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PESTICIDE APPLICATION WITH UNMANNED AERIAL

VEHICLES (UAV)
Borysenko A. A., Antonenko A. M.

Hygiene and Ecology Department of the Bogomolets National Medical University, Kyiv

Introduction. The implementation of modern technologies in the agriculture of Ukraine, such as the use of UAVs, has great
potential for revolution and ensuring the country's food security. Considering the fact that the use of agricultural drones is a
fairly new phenomenon in the agricultural market of Ukraine, the need for legislative foundations for their use is very high.
The absence of appropriate rules and regulations, that would regulate this activity can cause a dangerous effect on the peoples’
health, animals’ and plants’, and can cause a negative impact on environmental objects.

The aim of the research — improving the methodology for assessment of working conditions and risks calculation, taking into
account the peculiarities of applying pesticides using unmanned aerial vehicles.

Materials and methods of the research. Analysis of literary sources, results of field and laboratory experiments, computer
modeling of the process of spraying the pesticides solution during the processing of agricultural crops, statistical processing
of the obtained results — were used during the adaptation of sustainable approaches to assessing the working conditions of
workers involved in working with pesticides.

Results. 1t is suggested that the following features be taken into account when calculating the risks for workers carrying out
processing from the air with the help of UAVs: 1) the absence of a ground support group: a signalman, and sometimes a refue-
ler (therefore, it is necessary to provide an opportunity to calculate the risk for the refueling operator); 2) locating the agro-
drone operator at a distance from the treated field (on the launch pad); 3) the volume of the working solution; 4) the height
of the flight over the crop and the duration of treatment. Mandatory parameters that must be taken into account when cal-
culating risks are the consumption rate of the working solution, the volume of the tank, the capacity of the agricultural drone,
the drops size (type of nozzles), the movement speed, the height of the drone flight and the spraying width, meteorological
conditions during treatment (humidity and air temperature, wind speed and direction, solar radiation intensity, etc.).
Conclusion. Additions to methodological recommendations on risk assessment and mitigation for workers applying pesticides
from the air with the help of unmanned aerial vehicles are proposed. This will provide a more correct assessment of the pro-
fessional risks associated with the use of this technology. This approach contributes to the creation of a more complete and
balanced set of recommendations for UAV operators, which as a result ensures the safety, efficiency and sustainability of the
use of this technology in agriculture.
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Introduction

Improvement of chemical means of plant protection,
applied technologies of their use and integration of
chemical, physical and biological knowledge will allow
to truly ensure the optimization of the pesticides use
without harming the quality and efficiency of agriculture
or consumers and the environment protection. In recent
years, the practice of precision agriculture has devel-
oped significantly, and one of the innovative develop-
ments in such agriculture is the use of unmanned aerial
vehicles (UAVs, drones). UAVs are expected to play an
increasingly important role in this direction [1, 2].
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Considering the advantages of using unmanned aerial
vehicles, the government has somewhat relaxed restric-
tions on their use in Ukraine and supports startups in
developing new ideas for their practical use.

The implementation of modern technologies in the
agriculture of Ukraine, such as the use of UAVs, has
great potential for revolution and ensuring the coun-
try's food security. Today, drones are becoming a
component of precision agriculture, contributing to
the sustainable development of the agro-industrial
complex. The use of agricultural drones also has great
prospects for ensuring the employment of the popula-
tion in rural areas [3—35].
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Equipped with cameras and sensors, UAVs can pro-
vide valuable data on crop growth, soil moisture levels,
plant health and other variables that affect yield. They
can be used for aerial photography, monitoring fields,
creating 3D maps, planting seeds, applying fertilizers
and chemicals, monitoring crops, helping with irriga-
tion, and controlling animals in agriculture. Compared
to large "traditional" agricultural aircraft, drones have
unique advantages, as they do not require a dedicated
airport, the maneuverability of UAVs is very high, they
have high adaptability to landforms and high power for
low-altitude spraying. Compared to manned aircratt,
UAVs can apply plant protection chemicals lower, at
lower speeds, which can be useful for reducing the driit
of chemical plant protection products, the risk of their
negative impact on the health of professional and non-
professional contingents and environmental objects.
Numerous reports indicate that a significant portion of
the chemicals during spraying drifts to non-target areas.
The volume of such losses is estimated at 50—60%,
which leads to significant economic losses 1, 4, 6—8].

Considering the fact that the use of agricultural
drones is a fairly new phenomenon in the agricultural
market of Ukraine, the need for legislative founda-
tions for their use is very high. The absence of appro-
priate rules and regulations that would regulate this
activity can pose a threat to the health of people, ani-
mals and plants, and can also cause a negative impact
on environmental objects.

