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Abstract. Hygienic substantiation of calculating models for predicting toxicity of different classes insecticides
(first part). Antonenko A.M., Vavrinevych O.P., Omelchuk S.T., Shpak B.1. This work is the first part of our study
to develop alternative experimental mathematic models for predicting toxicity of insecticides. In the first stage,
calculations will be carried out and the most reliable models will be proposed. In the second — a statistical analysis and
comparative estimation of the toxicometric parameters obtained experimentally and calculated according to the
proposed equations. The purpose of the research is the scientific substantiation of the calculation models for predicting
toxicity of insecticides of different classes. Data on the physico-chemical properties and toxicometry parameters of
fungicides are taken from the PPDB pesticides database. Insecticides of such chemical classes as derivatives of tetram
and tetronic acids, benzoylureas, carbamates, neonicotinoids, pyrethroids, organophosphorus compounds, avermectins
were selected for analysis. It has been established that there is a significant positive correlation between NO(A)EL in
the chronic experiment of all insecticides, the median lethal doses at oral administration (LDs, per os) of pyrithoids and
neonicotinoids, and the molecular weight (at p<0.05). There is a significant negative correlation between the
toxicometry parameters of all insecticides and their individual groups (pyrithoids, neonicotinoids, organophosphorus
compounds) and melting temperature and the octanol-water partition coefficient, log P, (at p<0.05). It is proved that
the proposed calculation models for predicting insecticide hazards are adequate according to Fisher's criterion, and
the coefficients of regression equations are reliable according to Student's criterion (p<0,05).

Pedepar. Tiricniude oOrpyHTYBaHHS PO3PAXyHKOBHMX MoJe/dell NMPOrHO3YBaHHA TOKCHYHOCTI IHCeKTHHMIIB
pi3HEX KJaciB (mepma yactuHa). AHTOHeHKO A.M., BaBpinesuu O.I1., Omeabuyk C.T., llnak B.1. [z po6oma €
NEPUIOI0  YACMUHOIO HAWO020 OOCHIONCEHH 3 PO3POOKU ATbMEPHAMUBHUX eKCNEPUMEHMATbHUX MAMEMATMUYHUX
Modenel 015l NPOSHO3YBAHHS MOKcuuHocmi iHcekmuyudie. Ha nepwomy emani 6yoymo npogedeni po3paxyHKu Ui
3anponoHosani Haubitbw HadilHi moodeni. Ha opyeomy — 6yde nposedeno cmamucmuunull aHanis i NOPIBHAIbHA OYIHKA
MOKCUKOMEMPUYUHUX NAPAMEMPIB, OMPUMAHUX eKCHEPUMEHMANbHO | PO3PAXOBAHUX 34 NPONOHOBAHUMU DIGHAHHAMU.
Memoro  Oocnidoicennss Oy10 Haykoge OOIPYHMYBAHHA PO3PAXYHKOBUX MoOeeli NPOSHO3V8AHHA MOKCUYHOCHI
iHcekmuyudig pisHux kuacis. /[ani npo Gizuxo-ximiuni eracmueocmi ma MoOKCUKOMemMpPUyHi napamempu QyHeiyuois
63ami 3 6aszu Ooanux necmuyudie PPDB. Jlna awnanizy 0yau obpaui iHcekmuyuou maxux XiMIYHUX K1acig: NOXiOHI
Mmempamosoi i mempoHo80i KUciom, 6eH30iNce108unY, Kapobamamu, HeoOHIKOMUHoiou, nipempoiou, gocgopopeaniuni
cnoayku, agepmekmuHu. Bcmanoeneno, wo icuye Ooocmosipnuil npamutl Koperayitnuti 36'a3ox misxe NO(A)EL y
XPOHIUHOMY eKCHepuMeHmi 8CiX IHCeKmuyuois, cepeoHbOCMepPMeNbHUMU O003AMU NPpU NEPOPANbHOMY HAOXOONCEHHI
(Jlsp per 0s) nipumoidie i HEOHIKOMUHOIOIE | MONEKYIAPHOI Macoio. IcHye docmogipHuil HeeamueHUl KOPEIAYIHUL
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38'A30K MidC napamempamu MOKCUKOMempii 8Cix iHcekKmuyudie ma ix oxpemux zpyn (nipumoiou, HeOHIKOmMUHoIou,
Gocpopopeaniuni cnonyku) i memnepamypoio niaGieHHs mMa KOe@IYieHmMom po3nooinry OKmawon-60oa, log P,,.
JlosedeHo, w0 3anponoHo8aHi po3paxyHKosi mMooeni O/ NPOSHO3Y8AHHA Hebe3neKu THCeKMmuyuodie € adek8amuumMuy 3d
kpumepiem Qiwepa, a koegiyichmu pieHans peepecii € HaoiuHumu 3a Kpumepiem CmorodeHma.

