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Summary

The aim. To establish the norms of fungicides on the skin surface and predicting the risk of
occupational skin pathology in agricultural workers to develop measures to prevent diseases caused
by dermal exposure to pesticides.

Materials and methods. The natural experiment was performed in accordance with modern
requirements (European Food Safety Authority (2022), and the risk assessment was carried out
according to the Recommendations (Approved by the Ministry of Health of Ukraine No. 324 issued
on 13.05.2009) with different methods of spraying techniques: rod, air blast fan spraying, pre-
sowing, aviation, knapsack treatment. 17 series of natural experiments were performed, and the
air of the working zone area (n =56) and dermal exposure (n =56) were analyzed for each worker
with different pesticide application methods. Quantitative determination of pesticide content was
carried out by gas-liquid and high-performance liquid chromatography methods. The results were
statistically processed using a package of licensed statistical programs MedStat v.5.2 (Copyright ©
2003-2019) and Microsoft® Excel® for Microsoft 365 MSO.

Results. It was established that there is pesticide contamination, mainly of the gloves of tank filling
operators when preparing working solutions. No contamination of the skin surface was detected;
only pesticide residues were present on the surface of the workers” overalls. A comparison of the
exposure dose in case of percutaneous exposure during the performance of technological operations
with different methods of processing, dermal equivalents of Acceptable Operator Exposure Level
of pesticide to workers’ skin (DE AOEL) and the allowable dermal dose for professional contingents
(AD,_ ) and the hazard coefficients by dermal exposure (HC, ) showed that that dermal exposure
during individual technological operations with different processing methods had a reliable
difference between processing methods, but there is no difference within one application method.
Conclusions. During the comparison of the hazard coefficients for dermal exposure, calculated
according to different models, no significant difference was found between the risks calculated
according to DE AOEL and AD,__ for individual technological operations in various treatment
methods, except for the operator who performed knapsack treatment and the risk calculated
according to AD,_is significantly lower compared to the DE AOEL risk.

Keywords: Acceptable Operator Exposure Level, potential effect on the skin, pesticides, risk
assessment, professional exposure, personal protective equipment

INTRODUCTION Among the skin diseases caused by exposure to pesticides, the

following are diagnosed most frequently: contact dermatitis,

Among the problems associated with pesticide allergic reactions, irritation, less often — urticaria, erythema,
application in agriculture is the occurrence of occupational  parakeratosis, skin porphyria, chloracne, hypopigmentation,/
pathology caused by damage to the organs of the respiratory  discolouration of the skin, etc. [5, 6]. The issue of control,
system and skin [1, 2]. According to recent studies, 41.9 %  regulation of pesticide residues on the skin surface and
of occupational pathology is occupational skin diseases [4].  prevention of skin diseases in workers remains unresolved [3].
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THE AIM

To establish the norms of fungicides on the skin
surface and predict the risk of occupational skin pathology
in agricultural workers to develop measures to prevent
diseases caused by dermal exposure to pesticides.

MATERIALS AND METHODS

The study was carried out under modern
requirements [7]. The working conditions with different
methods of spraying techniques were studied: rod spraying
(rod sprayer OPSH-200, aggregated with a tractor), fan
spraying (fan sprayer OPV-200, aggregated with a tractor),
pre-sowing treatment (stationery seed treater, potato
planter), aviation treatment (AEROS C-80 hang glider
with attached fine-drop sprayer), knapsack processing
in indoor/greenhouse soil conditions (knapsack sprayer
«Marolex Profession»). Quantitative determination
of the pesticide content in the working zone air, swabs
from the skin surface, and patches on workwear was
carried out using gas-liquid and high-performance
liquid chromatography (table 1). The risk assessment
was performed according to recommendations [8].
According to the methodical recommendations developed
by specialists of the State Institution «Kundiiev Institute
of Occupational Health of the National Academy of
Medical Sciences of Ukraine» it is expedient to carry
out hygienic regulation of pesticide residues on the
workers’ skin surface, which in turn make it possible
to predict the negative impact of the pesticide on
professional contingents during the performance of work
on its application and to develop the necessary preventive
measures to avert the negative impact and the occurrence
of occupational pathology [9].

17 series of natural experiments were performed,
and the working zone air (n=56) and dermal exposure
(n=56) were analyzed for each worker with different
methods of pesticide application. Statistical processing
of the results was carried out using a package of licensed
statistical programs MedStat v.5.2 (Copyright ©
2003-2019) and Microsoft® Excel® for Microsoft 365
MSO (version 2305 build 16.0.16501.20074) (License ID:
CWW_0071e48a-250c-4bdb-9013 — b8daf357b5e¢9 b5685
€92-c95d-4399-9b83-449d76a26fb6_79f3b2da2f9adcda29).

Samples were assessed for normality by the W
Shapiro-Wilk and D’Agostino-Pearson test (for samples
with n less than and greater than 30, respectively) and
it was found that almost all experimental series did
not obey the normal distribution (except for the series
describing the actual dermal exposure during rod and
knapsack processing), based on this, Wilcoxon’s W —
and T -criterion and Student’s t-criterion were chosen
for comparison. In the course of the work, the samples
were subjected to the following statistical analysis:
determination of the median (average value) and error
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of the median (average), variance of the samples, mean
square deviation, and determination of the proportion.
The level of statistical significance is 80 % at 0.05.

