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A b s t r a c t

Undoubtedly, one of the important factors that allows to reduce the pesticide load on target 
and non-target objects is the method of chemical plant protection products (CPPPs) application. 
The 3RIVE 3D pesticide application system is an innovative technology for plant treatment that 
allows you to reduce the rate of pesticides used and increase their effectiveness. 

After the application of Brigade 3Rive 3D, SC formulation using the innovative 3Rive3D 
technology (soil application with simultaneous sowing of corn seeds) found that on the day of 
treatment, the level of bifenthrin in the soil was <0.05 mg/kg. On the 3rd day after treatment, the 
amount of bifenthrin in the soil slightly increased and amounted to 0.083 ±0.015 mg/kg, on the 
7th day the concentration of bifenthrin was 0.06 ±0.01, which, in turn, is less than the level 
of the recommended maximum allowable level (0.1 mg/kg).

It was established that when applying the Brigade 3Rive 3D, SC formulation using 3Rive3D 
technology, the half-life of bifenthrin was 3.6 days, which is lower than the average values obta-
ined in other countries of the European region. 
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Introduction

Numerous scientific studies (Antonenko et al. 2023, Syafrudin et al. 
2021, Lamichhane 2021, Tkachenko et al. 2020, Arias-Estévez et al. 
2008) have shown that the long-term pesticides application leads to their 
accumulation in the soil, migration into groundwater and atmospheric air. 
Scientific studies in different countries confirm that the soil is an import-
ant link in the migration of pesticide compounds, and its degree of contam-
ination with xenobiotics affects the food products safety. The amount and 
percentage of pesticides entering agricultural crops depends on the physi-
cal and chemical properties of the soil, agro-climatic conditions, the appli-
cation method and the formulations’ application rates.

Undoubtedly, one of the important factors that allows to reduce the 
pesticide load on target and non-target objects is the method of chemical 
plant protection products (CPPs) application (Melnichuk et al. 2022).

According to Directive 2009/127/EC 2009 the use of machines and 
technologies for applying pesticides is regulated. One of the main aspects 
considered in this directive is the risk assessment of the machinery use 
for the pesticides’ application. To ensure the safety of people and the envi-
ronment, additional requirements have been introduced for machinery 
used to apply pesticides. In particular, the minimization of losses on 
non-target areas and the provision of maximum pesticides sedimentation 
on target objects are regulated. These requirements contribute to reduc-
ing the pesticides application rates, increasing the efficiency of their use, 
and reducing the negative impact on the environment (Borysenko et al. 
2023).

The aim is comparative hygienic assessment of the behavior and resis-
tance of pesticides in the soils of south-east Europe when using formula-
tions with 3RIVE 3D treatment technology.

Materials and Methods

 The 3RIVE 3D pesticide application system is an innovative technol-
ogy for plant treatment that allows you to reduce the rate of pesticides 
used and increase their effectiveness. 3RIVE 3D technology converts the 
traditional high-volume application technology into a low-volume one 
thanks to the patented technology (Borysenko et al. 2023). 3RIVE 3D is 
an innovative insecticide delivery platform developed by FMC and Micro-
Trak Systems Inc.
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An experimental applicator 3D RIVE RESEARCH MACHINERY 
(Micro-Trak Systems, Inc.) was mounted on the “Universal dotted seeder” 
planter of precision seeding UPS-4 with inter-sectional placement of 
wheels aggregated with a tractor. Cultivators treated the soil with simul-
taneous sowing of corn on an area of 1 ha. The formulation was used at an 
application rate of 1.2 l/ha. The rate of the working solution is 2.5–3.0 l/ha. 
The formulation is mixed with water and air to form a voluminous foam 
into which the seed is placed during sowing.

The study of the bifenthrin behavior was carried out using a specific 
hygienic method of a natural experiment, and the plant and soil sampling 
was carried out according to applied rules, starting from the first day of 
treatment, and subsequently at regular intervals during the crop vegeta-
tion period until harvesting. The last sampling was carried out at the har-
vest. In parallel, the selection of crops control samples, plants’ green mass 
and soil was carried out in order to compare them with the results of the 
treated target objects.