Today's pesticides are a very effective in
increasing yields, but at the same time a serious risk
factor for human health because of contamination of
environmental objects [6, 7]. Methods for determi-
ning the toxicological parameters of pesticides are
long-term, labor-intensive and require significant
financial and resource costs [9, 14]. In solving this
problem, the important role is played by methods of
mathematical modeling and predicting of toxicity of
xenobiotics, the results of which can be used both
for substantiation of toxicological parameters, and at
the stage of experiment planning, this will reduce the
probability of error and reduce the duration of the
study [9].

Foreign laboratories and institutes have been
using modeling dependence of toxicometric para-
meters on the physico-chemical properties of
xenobiotics for a long time [5, 11].

In Ukraine today, there are such models for
fungicides and herbicides proposed by the specialists
of the Hygiene and Ecology Institute of Bogomolets
National Medical University [10, 15], as for insec-
ticides, only attempts were made to develop hazard
prediction models for prognosis of the risk of neoni-
cotinoid insecticides [2].

This work is the first part of our study to develop
alternative experimental mathematic models for
predicting toxicity of insecticides. At the first stage,
calculations will be carried out and the most reliable
models will be proposed. At the second — a statis-
tical analysis and comparative estimation of the
toxicometric parameters obtained experimentally
and calculated according to the proposed equations.

The purpose of the research is the scientific
substantiation of the calculation models for predic-
ting toxicity of insecticides of different classes.

MATERIALS AND METHODS OF RESEARCH

For the development and substantiation of the
calculation models in the hygienic assessment of the
studied insecticides hazard, an array of experimen-
tally established values of LDsy (median lethal dose)
after oral and percutaneous administration, LCs,
(median lethal concentration) at inhalation and
NO(A)EL (no observed (adverse) effect level) [12],
physical and chemical properties (molecular mass,
water solubility, vapor pressure, melting point,
octanol-water partition coefficient (LogP Kou),
surface tension) was taken. Data on the physico-
chemical properties of fungicides are taken from the
PPDB pesticides database [12].
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For analysis, we selected insecticides of chemical
classes the most widely used in the world [4, 8]: 3
compounds of derivatives of tetram and tetronic
acids class (spiromesifen, spirodiclofen and spiro-
tetramat); 3 benzoyl-ureas (diflubenzuron, navalu-
rone, teflubenzuron); 4 compounds of the carbama-
tes class (carbosulfan, methomyl, carbaryl, pheno-
xycarb); 5 substances of the neonicotinoid class
(acetamiprid, thiacloprid, imidacloprid, thiame-
thoxam, clothianidin); 12 active ingridients — pyre-
throids  (zeta-cypermethrin, lambda-cyhalothrin,
beta-cyflutrin, tau-fluvalinate, gamma-cyhalothrin,
tefluthrin, bifentrine, esfenvalerate, beta-cypermethrin,
cypermethrin, deltamethrin, alpha-cypermethrin); 6
organophosphorus compounds (chlorpyrifos-methyl,
dimethoate, malathion, fosalon, pyrimifos-methyl,
phenythrothion); 2 avermectins (abamectin and ema-
mectin benzoate).

Statistical processing of the results was perfor-
med using the package of licensed statistical soft-
ware IBM SPSS StatisticsBase v.22 and MS Excel.
Correlation and regression analyses were carried out,
taking into account the determination coefficient,
which most closely approximates the connection
between the selected toxicological parameters and
physical-chemical properties. The significance of the
obtained regression equations was checked by
Fisher’s F-criterion, the reliability of individual
coefficients in the regression equation (a, b) —
according to the Student's t-criterion.

RESULTS AND DISCUSSION

Initially, by the Pirson method we analyzed the
correlation relations between the physical and
chemical properties of the derivatives of tetram and
tetronic acids, benzoylureas, carbamates, neonico-
tinoids, pyrethroids, organophosphorus compounds,
avermectins and their parameters of toxicometry.
Statistically significant results are given in Table 1.

The results of the correlation-regression analysis
revealed a reverse (negative) correlation between the
“octanol-water” partition coefficient and LDs
percut. and NO(A)EL of all insecticides and LDs
per os of neonicotinoids (r= -0.47; -0.39 and -0.83,
respectively, at p<0.05) on the array of 35, 28 and 5
active ingredients of the corresponding classes.
Using the determination coefficient (R?), the
proportion of the effect of the investigated factor on
the parameters of toxicometry was determined and it
was established that the share of influence of the
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«octanol-water» distribution coefficients was 22.1;
15.0 and 69.0%, respectively.