RESULTS

The pre-sowing treatment of potatoes with the Monkat
fungicide and potato planting were not accompanied by
air pollution in the operator’s working zone during the
preparation of the working solution, treatment of potato
tubers and their planting. In the course of the conducted
research, the operator processed the potato tubers with
Moncat 460 SC and its seeds had no contamination of
exposed skin by flutolanil and pesticide residues were not
detected. However, the operator’s gloves and overalls were
found to contain flutolanil in the amount of 0.0047 mg.

Analyzing the working conditions during rod
treatment with the Orondis Ultra, Switch, Tsideli Top,
Rias, Kitch, and Split formulations in the working zone
air of the tank filling operator and tractor driver, and in the
air over the treated area, the content of mandipropamid,
oxathiapiprolin, cyprodinil, fludioxonil, difenoconazole,
cyflufenamid, propiconazole was not detected. There was
no contamination by the studied active substances of the
exposed skin of the tank filling operator and the tractor
driver, who were working on the processing of agricultural
crops. However, mandipropamid in the amount of 0.0055
mg, cyprodinil — 0.0035-0.0077 mg, fludioxonil — 0.003
mg, difenoconazole — 0.0028-0.005 mg, propiconazole —
0.0066 mg were found on the gloves and overalls of the
tank filling operator.

Content of active ingredients was not detected in the
tank filling operator’ and tractor driver’ working zone air
during air blast fan-sprayer treatment, in the air above the
treated area and in the area of possible air drift of Orondis
Ultra, Bumper, Kitch, Protect Fungus preparations.
In the course of the conducted research, no pesticide
contamination was found on the exposed skin of the tank
filling operator and the tractor driver who performed the
air blast fan-spraying treatment of vineyards and orchards.
However, mandipropamid in the amount of 0.0070 mg,
propiconazole — 0.0045 mg, and cyprodinil — 0.003 mg were
found on the gloves and overalls of the tank filling operator.

The aerial crop treatment was not accompanied
by Rias active ingredient contamination of the working
zone air of the tank filling operator, pilot, and signalman.
After the completion of spraying with the Rias fungicide,
residual amounts of difenoconazole and propiconazole
were not detected in the samples swabbed from the
exposed skin of the workers. Difenoconazole in the
amount of 0.0035 mg and propiconazole in the amount of
0.003 mg were found on the gloves and overalls of the tank
filling operator only. Difenoconazole and propiconazole
0.004 mg and 0.003 mg, respectively, were detected in the
patches on the signalman’s overalls.

Kainiynga Ta mpodiraxkTiana Mmeantiaa, Ne 3(33) /2024



I'POMAACDBLKE 3A0POB’s1

Table 1

Conditions of application of the studied fungicides

Active Cultivated Application rate Detection limit in:
Preparation ineredients cro preparation, | working [Method| the working |swabs, patches
8 P I(kg)/ha |solution, 1/ha zone air, mg/m?®| mg (mg/dm?)
Pre-sowing treatment and planting crop
Moncat flutolanil potato | 200ml/t | 10t | HPLC | 0.2 | 0.001
Rod treatment
Orondis mandipropamid, . HPLC 0.25 0.001
Ultra oxathiapiprolin | ™0 06 230 HPLC 0.2 0.002
. cyprodinil, GLC 0.007 0.002
Switch fludioxonil | Plueberry 1.0 Gl HPLC 0.03 0.002
o difenoconazole, GLC 0.03 0.002
Tsideli Top cyflufenamid cucumbers 1.0 300 GLC 003 0.001
. difenoconazole, GLC 0.03 0.002
— propiconazole sunflower U — GLC 0.015 0.002
. cyprodinil, GLC 0.007 0.002
Kitsch fludioxonil carrot 1.0 300 HPLC 0.03 0.002
Split difenoconazole | winter wheat 0.5 300 GLC 0.03 0.002
Air blast fan spraying (boom-sprayer) treatment
Orondis mandipropamid, HPLC 0.25 0.001
Ultra oxathiapiprolin grape 0.67 — HPLC 0.2 0.002
Bumper propiconazole | apple trees 0.3 1000 GLC 0.015 0.002
. cyprodinil, GLC 0.007 0.002
LGl fludioxonil | 2PPle trees . L HPLC 0.03 0.002
Protect- difenoconazole, caches 03 500 GLC 0.03 0.002
Fungus propiconazole P ) GLC 0.015 0.002
Aviation treatment
. difenoconazole, GLC 0.03 0.002
Rias propiconazole sunflower 0.8 300 GLC 0.015 0.002
Knapsack treatment (indoor/greenhouse soil)

Orondis mandipropamid, tomatoes 0.4 10 HPLC 0.25 0.001
Ultra oxathiapiprolin ) HPLC 0.2 0.002
. cyprodinil, GLC 0.007 0.002
Switch fludioxonil | Sucumbers 1.0 10 HPLC 0.03 0.002
. cyprodinil, GLC 0.007 0.002
Switch fludioxonil roses 1.0 10 HPLC 0.03 0.002
o difenoconazole, GLC 0.03 0.002
Tsideli Top ey cucumbers 1.0 10 GLC 0.03 0.001
. cyprodinil, GLC 0.007 0.002
Kitsch fludioxonil | tomatoes 1.0 10 HPLC 0.03 0.002

Notes: 1. HPLC — high-performance liquid chromatography; 2.