Therefore, the legislative basis for the use of agricul-
tural drones in Ukraine is a necessity that will allow the
achievement of the goals of state regulation and provide an
opportunity to create a legal basis for the safe application
of pesticides from the air using agricultural drones, which
will contribute to increasing the level of environmental
safety of the natural environment and public health, will
have a positive impact on the development of technologies
and their implementation, and in general on conducting
business in Ukraine and creating new opportunities for it.

The aim of the research — is to improve the metho-
dology for assessing working conditions and calcu-
lating risks, considering the peculiarities of applying
pesticides using unmanned aerial vehicles (UAVSs).

Materials and methods of the research

Analysis of literature sources, results of field and labo-
ratory experiments, computer modeling of the working
solution spraying process during the treatment of agri-
cultural crops, statistical processing of the obtained

results — were used during the adaptation of sustain-
able approaches to assessing the working conditions of
workers involved in working with pesticides, taking into
account the features of the latest technologies.

Results of the research and their discussion

To date, Ukraine has developed and officially approved
methodological recommendations for risk assessment
for agricultural workers, including during aerial pro-
cessing [9]. We conducted a series of field studies, the
results of which were used in the calculation of occu-
pational risks when applying pesticides using
unmanned aerial vehicles (UAVs) from the air during
the treatment of agricultural crops [10, 11].

In a number of cases, occupational risks when using
UAVs did not differ significantly, or were even higher,
than during aerial treatments from an airplane, although
in both cases residual amounts of the active ingredients
of the studied formulations were not detected in patches
on overalls and skin washes [12, 13]. This is one of the
shortcomings of the above-mentioned methodological
guidelines for risk assessment [9], because they do not
take into account that the operator of the agrodrone,
unlike the pilot, is not in the cockpit of the aircrait, but
stands at a certain distance from the edge of the field, i.e.
the risk should be less because of distance. The risk for
an agrocopter refueler (it can be operator) should also be
much lower than for an airplane refueler, since, in most
cases, the application of plant protection chemicals by
UAV is supposed to be an ultra-low-volume or low-
volume method. That is, the total consumption of the
working solution ranges from 5 to 50 I/ha (on average up
to 15 1/ha). Filling the tank of the sprayer during aerial
application of pesticides and the consumption rate of the
working solution ranges from 50 to 100 1/ha (on average
up to 75 1/ha). Therefore, by reducing the volume of the
working solution, the refueling time should be reduced,
and therefore the exposure of the refueler [14].

We propose to improve the methodology for asses-
sing working conditions and calculating risks, consi-
dering the peculiarities of applying pesticides using
agricultural drones.

It is suggested that the following features be taken
into account when calculating the risks for workers car-
rying out processing from the air with the help of UAVs:

1) the absence of a ground support group: a signal-
man, and sometimes a refueler (therefore, it is necessary
to provide an opportunity to calculate the risk for the
refueling operator);
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2) locating the agrodrone operator at a distance
from the treated field (on the launch pad);

3) the volume of the working solution;

4) the height of the flight over the crop and the
duration of treatment.

Mandatory parameters that must be taken into
account when calculating risks are the consumption
rate of the working solution, the volume of the tank,
the capacity of the agricultural drone, the drops size
(type of nozzles), the movement speed, the height of
the drone flight and the spraying width, meteorologi-
cal conditions during treatment (humidity and air
temperature, wind speed and direction, solar radia-
tion intensity, etc.).

Considering the above-mentioned features, we
offer the following additions (point by point) to the
methodological recommendations for occupational
risk assessment, which will take into account the spe-
cifics of applying pesticides from the air using UAVs.

P 3.2 and 3.3 — it should be additionally noted that
for the refueler-operator, air sampling of the breathing
zone (aka his working zone) is carried out three times:
before starting work, during refueling (and in most
cases, simply attaching the finished tank with the wor-
king solution to the agrodrone) and when treatment is
carried out on the launch pad outside the processed field.

P 3.9.1, formula 3.2 — for UAV treatment, it is
necessary to specily:

— options for the duration of the production operation
(t, min) during refueling and spraying — refueling
the agrodrone tank up to 5 minutes (when using a
mixing station to prepare the working solution —
up to 3 min), spraying up to 10 minutes;

— data for calculating the normalized number of
cycles (repeated sets of operations) per work shift
(n), namely: the productivity of different types of
drones (R, ha/min) — approximately 0.4 ha/min,
the duration of a work shift or the formulation
application, intended for retail sale to the public
when processing 0.1 ha (t, min) — 60 minutes, the
volume of the tank for the working solution (or the
actual volume of the spent working solution)
(V,1) = 201, the consumption rate of working solu-
tion (v, I/ha) — 5—151/ha.