The obtained results can be explained by the fact
that fat-soluble compounds are slowly metabolized
and eliminated from the body, tend to accumulate
[13], this increases their toxicity and reduces
NO(A)EL and LDs,. This dependence is typical,
since log P, 1s an indicator of the bioavailability of
toxic substances [1, 3]. At the same time, for
herbicides, the opposite dependence was found: their
toxic manifestations decreased with increasing log
Pow, which can be explained by the presence of

alternative routes of herbicide penetration into the
organism due to slightly lower molecular weight and
higher solubility in water [10].

There is an inverse (negative) correlation
between the melting point and LCs, in inhalation and
NO(A)EL of organophosphorus compounds, as well
as LDs, per os of pyrethroids (r=-0.88; -0.92 and -
0.62, respectively at p<0,05) on an array of 5 and 12
active substances of the corresponding classes. Per-
centage of impact of the melting temperature on the
parameters of toxicometry is quite high and makes
78.0; 84.0 and 38.8%, respectively.

Table 1
Correlation between the parameters of toxicometry and physical
and chemical properties of studied insecticides
Statistical parameters*
Chemical class Resulting variable Factor variable

correlation determination n

coefficient coefficient, %
Insecticides LDs percut., mg/kg log P,y -0.47 22.1 35
NO(A)EL, mg/kg -0.39 15.0 28
NO(A)EL, mg/kg molecular weight 0.51 25.8 27
Pyrethro-ids LD 5, per os, mg/kg melting temperature, °C -0.62 38.8 12
molecular weight 0.72 51.3 11
Oganophosphor NO(A)EL, mg/kg melting temperature, °C -0.92 84.0 5

us compounds

LC 5 inhal., mg/m® -0.88 78.0 5
Neoni-cotinoids LD 5, per os, mg/kg log Py -0.83 69.0 5
molecular weight 0.85 71.6 5

Notes: «*» — significant results are given (at p <0,05); n — number of observations; log P, — the logarithm of octanol-water partition coefficient;
LDs per os — median lethal dose after oral consumption; LDs, per cut — median-lethal dose when applied to the skin; LCs, inhal. — median lethal

concentration at inhalation; NO(A)EL — no observed (adverse) effect level.

A similar correlation of the melting point with
the parameters of toxicometry (with an increase in
the melting point LDs, per os and inhal., NO(A)EL,
values decrease, it means that toxicity of these
compounds increases) was also found in the
chemical class of herbicides pyrazoles-triketones
[10]. One of the reasons for this effect may be the
need for a higher temperature for the degradation of
the mentioned compounds. At body temperature
they retain their initial physical and chemical
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properties longer and, accordingly, have more time
to implement toxic manifestations.

Positive (direct) correlation was found between
molecular weight and LDsy per os of pyrethroids
(n=11) and neonicotinoids (n=5); NO(A)EL of all
insecticides without phosphorus compounds (n=27)
(r=0.72; 0.85 and 0.51, respectively, at p<0.05). The
proportion of the influence of the molecular weight,
as well as the melting point, is quite high and
amounts to 51.3; 71.6 and 25.8%, respectively.
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Detected dependence is due to the fact that
compounds with very high molecular weight poorly
penetrate into the body, in contrast to low molecular
weight compounds that easily pass through
histohemic barriers [1, 3, 13]. It should be noted that
for fungicides, the relationship between molecular
weight and toxicometry parameters is reversible,
since most of them, in contrast to insecticides, form

isomers that greatly increase the specificity of their
action and toxicity [15].

The next step was to carry out a regression
analysis with the verification of the obtained
equations (tabl. 2, 3) according to Fisher's F statis-
tics, and separate coefficients in the regression equa-
tions (a, b) — according to Student's t-criterion.

Table 2
Models of predicting insecticides hazard (linear equations)
Model adequacy indices Coefﬁcl.e nt.s reliability
indices
Chemical N R . G . e rntganet
class n egression equations Fisher's criterion Approxim a b
ation P
accuracy P
F Fyp ** R? t t

Insecticides 35 1 LDs, percut. = 3.1136X; + 3371 9.34* 4.15 0.003 3.51* 3.06* 2.04

27 2 NO(A)EL = -0.0038X, + 5.0773 8.68* 4.24 0.113 4.26* 2.95* 2.06

28 3 NO(A)EL = -0.6959X; + 6.4644 4.58* 4.22 0.150 4.10% 2.14% 1.71
Pyrethroids 11 4 LD 5 per os = 4.1975X, - 1690.1 9.48* 5.12 0.513 2.86* 3.08* 2.26