During knapsack treatment (under conditions of
indoor/greenhouse soil) with Orondis Ultra, Switch,
Tsideli Top, Kitch pesticides, the content of fludioxonil
in the air in the middle of the greenhouse 1 hour after
treatment was 0.07 mg/m?, cyprodinil — 0.05-0.1 mg/m?,
while mandipropamid, oxathiapiprolin, cyflufenamid, and
fludioxonil were not detected. Contamination by active
substances was not detected in samples of swabs from open
areas of the operator’s skin. However, mandipropamid in
the amount of 0.0068 mg, fludioxonil — 0.0057-0.014 mg,
cyprodinil — 0.00076-0.019 mg, difenoconazole — 0.009
mg, cyflufenamid — 0.002 mg were found on the worker’s
gloves and overalls.

The actual data obtained from the evaluation of the
working conditions of the workers allowed us to calculate
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GLC — gas-liquid chromatography.

the penetration coefficient (K through the skin, the
allowable dermal dose and the occupatlonal risk of dermal
exposure formed during the body exposure by the studied
fungicides (depending on the type of work and the method
of crop treatment). It also made it possible to compare two
current models and determine more thoroughly the risks
for workers involved in the treatment of agricultural crops.

Table 2 shows the calculated values of the penetration
coefficient (Kpm) of the studied fungicides through the skin
and the allowable dermal dose for workers. The proposed
algorithm for justifying the hygienic standard for the skin
involves two stages. First, we determined the value of the
penetration coefficient (X, ) of the studied fungicides
through the skin, and then — substantlated the allowable
dermal dose for workers (table 2).
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Table 2

Estimated values of the penetration coefficient (K_ ) of the studied fungicides through the skin and the
allowable dermal dose for workers

Active Lo Lo Kp, m, | AOEL,| DE AOEL, abs,
Hees ingredient Mw Koi Kpi clr)n/h mg/kg mg/kg ° %

amides mandipropamid | 411.9 | 3.2 [-2.9034[0.001249| 0.17 0.9073 18.74
amides cyflufenamid [412.36| 4.7 |-1.79616] 0.015990 | 0.03 0.0125 239.85
anilino-pyrimidines cyprodinil 22529 4 |-1.19174]| 0.064307 | 0.03 0.0031 964.61
benzanilides flutolanil 323.31| 3.17 |-2.39406] 0.004036 | 0.26 0.4295 60.54
piperidinyl-thiazolizoxazoline oxathiapiprolin |539.53] 3.66 |-3.32878]0.000469 | 0.31 4.4061 7.04
triazoles difenoconazole |[406.26| 4.36 |-2.01116] 0.009746 [ 0.16 0.1094 146.19
triazoles propiconazole |342.22| 3.72 |-2.10052] 0.007934 | 9.00 7.5626 119.01
phenylpyrroles fludioxonil 248.19| 4.12 |-1.24034]| 0.057499 | 0.59 0.0684 862.48

Notes: 1. MW — molecular weight; 2. Log K o partition coefficient in the octanol/water system; 3. AOEL — acceptable
operator exposure level; 4. DE AOEL — the dermal equivalent of AOEL; Q abs is the dose absorbed through the skin, expressed

asa % of the AOEL.

The obtained results showed that the estimated
values of the penetration coefficient (Kp, ) through the
skin of the studied fungicides of the class of amides,
analinopyrimidines are in the range of 0.001249-0.064307
cm/h, of new molecules of the benzanilide class —
0.004036 cm/h, of piperidinyl-thiazole-isoxazolines —
0.000469 cm/h, triazoles — 0.007934-0.009746 cm/h,
phenylpyrroles — 0.057499 cm/h (table 2).

The data shown in table 2 show that for fungicides
class of amides, analinopyrimidines, the values of DE
AOEL were in the range of 0.0031-0.9073 mg/kg, which
exceeds the value of AOEL by approximately 2-10 times.
Similar results were obtained during the analysis of
fungicides of the class of triazoles and phenylpyrroles values
of DE AOEL, which were in the range of 0.0684-7.5626
mg/kg and exceeded the values of AOEL by 1.2-1.5 and
9 times, respectively, which indicates the possibility of
manifestation of skin resorptive action. DE AOEL of
benzanilide and piperidinyl-thiazole-isoxazoline fungicides
were 0.26-0.31mg/kg and did not exceed 7-60 % of AOEL.

The next step was a comparison of the exposure dose
in case of percutaneous exposure during technological
operations under different treatment methods (pre-
sowing, aviation, rod, air blast fan spraying, knapsack), the
permissible level of exposure to the pesticide on the skin
of workers (DE AOEL) and the allowable percutaneous
dose for professional contingents (AD_, ) and hazard
coefficients for percutaneous exposure (HC, ) (tables
3 and 4).

derm

In total, the distribution of dermal exposure differed
from normal at the level of significance <0.01-0.003
during the performance of technological operations
by tank filling operator and tractor drivers (pilots and
signalmen) involved in rod, air blast fan spraying,
knapsack, aerial and pre-sowing treatment of agricultural
crops and their planting (Shapiro-Wilk test W=0.598 and
y*=11.3) (table 5); when performing operations during
rod and knapsack treatment, the distribution of dermal
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exposure did not differ from normal (p>0.1 Shapiro-
Wilk test W=0.910-0.928), while when performing other
operations, the distribution of this exposure differed from
normal (p<0.01 Shapiro-Wilk test W=0.593-0.715).

