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Abstract. Hygienic substantiation of calculating models for prognosis of toxicity of different classes insecticides
(second part). Vavrinevych O.P., Shpak B.I., Antonenko A.M., Omelchuk S.T., Zinchenko T.I. This work is the
second part of our study to develop alternative experimental mathematic models for predecting toxicity of insecticides,
where we carried out a statistical analysis and comparative estimation of the toxicometric parameters obtained
experimentally and calculated according to the proposed equations. In the first stage calculations were carried out and
the most reliable models were proposed. The purpose of the research is the scientific substantiation and statistical
analysis of the calculation models for predicting the toxicity of insecticides of different classes. For research we took
the insecticides of the following chemical classes: neonicotinoids, pyrethroids, organophosphorus compounds.
Statistical analysis of the linear and nonlinear regression equations obtained for insecticides was conducted. The
equations described the dependence of subthreshold doses in the chronic experiment of all insecticides, the median
lethal doses at oral admission of pyrithoids and neonicotinoids from molecular weight, and toxicometry parameters of
all insecticides and their individual groups (pyrithoids, neonicotinoids, organophosphorus compounds) on melting
temperature and the octanol-water partition coefficient. On the basis of a comparison of the toxicometry parameters
obtained experimentally (actual parameters) and calculated according to the proposed equations checking of possibility
of using of the calculating models for predicting the danger of the investigated groups of insecticides was performed.
For substantiated pairs of resultant and factorial variables for pyrethroids, neonicotinoids, and organophosphorus
pesticides a reliable correlation was established (Vucycar™ Viapie at p = 0.05) or trend (Vycpcar™ Viavie at p = 0.1). A good
and very good consistency of the features selected for the calculations according to the Cronbach’s alpha (index ranged
from 0.8 and above) was indicated. The developed algorithm makes it possible to significantly simplify the conduction
of toxicological studies of the studied classes of insecticides.

Pedepar. Tiricniude oOrpyHTYBaHHS PO3PaXyHKOBHMX MoJejdedl NMPOrHO3YBaHHA TOKCHYHOCTI IHCeKTHHMIIB
pi3HuX Ki1aciB (apyra yacruna). Bagpinesuu O.I1., llInak B.I., AaTonenko A.M., Omenpuyk C.T., 3inuenko T.I.
Ls poboma € Opyeor0 uwacmumolw HAWO20 OOCHIONCEHHS W00 PO3POOKU ANbMEPHAMUBHUX eKCNePUMEHMATbHUX
MamemMamuyHux mooened NpoSHO3VEAHH MOKCUYHOCMI THCEKMuyuoie, 0e Mu NpoGelu CMAmucCmuyHuli anaiiz ma
NOPIGHANbHY OYIHKY MOKCUKOMEMPUYHUX NAPAMEmpPI8, OMPUMAHUX eKCNEPUMEHMAIbHO Md OOHUCTEHUX 32i0HO I3
3anpononosanumu pieHaunHamu. Ha nepuiomy emani 6ynu nposedeHi po3paxyHKu ma 3anponoHO8aHi OOCMOGIPHI
modeni. Memorw Oocniodxcenus 6yn0 HAYKOGe OOIPYHMYBAHHS MA CMAMUCMUYHUL AHATI3 PO3PAXYHKOBUX MOOerell
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NPOCHO3Y8AHHA MOKCUYHOCMI THCeKMUYUOI8 pisHux Kiacis. s 00CHiONCeHHs MU 8351U 0OPAHi IHCeKMUYuou maxkux
XIMIYHUX KIACI8: HeoHIKOmuHoiou, nipempoiou, gocgopopeaniuni cnonyku. Mu nposenu cmamucmuyHuil aHai3
JIHIUHUX ™A HeNiHIUHUX PIBHAHb pezpecii, OMpUMAaHux Oasa ITHCeKMUyudie. Y PpIGHAHHAX ONUCAHO 3ANENCHICMb
nionopoeosux 003 y XPOHIYMHOMY eKCHePUMEHMI 6CIX IHCeKmuyuois, CepeoHix JIemalbHux 003 Npu NepopaibHOMY
HAOX00JiceHHi nipumoioie ma HEeOHIKOMUHOIOI6 6i0 MOAEKYJIAPHOL Macu;, napamempie MOKCUKOMEMPIL 6Cix
iHcekmuyudie ma ix oxkpemux epyn (nipumoiou, HeOHIKOMUHOIOU, GOocEopopeaniuni CNONYKU) [ memnepamypu
niasnenHs ma Koepiyicumy po3nodiny oxkmanon-600a. Ha ocHosi nopieusHHA napamempie MmoKCuKomempii,
OMPUMAHUX EeKCHePUMEHMANbHO  ((hakmuuni napamempu), ma po3paxo8aHux 3d 3anponoHOBAHUMU PIGHAHHAMU
30IlICHEHO NepegipKy MOICTUBOCMI BUKOPUCHAHHA PO3PAXYHKOGUX Mooenell 05  NPOSHO3Y6AHHS Hebe3neKku
00CAIOHCYBAHUX 2PYN  THCeKMUyuoig. s oOIPYHMOBAHUX NAp pe3yIbmylyux md @OAaKmopiaibHux 3MIHHUX 07
nipempoiodis, HeoHiKOMuHoidi6 ma ¢ocgopopeaniyHux necmuyudie OYI0 BCMAHOBIEHO OOCMOBIPHY KOpenayiro.
Buseneno 0obpuii i dyosrce 0obpuii 36’5130k Xapakmepucmuk, 8UOpanux 0s po3paxyHkis, 3a aregor Kponbaxa (indexc
xoaueascs 6i0 0,8 i euwe). Pospobnenuii arcopumm 0038008€ 3HAYHO CHPOCMUMU NPOBEOEHHS MOKCUKOJIOSTYHUX

