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Abstract

Aim. To establish insecticide surface skin exposure standards and predict the risk of occupational skin pathology 
in agricultural workers to develop preventive measures against diseases caused by dermal pesticide exposure.
Materials and methods. A  field experiment was conducted in accordance with the latest requirements 
of the European Food Safety Authority (2022), and risk assessment was performed following the 
Recommendations approved by the Ministry of Health of Ukraine (Order No. 324 dated 13.05.2009) under 
different pesticide application methods: boom, fan airblast, pre-planting, aerial, and knapsack spraying. 
A  total of 27 field experiment series were conducted, and air samples from the working area (n=68) as 
well as dermal exposure levels (n=68) were analyzed for each worker engaged in various pesticide 
application methods. The quantitative determination of pesticide content was carried out using gas-liquid 
chromatography and high-performance liquid chromatography. Statistical analysis of the results was 
performed using the licensed statistical software packages MedStat v.5.2 (Copyright © 2003‑2019) and 
Python 3.11; for data storage – Microsoft® Excel® for Microsoft 365 MSO.
Results. The presence of insecticide contamination was predominantly detected on gloves worn by 
operators during the preparation of working solutions. No direct contamination of the skin surface was 
identified, with only residual traces found on workers’ protective clothing. A comparison of the exposure 
dose from percutaneous absorption during technological operations under different application methods, 
the acceptable dermal exposure level of insecticides for workers (DE AOEL), the allowable percutaneous 
dose for occupational groups (ADderm), and hazard coefficients for percutaneous absorption (HCderm) 
revealed significant differences in dermal exposure between different application methods, whereas no 
significant differences were observed within the same method.
Conclusions. When comparing hazard coefficients for percutaneous absorption calculated using different 
models, no significant differences were found between the risks assessed using DE AOEL and ADderm for 
individual technological operations across different application methods, except for knapsack spraying 
operators. The risk calculated using ADderm was significantly lower compared to the risk estimated with DE AOEL.

Keywords: acceptable operator exposure level, potential skin exposure, pesticides, risk assessment, 
occupational exposure, personal protective equipment

INTRODUCTION

Among the issues associated with the use of 
pesticides in agriculture, the development of occupational 
diseases affecting the respiratory system and skin is of 
particular concern [1, 2]. According to recent studies, 
41.9% of occupational diseases are occupational skin 
disorders [4]. The dermatological conditions caused by 
pesticide exposure include contact dermatitis, allergic 
reactions, irritation, and, less frequently, urticaria, 
erythema, parakeratosis, cutaneous porphyria, chloracne, 

hypopigmentation, among others [5, 6]. The regulation 
and monitoring of pesticide residues on the skin, as well 
as the prevention of occupational skin diseases among 
workers, remain unresolved issues [3].

AIM

To establish regulatory limits for insecticides on 
the skin surface and predict the risks of their impact 
on the development of occupational skin diseases 
among agricultural workers, with the aim of developing 



ГРОМАДСЬКЕ ЗДОРОВ’Я

Клінічна та профілактична медицина, № 4 (42) / 2025 117

preventive measures for conditions caused by dermal 
exposure to chemical plant protection products.

MATERIALS AND METHODS

The study was planned and conducted in accordance 
with the latest requirements [7]. Working conditions were 
examined under various treatment methods, including 
boom spraying (boom sprayer OPSH‑2000), fan airblast 
spraying (fan sprayer OPV‑2000), pre-planting treatment 

(seed treatment unit, potato planter), aerial treatment 
(AEROS C‑80 motorized hang glider with an attached fine 
droplet sprayer), and knapsack spraying in greenhouse 
conditions (Marolex Profesion knapsack sprayer). The 
quantitative determination of pesticide content in the 
working zone air, skin surface washes, and patches on 
protective clothing was performed using gas-liquid 
and high-performance liquid chromatography methods 
(Table 1). Risk assessment was conducted following the 
recommendations [8].

Table 1
Conditions of application of the studied insecticides

Preparation Active ingredients Cultivated 
crop

Application rate
Method

Detection limit in:
preparation, 

l(kg)/ha
working 

solution, l/ha
the working 

zone air, mg/ m3
swabs, patches 
mg (mg/dm2)

1 2 3 4 5 6 7 8
Application of the pesticide into the soil before/during crop seeding

RembeK Duo imidacloprid, soil 7.0 - HPLC 0.1 0.0035
chlorpyrifos GLC 0.05 0.001

Diagro Start chlorpyrifos sugar beet 30 - GLC 0.05 0.001
Diagro Max chlorpyrifos sugar beet 5 - GLC 0.05 0.001

Pre-sowing treatment¹ and crop² seeding
Alberto1 thiamethoxam wheat 1.0 l/t 10 l/t GLC 0.25 0.02
Alberto2 thiamethoxam wheat 1.0 l/t 10 l/t GLC 0.25 0.02

Boom spraying
Bombardir 

Duo
imidacloprid rapeseed 0.25 250 HPLC 0.1 0.0035

lambda-cyhalothrin GLC 0.05 0.001

Oktant Turbo thiamethoxam sunflower 0.25 300 GLC 0.25 0.02
lambda-cyhalothrin GLC 0.05 0.001

Asetaplan acetamiprid rapeseed 0.25 300 HPLC 0.05 0.0016

Fronda acetamiprid sunflower 0.3 300 HPLC 0.05 0.0016
lambda-cyhalothrin GLC 0.05 0.001

Razit
imidacloprid

wheat 2.0 300
HPLC 0.1 0.0035

acetamiprid HPLC 0.05 0.0016
alpha-cypermethrin GLC 0.05 0.002

UNI-KS acetamiprid rapeseed 1.0 300 HPLC 0.05 0.0016
lambda-cyhalothrin GLC 0.05 0.001