The distribution of the hazard ratios for percutaneous
exposure according to DE AOEL and ADskin for tank
filling operators differed from the normal one at the level
of significance <0.001 (3> =43.7 and 24.5, respectively);
a similar situation with the distribution of tractor drivers
(pilots and signalmen) — p<0.01 (Shapiro-Wilk criterion
W=0.518 and 0.681, respectively).

The distribution of hazard coefficients for percutaneous
exposure according to DE AOEL and AD, considering
individual technological operations during different
treatment methods differed from the normal — p<0.01
(Shapiro-Wilk criterion W=0.463-0.714). In general, the
criteria of DE AOEL and AD_, for active ingredients, which
are indicators of acceptance, are not significantly different
from each other and, on average, are 0.1094 and 0.6 mg/kg,
respectively (Wilcoxon’s T-test; TW=189.0; p=0.160).

Indicators of dermal exposure obtained during
tank filling and during treatment, planting/sowing of
agricultural crops were significantly higher in tractor
drivers (pilots, signalmen) and were 0.00752+0.00211
and 0.01908%+0.00697 mg/kg, respectively (Wilcoxon
test; W = 613.0; p=0.009). These indicators during the
determination of risks (HC, ) in the conditions of tank
filling and treatment/planting/sowing partially coincided:
for DE AOEL the risks did not differ significantly —
0.0633£0.30830 and 0.15503£0.36600 units, respectively
(W-criterion of Wilcoxon; W=650.5; p=0.579); for ADskm,
a significant difference was recorded —0.01385+0.02983
and 0.04200%0.06219 arb.u., respectively (W-criterion of
Wilcoxon; W=575.5; p=0.048). Differences between HC,
during tank filling and during treatment/planting/sowing
of agricultural crops according to DE AOEL and AD_,
did not differ significantly (Wilcoxon T-test; TW=353.0;
p=0.096 and TW=172.0; p=0.546, respectively).
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Table 3

Evaluation of the hazard of fungicides in case of percutaneous exposure in different methods
of their application

Dskin’ mg/kg Hcderm
. Active 11 DE AOEL, 11
RSP bes ingredient tank filling |, . 4o driver/ mg/kg tank filling tractor driver/
operator / 2 operator/ tor 2
operatorl operator operator 1 operator
Pre-sowing treatment ' and crop sowing 2
Monkat ! flutolanil 0.00167/ 0.10975/ 0.4295 0.00389 0.25553
Moncat ? flutolanil 0.00165/ 0.10975/ 0.4295 0.00384 0.25553
M+tm 0.00166+0.00000{0.10975+0.00000] 0.4295 £0.00000| 0.00387 +£0.00003 | 0.25553 £0.00000
Rod treatment
Orondis mandipropamid 0.01093/ 0.01060/ 0.9073 0.01205 0.01168
Ultra oxathiapiprolin 0.02131/ 0.02120/ 4.4061 0.00484 0.00481
Switch cyprodinil 0.01757/ 0.01413/ 0.0031 5.66774 4.55806
fludioxonil 0.02153/ 0.02120/ 0.0684 0.31477 0.30994
Tsideli Top difenoconazole 0.01450/ 0.01413/ 0.1094 0.13254 0.12916
cyflufenamid 0.02557/ 0.02544/ 0.0125 2.04560 2.03520
Rias difenoconazole 0.01722/ 0.01696/ 0.1094 0.15740 0.15503
propiconazole 0.02631/ 0.02544/ 7.5626 0.00348 0.00336
Kitsch cyprodinil 0.01705/ 0.01696/ 0.0031 5.50000 5.47097
fludioxonil 0.02590/ 0.02544/ 0.0684 0.37865 0.37193
Split difenoconazole 0.01721/ 0.01696/ 0.1094 0.15731 0.15503
M+m 0.0195540.00151]0.0189540.00155| 1.215 +0.7462 1.30740.6612 1.240.5977
Aviation treatment (pilot®/ signalman*)
di 0.01696 %
ifenoconazole 0.01727/ 0.02627 0.1094 0.15786 0.15505/0.24016
Rias 0.02544°/
propiconazole 0.02584/ 0"03475 . 7.5626 0.00342 0.00336/0.00460
Mtm 0.02155+0.00429{0.02586+0.00364]| 1.979 £1.862 | 0.08064 +0.07722 | 0.0792 £0.07584
Air blast fan spraying treatment
Orondis ultra mandipropamid 0.00665/ 0.00374/ 0.9073 0.00733 0.00412
oxathiapiprolin 0.00752/ 0.02494/ 4.4061 0.00171 0.00566
Bumper fludioxonil 0.02554/ 0.02494/ 0.0684 0.37339 0.36462
Kitsch cyprodinil 0.00501/ 0.00499/ 0.0031 1.61613 1.60968
fludioxonil 0.00760/ 0.00748/ 0.0684 0.11111 0.10936
Protect difenoconazole 0.00501/ 0.00499/ 0.1094 0.04580 0.04561
Fungus propiconazole 0.00752/ 0.00748/ 7.5626 0.00099 0.00099
M+tm 0.00926+0.00275{0.01122+0.00358] 1.875 £1.122 0.308140.2237 0.305740.2227
Knapsack treatment (indoor/greenhouse soil)
Orondis mandipropamid /0.00086 - 0.9073 0.00095 -
Ultra oxathiapiprolin /0.00085 - 4.4061 0.00019 -
Switch cyprodinil /0.00128 - 0.0031 0.41290 -
fludioxonil /0.00145 - 0.0684 0.02120 -
Switch cyprodinil /0.00128 - 0.0031 0.41290 -
fludioxonil /0.00128 - 0.0684 0.01871 -
Tsideli Top difenoconazole /0.00099 - 0.1094 0.00905 -
cyflufenamid /0.00101 - 0.0125 0.08080 -
Kitsch cyprodinil /0.00079 - 0.0031 0.25484 -
fludioxonil /0.00109 - 0.0684 0.01594 -
M+tm 0.00109+0.00007 - 0.5650.4355 0.122740.05405 -
Notes: 1. D .. —exposure dose for percutaneous exposure, mg/kg of body weight; 2. DE AOEL — the dermal equivalents