Table 1 presents data on the conditions and place of the studied formu-
lation application and its active ingredient using modern plant protection 
technologies.

The xenobiotic persistence index (XPI) was calculated according to the 
formula given in (Li 2022):

where:
XPI	 –  is the xenobiotic (pesticide) persistence index,
τ95	 –  pesticide half-life period (average or for specific conditions) [months];
MAL	 –  maximum allowable level of pesticide in soil [mg/kg],
Pm	 –  the maximum recommended dose of pesticide [kg of active substance/ha].

We used a scale of values for the XPI values evaluation, according to 
which the XPI is less than 5 – the level of soil pollution is assessed as safe, 
from 5–20 – moderately dangerous, 20–60 – dangerous, with values greater 
than 60 – very dangerous (Li 2022).

 

XPI = τ95 ∙ ln
P𝑚𝑚
MAL
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Table 1
Characterization of the soils of the regions, where agricultural land was treated with the use  

of innovative pesticide application technologies (Panagos et al. 2011)

Place  
of treatment 

Province, 
climatic zone Soil type

Kyiv region

Right Bank 
Province,  

forest steppe

chernozems are podzolized mainly on loess rocks

Zhytomyr region meadow and chernozem-meadow soils + turf-medium 
and slightly podzolic sandy and loamy soils

Vinnytsia region typical chernozems are moderately highly humus-
accumulative

Kyiv region

Left Bank 
Lowland 
Province,  

forest steppe

dark gray podzolized, moderately weakly  
humus-accumulative + chernozems, moderately 

humus-accumulative, podzolized

Results and Discussion

 Bifenthrin practically does not migrate along the profile, both in sandy 
and soils rich in organic compounds (Ramasubramanian et al. 2021). The 
compound is relatively poorly soluble in water; therefore, the substance 
does not concentrate in aquifers. The half-life period in the soil ranges 
from 7 days to 8 months, depending on the type of soil (Ramasubramanian 
et al. 2021).

Laboratory studies in the EU: τ50 range 54.2–173.7 days, τ90 range 
223–577 days, field studies: τ50 range 5.4–267 days, τ90 range 135.3–965.2 
days. Other studies: τ50 range from 65 to 125 days or range from 2 to 6 
months depending on the type of soil (Ramasubramanian et al. 2021).

We conducted field studies in different agro-climatic zones of south-
east region of Europe with different types of soil, for a more detailed study 
of the behavior of the Brigade 3Rive 3D, SC active ingredients in environ-
mental objects when it is applied using 3RIVE 3D technology.

The results of determining the level of residual amounts of the studied 
active substances are shown in Table 2.
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Table 2
The content of bifenthrin in soil samples when using the Brigade 3Rive 3D, SC formulation

Standard, 
MAL

Content [mg/kg] in the soil in the 
treatment zone due to: Re-entry intervals [days]

1 hour 3 days 7 days mechanized works manual works

0.1 <0.05 0.083 ±0.015 0.06 ±0.01 does not require does not require
Explanations: MAL – maximum allowable level of pesticide in soil [mg/kg]

After the application of Brigade 3Rive 3D, SC formulation using the 
innovative 3Rive3D technology (soil application with simultaneous sowing 
of corn seeds) found that on the day of treatment, the level of bifenthrin in 
the soil was <0.05 mg/kg. On the 3rd day after treatment, the amount of 
bifenthrin in the soil slightly increased and amounted to 0.083 ±0.015 mg/kg, 
on the 7th day the concentration of bifenthrin was 0.06 ±0.01, which, in 
turn, is less than the level of the recommended MAL (0.1 mg/kg).

The obtained levels of the content of pesticide active ingredient resid-
ual quantities in the soil allowed us to calculate the destruction rate con-
stants (k) and quantitative parameters of stability in environmental 
objects by the method of least squares: periods of decay for 50, 95 and 99% 
(τ50, τ95 and τ99) – Table 3.