Fastak alpha-cypermethrin soybean 0.3 300 GLC 0.05 0.002

Hank thiamethoxam wheat 0.4 300 GLC 0.25 0.02
lambda-cyhalothrin GLC 0.05 0.001

Saheb chlorpyrifos sugar beet 1.0 200 GLC 0.05 0.001
cypermethrin GLC 0.05 0.008

Mist Super thiamethoxam sugar beet 0.18 200 GLC 0.25 0.02
lambda-cyhalothrin GLC 0.05 0.001

Apis acetamiprid rapeseed 0.15 300 HPLC 0.05 0.0016
Oktant thiamethoxam wheat 0.15 300 GLC 0.25 0.02

Ampligo chlorantraniliprole potato 0.15 300 HPLC 0.75 0.012
lambda-cyhalothrin GLC 0.05 0.001

Twix chlorpyrifos rapeseed 1.1 300 GLC 0.05 0.001
cypermethrin GLC 0.05 0.008

Fan airblast spraying

Hank thiamethoxam apple trees 0.18 500 GLC 0.25 0.02
lambda-cyhalothrin GLC 0.05 0.001

Apis acetamiprid apple trees 0.2 500 HPLC 0.05 0.0016
Aerial application (pilot/flagger)

Oktant Turbo thiamethoxam corn 0.25 50 GLC 0.25 0.02
lambda-cyhalothrin GLC 0.05 0.001

Knapsack spraying (greenhouse conditions)
Miledi imidacloprid rose 1.0 10 HPLC 0.1 0.0035

Voliam Flexi thiamethoxam, tomato 0.4 10 GLC 0.25 0.02
chlorantraniliprole HPLC 0.75 0.012

Asetaplan acetamiprid tomato 0.3 300 HPLC 0.05 0.0016



Клінічна та профілактична медицина, № 4 (42) / 2025118

ГРОМАДСЬКЕ ЗДОРОВ’Я

Continuation of the table 1
1 2 3 4 5 6 7 8

Knapsack spraying (open-field conditions)

Razit
imidacloprid

potato 2.0 ml/ 0.01 
ha 10 l/0.01 ha

HPLC 0.1 0.0035
acetamiprid HPLC 0.05 0.0016

alpha-cypermethrin GLC 0.05 0.002

Ampligo chlorantraniliprole apple trees 4.0 ml / 0.01 
ha 10 l/0.01 ha HPLC 0.75 0.012

lambda-cyhalothrin GLC 0.05 0.001
Notes: 1. HPLC – high-performance liquid chromatography; 2. GLC – gas-liquid chromatography.

According to the methodological guidelines of the 
State Institution «Institute of Occupational Medicine 
named after Yu.  I.  Kundiev of the National Academy 
of Medical Sciences of Ukraine,» it is necessary to 
implement hygienic regulation of pesticides on the 
skin surface of workers. This approach allows for the 
prediction of the negative effects of pesticide exposure 
on occupational groups engaged in their application 
and facilitates the development of necessary preventive 
measures to mitigate adverse effects and prevent 
occupational diseases [9].

A  total of 27 series of field experiments were 
conducted, and the air in the working zone (n=68) as 
well as dermal exposure (n=68) for each agricultural 
worker was analyzed under different pesticide application 
methods.

Statistical processing of the results was performed 
using the licensed statistical software package MedStat 
v.5.2 (Copyright © 2003‑2019) and Python 3.11; for 
data storage – Microsoft® Excel® for Microsoft 365 
MSO (Version 2305, Build 16.0.16501.20074) (License 
Identifier: CWW_0071e48a‑250c‑4bdb‑9013‑b8daf357b
5e9_b5685e92‑c95d‑4399‑9b83‑449d76a26fb6_79f3b2da
2f9adcda29).

The assessment of sample normality was conducted 
using the Shapiro-Wilk W test and the D’Agostino-
Pearson test (for datasets with n less than and greater 
than 30, respectively). It was found that nearly half 
of the samples followed a  normal distribution. This 
included the overall sample representing actual exposure 
during pesticide application by operators and tractor 
drivers, as well as exposure during the work of mixer/
loaders and tractor drivers in soil application. The same 
pattern was observed in samples assessing risk based on 
DE AOEL, and a  similar situation was noted in samples 
evaluating risk based on ADderm, with the addition of risk 
data for workers performing fan airblast spraying (mixer/
loaders and tractor drivers). Therefore, for comparative 
assessment of differences, Student’s t-test, Wilcoxon 
W-test, and Wilcoxon T-test were selected. Throughout the 
study, the following statistical analyses were performed: 
determination of the mean value (median) and standard 
error of the mean (median), sample variance, standard 
deviation, and proportion determination. The statistical 
significance level was set at 80% with a p-value of 0.05.

RESULTS

The pre-sowing application of the formulations 
RembeK Duo, Diagro Start, and Diagro Max into the soil 
was not accompanied by contamination of the workplace 
air during the preparation of the working solution and 
the actual application process. The conducted studies did 
not detect contamination of exposed skin surfaces with 
imidacloprid among workers performing this type of 
treatment with RembeK Duo. However, during treatment 
with Diagro Start and Diagro Max, contamination 
of gloves with chlorpyrifos was detected at levels of 
0.007 mg and 0.002 mg, respectively.

During the analysis of working conditions during 
the pre-sowing treatment with the formulation Alberto 
and the sowing of treated seed material, no presence 
of thiamethoxam was detected in the workplace air of 
operators, seeders, and tractor drivers, as well as in the 
air above the treated area. Additionally, no contamination 
with this active ingredient (a. i.) was found on exposed 
skin surfaces, gloves (of  the solution unit operator and 
seeder), or on patches from protective clothing.