skin

of Acceptable Operator Exposure Level, mg/kg; 3. HC e — the hazard ratio for percutaneous exposure, calculated by the ratio
of the exposure dose for percutaneous exposure to the allowable dose (D, / DE AOEL).
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Table 4
Values of exposure and allowable doses of fungicides that affect the body of workers percutaneously in
different methods of application

D, mg/kg HC, e
. Acting i1qs 11 AD, ., mg/ 11s
Preparation substance tank filling | tank filling g tank filling tractor driver/
operator / operator / operator/ operator2
operatorl operatorl operator 1 P
1 2 3 4 5 6 7
Pre-sowing treatment ' and crop sowing 2
Monkat ! flutolanil 0.00167/ 0.10975/ 0.12 0.0139/ 0.0138/
Moncat ? flutolanil 0.00165/ 0.10975/ 0.12 0.0138/ 0.9146/
M+tm 0.0016620.00000]0.10975£0.00000{ 0.1240.0000 [0.01385 £ 0.00005 0.4642 £ 0.04504
Rod treatment
. mandipropamid| _ 0.01093/ 0.01060/ 4.0 0.0091/ 0.0088/
Orondis ultra ' " hiapiprolin | 0.02131/ 0.02120/ 0.6 0.0053/ 0.0053/
Switch cyprodinil 0.01757/ 0.01413/ 0.6 0.0293/ 0.0236/
fludioxonil 0.02153/ 0.02120/ 0.6 0.0359/ 0.0353/
Tsideli To difenoconazole 0.01450/ 0.01413/ 0.04 0.3625/ 0.3534/
P ™ yflufenamid 0.02557/ 0.02544/ 0.40 0.0639/ 0.0636/
Rias difenoconazole 0.01722/ 0.01696/ 0.04 0.4306/ 0.4240/
propiconazole 0.02631/ 0.02544/ 0.40 0.0658/ 0.0636/
Kitseh cyprodinil 0.01705/ 0.01696/ 0.60 0.0284/ 0.0283/
fludioxonil 0.02590/ 0.02544/ 0.60 0.0432/ 0.0424/
Split difenoconazole 0.01721/ 0.01696/ 0.01 0.4301/ 0.4240/
M+m 0.0195540.00151]0.01895+0.00155]0.71732£0.3366]| 0.1367+0.05304 0.1338+0.05222
Aviation treatment (pilot®/ signalman*)
3 3
difenoconazole | 0.01727/ 88;22? ) 0.04 0.4317/ 8"6%‘6‘24
Rias - S - 3
propiconazole |  0.02584/ 88?247‘45‘4 0.4 0.0646/ 88228 )
M+m 0.0215540.00429]0.02586+0.00364| 0.2240.18 0.2481+0.1835 0.3078+0.1425
Air blast fan spraying treatment
_ mandipropamid|  0.00665/ 0.00374/ 1.2 0.0055/ 0.0031/
Orondis ultra ' thiapiprolin | 0.00752/ 0.02494/ 4.0 0.0019/ 0.0019/
Bumper fludioxonil 0.02554/ 0.02494/ 0.6 0.0425/ 0.0416/
Kitseh cyprodinil 0.00501/ 0.00499/ 0.6 0.0084/ 0.0083/
fludioxonil 0.00760/ 0.00748/ 0.6 0.0127/ 0.0125/
Protect difenoconazole 0.00501/ 0.00499/ 0.04 0.1254/ 0.1247/
Fungus propiconazole 0.00752/ 0.00748/ 0.4 0.0188/ 0.0187/
M+m 0.0092640.00275/0.01122+0.00358] 1.06340.5065 | 0.03074+0.01657 0.0301140.01656
Knapsack treatment (indoor/greenhouse soil)
Orondis mandipropamid /0.00086 - 1.2 /0.0007 -
Ultra oxathiapiprolin /0.00085 - 4.0 /0.0002 -
Switch cyprodinil /0.00128 - 0.6 /0.0021 -
fludioxonil /0.00145 - 0.6 /0.0024 -
. cyprodinil /0.00128 - 0.6 /0.0021 -
. fludioxonil /0.00128 - 0.6 /0.0021 -

S difenoconazole /0.00099 - 0.04 /0.0247 -
Tsideli Top ™ 04 renamid /0.00101 - 0.4 /0.0025 -
Kitsch cyprodinil /0.00079 - 0.6 /0.0013 -

fludioxonil /0.00109 - 0.6 /0.0018 -
M+m 0.00109£0.00007 - 0.924+0.3531 )] 0.00399+0.00231

