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OUIHKA PH3HKY BNAMBY bIMEHTPHHY HA 3[10POB’H
HACENEHHS NPH CROXHBAHHI KYKYPY]I3H,
BUPOUIEHOI 3R IHHOBALIMHOWO TEXHONOTIEI 3RIVE 3D

BopuceHko A.A., AHTOHeHKo A.M.,
Anekcinuyk B.A., Omenbuyk C.T., Bapgos B.TI.

RISK ASSESSMENT OF THE BIFENTHRIN
INFLUENCE ON THE POPULATION HEALTH
WHEN CONSUMING CORN GROWN USING
THE INNOVATIVE 3RIVE 30 TECHNOLOGY

esticides are widely used in agricul-
ture to prevent or reduce losses
from diseases and pests, which im-
proves yield and product quality.
They are an economically benefi-
cial, effective and labor-saving tool
for pest control [1].

Despite the short-term advan-
tages of agricultural crops chemi-
cal protection, there are long-term
disadvantages, such as residues of
chemical plant protection agents
(CPPs) in crops, increased resist-

BORYSENKO A.A.,
ANTONENKO A.M.,
ALEKSIICHUKV.D.,

OMELCHUKS.T.,

BARDOV V.G. ance of target objects, negative ef-
Bogomolets fects on non-target organisms, and
National dangers to the environment and
Medical human health [2].
University, Plants, especially perennial
Kyiv, Ukraine crops, are also capable of accumu-

lation and enzymatic degradation

OLIIHKA PU3WIKY BIJINBY BIGEHTPUHY HA 3JOPOB’S1
HACEJIEHHSH PV CINIOXWBAHHI KYKYPY/13U1, BUPOLLIEHOI
3A IHHOBALIIMHOK TEXHOJIOrE 3RIVE 3D
bopuceHko A.A., AHToHeHko A.M., Anekcinyyk B./[1.,
Omenbyyk C.T., Bapnos B.T.

HauioHanbHuvi MeanyHui yHiBepCUTET

iM. O.0. boromosibLs, KuiB, YkpaiHa

Cuctema BHeceHHs nectuumaiB 3RIVE 3D, po3pobeHa
FMC i Micro-Trak Systems Inc., 103BOJIS€ 3MEHLLNTU KiJlb-
KICTb BUKOPUCTOBYBAHUX NECTULINAIB, MiABULLYIOYU iIXHIO
epeKTUBHICTb. 3aBasKV 3arnaTeHTOBaHIVi TEXHOJIOrII LisT iH-
HOoBaUiviHa ruiargopmMa [0CTaBKky NepeTBOPIOE TPAANLIIHY
TEXHOJIOT 0 BE/INKOOO €MHOIr0 BHECEHHS Y Masioob’eMHY.
MeTta pob6oTu — oLjiHKka pu3uKy BrisimBy GiheHTPUHY Ha
340pPOB’S HaceJIeHHS Py CrIOXWBaHHI KyKYpPYA3u, BUpOLLe-
HOI 3a iIHHoBauiviHoto TexHosorieto SRIVE 3D.

Marepiann Ta meTogun. Po3paxoBaHo rnokasHukm ctabisib-
HOCTI BipeHTPUHY (AitoHoi pevyoBuHW npenapary bpirevia
3Rive 3D, SC) y KykypyAa3i, BUPOLLEHIV 3a IHHOBAaLiliHOO
TexHosorieto SRIVE 3D (BHECEHHS y rPYHT 3 0AHOYaCHUM
BUCIBOM HaciHHS KyKypynaau). bpirevig 3Rive 3D, SC 3acto-

© bopuceHko A.A., AHToHeHko A.M., Anekcidyk B.[.,
Omenbyyk C.T., Bapgos B.I. CTATTS, 2023.
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of pesticides [3]. An inte-
grated approach to the selec-
tion of plant protection
methods involves balancing
the biological, economic and
ecological effectiveness of
measures[4].

The study of the dynamics
of pesticide content in plants
makes it possible to obtain
reliable qualitative and quan-
titative information about the
process of pesticide applica-
tion, considering all experi-
mental points. In addition,
such studies make it possible
to evaluate the influence of
various environmental factors
on the behavior of pesticides
in plants and to compare the
results of studies conducted
in different conditions and
with different target objects.
Based on the obtained data, it
is possible to predict the be-
havior of pesticides in plants
with the aim of their effective
application, substantiation
and development of new eco-
logically safe plant protection
methods, reduction of eco-
nomic costs for the pesticides
application and preservation
of public health [5].