In the course of the analysis of working conditions 
during boom spraying with the formulations Bombardir Duo, 
Oktant Turbo, Fronda, Asetaplan, Razit, UNI-KS, Fastak, 
Khank, Saheb, Mist Super, Apis, Twix, Oktant, and Ampligo, 
the concentrations of alpha-cypermethrin, acetamiprid, 
imidacloprid, lambda-cyhalothrin, thiamethoxam, 
chlorantraniliprole, chlorpyrifos, and cypermethrin in the 
workplace air of the mixer/loader and tractor operator, as 
well as in the air above the treated area, were not detected 
above the limit of quantification. However, the presence of 
certain active ingredients on the gloves of the mixer/loaders 
was identified, specifically: imidacloprid (Bombardir Duo) – 
0.003 mg, acetamiprid (Asetaplan) – 0.001 mg, chlorpyrifos 
(Saheb) – 0.006 mg, and thiamethoxam (Oktant) – 0.002 mg. 
On exposed skin areas and patches from protective clothing 
of both mixer/loader and tractor operators, the concentrations 
of the aforementioned active ingredients were below the 
limit of detection in the samples.

In the workplace air of the mixer/loader and tractor 
operator during fan airblast spraying with the formulations 
Khank and Apis, as well as in the air above the treated area 
and within the potential drift zone, no detectable levels of their 
active ingredients were found. Medical and sanitary studies 
did not reveal pesticide contamination on the exposed skin of 



ГРОМАДСЬКЕ ЗДОРОВ’Я

Клінічна та профілактична медицина, № 4 (42) / 2025 119

workers involved in fan airblast spraying of apple orchards. It 
should be noted that the presence of thiamethoxam (Khank) 
at a  level of 0.002  mg and acetamiprid (Apis) at 0.001 mg 
was detected on the gloves of mixer/loader. Additionally, 
thiamethoxam (Khank) at a  level of 0.002 mg was found in 
shoulder area patches. In all other cases, the active ingredients 
were below the detection limit in the sample.

During the aerial treatment of corn with the formulation 
Oktant Turbo, the release of its active ingredients did not 
result in detectable levels in the workplace air of the mixer/
loader, pilot, or flagger. After the completion of spraying, 
residual amounts of thiamethoxam and lambda-cyhalothrin 
were not detected in wash samples from the exposed skin of 
agricultural workers. However, thiamethoxam and lambda-
cyhalothrin were found in patches on the flagger’s protective 
clothing from the shoulder and thigh areas at concentrations 
of 0.002 mg and 0.002 mg, respectively.

During the knapsack spraying treatment (in greenhouse 
conditions) with the formulations Miledi, Voliam Flexi, and 
Asetaplan, the presence of imidacloprid, thiamethoxam, 
chlorantraniliprole, and acetamiprid was not detected in the 
workplace air of the mixer/loader and operator, at the center of 
the greenhouse, inside the greenhouse near the door, outside 
the greenhouse near the door, or in the air at a  distance of 
10 meters from the greenhouse. No contamination by active 
ingredients was found in wash samples from the exposed skin 
areas of the operator. However, imidacloprid (Miledi) was 
detected on the worker’s gloves in the amount of 0.003 mg, 
thiamethoxam (Voliam Flexi) – 0.0025 mg, and acetamiprid 
(Asetaplan) – 0.002 mg. Additionally, thiamethoxam was 
detected on the worker’s protective clothing when using 
Voliam Flexi at levels ranging from 0.0021 to 0.0045 mg.

During treatments in open-field conditions using 
a  knapsack sprayer with the formulations Razit and 
Ampligo, the presence of imidacloprid, acetamiprid, 
alpha-cypermethrin, chlorantraniliprole, and lambda-
cyhalothrin was not detected above the quantitative 

detection limit in the workplace air of the operator, over 
the treated area after application, or in the air at a distance 
of 30 meters from the edge of the treated field. In wash 
samples from exposed skin areas, gloves, and protective 
clothing patches, the aforementioned substances were not 
detected above the limit of quantification in the samples.

The obtained results from the assessment of working 
conditions enabled us to calculate the skin penetration 
coefficient (Kp, m), the allowable dermal dose, and the 
occupational risk associated with dermal exposure formed 
during the absorption of the studied insecticides into the body 
(depending on the type of work and pesticide application 
methods). This allowed for a  comparative analysis of two 
relevant models and provided a more detailed evaluation of 
the risks for agricultural workers involved in crop treatment.

Table 2 presents the calculated values of the skin 
penetration coefficient (Kp, m) for the studied insecticides 
and the allowable dermal dose for workers. The proposed 
algorithm for substantiating hygienic standards for skin 
exposure consists of two stages. Initially, the penetration 
coefficient (Kp, m)  of the studied active substances 
through the skin was determined, followed by the 
justification of the allowable dermal dose for workers 
(Table 2). The obtained results indicate that the calculated 
values of the skin penetration coefficient (Kp, m)  for 
insecticides of the pyrethroid class range from 0.037231 
to 0.098673 cm/h, for neonicotinoids from 0.000023 to 
0.000286 cm/h, for diamides 0.000262 cm/h, and for 
organophosphates (OPs) 0.037542 cm/h (Table 2).

As seen from the table, the allowable exposure 
levels of pyrethroid pesticides on workers’ skin 
(DE  AOEL) range from 0.0001 to 0.0062 mg/kg, 
exceeding the acceptable operator exposure level 
(AOEL) by 5 to 15 times, indicating a  pronounced 
dermal absorption effect. The DE AOEL values for 
neonicotinoid and diamide insecticides range from 1.6332 
to 23.6297 mg/kg and do not exceed 5% of AOEL.

Table 2
Calculated values of the penetration coefficient (KP, m) of the studied insecticides through the skin 

and the allowable dermal dose for workers

Class Active Ingredient ММ Log Ko/w Log Kp, m Kp, m, 
cm/h

AOEL, 
mg/kg

DE AOEL, 
mg/kg Q abs, %

Diamides Chlorantraniliprole 483.15 2.86 -3.5825 0.000262 0.2 5.1 3.92
Neonicotinoids Acetamiprid 222.67 0.8 -3.54402 0.000286 0.07 1.6 4.29
Neonicotinoids Imidacloprid 255.7 0.57 -3.9124 0.000122 0.08 4.4 1.84
Neonicotinoids Thiamethoxam 291.71 -0.13 -4.64646 0.000023 0.08 23.6 0.34

Pyrethroids Alpha-cypermethrin 416.3 5.8 -1.0058 0.098673 0.01 0.001 1480.1
Pyrethroids Lambda-cyhalothrin 449.85 5.5 -1.4291 0.037231 0.00063 0.0001 558.46
Pyrethroids Cypermethrin 416.3 5.55 -1.1908 0.064447 0.06 0.006 966.7

Organophosphates Chlorpyrifos 350.58 4.7 -1.42548 0.037542 0.001 0.0002 563.13
Notes: 1. MM – Molecular mass. 2. Log Ko/w – Octanol/water partition coefficient. 3. AOEL – Acceptable Operator Exposure Level 
for pesticide exposure. 4. DE AOEL – Acceptable dermal exposure level for workers. 5. Q abs – Absorbed dose through the skin, 
expressed as a percentage of AOEL.