Notes: 1. D ,, —exposure dose for percutaneous exposure, mg/kg of body weight; 2. AD, — allowable dermal dose for
professional contingents, mg/kg of body weight; 3. HC, — the hazard ratio for percutaneous exposure, calculated by the ratio
of the exposure dose for percutaneous exposure to the permissible dose (D _, / ADskin); 4. M is the average value; 5. m is the
error of the arithmetic mean.
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Table 5

Basic statistical parameters regarding exposure, hazard coefficients for percutaneous exposure at the
dermal equivalents of Acceptable Operator Exposure Level (DE AOEL) and the allowable dermal dose for
professional contingents (ADskin)

Error Shapiro-
Exvosure/| Production Median | of the 95 % Sample | Wilk W test| Level of
Parameter I;isk operation (mean®*),| median confidence |volume,|(D’Agostino-(significance,
p M (average®), interval n Pearson, p
m y2 **)
By type of operation
tank filling
. operator/ operator | 0.00752 0.00211 10.00165-0.01721 32 11.3 0.003
.. Dskin, e
Exposition —— 1
tractordriver/ | o 51908 | 0.00697 |0.01413-0.02544| 24 0.598 <0.01
operator 2
tank filling
DE AOEL, operator/*:)perator 0.06330 0.30830 0.00905-0.15786 32 43.7 <0.001
HCderm 1
arb.u, tractor driver/
rae 0.15503 | 0.36600 |0.01168-0.25553| 24 0.518 <0.01
operator 2
tank filling
ADskin, operator/*i)perator 0.01385 0.02983 0.0053-0.0359 32 24.5 <0.001
HCderm 1
IR tractor driver/
rac 0.04200 | 0.06219 | 0.0187-0.0869 | 24 0.681 <0.01
operator 2
By type of operation and method of processing
tank ﬁl;‘f‘;ﬁ;"erator 0.01955 | 0.00151 [0.01619-0.02291| 11 0.926 >0.1
tractor driver (rod)*| 0.01895 0.00155 | 0.0155-0.02241 11 0.91 >0.1
Operator
Exposition Dskin, (knapsack)* 0.00109 0.00007 10.00093-0.00125 10 0.928 >0.1
mg/kg  [tank filling operator
(air blast fan 0.00752 0.00344 [0.00501-0.02554 7 0.593 <0.01
spraying)
tractor driver @ir | yo740 | 000449 |0.00374-0.02494| 7 0.715 <0.01
blast fan spraying)
fini ﬁ“(‘;‘fd‘;perator 0.15740 | 0.82860 | 0.01205-2.0456 | 11 0.629 <001
tractor driver (rod) | 0.15503 0.74910 ] 0.01168-2.0352 11 0.655 <0.01
Operator
DE AOEL, (knapsack) 0.01996 0.06774 | 0.00095-0.4129 10 0.714 <0.01
HCderm -
arb.u. tank filling operator
(air blast fan 0.04580 0.28030 0.00099-1.61613 7 0.612 <0.01
spraying)
tractor driver it | n4561 | 027920 |0.00099-1.60968| 7 0.609 <0.01
blast fan spraying)
tank ﬁ”(‘;lfd‘;pe‘”ator 0.04320 | 0.06648 | 0.0284-0.3625 | 11 0.685 <0.01
tractor driver (rod) | 0.04240 [ 0.06545 0.0236-0.3534 11 0.686 <0.01
operator
ADskin, (knapsack) 0.00210 | 0.00290 | 0.0007-0.0025 10 0.463 <0.01
HCderm :
arb.u. _ tank filling operator
(air blast fan 0.01270 0.02077 0.0019-0.1254 7 0.697 <0.01
spraying)
tractor driver @it | 1550 | 002076 | 0.0019-0.1247 | 7 0.698 <0.01
blast fan spraying)

Note: arb.u. — arbitrary units

When evaluating the dermal exposure during the
performance of individual technological operations
by various treatment methods (rod, knapsack, air blast
fan spraying), it was established that the highest figures
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were in rod treatment and the lowest in knapsack
treatment (table 5) and have the following values:
0.01955%0.00151, 0.01895%0.00155, 0.00752+0.00344,
0.00748+0.00449, 0.00109%£0.00007 (rod treatment
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(tank filling operator), rod treatment (tractor operator),
air blast fan spraying (tank filling operator), air blast
fan spraying (tractor operator), knapsack treatment
(operator), respectively. There was an identical tendency
in the calculations of HC, _for DE AOEL and AD_
(0.1574010.82860, 0.1550340.74910, 0.04580+0.28003,
0.0456140.27920, 0.01996+0.06774 vs 0.0432010.066480,
0.04240+0.06545, 0.01270+0.02077, 0.0125040.02076,
0.00210+0.00290 arb.u., respectively).

Dermal exposure during the performance of
individual technological operations with different
treatment methods had a significant difference between
the treatment methods but was absent within one method
(air blast fan spraying (tank filling operator) and air blast
fan spraying treatment (tractor driver) — Wilcoxon W-test;
W=46.0; p=0.456, rod treatment (tank filling operator),
rod treatment (tractor driver) — Student’s criterion;
T=0.28; p=0.782) and the significance was in the range
of p =0.044-<0.001.

