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Summary

The skin is the most vulnerable organ when spraying pesticides on fields. Farmers are also exposed
to pesticides during mixing, loading of pesticides, and when cleaning equipment and disposing of
empty containers.

The aim. To study and analyze the features of the risk of pesticides dermal exposure to professional
contingents during treatments using the innovative 3RIVE 3D pesticide application technology.
Materials and methods. The 3RIVE 3D innovative technological system of introducing was used to
applicate Brigade 3Rive 3D, SC formulation. Field experiments on the study of working conditions
when using the pesticide were conducted in various soil and climatic regions of Eastern Europe.
Statistical processing of the results was carried out using a package of licensed statistical programs
IBM SPSS StatisticsBase v.22 and MS Excel.

Research results and discussion. During the conducted research, no bifenthrin contamination was
found on the open skin of the operator and the tractor driver, who were processing corn crops with
the Brigade 3Rive 3D, SC formulation. However, the operator’s gloves were found to contain 0.025
mg of bifenthrin.

Calculation of the unitless CASd value on the possibility of skin acute effects when applying the
formulation showed that bifenthrin and the Brigade 3Rive 3D, SC formulation based on it are
characterized by sufficient selectivity of action on the target object (CASd —645 and 162, respectively,
i.e. > 100) and a low level of danger acute dermal toxic effects for workers, which is due to low
values of effective consumption rates.

The real dermal risk of bifenthrin exposure when using the Brigade 3Rive3D, SC formulation
was significantly lower compared to the risk of workers involved in «traditional» air treatment
and treatment with unmanned aerial vehicles (UAVs) (p=0.009-0.048 according to Wilcoxon’s
W-criterion); in comparison with rod and fan processing —itis non-significantly lower (p=0.262-1.000).
There was a similar picture in comparison with the dermal aggravated risk —significantly lower in
comparison with the risk of workers involved in «traditional» air treatment and processing with
the help of UAVs (p=0.009 according to Wilcoxon’s W-criterion); in comparison with rod and fan
treatment —non-significantly lower (p=0.262-1.000).

Conclusions. It was established that the studied active substance bifenthrin and the Brigade 3Rive
3D, SC formulation based on it are characterized by sufficient selectivity of dermal action on the
target object and a low probability of acute dermal effects. A higher probability of acute inhalation
poisoning than dermal exposure was revealed.
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INTRODUCTION risks posed by exposure to farmers during their work. It
is obvious that exposure to pesticides is a constant health
Despite their popularity and widespread use, hazard, especially in the agricultural work environment

pesticides have raised serious concerns about the health  [3, 10].
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The skin is the most vulnerable organ when spraying
pesticides on fields. Farmers are also exposed to pesticides
during mixing, loading of pesticides, and when cleaning
equipment and disposing of empty containers. Other
activities associated with exposure include planting pesticide-
treated seeds, weeding, and harvesting previously sprayed
crops [6, 7, 8, 9]. In the first decades of pesticides use, the
main problem was the risk of acute intoxication among
people who were occupationally exposed. But nowadays, the
problem of diseases not directly related to the toxic potential
of pesticides, most of which are non-toxic dermatoses, is
gaining more and more interest [6, 7, 8, 9]. Most of the
dermatoses associated with pesticide application are contact
dermatitis, both allergic and irritant. There are also rare
clinical forms, including urticaria, erythema multiforme,
ashen dermatosis, parakeratosis multicolor, porphyria
cutaneous late, chloracne, skin hypopigmentation, nail,
and hair disorders [6, 7, 8, 9]. Farmers exposed to arsenic
pesticides are at risk of occupational skin cancer, mainly
Bowen'’s disease (carcinoma in situ), multiple basal cell
carcinomas, and squamous cell carcinomas [6, 7, 8, 9].

A comprehensive assessment of working conditions
and estimated risk prediction of the potential negative
impact of pesticide on farmers involved in their application

is one of the mandatory stages of pre-registration testing
of pesticide formulations, including those that have
already been previously studied and registered, but which
are planned to be applied with the help of innovative
agricultural technologies of application.

Such innovative technologies are very promising in
terms of reducing the risk of local contact exposure to
workers.

THE AIM

To study and analyze the features of the risk of
pesticides dermal exposure to professional contingents
during treatments using the innovative 3RIVE 3D
pesticide application technology.