The next step was to compare the exposure dose 
of insecticides through percutaneous absorption during 

technological operations across different application methods 
(pre-planting, pre-sowing, boom spraying, fan airblast 
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spraying, aerial spraying, and knapsack spraying under both 
open-field and greenhouse conditions). Additionally, the 
comparison included the allowable pesticide exposure level on 

workers’ skin (DE AOEL), the allowable percutaneous dose 
for professional groups (ADderm), and the hazard coefficients 
for percutaneous exposure (HCderm) (Tables 3 and 4).

Table 3
Evaluation of the hazard of insecticides in case of percutaneous exposure in different methods of their application

Preparation Active 
ingredient

Dderm, mg/kg
DE AOEL, mg/

kg

HCderm

mixing/loading 
operator/
operator1

tractor driver/
operator2

mixing/loading 
operator/
operator 1

tractor driver/
operator 2

Application of the pesticide into the soil before/during crop seeding
RembeK Duo imidacloprid 0.0003/ 0.0003/ 4.3591 0.00007 0,00007

chlorpyrifos 0.0002/ 0.002/ 0.0002 1 10
Diagro Start chlorpyrifos 0.00091/ 0.00085/ 0.0002 4.55 4,25
Diagro Max chlorpyrifos 0.00014/ 0.00014/ 0.0002 0.7 0,7

M±m 0.00039±0.00018 0.00082±0.00042 1.08993±1.08973 1.56252±1.01762 3.73752±2.28539
Pre-sowing treatment¹ and crop² seeding

Alberto1 thiamethoxam 0.07641/ 0.07602/ 23.6297 0.00323 0,00322
Alberto2 thiamethoxam 0.1872/ 0.18624/ 23.6297 0.00792 0,00788

M±m 0.13181±0.0554 0.13113±0.05511 23.6297±0 0.00558±0.00235 0.00555±0.00233
Boom spraying

Bombardir 
Duo

imidacloprid 0.01093/ 0.0106/ 4.3591 0.00251 0,00243
lambda-cyhalothrin 0.01421/ 0.01413/ 0.0001 142.1 141,3

Oktant Turbo thiamethoxa 0.01705/ 0.01696/ 23.6297 0.00072 0,00072
lambda-cyhalothrin 0.01705/ 0.01696/ 0.0001 170.5 169,6

Asetaplan acetamiprid 0.00433/ 0.00424/ 1.6332 0.00265 0,0026
Fronda acetamiprid 0.00426/ 0.00424/ 1.6332 0.00261 0,0026

lambda-cyhalothrin 0.01705/ 0.01696/ 0.0001 170.5 169,6

Razit
imidacloprid 0.01093/ 0.0106/ 4.3591 0.00251 0,00243
acetamiprid 0.00426/ 0.00424/ 1.6332 0.00261 0,0026

alpha-cypermethrin 0.01705/ 0.01696/ 0.0007 24.35714 24,22857
UNI-KS acetamiprid 0.00426/ 0.00424/ 1.6332 0.00261 0,0026

lambda-cyhalothrin 0.01705/ 0.01696/ 0.0001 170.5 169,6
Fastak alpha-cypermethrin 0.01705/ 0.01696/ 0.0007 24.35714 24,22857
Hank thiamethoxam 0.01705/ 0.01696/ 23.6297 0.00072 0,00072

lambda-cyhalothrin 0.01705/ 0.01696/ 0.0001 170.5 169,6
Saheb chlorpyrifos 0.00901/ 0.00848/ 0.0002 45.05 42,4

cypermethrin 0.02557/ 0.02544/ 0.0062 4.12419 4,10323
Mist Super thiamethoxam 0.01705/ 0.01696/ 23.6297 0.00072 0,00072

lambda-cyhalothrin 0.01705/ 0.01696/ 0.0001 170.5 169,6
Apis acetamiprid 0.00426/ 0.00424/ 1.6332 0.00261 0,0026

Oktant thiamethoxam 0.01714/ 0.01696/ 23.6297 0.00073 0,00072
Ampligo chlorantraniliprole 0.02557/ 0.02544/ 5.0985 0.00502 0,00499

lambda-cyhalothrin 0.01705/ 0.01696/ 0.0001 170.5 169,6
Twix chlorpyrifos 0.00901/ 0.00848/ 0.0002 45.05 42,4

cypermethrin 0.02557/ 0.02544/ 0.0062 4.12419 4,10323
M±m 0.01427±0.00133 0.01413±0.00133 4.66066±1.71646 52.48755±14.77723 52.01557±14.70337

Fan airblast spraying
Hank thiamethoxam 0.00504/ 0.00499/ 23.6297 0.00021 0,00021

lambda-cyhalothrin 0.00501/ 0.00499/ 0.0001 50.1 49,9
Apis acetamiprid 0.00127/ 0.00125/ 1.6332 0.00078 0,00077

M±m 0.00377±0.00125 0.00374±0.00125 8.421±7.61895 16.70033±16.69984 16.63366±16.63317
Aerial application (pilot³/flagger⁴)

Oktant Turbo thiamethoxam 0.01705/ 0.016963/0.019514 23.6297 0.00072 0,00072/0,00083
lambda-cyhalothrin 0.01705/ 0.016963/0.019514 0.0001 170.5 169,63/195,14