Table 3
The bifenthrin degradation rate in soil (Borysenko et al. 2023)

Indices of degradation rate in soil [days]

k-1 τ50 τ95 τ99 τ50*

0.194 ±0.031 3.55 ±0.965 15.38 ±2.134 26.66 ±4.64 26.0–86.8

Explanations: k-1 – the destruction rate constant; τ50 – the period of 50% of the substance initial 
amount decomposition; τ95 – the period of 95% of the substance initial amount decomposition;  
τ99 – the period of 99% of the substance initial amount decomposition; * – according to the lite- 
rature

When applying Brigade 3Rive 3D, SC formulation using 3Rive3D 
technology, the bifenthrin’s τ50 was 3.6 days, τ95 – 15.4 days and τ99 – 26.7 
days, the destruction rate constant was equal to 0.19, which is lower than 
the average values obtained in other countries of the European region. In 
our opinion, this is explained, first, by the feature of the 3Rive3D technol-
ogy, which allows to reduce the pesticide consumption rate as much as 
possible and ensures its accurate introduction into the furrow simultane-
ously with the sowing of corn seeds. Also, climate and weather conditions, 
type of soils, their pH value, air humidity and temperature, intensity of 
ultraviolet radiation, and others are important.
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According to State Standard (Pesticides. Classification… 8.8.1.002-98), 
by to the stability indices in the soil, bifenthrin can be classified as  
a low-hazard compound (hazard class 4).

The results of field studies using the innovative technology of pesticide 
application with 3Rive3D technology in the agro-climatic conditions of 
south-east Europe indicate its lower persistence under the conditions of 
these treatments compared to the values established in the soils of other 
countries.

We also calculated the Xenobiotic Persistence Index (XPI) in the soil, 
since the τ95 of bifenthrin applied by us in an innovative way differs from 
the values established in other countries. The calculation and evaluation 
of the xenobiotic persistence index in the soil will allow establishing the 
risk of cumulation and the degree of soil contamination with pesticides.

According to the results obtained during field studies when applying 
the Brigade 3Rive 3D, SC formulation in the innovative application tech-
nology (3Rive3D technology) in different soil and climatic conditions of 
south-east Europe, the average values of bifenthrin τ95 was (15.4 days) 
0.51 months. Tentatively allowable concentration in soil of bifenthrin is 
0.1 mg/kg. The maximum recommended consumption rate for the pesti-
cide application recalculated for bifenthrin is 0.23 kg/ha. Hence,

The obtained XPI value of bifenthrin (0.43) made it possible to classify 
the studied active ingredient as a pesticide with a safe potential level of 
soil contamination (XPI <5) and characterizes it as a short-lived compound 
in the studied soil and climatic of conditions of south-east Europe when 
applying formulations based on it using 3Rive3D technology. The assess-
ment of the XPI value in the soil allowed us to predict a relatively low 
expected level of accumulation and soil contamination with pesticides 
(Borysenko et al. 2022).

Conclusions

1.  It was established that when applying the Brigade 3Rive 3D, SC 
formulation using 3Rive3D technology, the half-life of bifenthrin was 3.6 
days, which is lower than the average values obtained in other countries 
of the European region. According to State Standard (Pesticides. Classifi-
cation… 8.8.1.002-98), the compound can be pertained to the 4th class of 
danger (low-dangerous compounds) based on stability indices in the soil.

XPIbifentrin = 0.51         
    = 0.43. 
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2. The obtained value of the persistence index (XPI) of bifenthrin (0.43) 
made it possible to attribute the studied active ingredient to pesticides 
with a safe potential level of soil contamination and characterizes it as  
a short-lived compound in the studied conditions when applying formula-
tions based on it using 3Rive3D technology.