The 3RIVE 3D pesticide ap-
plication system developed
by FMC and Micro-Trak Sys-
tems Inc. It allows to reduce

the amount of pesticides
used increasing their effec-
tiveness. This innovative de-
livery platform converts the
traditional high-volume appli-
cation technology into a low-
volume one thanks to the
patented technology [6].

The purpose of the work is
risk assessment of the bifen-
thrin influence on the popula-
tion health when consuming
corn grown using the innova-
tive 3RIVE 3D technology.

Materials and methods.
We calculated the stability in-
dices of bifenthrin (the active
ingredient of the Brigade
3Rive 3D, SC formulation) in
corn grown using the innova-
tive 3RIVE 3D technology (in-
troduction into the soil with
simultaneous sowing of corn
seeds). Brigade 3Rive 3D, SC
is used as an insecticide on
corn crops with a maximum
consumption rate of 1.2 1/ha,
once.

Bifenthrin behavior was
studied in natural experiment
with selection of plant sam-
ples according to [7] starting
from the first day of treat-
ment, and subsequently at
regular intervals during the
vegetation period of the crop
until harvesting. The study of
the bifenthrin residual amo-

unts dynamics in the green
mass of plants and corn
seeds was carried out by the
chromatographic method in
accordance with [8]. Control
samples were taken from un-
treated corn crops.

The destruction rate con-
stants (K) and quantitative
stability parameters (tsq, Tgs,
T99) Were calculated using re-
gression analysis methods
based on the actual levels of
bifenthrin content in the
green mass and corn seeds
[9]. The results of bifenthrin
persistency in plants studies
were evaluated according to
State Standard 8.8.1.002-98
[10].

At the final stage, the inte-
gral index of hazard when
consuming pesticides con-
taminated food products
(IHCPCF), proposed by [11],
was calculated and evalu-
ated.

Research results and
their discussion. In all con-
trol samples of grain, green
mass of plants and corn har-
vest, bifenthrin was not de-
termined above the limit of
quantitative determination of
the method [8].

When studying the dynam-
ics of bifenthrin residual
amounts in corn grown with

COBYIOTb SIK [HCEKTULML Ha MOCIBax KyKy-
pPya3u 3 MakCUMaJslbHOK HOPMOK BUTPAaTU
1,2 n/ra ogHopa3o0Bo.

Pe3ynbraTtu gocnig>xeHHs Ta ix obroeo-
PeHHS1. [1py BUBYEHHI ANHAMIKN 3aJINLLIKO-
BOI KifIbKOCTi Gi¢oeHTPUHY Y KYKyPYA3i,
BUPOLLIEHIVI 3 3aCTOCYBaHHSIM ripernapary
Bpirevig 3Rive 3D, SC 3a TexHosorieto
3Rive 3D, BcTaHOBJ/IEHO, 11O MPOTSIrOM Be-
reTtauii BMIicT Gi¢oeHTPUHY y KyKypyAa3i rno-
CTYrnoBO 3HuXXyBaBcs i 3a 50 i y kad4aHax
OyB HVIXXYMM 38 MEXY KiJIbKICHOIrO BU3Ha-
YeHHSI MeToLay.

IHTerpasibHW iHOeKC LUKIAIMBOCTI Py Cro-
XVBaHHI Xap4yoBUX NPOAYKTIB, 3a0pyaHEHUX
nectuumaamm, ctaHoBuTb (IIHCPCF) =
A00+C+1sy = 2+2+2 = 6 6aniB. To670 3a
LM MOKa3HUKOM BipeHTPUH MOXHa BifjHe-
CcT¥ [0 cnosyk 3-ro knacy Hebearneku (no-
MIpHO HeGe3rne4Hi Criosyku), OCKisIbKU FOoro
roMipHa TOKCUYHICTb (BesmydnHa J/1/1) rno-
€4HYETHCS 3 MOMIPHOIO CTIVIKICTIO Y Ci/TIbChb-
Korocrnogapcbkux KyabTypax i BigHOCHO
HU3bKOIO KiJIbKICTIO KyKYPYA3U Y Xap40BOMY
paLioHi ykpaiHuiB.
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BucHoBkun. BcTaHOB/IEHO, 11O BiAMNOBiAHO
40 /JICTY 8.8.1.002-98 6igpeHTpuH Hane-
XWUTb 10 3-ro knacy Hebe3rnekuy — rnoMipHoO
CTIViKi crionyku. 3a 3Ha4€HHSIM IHTerpaJsib-
HOro riokasHvika Hebearneku rpu Crioxu-
BaHHi 3a06pyAHEHNX TECTULMAAMMN
Xap4YoBUIX NMPOAYKTIB OioeHTPUH MOXHa Bif-
HecTu [0 3-ro knacy Hebe3neku