M±m 0.01705±0 0.01824±0.00074 11.8149±11.8148 85.25036±85.24964 91.19289±52.90667
Knapsack spraying (greenhouse conditions)

Miledi imidacloprid /0.00044 - 4.3591 4.3591 -
Voliam Flexi thiamethoxam /0.00139 - 23.6297 23.6297 -

chlorantraniliprole /0.00001 - 5.0985 5.0985 -
Asetaplan acetamiprid /0.00021 - 1.6332 1.6332 -

M±m 0.00051±0.00031 - 8.68013±5.03859 8.68013±5.03859 -
Knapsack spraying (open-field conditions)

Razit
imidacloprid /0.00043 - 4.3591 4.3591 -
acetamiprid /0.00014 - 1.6332 1.6332 -

alpha-cypermethrin /0.00057 - 0.0007 0.0007 -
Ampligo chlorantraniliprole /0.00085 - 5.0985 5.0985 -

lambda-cyhalothrin /0.00057 - 0.0001 0.0001 -
M±m 0.00051±0.00012 - 1.68313±1.20175 1.68313±1.20175 -

Notes: 1. Dderm – exposure dose for percutaneous exposure, mg/kg of body weight; 2. DE AOEL – the dermal equivalents of 
Acceptable Operator Exposure Level, mg/kg; 3. HCderm – the hazard ratio for percutaneous exposure, calculated by the ratio of the 
exposure dose for percutaneous exposure to the allowable dose (Dderm / DE AOEL).
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Table 4
Values of exposure and allowable doses of insecticides that affect the body of workers percutaneously 

in different methods of application

Preparation Active substance

Dderm, mg/kg

ADderm, mg/kg

HCderm

mixing/loading 
operator/
operator1

mixing/loading 
operator/
operator1

mixing/loading 
operator/
operator 1

tractor driver/
operator2

Application of the pesticide into the soil before/during crop seeding
RembeK 

Duo
imidacloprid 0.0003/ 0.0003/ 2.4 0.0001 0,0001
chlorpyrifos 0.0002/ 0.002/ 0.02 0.0099 0,0099

Diagro Start chlorpyrifos 0.00091/ 0.00085/ 0.02 0.0455 0,0424
Diagro Max chlorpyrifos 0.00014/ 0.00014/ 0.02 0.0072 0,0071

M±m 0.00039±0,00018 0.00082±0.00042 0.615±0.595 0.01568±0.01015 0.01488±0.0094
Pre-sowing treatment¹ and crop² seeding

Alberto1 thiamethoxam 0.07641/ 0.07602/ 0.4 0.191 0,19
Alberto2 thiamethoxam 0.1872/ 0.18624/ 0.4 0.468 0,4656

M±m 0.13181±0,0554 0.13113±0.05511 0.4±0 0.3295±0.1385 0.3278±0.1378
Boom spraying

Bombardir 
Duo

imidacloprid 0.01093/ 0.0106/ 2.4 0.0046 0,0044
lambda-cyhalothrin 0.01421/ 0.01413/ 0.06 0.2368 0,2356

Oktant 
Turbo

thiamethoxam 0.01705/ 0.01696/ 0.4 0.0426 0,0424
lambda-cyhalothrin 0.01705/ 0.01696/ 0.06 0.2841 0,2827

Asetaplan acetamiprid 0.00433/ 0.00424/ 0.2 0.0216 0,0212
Fronda acetamiprid 0.00426/ 0.00424/ 0.2 0.0213 0,0212

lambda-cyhalothrin 0.01705/ 0.01696/ 0.06 0.2841 0,2827

Razit
imidacloprid 0.01093/ 0.0106/ 2.4 0.0046 0,0044
acetamiprid 0.00426/ 0.00424/ 0.2 0.0213 0,0212

alpha-cypermethrin 0.01705/ 0.01696/ 0.1 0.1705 0,1696
UNI-KS acetamiprid 0.00426/ 0.00424/ 0.2 0.0213 0,0212

lambda-cyhalothrin 0.01705/ 0.01696/ 0.06 0.2841 0,2827
Fastak alpha-cypermethrin 0.01705/ 0.01696/ 0.1 0.1705 0,1696
Hank thiamethoxam 0.01705/ 0.01696/ 0.4 0.0426 0,0424

lambda-cyhalothrin 0.01705/ 0.01696/ 0.06 0.2841 0,2827
Saheb chlorpyrifos 0.00901/ 0.00848/ 0.02 0.4503 0,424

cypermethrin 0.02557/ 0.02544/ 0.12 0.2131 0,212
Mist Super thiamethoxam 0.01705/ 0.01696/ 0.4 0.0426 0,0424

lambda-cyhalothrin 0.01705/ 0.01696/ 0.06 0.2841 0,2827
Apis acetamiprid 0.00426/ 0.00424/ 0.2 0.0213 0,0212

Oktant thiamethoxam 0.01714/ 0.01696/ 0.4 0.0428 0,0424
Ampligo chlorantraniliprole 0.02557/ 0.02544/ 0.8 0.032 0,0318

lambda-cyhalothrin 0.01705/ 0.01696/ 0.06 0.2841 0,2827
Twix chlorpyrifos 0.00901/ 0.00848/ 0.02 0.4503 0,424

cypermethrin 0.02557/ 0.02544/ 0.12 0.2131 0,212
M±m 0.01427±0,00133 0.01413±0.00133 0.364±0.12756 0.15711±0.02853 0.15437±0.02759

Fan airblast spraying
Hank thiamethoxam 0.00504/ 0.00499/ 0.4 0.0126 0,0125

lambda-cyhalothrin 0.00501/ 0.00499/ 0.06 0.0836 0,0831
Apis acetamiprid 0.00127/ 0.00125/ 0.2 0.0064 0,0062

0.00377±0.00125 0.00374±0.00125 0.22±0.09866 0.0342±0.02476 0.03393±0.02465
Aerial application (pilot³/flagger⁴)