During the comparison of the risk factors for
percutaneous exposure (according to DE AOEL)
between individual technological operations performed
in different treatment methods, no significant differences
were found (W-criterion of Wilcoxon; W=50.5-119.0;
p=0.179-0.887). Under the conditions of comparison
of «related samples», the risk for tank filling operators
with rod treatment was significantly higher than that risk
for tractor drivers of the same method of treatment —
Wilcoxon’s T-test; TW=66.0; p<0.001.

During the comparison of the hazard coefficients
for percutaneous exposure, calculated according to
different models, no significant difference was found
between the risks calculated according to DE AOEL and
AD_, for individual technological operations of different
treatment methods, both for «unrelated» and for «related»
samples (W-test Wilcoxon; W=47.0-111.0; p=0.332-0.710
and T-test Wilcoxon; TW=20.0-47.0; p=0.240-0.375),
except for the knapsack treatment operator: risk, which is
calculated by the AD__ is significantly lower compared to
the risk with DE AOEL for both «unrelated» and «related»
samples — Wilcoxon’s W-criterion; W=77.0; p=0.035
and Wilcoxon T-test; TW=50.0; p=0.020, respectively —
which may be related to the capacity of this treatment
method (during knapsack treatment, the capacity can be
one or two orders of magnitude lower, compared to other
treatment methods) and the approach in calculations
(physico-chemical properties are taken into account as
well as toxicological parameters of compounds).

DISCUSSION

Comparative analysis between DE AOELSs’ results for
different fungicides class of amides, analinopyrimidines,
triazoles, phenylpyrroles, benzanilides, piperidinyl-
thiazole-isoxazolines and DE AOEL values established
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by other authors for insecticides of the class of
neonicotinoids, derivatives of carbamic acid and
organophosphorus compounds, fungicides of the class of
strobilurins, triazoles, etc., showed the similarity of the
obtained results [9, 10]. Thus, it was found that fungicides
of the class of triazoles, phenylpyrroles, amides and
anilinopyrimidines have a strong skin-resorptive effect, as
there is an exceeding in AOEL. In such cases, according to
the recommendations [2, 9] it is necessary for agriculture
workers to use personal protective equipment.

No significant differences were found between
the risk factors for dermal exposure for workers with
different types of treatment, calculated in the course
of our natural experiments and the risks obtained by
other authors (W-Wilcoxon test; W = 27.0; p = 0.284)
(0.0123£0.0031 and 0.2479+0.8754 for risk caused by
fungicides what calculated by other authors and at our
research, respectively) [9].

The analysis of the obtained results regarding the
predominant localizations of the effect of pesticides on
the workers’ skin showed similarities with the results
obtained in other experiments under other application
conditions [11, 12, 13]. The primary exposure areas for
all workers were the hands and lower limbs [11, 12]. In the
dermal and inhalation risk assessment, the risk index was
much lower than 1 (mixing/loading: 0.000, application:
0.014), indicating that vineyard workers are at low risk of
exposure to thiamethoxam [12]. The use of unmanned
aerial vehicles for spraying crops with Amistar Extra
was not accompanied by a significant risk for personnel
(operator, signalman) in inhalation and dermal exposure.
The calculated complex risk of he Amistar Extra 280
SC hazardous influence for operators/tractor drivers
where 0.07-46.72x10-2, for pilots — 0.19-12.1x102, for
signalman — 0.52-58.4x10-2. Combined risk values for
operators/tractor drivers where 0.12-0.46, for pilots —
0.09-0.13, for signalman — 0.59. The risk of hazardous
exposure was less than one [13]. Similar results were
obtained under the conditions of using different groups
of pesticides to protect melon crops, and the risk for
tank-filling operators and tractor drivers was acceptable.
Complex risk of herbisides hazardous influence for
operators and tractor drivers where 0.123-0.637,
insectisides — 0.111-0.331, fungisides — 0.015-0.779.
Combined risk values for operators and tractor drivers
where 0.122-0.779 [14].

CONCLUSIONS

It was established during the comparison of the
hazard coefficients for percutaneous exposure, calculated
according to different models, that no significant
difference was found between the risks calculated
according to DE AOEL and AD , for individual
technological operations of different processing methods,
both for «unrelated» and for «related» samples (W-test of
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Wilcoxon; W=47.0-111.0; p=0.332-0.710 and T-test of
Wilcoxon; TW=20.0-47.0; p=0.240-0.375), except for the
knapsack treatment operator: the risk calculated by AD_ .
is significantly lower compared to the risk with DE AOEL
for both «unrelated» and «related» samples — Wilcoxon’s
W-test; W=77.0; p=0.035 and Wilcoxon T-test;
TW=50.0; p=0.020, respectively — which may be related
to the capacity of this treatment method (during knapsack
treatment, the capacity can be one or two orders of
magnitude lower, compared to other treatment methods)
and the approach in calculations (considering physico-
chemical properties and toxicological parameters of
compounds).

The obtained values of the acceptable level of
exposure of the studied active ingredients and fungicides
through the skin will allow us to assess the risk for workers
involved in the application of fungicides considering
pesticides of the analyzed chemical classes and, if
necessary, to recommend the use of special personal
protective equipment and work shift duration reduction.