P. 4.7, formula 4.1 — if necessary, specify the typi-
cal number of production cycles for UAV processing
per work shift or per contact period during the day (N)
or weekends for their calculation, the average dura-
tion of one production cycle is 15 minutes and the
duration of the work shift/period of contact — when

using an active ingredient and its formulation of the

first and second hazard classes, the duration of action

is 240 minutes, for the third and fourth hazard clas-
ses — 360 minutes, or cases when the formulation

intended for retail sale for treatment of an area of 0.1

hectare, used within 60 minutes.

P 4.7.1., formula 4.2 — similar to formula 3.2, add
data regarding options for the duration of the produc-
tion operation during refueling and spraying (t, min) —
refueling the agrodrone tank up to 5 minutes (when
using a mixing station to prepare the working solu-
tion — up to 3 minutes), spraying up to 10 minutes;
data for calculating the normalized number of cycles
per work shift (n): productivity (P, ha/min) — 0.4 ha/
min, duration of the work shift/contact period — when
using the active ingredient and its formulation of the 1
and 2" hazard classes, the duration is 240 minutes, for
the 3 and 4" hazard classes — 360 minutes, in the
case when the formulation intended for retail sale for
the treatment of an area of 0.1 hectare is used for
60 minutes, the volume of the tank for the working
solution (or the actual volume of the spent working
solution) (V, 1) — 20 I, the consumption rate of the
working solution (v, I/ha) — 5—15 1/ha.

P. 5.1 — it should be indicated that for professional
contingents engaged in the treatment of agricultural
crops using unmanned aerial vehicles, the preferred
way of potential income of active ingredients of the
used pesticide when filling the tank will be percutane-
ous, but only in cases of not using a mixing station to
prepare the working solution or potential contingen-
cies. During crop treatment, the main route of entry
into the body of the drone operator will be inhalation,
since the spread of a small amount of pesticide with
wind gusts to the work site, where the operator is
actually located, is more likely than drops falling on
the skin at such a significant distance.

P. 5.6 — reduction of the risk of inhalation and per-
cutaneous exposure of pesticides to professional con-
tingents (drone refueler-operator) should be ensured:
— the priority is to use a closed type of refueling the

agrodrone with a working solution (a mixing station

for preparing the working solution), i.e. attaching a

tank with a ready-made mixture of the required

composition and concentration to the agrocopter;

— placement of the launch site at a sufficient distance
from the cultivated field (it was experimentally
established that at a distance of 30 m from the edge
of the field, the active substances of the applied
pesticide preparation were not detected).
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Therefore, the proposed additions to the metho-
dological recommendations for assessing and reduc-
ing risks for workers who apply pesticides from the air
with the unmanned aerial vehicles will ensure their
detailed study of the features associated with the use
of UAVs, will allow identifying potential risk factors
and taking measures for them prevention.

Conclusions

1. Unmanned aerial vehicles open a new era in the
application of pesticides and the implementation of
agricultural treatments. Agrodrones allow precise
and targeted application of pesticides, which sig-
nificantly reduces losses and negative impact on
the environment. Since this technology is quite
new, the scientific and methodological base for its
optimization and effective use has not yet been fully
developed. The development of methodological
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[lomenyitini ma 28Hi KOHGAIKMU IHmepecis, AKi N08 A3AHI 3 PYKONUCOM, 8i0CYMHI.

BopuceHko A. A., AHTOHeHKO A. M.

YAOCKOHAAEHHS 1 METOANKM OUIHKVN YMOB NPAUI TA PO3PAXYHKY PN3UNKIB
3 YPAXYBAHHSIM OCOGANBOCTEN BHECEHHS NECTUUWAIB 3A AONOMOIroo
BE3NINOTHMNX AITAABHUX ANAPATIB (BNAA)

KKadeapa ririeHn Ta ekonorii HauioHaAnbHOro mean4Horo yHisepcuteTy imeHi 0. O. Boromonbus, M. Kuis

Bcemyn. BnipoBakKeHHsT CydaCHUX TEXHOJIOTI y CUIbChbKE TOCMOAAPCTBO YKpaiHU, TaKUX SIK BUKOPUCTAHHS O€3IMiJIOTHUX
nmitanbHux amapatiB (BITJIA), Mae Benukuii moTeHIian ATl peBOMIOLIT Ta 3a0e3MeYeHHs TTPOIOBOJIbYOI Oe3MeK KpaiHu.
3Baxalouyu Ha Te, L0 3aCTOCYBaHHS CiTbCbKOTOCHOAAPCHKUX IPOHIB € JTOCUTh HOBUM SIBUIIEM Ha arpapHOMY PUHKY
YkpaiHu, HeoOXiTHiCTb 3aKOHOJJABYMX OCHOB JUISl IXHOTO BUKOPUCTAHHS yke BUCOKa. BiACyTHICTh BiAMOBiMHUX MpaBUl
i HOpM, $Ki O peryJioBajii L0 MisVIbHICTh, MOXE CTAHOBUTHU 3arpo3y IJIsl 310POB’S JIOAWHU, TBAPUH 1 POCINH, a TAKOX
MOXe BUKJIMKATU HETaTUBHUI BILUTUB Ha 00’ €KTH JOBKIJIJIS.

