specimens 

were collected at different times, therefore the obtained 

and analyzed data are not tied to the waiting period, 

composition of the preparation, or formulation. 

Statistical processing of the occurrence of residual 

quantities of active substances in plant samples of 

agricultural crops was carried out according to the Junker 

method, which included an assessment of the relative 

frequency of determination of residual quantities of 

pesticides and an assessment of its confidence interval.  

         The experiments are carried out in 4-fold repetition 

on plots of 150-200 m. The experimental plots should 

have the shape of an elongated rectangle. A protective 

strip of 1.5-2 m wide is left between the plots. The 

accounting area of each plot is 100-150 m2 in Sheki-
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Zagatala economic region. The control variant also has 

4-fold repetition [14,15]. 

3. Results 

Pesticides affect the environment and ecosystems, 

leading to a reduction in biodiversity, especially by 

destroying weeds and insects, which are important 

elements of the food chain. Methods that reduce the need 

for pesticides, such as organic farming and biological 

plant protection methods, are being studied at the 

national and international levels [16]. Active substances 

(AS) are being developed, formulations are being 

improved, and new combination preparations based on 

two, three and four components with different properties 

are appearing. In the period 2020–2024, 366 units of 

preparations were analyzed, of which 86 in 2020, about 

60–69 in 2020–2022 and 89 in 2023 on various samples 

of agricultural crops (green mass, grain, straw, seeds, 

oil). In winter grain crops (wheat, triticale, barley, rye) in 

the period 2020-2025, residual amounts of 31 AS were 

detected in various matrices, including in 30 cases in 

straw, where the MPL is not standardized, and in 5 cases 

in green mass, where the MPL is also not standardized 

[17,18]. The following were detected in straw and green 

mass: propiconazole, cyproconazole, azoxystrobin, 

kresoxim-methyl, tebuconazole, spiroxamine, 

prothioconazole destio, fluopyram, fluoxastrobin, alpha-

cypermethrin, and lambda-cyhalothrin - 0.006-0.9754 

mg/kg. Three active fungicidal substances were detected 

in the harvest in the amount of 0.00280–0.01320 mg/kg 

without exceeding the MPL. Residual amounts of 18 AS 

were detected in various plant samples of spring grain 

crops (triticale, wheat, barley, brewer's barley, oats), 

including 14 cases in straw and 3 cases in green mass 

(prothioconazole destio, tebuconazole, difenoconazole, 

propiconazole, cyproconazole, bixafen, prochloraz, 

lambda-cyhalothrin – 0.009–0.807 mg/kg). During the 

harvesting period, 6 cases of detection of AS not 

exceeding the MPL were recorded in the grain of spring 

crops, of which 4 AS had a fungicidal effect (0.00400–

0.02560 mg/kg), 1 had an herbicidal effect (0.22000 

mg/kg) and 1 had an insecticidal effect (0.00870 mg/kg). 

During the harvesting period of oilseed crops, 

thiamethoxam was detected in oil flax seeds (0.040 

mg/kg) and tebuconazole in spring rapeseed seeds (0.046 

mg/kg), in winter rapeseed oil haloxyfop-P-methyl 

(C16H13ClF3NO4) (0.007 mg/kg), which did not exceed 

the MPL specified in the hygienic standards. 

Deltamethrin (C22H19Br2NO3), carbendazim, thiacloprid, 

flupyradifurone were detected in green mass in dynamics 

and in straw during the harvesting period, where the 

MPL is not standardized, the content of which ranged 

from 0.051 to 0.629 mg/kg. In crops of industrial crops - 

sugar beet, 31 active substances were analyzed, 4 of 

which were found in the tops: azoxystrobin 

(C22H17N3O5), difenoconazole (C19H17Cl2N3O3), 

cyproconazole (C15H18ClN3O), epoxiconazole 

(C17H13ClFN3O) - 0.093-0.69 mg/kg. Epoxiconazole 

(0.013 mg/kg) and tebuconazole (0.008 mg/kg) were 

found in root crops on the 30th day after treatment.  

 

Table 1. Results of determining the content of residual 

quantities of active substances in grain crops, oilseed, 

sugar beet, potato  

Analyzed 

object 
AS detected 

Value, 

mg/kg 

MPL, 

mg/kg 

Grain crops 

Winter 

grains, 

grain 

Propiconazole 0.00280 0.1 

Tebuconazole 0.01320 0.2 

Fluoxastrobin 0.00843 0.5 

Spring 

grains, 

grain 

Difenoconazole 0.01100 0.8 

Tebuconazole 0.02560 0.2 

Tebuconazole 0.00900 0.2 

Azoxystrobin 0.00400 0.5 

Pinoxaden 0.22000 1.0 

Imidacloprid 0.00870 0.1 

Oilseed harvest 

Flaxseeds Thiamethoxam 0.040 0.1 

Spring 

rapeseeds 
Tebuconazole 0.046 0.5 

Winter 

rapeseed 

oil 

Haloxyfop-P-

methyl 
0.007 0.05 

Sugar beet 

Root crops 

30th day 
Epoxyconazole 0.013  0.05 

Root crops 

30th day 
Tebuconazole 0.008  0.1 

Potato harvest 

Tubers Fipronil 0.006 0.02 

Tubers Thiamethoxam 0.023 0.05 

Source: Laboratory experiment 2020–2024 
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Table 2. Results of determining the content of residual 