Accepted for print 20.07.2024

References

Antonenko А.M., Borysenko A.A., Omelchuk S.T., Pelo I.M., Babienko V.V. 2023. Hygienic 
assessment of the pesticides migration in soil and surface water after agricultures processing 
using innovative technologies and revealing of the risk of their negative impact on human 
health. Odesa Medical Journal, 2: 84–87. https://doi.org/10.32782/2226-2008-2023-2-15 

Arias-Estévez M., López-Periago E., Martínez-Carballo E.E., Simal-Gándara J., Mejuto J.C., 
García-Río, L. 2008. The mobility and degradation of pesticides in soils and the pollution of 
groundwater resources. Agriculture, Ecosystems & Environment, 123(4): 247–260. https:// 
doi.org/10.1016/j.agee.2007.07.011

Borysenko A.A., Antonenko A.M., Aleksiichuk V.D., Omelchuk S.T., Bardov V.G. 2023. Risk 
assessment of the bifenthrin influence on the population health when consuming corn grown 
using the innovative 3rive 3D technology. Environment & Health, 2: 54–58. https:// 
doi.org/10.32402/ dovkil2023.02.054

Borysenko A.A., Antonenko A.M., Aleksiichuk V.D., Kondratiuk M.V., Pelo I.M. 2023.  
Comparative hygienic assessment of the potential diquat hazard to the population when con-
suming agricultural crops treated with the Reglon Air 200 SL formulation using different ap-
plication technologies (UAV, aerial, high-clearance rod sprayer treatment). Wiad. Lek., LXXVI: 
1478–1484. https://doi.org/10.36740/WLek202306122 

Borysenko A.A., Antonenko A.M., Omelchuk S.T., Bilous S.V., Melnychuk F.S. 2022. Eco-
logical and hygienic assessment and regulation of innovative technology of pesticide applica-
tion using unmanned aerial vehicles. RMJ, 47(1): 213–216. 

Directive 2009/127/EC of the European Parliament and of the Council of 21 October 2009 Amend-
ing Directive 2006/42/EC with Regard to Machinery for Pesticide Application. http://data.
europa.eu/eli/dir/2009/127/oj, access: 17.05.2023.

Lamichhane J.R. 2017. Pesticide use and risk reduction in European farming systems with IPM: 
An introduction to the special issue. Crop Prot., 97: 1–6.

Li Z. 2022. Prioritizing agricultural pesticides to protect human health: A multi-level strategy 
combining life cycle impact and risk assessments. Ecotoxicol. Environ. Saf., 242: 113869. 
https://doi.org/10.1016/j.ecoenv.2022.113869

Melnichuk F., Alekseeva S., Hordiienko O., Retman, M. 2022. Application of different 
insecticides by drip irrigation method against European corn borer on Corn crops. Pol.  
J. Natur. Sc., 37(3): 279–292. https://doi.org/10.31648/pjns.8556

Panagos P., Jones A., Bosco C., Kumar S. 2011. European digital archive on soil maps (Eu-
DASM): Preserving important soil data for public free access. IJDE, 4(5): 434–443. ps://doi.org
/10.1080/17538947.2011.596580, access: 1.04.2023.

Pesticides. Classification by degree of hazard: State Standard 8.8.1.002-98: Approved by the reso-
lution of the first deputy of the Chief State Sanitary Doctor of Ukraine from August 28, 1998, 
no. 2. Kyiv, 2000, 9(1): 249–266.

Ramasubramanian T., Paramasivam M. 2021. Bifenthrin in the tropical sugarcane ecosystem: 
persistence and environmental risk assessment. Environ. Sci. Pollut. Res., 28(3): 3524–3532. 



Andrii Borysenko et al.86

Syafrudin M., Kristanti R.A., Yuniarto A., Hadibarata T., Rhee J., Al-Onazi W.A., Algarni T.S., 
Almarri A.H., Al-Mohaimeed A.M. 2021. Pesticides in drinking water – Fa review. Int.  
J. Environ. Res. Public Health, 18(2): 468. https://doi.org/10.3390/ijerph18020468 

Tkachenko I., Antonenko A., Borysenko A., Omelchuk S., Melnichuk F., Anisimov Y. 2022. 
Assessment of spiromesifen peculiarities of migration into groundwater and surface water and 
prediction of risks to human health when using such water for drinking purposes. RMJ, 47(4): 
1017–1021. https://doi.org/10.5455/rmj.131016.20221119031709 