MATERIALS AND METHODS

Field experiments on the study of working conditions
when using the Brigade 3Rive 3D, SC formulation were
conducted in various soil and climatic regions of Eastern
Europe, under acceptable meteorological conditions
(table 1) in accordance with the current guidelines for
the hygienic assessment of pesticides.

Table 1

Meteorological conditions for field studies using 3Rive3D technology

Treatment conditions

. Name . Date of treatment The mean value of the meteorological parameter,
pesticide formulation units of measurement (n = 3)
t, °C RH, % V, m/sec AP, Hg mm
Brigade 3Rive 3D, SC 23.06.2021 18 £1 6512 20,2 745 +4

Notes: t — air temperature; RH — relative humidity; V —air movement speed; AP — atmospheric pressure

The 3RIVE 3D innovative technological system
of introducing was used to applicate Brigade 3Rive
3D, SC formulation. The tillers subjected the soil to
the simultaneous sowing of corn on an area of 1 ha.
The pesticide was used at a consumption rate of 1.2 1/
ha; working solution — 2.5-3.0 1/ha. The formulation
mixes with water and air to form a voluminous foam into
which the seed is placed when sowing in the 3D RIVE
RESEARCH MACHINERY applicator without the
involvement of a worker, which significantly reduces the
risk of contact exposure to skin and mucous membranes.
Saving water during processing/sowing is key in 3Rive 3D
technology, thanks to which the principle of «fill once —
plant all day» is achieved/ There is no need to refill the
tank frequently, which again reduces the risk of the
worker’s skin contamination.

The duration of the operation to prepare the
working solution was 7 minutes. Processing time was
30 minutes. The sprayer was refueled by a refueler and
a tractor driver, who are licensed to work with pesticides
and agrochemicals.
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In accordance with the task, the assessment of
the dermal effect of pesticides when using the latest
application technology was carried out based on the results
of determining the content of bifenthrin residual amounts
in the following objects:

— washes from the workers’ skin surface (face,
hands, neck) after finishing treatment;

— 3-layer patches (outer layer — cotton fabric,
middle layer — medical gauze, inner — «blue tape» filter),
placed in a case with an open surface area of 1 or 0.33 dm?,
attached to overalls.

Washes from unprotected areas of the skin were
carried out immediately after finishing the work on
preparing the solution for treatment. For this, gauze
napkins moistened with ethyl alcohol in water 1:1 solution
were used. The level of contamination of work clothes was
assessed using patches.

We also used Brilliant Blue FCF (E133), which
has a blue color, to visualize and detect the degree of
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contamination of personal protective equipment and skin.
The presence of a pesticide solution with Brilliant Blue
FCF on patches, gloves and the skin surface by visual
inspection, the quantitative determination of the active
substances and Brilliant Blue content was carried out by
the high-performance liquid chromatography method.

The assessment of the acute toxic effects possibility
when working with these pesticides, considering the
selectivity of their effect, was carried out according to the
methodology proposed by Sergeev S. G. et al. [2]. For
this, we used an integral index — the coefficient of action
selectivity (CAS), which allows us to quantitatively assess
the danger of a pesticide acute effect on the human body.

To evaluate the indices, it was considered that
the pesticide has an extremely low selectivity of effect
when the value of CAS < 1, with CAS from 1 to 99 —
low selectivity of effect, and with CAS > 100 — sufficient
selectivity of effect [1].

To assess the risk of professional contingents’
potential exposure to pesticides, in particular dermal ones,
a methodology described in [1] was used. For a work shift,
the real skin dose (Dsk) should not exceed the allowable
skin dose (ADsk). That is, the ratio of the exposure dose
to the allowable (hazard ratio) should not exceed 1.0.

At the same time, the sum of the ratios of exposure and
allowable doses for different routes of exposure (hazard
index) should also not exceed 1.0.

Statistical processing of the results was carried out
using a package of licensed statistical programs IBM SPSS
Statistics Base v.22 and MS Excel.

RESEARCH RESULTS AND DISCUSSION

During the conducted research, no bifenthrin
contamination was found on the open skin of the operator
and the tractor driver, who were processing corn crops
with the Brigade 3Rive 3D, SC formulation. However,
the operator’s gloves were found to contain 0.025 mg
of bifenthrin. Despite this, workers who worked with
the Brigade 3Rive 3D formulation neither experienced
deterioration of well-being after the end of work, nor
mucous membranes of the eyes and skin irritation. The
skin and mucous membranes had the same appearance
as during the control examination before the treatment:
clean, natural color, no rashes, irritations, pigmentation;
employees did not complain about unpleasant sensations,
like burning, itching, etc. The obtained data indicate that
the personal protective equipment use reliably protects
workers from exposure to the pesticide formulation (fig. 1).