0ocioicens THCeKMUuYUdie 00Ci0HCY8AHUX KAACIS.

This work is the continuation of our project on
development of calculation models for toxicological
assessment of pesticides in silico. Nowadays spe-
cialists of Hygiene and Ecology Institute of Bogo-
molets National Medical proposed calculating
models for predicting fungicides and herbicides to-
xicity [4, 8, 10]. In the previous article we have
proposed alternative experimental mathematic mo-
dels for insecticides [5]. In the first stage, calcula-
tions will be carried out and the most reliable models
will be proposed. And it is second part of our study
on development of alternative experimental mathe-
matic models for predicting insecticides toxicity.

Methods of mathematical modeling are in accor-
dance with modern principles of bioethics. They are,
in comparison with laboratory experiments, fast,
labor-saving, cost-effective [3, 7, 9]. However, when
developing such methods, care must be taken to
evaluate their adequacy and the reliability of the
possible results.

That is why we have subjected the calculated
equations to a careful statistical analysis.

The purpose of the research was scientific
substantiation and statistical analysis of the
calculation models for predicting toxicity of
insecticides of different classes.

MATERIALS AND METHODS OF RESEARCH

We conducted a statistical analysis of the linear
and nonlinear regression equations obtained for
insecticides [5].

The equation described the dependence of
NO(A)EL in the chronic experiment of all insec-
ticides, the median lethal doses at oral admission
(LDsp per os) of pyrithoids and neonicotinoids from
molecular weight; toxicometry parameters of all
insecticides and their individual groups (pyrithoids,
neonicotinoids, organophosphorus compounds) on
melting temperature and the octanol-water partition
coefficient, log Py.

Only those equations were used for further ana-
lysis which were adequate for Fisher's criterion, and
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the coefficients of its regression were reliable
according to Student's criterion (p<0.05).

Statistical processing of the results was performed
using the package of licensed statistical software
IBM SPSS StatisticsBase v.22 and MS Excel
(v. 14.0.4760.1000; license 02260-018-0000106-
4863).

The standardized Cronbach's alpha coefficient (o)
was calculated by the formula:

g - N-r
Y1+ (N =17

where N — the number of observation components;
r — average correlation coefficient between components.

When the Cronbach's alpha coefficient is 0,>0.9 —
consistency of characteristics is very good; >0.8 —
consistency of characteristics is good; >0.7 —
consistency of characteristics is acceptable; >0.6 —
consistency of characteristics is questionable; >0.5 —
consistency of characteristics is poor; <0.5-
consistency of characteristics is not sufficient.

Cronbach's alpha may take values from -oo to 1,
but only positive values have been interpreted. If the
coefficient takes the value 1, then the test results are
completely identical.

RESULTS AND DISCUSSION

Previously [5] the following significant correla-
tions (at p <0.05) have been established:

- with increasing molecular weight of pyrithoids
and neonicotinoids values of NO(A)ELs in the chro-
nic experiment of all insecticides and the median
lethal doses at oral admission also increased:

- with increasing melting temperature and the
octanol-water partition coefficient, log P4, toxico-
metry parameters values of all insecticides and their
individual groups (pyrithoids, neonicotinoids, orga-
nophosphorus compounds) decreased.

The checking of using possibility of the calcu-
lating models for predicting the danger of the
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investigated groups of insecticides was performed
on the basis of a comparison of the parameters of
toxicometry obtained experimentally (actual para-
meters) and the calculated according to the proposed
equations (Fig. 1-4).

In most cases, the calculated values correlated
with those established experimentally (Table). For
the substantiated pairs of resultant and factorial
variables for pyrethroids, neonicotinoids, and
organophosphorus pesticides, a reliable correlation
was established (Tucrca™Ttable at p=0.05) or trend
(ractucal>rtable at PZO 1)

In addition, the internal consistency of the object-
describing characteristics was evaluated using the
Cronbach’s alpha. For all the proposed equations,
the value of this index ranged from 0.8 and above,
which indicates a good and very good consistency of
the features selected for the calculations.