(nomipHo Hebeane4YHi crionyku). OCKisibku
3actocyBaHHs npenaparty Brigade 3Rive
3D, CK 3a texHonorieto 3Rive 3D anis
3axnCTy KYKypya3u He HECE PUIUKY
3ab6pyIHEHHS MOCIBIB Ta CrOXWBAaHHS
KYKYPYA3U HACEJIEHHSIM, MOripLUEHHS €KO-
JIOr4YHOI CUTYaLlii, BiH TaKOX Mae 3Hay4Hi ar-
POEKOHOMIYHI nepeBaru rnomnyasyiviHor
6esrneku. 3acTocyBaHHSI NECTULNIIB 3a
TtexHosorieto SRive 3D € gyxe nepcrnekTys-
HUM i y MaribyTHbOMY By1e aKTMBHO Ta LN -
[POKO BrpOBaaXyBaTuncs y Ci/ibCbKOrocro-
AapCbKy npakTuky Ykpainy.

Knioyosi cnoBa: nectuung, 6ipeHTPUH,
Xap40Bi NPOAYKTU, PU3UK CIMOXXNBAHHS,
nepioa HaniBpo3nany-



the Brigade 3Rive 3D, SC for-
mulation application using
3Rive 3D technology, it was
established that during the
growing season the content
of bifenthrin in corn gradually
decreased and after 50 days

in the ears of corn it was
below the limit of quantitative
determination of the method
(fig.). When harvesting the
corn crop, the content of
bifenthrin in the grain was
also below the limit of quanti-

Figure

Dynamics of the bifenthrin content in corn
when apply the Brigade 3Rive 3D, SC formulation
using 3Rive 3D technology
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Table 1

The rate of bifenthrin destruction in corn plants

Object Indices of degradation in plants
k', day Ts0 Tgs Tog T50"
soil 0,194+0,031|3,55+0,965(15,38+2,134|26,66+4,64 | 26,0-86,8
corn 0,06=%0,01 11,3+1,5 | 48,8+5,2 75,0£9,6 2-14
Notes: the substance initial amount
k' — is the destruction rate decomposition;

constant;

750 — the period of 50% of
the substance initial amount
decomposition;

795 — the period of 95% of

199 — the period of 99% of
the substance initial amount
decomposition;

* —according to the litera-
ture [14].

Table 2

Risk assessment for humans when consuming
pesticide-contaminated food products (taking into
account the toxicity indicators of the compound)

ADD, mg/kg | ts5qin plants, days C, g/day Total score
value | score value score value score
0.02 2 11.3%1.5 2 100-150 2 6

Notes: ADD - allowable daily dose;

159 — the period of 50% of the substance initial
amount decomposition in plant;

C - general norm of corn consumption.

tative determination of the
method and did not exceed
the maximum allowable level
(MAL) established for bifen-
thrin in corn — 0.2 mg/kg
(limit of quantitative determi-
nation by gas-liquid chro-
matography (GCh) - 0.2 mg/
kg), corn oil — does not re-
quire (the limit of quantitative
determination with GChis 0.5
mg/ kg) [8].

Therefore, the next stage
was the calculation of 15y, tgs5
and 199 and statistical pro-
cessing of the obtained data
for the reliability of their dif-
ferences in the studied agro-
climatic zones (table 1). It
was established that when
applying the Brigade 3Rive
3D, SC formulation using
3Rive 3D technology, bifen-
thrin 15y in corn was 11.3
days, tg5 —48.8 days and 1gq
— 75.0 days, the destruction
rate constant was equal to
0.06, which correlates with
the average values obtained
in other studies [12, 13].

In accordance with State
standard 8.8.1.002-98 [10],
based on persistency indices
in growing agricultural crops
and agricultural raw materi-
als, bifenthrin can be classi-
fied as a moderately hazar-
dous compound (hazard
class 3).

The next stage of this study
was to assess the risk to
human health when consum-
ing products from corn grown
with the application of bifen-
thrin using the innovative
3RIVE 3D pesticide applica-
tion technology.

Three main indices were
evaluated on a 4-point scale:

4 the allowable daily dose
(ADD) of bifenthrin is ap-
proved in Ukraine at the level
of 0.02 mg/kg [24], which ac-
cording to [18] gives 2 points;

O 154 of bifenthrinina corn
plant when applying 3RIVE
3Dis (11.3%1.5) days, that s,
it is estimated at 2 points;

O the general norm of corn
consumption in Ukraine (C)
per person in grams does not
exist as such. However, ac-
cording to WHO recommen-
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RISK ASSESSMENT OF THE BIFENTHRIN
INFLUENCE ON THE POPULATION HEALTH
WHEN CONSUMING CORN GROWN USING
THE INNOVATIVE 3RIVE 3D TECHNOLOGY
Borysenko A.A., Antonenko A.M.,
Aleksiichuk V.D., Omelchuk S.T.,
Bardov V.G.