12 5 LD 5 per os = -2.6492X; + 268.28 6.33* 4.96 0.388 3.99* 2.52% 2.23
Oganophos- 5 6 NO(A)EL = -0.405X; + 18.196 15.69* 10.13 0.840 4.53* 3.96* 3.18
phorus
compounds

5 7 LCsoinhal. =-0.0541X; + 3.7237 10.64* 10.13 0.913 6.15* 3.26* 3.18
Neonico- 5 8 LD 5 per os = 21.016X, - 4844.9 7.57 10.13 0.716 2.48 2.75 3.18
tinoids

5 9 LDs, per os =-981.92X, + 1172.1 6.66 10.13 0.690 3.74* 2.58 3.18

Notes: «*» — statistical significant results; «**» — at p=0.05 and k,=1, k,=n-2); n — number of observations; X; — octanol-water partition coefficient,

log Pony; X, — molecular weight; X;— melting temperature, °C.

The results of the regression analysis given in
Table 2 indicate that the 4 derived linear regression
equations N 1-14 are adequate according to Fisher's
criterion (p<0.05).

The assessment of coefficients «a» and «b»
reliability showed that in all regression equations,
they are significant according to Student’s t-criterion
(p<0,05), except for the equations N 8 and 9. In this
equations, the coefficients «a» and/or «b» were
unreliable, since the absolute value of the criterion t
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is less than t.,, which may be due to a small number
of observations (n=5).

We also used the exponential, logarithmic,
polynomial and step functions in addition to the
linear one. In Table 3 the obtained mathematical
models are given. Except for the formulas 10, 11,
17, 18, 19, the rest showed rather high indicators of
the adequacy of the model by the coefficients of
approximation.

109



IIPODI/IAKTUYIHA MEJJUI]HHA

Table 3
Models of predicting insecticides hazard (nonlinear equations)
Chemical class n N Regression equation Model adequacy index (R?)
Insecticides 35 10 LDs percut. = 2247.1e'°‘"-37xl 0.015
35 11 LDs, percut. = 59.94X,” - 418.17X, + 2731 0.044
27 12 NO(A)EL = 3.8947¢ "%, 0.222
27 13 NO(A)EL = -3.782In(X,) + 25.928 0.216
27 14 NO(A)EL = 9572.6 X, 0.265
27 15 NO(A)EL = 9x10°°X,? - 0.0223X; + 10.655 0.273
28 16 NO(A)EL = -0.1125X,? + 0.1261X, + 5.5048 0.165
28 17 NO(A)EL = 3.7507¢ " 182, 0.086
28 18 NO(A)EL = -0.404In(X,) + 3.8851 0.017
28 19 NO(A)EL = 1.7218X, " 0.0002
Pyrethroids 11 20 LDs per os = 0.1234X,% - 108.4X, + 23844 0.818
11 21 LDs per os = 0.029¢™"1%%, 0.300
11 22 LDs, per os = 1864.9In(X;) - 11191 0.490
11 23 LDs, per os = 3x1072° X, 0.285
12 24 LDs per os = 160.23¢ """, 0.248
12 25 LDs, per os = 0.0418X,” - 6.2181X; + 291.86 0.520
Oganophos-phorus 5 26 NO(A)EL = 5.7067¢""%%, 0.696
compounds
5 27 NO(A)EL = 0.0104X5* - 0.7223X; + 11.339 0.996
5 28 LCsinhal. = 0.0006X;’ - 0.073X; + 3.3139 0.947
5 29 LCsinhal. = 3.2317¢™%%, 0.754
Neonicotinoids 5 30 LDs per os = 0.4334X,” - 203.01X, + 23888 0.919
5 31 LDs, per os = 0.0567¢""3** 0.619
5 32 LDs, per os = 5239.7In(x) - 28501 0.676
5 33 LDs, per os = 1E-18x*¢7 0.592
5 34 LDs per os = 1170.4X,” - 2217.4X, + 1220.3 0.890
5 35 LD per os = 804.89¢™"42% 0.486

Notes: n — number of observations; X; — log Py; X, — molecular weight; X; — melting temperature, °C.

CONCLUSIONS
It has been established that there is a significant lethal doses in oral admission (LD50 per os) of
positive correlation between NO(A)EL in the pyrithoids and neonicotinoids, and the molecular
chronic experiment of all insecticides, the median weight (at p<0.05).
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1. There is a significant negative correlation bet-
ween the toxicometry parameters of all insecticides
and their individual groups (pyrithoids, neonico-
tinoids, organophosphorus compounds) and the mel-
ting temperature and the octanol-water partition
coefficient, log Po/w (at p<0.05).

2. It is proved that the proposed calculation
models for predicting insecticide hazards are ade-
quate according to Fisher's criterion, and the coef-
ficients of regression equations are reliable accor-
ding to Student's criterion (p<0,05).
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