quantities of active substances in harvest of vegetable 

crops (cucumber, tomato, potato), trees (apple) and berry 

crops of protected soil in dynamics 

Analyzed 

object 
AS detected 

Value, 

mg/kg 

MPL, 

mg/kg 

Cucumber 

fruits 0th day 
Difenoconazole 0.073 0.3 

Cucumber 

fruits 3rd day 
Difenoconazole 0,025  0.3 

Cucumber 

fruits 5th day 

Propamocarb 

hydrochloride 
1.35  5.0 

Cucumber 

fruits 7th day 

Propamocarb 

hydrochloride 
0.39 5.0 

Tomato 

Tomato 

fruits 1st day 

Propamocarb 

hydrochloride 
2.551  2.0 

Tomato 

fruits 3rd day 

Propamocarb 

hydrochloride 
0.0459  2.0 

Tomato 

fruits 4th day 

Propamocarb 

hydrochloride 
0.407  2.0 

Tomato 

fruits 5th day 

Propamocarb 

hydrochloride 
0.664  2.0 

Tomato 

fruits 6th day 

Propamocarb 

hydrochloride 
0.762  2.0 

Cucumber 

Cucumber 

fruits 2nd 

day 

Pyrimethanil 0.158 
          

- 

Cucumber 

fruits 3rd day 
Pyrimethanil 0.170 - 

Cucumber 

fruits 4th day 
Pyrimethanil 0.188 - 

Cucumber 

fruits 1st day 
Tebuconazole 0.078 0.2 

Cucumber 

fruits 3rd day 
Tebuconazole 0.034 0.2 

Tomato 

Tomato 

fruits 1st day 
Fluopicolide 0.0667 1.0 

Tomato 

fruits 3rd day 
Fluopicolide 0.0104 1.0 

Tomato 

fruits 4th day 
Fluopicolide 0.036 1.0 

Tomato 

fruits 5th day 
Fluopicolide 0.033 0.5 

Tomato 

fruits 6th day 
Fluopicolide 0.029 0.5 

Cucumber 

Cucumber 

fruits 1st day 
Fluopyram 0.112 0.5 

Cucumber 

fruits 3rd day 
Fluopyram 0.084 0.5 

Cucumber 

fruits 2nd 

day 

Fluopyram 0.044 0.5 

Cucumber 

fruits 3rd day 
Fluopyram 0.080 0.5 

Cucumber 

fruits 4th day 
Fluopyram 0.070 0.5 

Cucumber 

fruits 0th day 
Cyflufenamid 0.026 1.0 

Cucumber 

fruits 3rd day 
Cyflufenamid 0.027 1.0 

Apples 

Apple fruits 

30th day 
Abamectin 0.017 0.02 

Apple fruits 

21st day 
Thiacloprid 0.012 0.7  

Apple fruits 

20th day 
Difenoconazole 0.029 1.0  

Apple fruits 

30th day 

Kresoxim-

methyl 
0.005 1.0  

Apple fruits 

30th day 

Kresoxim-

methyl 
0.005 1.0  

Apple fruits 

30th day 
Pyrimethanil 0.116 7.0  

Apple fruits 

21st day 
Propiconazole 0.005 0.1 

Apple fruits 

30th day 
Epoxiconazole 0.034 - 

Berries 

Grapes 21st 

day 
Metalaxyl 0.022 2.0 

Raspberries 

20th day 
Tebuconazole 0.011 - 

Raspberries 

20th day 
Fluopyram 0.026 2.0 

Blueberries 

20th day 
Fluopyram 0.063 2.0 
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The main part of the preparations were 12 herbicides, 

which were not detected in any case; also, no residual 

amounts of pesticides were noted in the root crop harvest. 

Of the 64 AS studied on cucumbers and tomatoes in 

protected and open ground, onions, carrots, cabbage, and 

beets, 16 were detected. In cucumbers and tomatoes, 

residual quantities of pesticides were determined 

dynamically, as a rule, their content decreases from 0 to 

5-7 days. AS with fungicidal action were most often 

detected in protected soil conditions [12,13]. 

Difenoconazole was detected in cucumber fruits on days 

0 and 3 in the amount of 0.073 and 0.025 mg/kg, (the 

MPL is 0.3 mg/kg), and was absent on days 5 and 7. 

Propamocarb hydrochloride was detected in both 

tomatoes and cucumbers. In 2022, the content of this AS 

in tomato fruits on the first day was 2.551 mg/kg, which 

is higher than the MPL of 2.0 mg/kg, but already on the 

3rd day its content drops to a safe level of 0.0459 mg/kg. 