Mema docaidxcennss — yIOCKOHAJIEHHSI METOIMKY OI[iIHKYM YMOB TIpalli Ta PO3paxyHKy PU3UKIB 3 ypaxyBaHHSIM OCOOIMBOC-
Teil BHECEHHSI TTECTULIM/IIB 3a TOITOMOT0I0 OE3IMiJTIOTHUX JIiTaTbHUX arapariB.

Mamepiaau ma memodu docaidncenns. AHai3 IxKepes JiTepaTypu, pe3yabTaTi HaTypHOIO Ta JJAOOpaTOPHOTO eKCIepUMEH-
TiB, KOMIT'IOTEPHE MOJIEJIIOBAHHS MPOLIECY PO3MUICHHS pOOOUYOT0O PO3UYMHY ITiJ yac 0OpOoOKM arpoKyJbTyp, CTaTUCTUYHA
00poOKa OTpUMaHUX pe3y/bTaTiB Oy BUKOPUCTAHI ITiJ yac MpOBeAeHHs ajanTalii CTajaux IMiaXo/iB OLIiIHKK YMOB Mpalli
PpOOITHUKIB, SIKi 3a/1isHi B pOOOTI 3 MECTULIUIAMU.

Pezyromamu. T1poroHY€eTbCS i Yac po3paxyHKy PU3MKIB /s MPalliBHUKIB, 1110 TTPOBOASITb OOPOOKM 3 MOBITPSI 3a 100~
moroto BITJIA, BpaxoByBaTH Taki 0COOIMBOCTI: 1) BilCyTHICTh rpyIy HAa3eMHOI iIATPUMKN: CUTHAJIbHUKA, a iHOI i1 3ampaB-
HUKa (ToMy Tpeba 3aKJIacTh MOXJIMBICTb PO3paxXyHKy PU3MKY [UISl OrepaTopa-3anpaBHUKA); 2) 3HAXOMKEHHS oreparopa
arpoJipoHa Ha BiJcTaHi Bi 00po0JIIOBAHOIO MOl (HAa CTAPTOBOMY MaiiJaH4YuKY); 3) 00’eM poOOUYOro po3uuHy; 4) BUCOTY
MPOJILOTY HaJl KYJBTYPOIO Ta TPUBAICTh 00pOOKU. OOOB’I3KOBUMU MapaMeTpaMu, sIKi HEOOXiJHO BpaxOBYBaTU MpHU pO3-
paxyHKY pU3HKiB, € HOpMa BUTPATH POOOYOTO pO3UMHY, 06’€M OaKa, TTOTYKHICTh arpoApoHa, po3Mip Kparesb (TUT Gpopcy-
HOK), HWIBUIKICTb PyXy, BUCOTY IMOJIbOTY JAPOHA Ta IIMPUHY OOMPUCKYBAaHHS, METEOPOJOTIUYHI YMOBU Mil yac oOpoOKu
(BOJIOTICTB i TEMIIEpaTypa MOBITPsI, IIBUAKICTh i HAITPSIMOK BiTPY, iIHTEHCUBHICTh COHSIYHOI pafiallii TOII0).

Buchogxu. 3anporoHOBaHO NOMOBHEHHS 10 METOAMYHUX PEKOMEH ALl 11100 OLIIHKY Ta 3MEHILIEHHs PU3MKIiB AJIs ITpalliB-
HUKIB, SIKi BAKOHYIOTb BHECEHHS MECTULMIIB 3 MOBiTps 3a Joriomoroto BITJIA. Lle 3a6e3neunTh Oifbll KOPEKTHY OLIIHKY
npodeciiHUX pU3KKIB, sIKi MTOB’s13aHi 3 BAKOPUCTAHHSM I1i€1 TeXHOJIOTi1. Takuii miaxia criprsie CTBOPEHHIO OibII TOBHOTO
Ta 30aJlaHCOBaHOTO Habopy pekoMeHnauiil ais oneparopiB BITJIA, o B pe3ynbrati 3a0e3neuye 6e3nexy, eeKTUBHICTD i
CTaJliCTh BUKOPUCTAHHSI 1II€T TEXHOJIOTII B CLILCBKOMY TOCITOAAPCTBI.

Karouosi cioBa: mpodeciiinuii pusuk, arpogpoH, XiMiuHi 3ac00M 3aXMCTy POCJIHH, YIbTPaMaJio00’€MHe BHECEHHS,
YMOBH mpai
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