In most cases, the calculated percutaneous LDs
indices were higher than previously established, but
this is due to the fact that almost all experimentally
established indices of these values are presented as
“more than...”. That is, they really could have been
much higher.

Relationship between experimentally established
and estimated values of toxicological parameters

Statistical parameters

correlation coefficient
Chemical class| Resulting variable Factorial variable agt
Factual Ftabl at P n
1 nl 0,05 0,1 1 nl
Insecticides LDs per cut, mg/kg  octanol-water partition 0.005 0.209 0.334 0.283 35 0.3 7.2
coefficient, log P,/

NO(A)EL, mg/kg 0.241 0.204 0.374 0.317 28 13.3 8.2
Pyre-throids LDs, per os, mg/kg molecular weight 0.501** 0.589* 0.602 0.521 11 10.5 12.1
Oganophos- NO(A)EL, mg/kg melting temperature, °C 0.744 0.938* 0.878 0.805 5 6.7 10.0
phorus
compounds N

LCs inhal, mg/m’ 0.757 0.721 0.878 0.805 5 6.8 7.8
Neonico- LDs, per os, mg/kg molecular weight 0.846** 0.958* 0.878 0.805 5 7.6 11.1
tinoids

Notes: * — the results are reliable at p<0.05; ** — trend, 0.05<p<0.1; 1 — linear; nl — non linear.

It should be noted that the correlations we
obtained (Table) between the toxicity criteria of the
investigated fungicides and their physicochemical
properties, as confirmed by the inverse calculations
(Fig. 1-4), are similar to those previously substan-
tiated for neonicotinoid insececticides [1].

We also performed similar calculations for 3
compounds of derivatives of tetram and tetronic
acids class (spiromesifen, spirodiclofen and spiro-
tetramat); 3 benzoyl-ureas (diflubenzuron, nava-
lurone, teflubenzuron); 4 compounds of the car-
bamates class (carbosulfan, methomyl, carbaryl,
phenoxycarb); 2 avermectins (abamectin and ema-
mectin benzoate) [6], but no reliable correlation of
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their toxicological parameters with physicochemical
properties was found.

In the case of carbamates, this can be explained
by the fact that the thresholds for their toxic effects
were justified more than 30 years ago, often accor-
ding to outdated approaches, on different species of
animals (rodents, mammals). And probably when
revaluating according to current approaches, we
could get somewhat other values. For the rest of the
classes mentioned, there is likely to be a problem in
the small number of samples to study. Later, when
more representatives of classes appear, the correla-
tion analysis needs to be repeated.
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Fig. 1. A comparative analysis of the experimentally established LD, per cut (A)

and NO(A)EL (B) values calculated for insecticides
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Fig. 2. A comparative analysis of the experimentally established LDs, per os values
calculated for pyrethroids class compounds

chlorpyrifos-methyl dimethoate malathion fosalon pyrimifos-methyl phenythrothion

B actual indexes ® indexes, calculated using linear regretion equations [0 indexes, calculated using nonlinear regretion equations
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chlorpyrifos-methyl dimethoate malathion fosalon pyrimifos-methyl  phenythrothion

B actunal indexes ® indexes, calculated using linear regretion equations 00 indexes, calculated using nonlinear regretion equations

B

Fig. 3. A comparative analysis of the experimentally established L.Cs, inhal (A) and NO(A)EL (B) values
calculated for organophosphorus class compounds
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Fig. 4. A comparative analysis of the experimentally established LD50 per os values
calculated for neonicotinoid s class compounds
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The same situation (which proves the above
explanations) was with methoxyacrylates fungicides
(dimoxystrobin, trifloxystrobin, fluoxystrobin, pico-
xystrobin, kresoxim-methyl, azoxystrobin, pyraclos-
trobin). There was no significant relationship between
their toxicological parameters and physicochemical
properties. Given that for most of the active substances
in this chemical class the toxicity thresholds were
justified in the 1990s, often according to outdated
approaches, for different species of animals (rats, mice,
dogs), such an exception only confirms the established
links for molecules of modern groups of fungicides.

CONCLUSIONS

1. For substantiated pairs of resultant and facto-
rial variables for pyrethroids, neonicotinoids, and

organophosphorus pesticides a reliable correlation
was established (ractucal> rtable at p = 0.05) or
trend (ractucal> rtable at p = 0.1).

2. It was indicated a good and very good
consistency of the features selected for the calcu-
lations according to the Cronbach’s alpha (index
ranged from 0.8 and above).

3. The developed algorithm makes it possible to
significantly simplify the conduction of toxicolo-
gical studies of the studied classes of insecticides.
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