Oktant 
Turbo

thiamethoxam 0.01705/ 0.01696/0.01951 0.4 0.0426 0,0424/0,0488
lambda-cyhalothrin 0.01705/ 0.01696/0.01951 0.06 0.2841 0,2827/0,3151
M±m 0.01705±0 0.01824±0.00074 0.23±0.17 0.16335±0.12075 0.17225±0.07343

Knapsack spraying (greenhouse conditions)
Miledi imidacloprid /0.00044 - 2.4 0.0002 -

Voliam Flexi thiamethoxam /0.00139 - 0.4 0.0035 -
chlorantraniliprole /0.00001 - 0.8 0.0001 -

Asetaplan acetamiprid /0.00021 - 0.2 0.0011 -
M±m 0.00051±0,00031 - 0.95±0.49917 0.00123±0.00079 -

Knapsack spraying (open-field conditions)

Razit
imidacloprid /0.00043 - 0.06 0.0002 -
acetamiprid /0.00014 - 0.2 0.0007 -

alpha-cypermethrin /0.00057 - 0.1 0.0057 -
Ampligo chlorantraniliprole /0.00085 - 0.8 0.0011 -

lambda-cyhalothrin /0.00057 - 0.06 0.0095 -
M±m 0.00051±0,00012 - 0.29±0.17253 0.00425±0.00209 -

Notes: 1. Dderm– exposure dose for percutaneous exposure, mg/kg of body weight; 2. ADderm – allowable dermal dose for professional 
contingents, mg/kg of body weight; 3. HCderm – the hazard ratio for percutaneous exposure, calculated by the ratio of the exposure dose 
for percutaneous exposure to the allowable dose (Dderm / ADderm); 4. M is the average value; 5. m is the error of the arithmetic mean.
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Overall, during the execution of technological 
operations by mixing unit operators (mixer/loaders) and 
tractor drivers (pilots and flagger) involved in boom, 
fan airblast, knapsack, aerial, pre-plant, and pre-sowing 
treatments of agricultural crops and their planting, the 
distribution of dermal exposure differed from normal at 
a significance level of <0.001 (χ² test = 72.8‑83.1). During 
soil application and knapsack treatment operations, the 
distribution of dermal exposure did not differ from normal 
(p>0.1, Shapiro-Wilk test W = 0.790‑0.961), whereas 
for other operations, the distribution of dermal exposure 
differed from normal (p<0.01, Shapiro-Wilk test W = 
0.750‑0.861). The distribution of hazard coefficients 
for percutaneous exposure based on DE AOEL was 
similar for the aforementioned groups (p>0.1, Shapiro-
Wilk test W = 0.762‑0.890 and p<0.01, Shapiro-Wilk 
test W = 0.660‑0.750, respectively). The distribution of 
hazard coefficients for percutaneous exposure based on 
ADderm among workers involved in boom spraying (both 
mixer/ loader and tractor drivers) differed from normal 
(p<0.01, Shapiro-Wilk test W = 0.845‑0.846), whereas for 
other operations, the distribution of exposure did not differ 
from normal (p>0.1, Shapiro-Wilk test W = 0.810‑0.836).

Overall, the DE AOEL and ADderm criteria for active 
substances, which serve as indicators of acceptability, 
significantly differ from each other, averaging 1.6332 
mg/kg and 0.2 mg/kg, respectively (Wilcoxon T-test; 
T-W=897.0; p<0.001). Under the assumption of 
«independent samples,» the Wilcoxon W-test showed no 
significant difference in the central tendencies of these 
samples (W=2147.0; p=0.516).

The dermal exposure values obtained during mixing/
loading and during the treatment/planting of agricultural 
crops did not significantly differ from the exposure levels 
observed in tractor operators (pilots, flaggers), with 
values of 0.009±0.006 mg/kg and 0.017±0.006 mg/kg, 
respectively (Wilcoxon W-test; W=1535.0; p=0.575).

The obtained indicators during the risk assessment 
(HCderm) in the context of mixing/loading and treatment/
planting partially coincided: for DE AOEL, the risks 
did not differ significantly, with values of 1.633±11.83 
and 0.354±14.49 arbitrary units, respectively (Wilcoxon 
W-test; W=1569.0, p=0.801); similarly, for ADderm, no 
significant differences were recorded, with values of 
0.043±0.026 and 0.046±0.029 arbitrary units, respectively 
(Wilcoxon W-test; W=1491.0; p=0.334).

For «independent samples», the differences in 
HCderm between mixing/loading and treatment/planting 
for DE AOEL and ADderm were not statistically significant 
(Wilcoxon W-test; W=1817.0; p=0.062 and W=1439.0; 
p=0.803, respectively). However, for «paired samples» 
(which better represents these processes), the differences 
in HCderm between mixing/loading and treatment/planting 
were statistically significant (Wilcoxon T-test; T-W=825.0; 
p<0.001 and T-W=551.0; p=0.009, respectively).

During the assessment of dermal exposure while 
performing specific technological operations using 
different treatment methods (boom spraying, knapsack 
spraying in open and closed field conditions, soil 
application, and airblast spraying), it was found that the 
highest values were observed during boom spraying, 
while the lowest were recorded during knapsack 
spraying and soil application, with the following 
values (mg/kg): 0.0004±0.0002, 0.0005±0.0001, 
0.0005±0.0003, 0.0008±0.0004, 0.0050±0.0016, 
0.0050±0.0016, 0.0170±0.0017, 0.0171±0.0017 (soil 
application – mixer/loader, knapsack spraying – open field 
(operator), knapsack spraying – greenhouse (operator), 
soil application – tractor driver, airblast 
spraying – tractor driver, airblast spraying – mixer/loader, 
boom spraying – tractor driver, boom spraying – mixer/
loader, respectively). When determining HCderm based 
on DE AOEL, the following trend was observed: 
0.001±20.850, 0.001±20.930, 1.563±1.018, 2.218±1.074, 
3.738±2.285, 4.103±18.430, 4.124±18.520, 
8.680±5.039 (airblast spraying – tractor 
driver, airblast spraying – mixer/loader, soil 
application – mixer/loader, knapsack spraying – open 
field (operator), soil application – tractor driver, boom 
spraying – tractor driver, boom spraying – mixer/
loader, knapsack spraying – greenhouse (operator), 
respectively). When determining HCderm based on 
ADderm, a  different trend was observed compared to 
DE AOEL, with the following values: 0.001±0.001, 
0.003±0.002, 0.015±0.009, 0.016±0.010, 0.034±0.025, 
0.034±0.025, 0.170±0.035, 0.171±0.036 (knapsack 
spraying – greenhouse (operator), knapsack spraying – 
open field (operator), soil application – tractor driver, soil 
application – mixer/loader, airblast spraying – tractor 
driver, airblast spraying – mixer/loader, boom spraying – 
tractor driver, boom spraying – mixer/loader, respectively).