B C

Figure 1. Protective gloves of operator of the 3RIVE 3D application technological system (A), patches from the operator’s (B) and tractor

driver’s (C) special clothing

Calculation of the unitless CASd value on the
possibility of skin acute effects when applying the
formulation showed that bifenthrin and the Brigade 3Rive
3D, SC formulation based on it are characterized by
sufficient selectivity of action on the target object (CASd —
645 and 162, respectively, i.e. > 100) and a low level of
danger acute dermal toxic effects for workers, which is due
to low values of effective consumption rates.

The Brigade 3Rive 3D, SC formulation and its active
substance have a significantly higher CASd than CASing
(by 2.2-17.6 times), which indicates a higher probability
of acute inhalation poisoning among workers, which is
a reason for mandatory control of their use of individual
respiratory protective equipment.
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To compare the risks arising when working with the
studied pesticide, we performed statistical data processing:
checking the normality of the distribution in the data
series and direct comparison of the obtained risk values
(depending on the type of work and the method of crop
processing).

Hygienic risk assessment of the pesticide’s
application by the researched technologies in natural
conditions will allow to solve the issue of the conditions
of their safe use for workers.

The results of the calculations indicate that the
dermal occupational risk when performing the above
treatment/application method does not exceed the
permissible level (<1).
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The distribution of dermal real risks during the work
of workers involved in applying the pesticide together with
the grain by the 3Rive3D system differed from the normal
at the level of significance p<0.01-0.03 (W=0.737-0.845).

The distribution of dermal aggravated risks was
similar to the distribution of dermal real in the above-
mentioned workers: the distribution of indices differed

from the normal one at the level of significance p<0.01-0.04
(W=0.773-0.857). For comparison, the dermal risk when
using a pesticide based on bifenthrin using rod processing
is an order of magnitude higher than when using the
innovative 3Rive3D technology (fig. 2), which is due to the
peculiarity of mixing and applying the formulation without
the direct participation of the worker (table 2).

Table 2

Exposure (real) and allowable dermal doses of bifenthrin when applying formulations based on it using
different application technologies.

Formulation (a.i) Worker Exposure (real dermal | Allowable dermal dose
ol dose) (Dd), x102 (DDd), mg/kg
Treatment using 3Rive3D technology
. . . . operator 0.05
Brigade 3Rive3D, SC (bifenthrin) tractor driver 0.04 0.4
ROD processing using slot sprayers [3]
. . . operator 0.11
Pirynex Super 420, CE (bifenthrin) tractor driver 011 0.4

Note. a.i. — active ingredient

The real dermal risk of bifenthrin exposure when
using the it Brigade 3Rive3D, SC formulation was
significantly lower compared to the risk of workers
involved in «traditional» air treatment and treatment
with unmanned aerial vehicles (UAVs) (p=0.009-0.048
according to Wilcoxon’s W-criterion); in comparison
with rod and fan processing — it is non-significantly

D

It is worth noting that most of the pesticide gets
on the protective clothing (and, if safety rules are not
followed, potentially on the skin) of the operator, because
he is in open contact with the pesticide in a liquid
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lower (p=0.262-1.000) [1, 4] (fig. 2). There was a similar
picture in comparison with the dermal aggravated risk —
significantly lower in comparison with the risk of workers
involved in «traditional» air treatment and processing
with the help of UAVs (p=0.009 according to Wilcoxon’s
W-criterion); in comparison with rod and fan treatment —
non-significantly lower (p=0.262-1.000) [1, 4].

F
Figure 2. Protective gloves of a sprayer tank operator during rod processing (A), protective gloves of a tractor driver during rod processing (B),
patches from the tractor operator’s overalls (C), protective gloves of a sprayer tank operator during aviation processing (D), protective gloves
of a signalman involved in aviation processing (E), patches from the signalman’s protective clothing in aviation processing (F)

aggregate state, for which contact with the skin is easiest
and penetration is highest. This possibility is eliminated
when treat crops with the 3Rive 3D technology, since the
pesticide formulation and the working solution are in
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closed containers, their mixing occurs automatically in
the system without the operator’s participation directly
before processing.