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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Pe3srome

MPOBJIEMA HOPMYBAHHSA ®YHrILUAIB HA MOBEPXHI LUKIPU A9 NPOrHO3YBAHHA PU3UKY BUHUKHEHHS
NPO®ECINHOI LLKIPHOI NATONOCIT Y CLIbCbKOrOCNOAAPCbKUX NPALIBHUKIB
Feopriii . BappoB, Onena . BaBpiHeBuy, Terauna l. 3iHueHko, Mukona B. Kongpatiok

HauioHanbHuin Meanynmia yHiBepeuTeT imeHi 0.0. Boromonbg, M. Kui, YkpaiHa

MerTa. BcraHoBUTH HOpMaTUBY (PYHTINIMAIB Ha TOBEPXHI IIKipY Ta IIPOTHO3YBAHHS PU3UKY BUHMKHEHHS IIPO-
¢peciitHOT MIKIPHOI IATOAOTI Y CiABCHKOTOCIIOAAPCHKIX IIPALIIBHUKIB AASL PO3POOKM 3aX0AIB IIPOdiraKTIKY 3a-
XBOPIOBAaHb, 3yMOBAEHIIX A€PMAABHIUM BIIAMIBOM ITECTUIIVIAIB.

Marepiaau Ta MeToAn. HaTypHuit excriepMeHT BUKOHAHO BiAIIOBIAHO A0 cydacHux Bumor (European Food
Safety Authority (2022)) Ta omiHKy pusuxy BuxkoHaHO 3riaHO Pexomeaamniit (3ars. MO3 Yxpaiam Ne 324 Bia
13.05.2009) mpm pisHMX crocobax OOIPMCKYBAHHS: INTAaHIOBA, BEHTMASTOPHA, IIEPEAIIOCAAKOBA, aBialliliHa,
paHIleBa 0bpobka. Bukonano 17 cepiit HaTypHUX €KCIIEPMMEHTIB Ta IIPOAHAAI30BAaHO IOBITPsI po6OYOI 30HU
(n=56), AepMaAbHA eKCIO3MUIsI (N=56) AASI KOXKHOTO IpalliBHMKA IIPU Pi3HMUX CIIOCOOAX 3aCTOCYBAHHS IIECTH-
maiB. KiabKicHe BU3HaUYeHHs BMIiCTY TIECTUIIVIAIB IIPOBOAVIAYL METOAQMII Ta30PiAMHHOI i BICOKOeheKTUBHOI Pi-
AVHHOI xpoMaTorpadii. CTaTucTiaHy 06pobKy pe3yAbTaTiB IPOBOAMAN 3 BUKOPMCTAHHSAM IIaKeTy AilJeH31iHIX
craTHCTUIHNX IIporpamM MedStat v.5.2 (Copyright © 2003-2019) ta Microsoft® Excel® aas Microsoft 365 MSO
PesyapTaTu. BcraHOBA€HO HasBHE 3a0pyAHEHHs IECTUIIMAAMU II€peBakKHO PYKaBMUOK Y 3allpaBHUKIB IIpK
IIPUTOTYBaHHI pobounx pos3unHis. He BusBA€HO 3a6pyAHEHHSI IOBEPXHI MIKIpH, AMIIIe IIPUCYTHI 3AAMIIIKM Ha
TIOBEPXHi CIIEIOAATY ITpalliBHMKIB. ITOpiBHSAHHS eKCIIO3NUITIHOT AO3M MPU IIepKyTaHHOMY BIIAMBI IIiA Yac BU-
KOHaHHsI TEXHOAOTIYHMX OIleparliif 3a pisHUX CIIOCOOIB 06POOKM, AOIyCTUMMOTO PiBHS BIIAMBY IIECTMIIVAY Ha
mikipy npanisaukis (AE APBIT) Ta AorycTiMoi iepKyTaHHOI AO3M AASI ITPOeCiiiHX KOHTUHTeHTiB (AAIIIK) 71
KoeillieHTiB Hebe3IIeYHOCTi TPy IlepKyTaHHOMY HaaxoAkeHH] (KHIIK) moxasaao, 1o AepMaAbHA €KCIIO3MUITis
ITiA 9ac BUKOHaHHS OKPEMIX TEXHOAOTIYHIX OIlepalliii pisHMMM criocobamy o6pobKy Mara AOCTOBIpHY BiAMiH-
HICTb MiX criocobamMy 06pobKi, IPOTe BIACYTHBOIO Y MeXXax OAHOTO CIIOCO0Y.

BucHoBku. ITia dac mopiBHIHHS KoedillieHTiB Hebe3[IeYHOCTI TPy IIepKyTaHHOMY HAaAXOAKEeHHI, po3paxoBa-
HUIX 3a PiSHUMM MOAEASIMU, He 6YAO BUABAEHO AOCTOBIPHOI PO36IKHOCTI MiX pM3MKaMM, 110 pO3paxoBaHi 3a
AE APBIT Ta AAIIK AASI OKPEMIX TEXHOAOTTYHIX OIlepariiil pisHMX CIIOCO6iB 06pOOKM, OKPIM SIK AASI OIIEpaTO-
pa paHIIeBO1 06pObKI: PU3HK, IO po3paxoBaHmMii 3a AAIIK € AOCTOBIpHO HVYDKYMM IIOPiBHSHO i3 pU3MKOM IIpHU

AE APBIT.

Kniouoei cnoea: AomycTuMuMii piBeHb BIIAMBY Ha OllepaTopa, MOTeHIiHNMIA BIAYB Ha MIKipy, IEeCTULIVAHY,
OILIiHKa PU3MKY, IPOdeCciiHNMIiI BIIAUB, 3aCO0M IHAMBIAYaABHOTO 3aXUCTY
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