Propamocarb hydrochloride was detected in tomatoes in 

2024-2025, on the 4th day the value was 0.407 mg/kg, on 

the 5th - 0.664 mg/kg, on the 6th - 0.762 mg/kg, which is 

within the limits of hygienic regulations. In cucumbers in 

2020, on the 5th day - 1.35 mg/kg, on the 7th - 0.39 mg/kg, 

which also does not exceed the MPL established for 

vegetables with edible fruits. Tebuconazole, 

fluopicolide, fluopyram, cyflufenamide were detected 

from 0.0104 to 0.112 mg/kg and did not exceed the MPL. 

Imidacloprid was noted in open-ground tomato fruits, its 

value was 0.07 mg/kg, which is within the MPL (0.5 

mg/kg). In the potato crop in the period 2020-2025, about 

45 drugs were analyzed, including 68 AS, 2 were 

detected: fipronil - 0.006 mg/kg and thiamethoxam - 

0.023 mg/kg. In fruit crops (the main share of which was 

apple trees), as well as in vegetables, residual amounts of 

pesticides were most often found, which can be primarily 

associated with a high frequency of treatments with 

insecticides and fungicides, as well as the use of dynamic 

analysis to establish waiting periods. Thus, out of 44 

tested AS, 9 were detected. Presence of insecticidal AS 

abamectin and thiacloprid, the values of which were 

0.017 and 0.012 mg/kg, which is significantly lower than 

the MPL, as well as fungicidal action difenoconazole - 

0.029 mg/kg, kresoxim-methyl (from two different 

preparations) - 0.005 mg/kg, pyrimethanil - 0.116 mg/kg 

and propiconazole - 0.005 mg/kg, while all detected 

concentrations do not exceed the permissible levels. 

Epoxiconazole was detected at 0.034 mg/kg, but the 

maximum allowable level has not been established. Of 

the 13 AS, residual quantities of 5 were detected. The 

level of metalaxyl (mefenoxam), fluopyram was 0.022–

0.063 mg/kg, which is significantly lower than the 

established values of MPL. Tebuconazole was detected 

in raspberries in dynamics at a level of 0.011 mg/kg, the 

MPL has not been established, for comparison, the MPL 

for grapes is 1.0 mg/kg. In plant samples of grain feed 

(corn) and grain legumes crops, residual quantities were 

found only in the green mass, where the MPL is not 

standardized. In crops such as flax, narrow-leaved 

lupine, alfalfa, buckwheat, millet, red clover, a small 

number of preparations (from 3 to 13) were analyzed and 

over the years of research, not a single pesticide was 

found in the residues. As a result of statistical processing 

of these data, the relative value of occurrence of residual 

amounts of AS was established (Fig. 1). It can be stated 

with a probability of 95% that the possibility of detecting 

the most frequently tested AS tebuconazole is in the 

range of 8.63–20.3%. Florosulam, with a large number 

of analysis performed, was never detected, accordingly, 

the relative frequency of its detection was 0.53% with a 

confidence interval of 0.08–3.07%. Prothioconazole 

destio and azoxystrobin were detected in 6.02–7.50% of 

cases with a confidence interval of 1.91–14.36%. During 

the accounting period, of the frequently analyzed AS, 

2.4-D EGE, fludioxonil, acetamipride were not detected; 

the probability of their detection was in the range of 

0.11–4.71%; picloram was analyzed twice less often (34 

analysis); the relative frequency of detection was 1.47% 

with a confidence interval of 0.27–8.51%. 

Difenoconazole, cyproconazole, imidacloprid, 

clopyralid, nicosulfuron were analyzed from 33 to 40 

times, the relative frequency of detection of the first two 

AS was at the level of 20.00-21.62% with a confidence 

interval of 8.28-36.65%, and the rest - 3.03-8.33% with 

a confidence interval from 0 to 19.86%. Propiconazole, 

fluopyram, epoxiconazole had a high level of relative 

detection frequency (25.00-45.83%) due to the small 

number of analysis performed. It should be noted that the 

smaller the number of analysis performed, the wider the 

confidence interval. Of all the AS that were not detected 

in the residues, the main share was occupied by 

herbicides, the probability of their detection is very low. 
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Fig. 1. Comparative indicators of herbicide use in the 

regions of Sheki and Oguz in different years 

 

4. Conclusion 

Based on the analyzed data obtained in the conditions of 

the pesticide dynamics laboratory, it can be concluded 

that contamination of food products with pesticides in the 

Azerbaijan Republic is practically absent, which is a 

consequence of the mandatory registration procedure for 

plant protection products. Thus, the use of recommended 

regulations for the use of preparations, compliance with 

their consumption rates and waiting periods makes it 

possible to guarantee a safe and clean harvest of 

agricultural crops.  
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