No significant difference between dermal real and
dermal aggravated risk within the limits of one method of
pesticide application was found among the studied series
(p>0.05 according to Wilcoxon’s W-test).

When performing 3Rive3D technology, the
distribution of dermal (real, aggravated) risks did not
differ from normal at the level of significance p>0.1
(W=0.861-0.902).

CONCLUSIONS

It was established that the studied active substance
bifenthrin and the Brigade 3Rive 3D, SC formulation
based on it are characterized by sufficient selectivity of
dermal action on the target object and a low probability
of acute dermal effects. A higher probability of acute
inhalation poisoning than dermal exposure was revealed.

It was established that in real conditions, application
pesticides with 3Rive 3D technology in compliance with
the recommended agrotechnical and hygienic regulations
of safe use, the potential risk of harmful effects on the body
of agricultural workers when entering through the skin did
not exceed 1 conditional units, and therefore is allowable.
No skin reactions or changes in the mucous membranes
were detected after the treatments.

It was found that during treatment using 3Rive3D
technology, the distribution of dermal (real, aggravated)
risk did not differ from normal at the level of significance
p=0.1 (W=0.861-0.902). No significant difference in
risks was found between rod treatment (different types
of sprayers) and 3Rive3D technology (p=0.602-1.000
according to the Wilcoxon W-test), although the dermal

risk for the latter was an order of magnitude smaller. The
lowest dermal risk was during on-ground processing.

It is shown that in most cases, the risk of dermal
exposure when using 3Rive 3D application technology
is significantly lower than when using other methods
(significant compared to air and UAV, non-significant — with
other on-ground methods). This is due to the peculiarity
of the proposed technology itself: the operator and
the tractor driver do not have long-term contact with
the pesticide, because the mixing of components, the
formation of foam and the processing of seeds are carried
out automatically in a closed system. In addition, the
water saving system allows you not to refill the faucet
several times per shift.

Prospects for further research. Further research is
planned to be directed to the study of the risk of pollution
of environmental objects and the safety of agricultural
products when using the 3Rive 3D technology.
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Pestome

$OPMYBAHHS LEPMAJIbHOIO BMJIUBY NECTULUAIB HA NPOMECIAHI KOHTUHTEHTU NPU BUKOPUCTAHHI
IHHOBALIMHOI TEXHOJ10Ti 3RIVE 3D

Onena . LeByeHko, Maeno B. Bappos, Auppiii A. BopuceHko, AHHa M. AHTOHeHKo, Cepriii T. Omenbuyk,
Onekcanap |. KoBanbuyk, Onena B. lema

HaujonansHuin meanynmin yHisepeutet imeHi O. O. boromonsus, M. Kuis, YkpaiHa

Beryn. Ilkipa € HalbiABII ypa3AMBMM OpTaHOM IIiA Yac PO3IMAEHH ITeCTUIMAIB Ha MoAsX. PepMepu TaKoX
MIAAQIOTHCS BIIAMBY TIeCTUIIMALB ITiA Yac 3MilllyBaHH:, 3aBaHTaKeHH: IIECTUIIMAIB, a TAKOX ITiA Yac OYMIIeHHs
obAaAHaHHS Ta YTHAi3allil IHIOPOXHIX KOHTeHepiB.

Mera. Busunty Ta mpoaHaAi3yBaTVi OCOOAMBOCTI PU3MKY A€PMAABHOIO BIIAMBY Ha IIpOdeciiiHi KOHTMHIeH-
TY IIECTUIVAIB TPV IIPOBEACHHI 06pOOOK 3 BUKOPMCTAHHIM iHHOBAIITHOI TEXHOAOTI] BHECEHHS IIECTUIIVIAIB
3RIVE 3D.

Marepiaau Ta MeToAu. AAsl BHeceHHs Ipenapaty bpireiia 3Rive 3D, KC 6yaa BuxopucTaHa iHHOBaliliHa
TexHoAoriuHa cuctema BHeceHHs 3RIVE 3D. HaTypHi AOCAiAJKeHHs 3 BUBYEHHS YMOB Ipalli IIpY 3aCTOCYBaH-
Hi npenapary Bpireria 3Rive 3D, KC ipoBoaAN y pi3HMX IPYHTOBO-KAIMaTUYIHMX 0OAACTSIX CXiAHOI EBpOIIL.
CraTtrcTudanay o6pobKy pe3yAbTaTiB IIPOBOAVAY 3 BUKOPMCTAHHSIM ITAKeTy Ail[eH31/HMX CTaTUCTUYHMX IIPOrpa-
My IBM SPSS StatisticsBase v.22 ta MS Excel.