Bogomolets National Medical University,

Kyiv, Ukraine

The 3RIVE 3D pesticide application system,
developed by FMC and Micro-Trak Systems
Inc., allows to reduce the amount of pesti-
cides used increasing their effectiveness.
This innovative delivery platform converts
the traditional high-volume application
technology into a low-volume one thanks
to the patented technology.

The purpose of the work is risk
assessment of the bifenthrin influence

on the population health when consuming
corn grown using the innovative 3RIVE

3D technology.

Materials and methods: We calculated
the stability indices of bifenthrin (the active
ingredient of the Brigade 3Rive 3D, SC
formulation) in corn grown using the
innovative 3RIVE 3D technology
(introduction into the soil with simultaneous
sowing of corn seeds). Brigade 3Rive

3D, SC is used as an insecticide on corn
crops with a maximum consumption

rate of 1.2 l/ha, once.

Research results and their discussion.
When studying the dynamics of bifenthrin
residual amounts in corn grown with the
Brigade 3Rive 3D, SC formulation applica-
tion using 3Rive 3D technology, it was es-
tablished that during the growing season

the content of bifenthrin in corn gradually
decreased and after 50 days in the ears of
corn it was below the limit of quantitative
determination of the method.

The integral index of hazard when consum-
ing pesticides contaminated food products
(IHCPCF) = ADD+C+15y = 2+2+2 = 6 points
(table 2). That is, according to this index,
bifenthrin can be attributed to compounds
of the 3-rd class of hazard (moderately haz-
ardous compounds), since its moderate
toxicity (ADD value) is combined with its
moderate resistance in agricultural crops
and the relative low corn amount in the diet
of Ukrainians.

Conclusions: It was established that ac-
cording to State Standard 8.8.1.002-98
bifenthrin belongs to the 3-rd class of hazard
— moderately stable compounds. According
to the value of integral index of hazard when
consuming pesticides contaminated food
products bifenthrin can be assigned to the
3-rd class of hazard (moderately hazardous
compounds). As the application of the
Brigade 3Rive 3D, SC formulation using
3Rive 3D technology for the protection of
corn does not carry the risk of crops pollu-
tion and consumption of corn by the popula-
tion, deterioration of the ecological situation,
as well as it has significant agro-economic
and population safety advantages, the appli-
cation of pesticides using 3Rive 3D
technology is very promising and will be
actively and widely implemented in the
agricultural practice of Ukraine in the future.

Keywords: pesticide, bifenthrin,
food products, consumption risk,
half-life period.

dations [16], the level of con-
sumption of vegetables and
fruits, including corn, is at
least 400 grams per day. Tak-
ing into account the content
of corn in this amount, it is
about 100-150 grams per
day — 2 points.

Therefore, the integral in-
dex of hazard when consum-
ing pesticides contaminated
food products (IIHCPCF) =
ADD+C+155= 2+2+2 =6 points
(table 2). That is, according
to this index, bifenthrin can
be attributed to compounds
of the 3-rd class of hazard
(moderately hazardous com-
pounds), since its moderate
toxicity (ADD value) is com-
bined with its moderate re-
sistance in agricultural crops

and the relative low corn
amount in the diet of Ukraini-
ans. In addition, corn is sub-
jected to mechanical and
often heat treatment before
use, which leads to even
greater destruction of bifen-
thrin in it after treatment.

Conclusions

1. lt was established that ac-
cording to State Standard
8.8.1.002-98 bifenthrin be-
longs to the 3-rd class of haz-
ard - moderately stable
compounds.

2. According to the value of
integral index of hazard when
consuming pesticides con-
taminated food products
bifenthrin can be assigned to
the 3-rd class of hazard
(moderately hazardous com-
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pounds).

3. As the application of the
Brigade 3Rive 3D, SC formu-
lation using 3Rive 3D tech-
nology for the protection of
corn does not carry the risk of
crops pollution and con-
sumption of corn by the pop-
ulation, deterioration of the
ecological situation, as well
as it has significant agro-eco-
nomic and population safety
advantages, the application
of pesticides using 3Rive 3D
technology is very promising
and will be actively and widely
implemented in the agricul-
tural practice of Ukraine in the
future.
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