Dermal exposure during boom spraying 
was significantly higher compared to all other 
treatment methods (Wilcoxon W-test; W=10.0‑16.0; 
p<0.001‑0.035). Similarly, dermal exposure during 
airblast spraying (for both mixer/loaders and tractor 
drivers) was significantly higher compared to knapsack 
spraying in open field conditions (Wilcoxon W-test; 
W=12.0; p<0.001). Within a  single treatment method, 
dermal exposure among mixer/loaders during boom 
spraying was significantly higher than among tractor 
drivers (Wilcoxon T-test; T-W=325.0; p<0.001), 
whereas no statistically significant difference was 
observed between mixer/loaders and tractor drivers in 
soil application and airblast spraying (Student’s t-test; 
T=0.96; p=0.408 and Wilcoxon T-test; T-W=6.0; p=0.250, 
respectively).

When comparing the hazard coefficients for 
percutaneous exposure (HCderm) based on DE AOEL 
across different technological operations performed using 
various application methods, no statistically significant 
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differences were found (Wilcoxon W-test; W=9.5‑596.0; 
p=0.208‑1.000 for samples where the distribution 
differed from normal and Student’s t-test; T=0.43‑1.38; 
p=0.261‑0.680 for samples with a  normal distribution). 
However, when comparing paired samples, the risk for 
mixer/loaders during boom spraying was significantly 
higher compared to that of tractor drivers using the same 
method (Wilcoxon T-test; T-W=253.0; p<0.001).

When comparing the hazard coefficients for 
percutaneous exposure (HCderm) based on ADderm, 
a  significantly higher HCderm was observed during boom 
spraying (for both mixer/loaders and tractor drivers) 
compared to knapsack spraying (both in open and closed-
field conditions) and soil incorporation (Wilcoxon 
W-test; W=10.0‑26.0; p=0.001‑0.030). No statistically 
significant differences were found for other combinations 
(Wilcoxon W-test; W=22.0‑590.0; p=0.107‑0.355 for 
samples with non-normal distribution and Student’s t-test; 
T=0.43‑1.38; p=0.243‑0.993 for samples with normal 
distribution). When comparing paired samples, the risk 
for mixer/loaders during boom spraying was significantly 
higher than that of tractor drivers using the same method 
(Wilcoxon T-test; T-W=325.0; p<0.001).

When comparing hazard coefficients for 
percutaneous exposure (HCderm) calculated using different 
models, no statistically significant differences were 
found between risks assessed based on ADderm and AOEL 
derm for individual technological operations across 
different application methods, regardless of whether 
the samples were independent or paired (Wilcoxon 
W-test; W=9.0‑623.0; p=0.700‑0.778 and Wilcoxon 
T-test; T-W=3.0; p=1.000; Student’s t-test; T=1.52‑2.06; 
p=0.108‑0.226 and T=1.54‑2.06; p=0.108‑0.221, 
respectively). However, an exception was observed 
for mixer/loaders and tractor operators during boom 
spraying, where the risk calculated based on ADderm was 
significantly lower than that based on AOEL derm for 
paired samples (Wilcoxon T-test; T-W=247.0; p=0.022) 
but not significant for independent samples (Wilcoxon 
W-test; W=623.0; p=0.778). This discrepancy may be 
attributed to differences in the principles used for risk 
assessment – ADderm considers the ability of substances to 
penetrate cell membranes, whereas AOEL derm is based 
on the acceptable daily dose and the hazard classification 
of the pesticide formulation.

DISCUSSION

A  comparative analysis between the DE 
AOEL results for different classes of insecticides, 
including diamides, neonicotinoids, pyrethroids, and 
organophosphorus compounds, and the DE AOEL 
values established by other authors for fungicides of the 
strobilurin, triazole, and carbamate classes, as well as 
insecticides of the neonicotinoid and pyrethroid classes, 
revealed certain differences [9, 10]. It was determined 

that insecticides of the pyrethroid and organophosphorus 
classes exhibit a  pronounced skin-resorptive effect, as 
an exceedance of AOEL was observed. Under such 
conditions, according to the recommendations [2, 9], 
agricultural workers involved in crop treatment with 
formulations containing these substances must use 
personal protective equipment.

Significant difference were found between the risk 
factors for dermal exposure for workers with different types 
of treatment, calculated in the our natural experiments 
series and the risks obtained by other authors (W-Wilcoxon 
test; W = 7.0; p = 0.024) (0.0027±0.26 and 3.33±22.39 for 
risk caused by insecticides what calculated by other authors 
and at our research, respectively) [9]. Which may be related 
to different application methods and rates.