PesyabTaTu. B X0Al IpoBeAeHMX AOCAIAKEHD He BUSIBACHO 3a0pyAHEHH: 6ipeHTpMHOM BIAKPUTIX HIKIpHMX
IIOKPMBIB 3allpaBHMKA 1 TpaKTOpPMCTa, sIKi 3AiliCHIOBaAM OOPOOKY IOCIiBiB KyKypyasu Ipemaparom bpireia
3Rive 3D, KC. TIpore, Ha pykaBuukax 3allpaBHMKa BUSIBAEHO BMicT 6idpeHTpuHY B KiabKkocTi 0,025 Mr. Pos-
paxyHok 6e3posmipHOi BeamurHn KBAA. 10 MOXAMBOCTI BMHMKHEHHSI TOCTPOro edekTy IIpy HaHeceHHi
IIpeliapaTy Ha LIKipy [oKasas, 1o 6idgeHTpuH Ta npenapar bpireiia 3Rive 3D, KC Ha 710ro ocHOBI xapaxTe-
PU3YIOTBCSI AOCTAaTHBOIO BUOIpKOBicTIO Ail Ha miAboBumit 06’exT (KBAA. — 645 Ta 162 BianmosiaHO, TOo6TO > 100)
Ta HM3BKVM piBHEM Hebe3IIeK) IOCTPVX A€PMAABHMX TOKCUMYHUX e(deKTiB AAS pOOITHMKIB, IO 0OyMOBAEHO
HU3BKUMU BeAMYMHaMU ePeKTUBHIX HOPM BUTpAT. AepMaAbHII PeaAbHII PU3UK BIAUBY 0ipeHTpUHY IIpH
3aCTOCyBaHHI IIperrapary Ha 1ioro ocHoBi bpireiia 3Rive3D, KC 6yB AOCTOBIpHO HVDKUMM Y TOPiBHSHHI 3 pU3H-
KOM Y IIPaliBHMKIB 3aAiSHUX Y «TpaAUIIiiiHii» aBiaobpobIri Ta 06pobiri 3a cormomoro BITAA (p=0,009-0,048 3a
W-kpurepieM BiAKoKcOHA); y IOPIBHSHHI i3 IITAHIOBOIO Ta BEHTUASITOPHOIO 0OPOOKOIO — HEAOCTOBIPHO HIIXK-
uanii (p=0,262-1,000) [9, 10] (puc. 2). AHaroriuHA KapTHHa 6yAa iy MOPiBHSIHHI 3 A6PMAABHUM arpaBOBAHUM PU-
3MKOM — AOCTOBipHO HVDKYMIA Y TIOPiBHSHHI 3 PM3MKOM Yy IIPALiBHUKIB 3aAISHNX Y «TpaAULiliHIi» aBiaobpobi
Ta 06pobui 3a aoromoro BITAA (p=0,009 3a W-kpurepiem BiaKoKcoHa); y i3 IITAaHTOBOIO Ta BEHTMASTOPHOIO
06pobK0I0 — HepocToBipHO HypKumii (p=0,262-1,000).

BucHoBKku. BcTaHOBAEHO, 110 B peaAbHUX YMOBaX, BHECEHH:I ITeCTUITMAIB 3a Aoriomorolo 3Rive 3D TexHoAOTiT
IIpY AOTPMMAaHHI PeKOMEHAOBAHVX arpOTEXHIYHNX i TirieHiYHUX peraaMeHTiB 6e3IIeYHOro 3aCTOCYBAHHS I10-
TeHIIIHNIA PU3UK IIKIAAMBOIO BIIAMBY Ha OpraHi3M CiAbCBKOIOCIIOAAPCHKMX MpaIliBHMKIB IIPY HAAXOAKEHHI
4Jepes IIKipy He IlepeBuIlyBaB 1 y.o., a oTXe € AonycTuMyM. He BUsIBA@HO IIKipHMX peaxIliii Ta 3MiH CAM30BUX
00OAOHOK TIiCASI IIPOBEAECHHST 0OpODOOK.

Kniouoei cnoea: nectunmay, iHHOBalliifiHa TEXHOAOTI S 3aCTOCYBaHH I, IKipa, TOKCUMKOAOT1SI, IpodeciiitHmii
pu3uK
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