The analysis of the obtained results regarding 
the predominant localization of pesticide exposure on 
workers’ skin showed similarities with findings from 
other studies conducted under different application 
conditions [11, 12, 13, 14]. The primary exposure areas 
for all workers were the hands and lower limbs [11, 
12, 14]. The assessment of dermal and inhalation risk 
indicated that the risk index was significantly lower than 
1 (mixing/loading: 0.000, application: 0.014), suggesting 
a low level of exposure risk to thiamethoxam for vineyard 
workers [12]. The use of unmanned aerial vehicles for 
spraying agricultural crops with Amistar Extra was not 
associated with a  significant risk for personnel (operator, 
flagger) in terms of inhalation and dermal exposure. The 
calculated complex risk of hazardous exposure to Amistar 
Extra 280 SC for operators/tractor drivers, pilots, and 
flaggers did not exceed 1 [13]. When using bifenthrin-
based formulations with the 3Rive 3D technology, as 
well as with traditional boom spraying, no exceedance of 
acceptable exposure risk values was observed.

Similar risk levels were observed during the 
application of other pesticide groups intended for 
protecting melon crops. The complex risk of hazardous 
exposure to herbicides for operators and tractor drivers 
ranged from 0.1 to 0.6, for insecticides – from 0.1 to 0.3, 
for fungicides – from 0.02 to 0.8, and the total risk did 
not exceed 1 [15]. During a  similar study on fungicides, 
a  significant difference was established between the risk 
posed by insecticides, which is associated with lower 
AOEL values in the latter (W-Wilcoxon test; W = 43.0; 
p = 0.007) (0.13±0.45 and 3.33±22.39) [16].

CONCLUSIONS

When comparing the hazard coefficients for 
percutaneous exposure calculated using different 
models, no significant differences were found between 
the risks estimated based on DE AOEL and ADderm 
for individual technological operations across various 
application methods, both for «unpaired» and «paired» 
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samples (Wilcoxon W-test; W=9.0‑623.0; p=0.700‑0.778 
and Wilcoxon T-test; T-W=3.0; p=1.000; Student’s 
t-test; T=1.52‑2.06; p=0.108‑0.226 and T=1.54‑2.06; 
p=0.108‑0.221, respectively), except for mixer/loaders 
and tractor operators during boom spraying. In this case, 
the risk calculated based on ADderm was significantly lower 
compared to DE AOEL for «paired samples» (Wilcoxon 
T-test; T-W=247.0; p=0.022) but was not statistically 
different for «unpaired samples» (Wilcoxon W-test; 
W=623.0; p=0.778).

The highest occupational risk was observed for 
boom spraying (based on ADderm) and knapsack spraying 
in enclosed environments (based on DE AOEL), which 
may be attributed to the power of agricultural machinery 
and limited ventilation in the treatment area, respectively, 
as well as the physicochemical properties of the 
substances, which exhibit greater permeability through 
cellular membranes (high Log Ko/w values octanol/water 
partition coefficient).

The obtained threshold values for acceptable 
dermal exposure to the studied insecticides allow for 
an occupational risk assessment of workers involved 
in the application of these substances from the analyzed 
chemical classes. Where necessary, recommendations 
may be made to implement personal protective equipment 
(PPE) and reduce exposure time to mitigate risks.

Prospects for further research. In the future, the 
results will be used to develop selection criteria when 
monitoring the safety of the production environment 

to justify effective measures to prevent occupational 
pathology caused by pesticides.
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Резюме

ПРОБЛЕМА НОРМУВАННЯ ІНСЕКТИЦИДІВ НА ПОВЕРХНІ ШКІРИ ДЛЯ ПРОГНОЗУВАННЯ РИЗИКУ ВИНИКНЕННЯ 
ПРОФЕСІЙНОЇ ШКІРНОЇ ПАТОЛОГІЇ У СІЛЬСЬКОГОСПОДАРСЬКИХ ПРАЦІВНИКІВ
Георгій П. Бардов, Микола В. Кондратюк, Олена П. Вавріневич, Олександр С. Вавріневич

Національний медичний університет імені О. О. Богомольця, м. Київ, Україна

Мета. Встановлення нормативів інсектицидів на поверхні шкіри та прогнозування ризику виникнення 
професійної шкірної патології у  сільськогосподарських працівників для розробки заходів профілактики 
захворювань, зумовлених дермальним впливом пестицидів.
Матеріали та методи. Натурний експеримент виконано відповідно до новітніх вимог (European Food Safety 
Authority (2022)), а оцінку ризиків виконано згідно Рекомендацій (Затв. МОЗ України № 324 від 13.05.2009) 
за різних способів обприскування: штангової, вентиляторної, передпосадкової, авіаційної, ранцевої обробок. 
Виконано 27 серій натурних експериментів та проаналізовано повітря робочої зони (n=68), дермальна 
експозиція (n=68) для кожного працівника при різних способах застосування пестицидів. Кількісне 
визначення вмісту пестицидів проводили методами газорідинної і високоефективної рідинної хроматографії. 
Статистичну обробку результатів проводили з  використанням пакету ліцензійних статистичних програм 
MedStat v.5.2 (Copyright © 2003‑2019) та Python 3.11; для зберігання даних – Microsoft® Excel® для Microsoft 
365 MSO.
Результати. Встановлено наявне забруднення інсектицидами переважно рукавичок у  заправників при 
приготуванні робочих розчинів. Не виявлено забруднення поверхні шкіри, лише присутні залишки на 
поверхні спецодягу працівників. Порівняння експозиційної дози при перкутанному впливі під час виконання 
технологічних операцій за різних способів обробки, допустимого рівня впливу інсектициду на шкіру 
працівників (ДЕ ДРВП) та допустимої перкутанної дози для професійних контингентів (ДДшк) й коефіцієнтів 
небезпечності при перкутанному надходженні (КНшк) показало, що дермальна експозиція під час виконання 
окремих технологічних операцій різними способами обробки мала достовірну відмінність між способами 
обробки, проте відсутньою у межах одного способу.
Висновки. Під час порівняння коефіцієнтів небезпечності при перкутанному надходженні, розрахованих за 
різними моделями, не було виявлено достовірної розбіжності між ризиками, що розраховані за ДЕ ДРВП та 
ДДшк для окремих технологічних операцій різних способів обробки, окрім як для оператора ранцевої обробки: 
ризик, що розрахований за ДДшк, є достовірно нижчим порівняно із ризиком при ДЕ ДРВП.
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