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Introduction. Plant protection products (PPP) are
used extensively globally and in Ukraine to save plants
from pests and diseases causing yield loss and foodstuff
deterioration. Despite its importance for crops protec-
tion, plant protection products contain active ingredients
(pesticides) and co-formulants that are potentially poi-
sonous not only for target species (pests and diseases of
plants) but may also lead to acute and chronic intoxica-
tions of other, not target species, including humans [1,2].
Currently many plant protection products are complex
mixtures of few active ingredients and other ingredients,
here called co-formulants. For example, in the State regis-
ter of pesticides and agrochemicals authorized for use in

Table 1 - Difference in GHS and Hygienic classification of pesticides

by acute oral toxicity
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Ukraine, among 3815 plant protection products author-
ised for the moment and having registration ending in
2021 and later, about one thousand products have 2 or
more active ingredients [3].

In most countries (including Ukraine) PPP are strict-
ly regulated and number of toxicity studies on active
ingredient(s) and formulation itself have to be performed
before placing product to the market, including study of
acute oral toxicity and determination of LD, [4,5]. LD,
for laboratory animals (usually rats) is used not only for
risk assessment of substances (e.g. for calculation of
acute reference doses), but also for classification and la-
belling of a chemical substances and products. There is
Globally Harmonized System of Classification and Label-
ling (GHS) exists and is adopted by all developed coun-
tries (72 countries in total). In EU mentioned document
is implemented as Regulation on classification, labelling
and packaging of substances and mixtures (CLP) [6]. In
Ukraine, despite work is ongoing now on implementation
of GHS in Ukraine by approximation of Ukrainian legisla-
tion with EU, namely with Regulation (EC) No 1272/2008
of the European Parliament and of the Council of 16 De-
cember 2008 on classification, labelling and packaging of
substances and mixtures(CLP) it has not been implement-
ed yet in Ukraine [7]. For PPPs Hygienic Classification of
Pesticides by the Degree of Hazard
currently is in force in Ukraine [8].

Among other differences of the
mentioned classifications (see table

Hazard categories of acute toxicity class “Acute toxicity” according

1), GHS offers to use calculated acute
toxicity estimate for classification of

to GHS 7 ate T C
~ e | Mixtures, which is not foreseen in
Category 5 Ukrainian classification. This approach
Category 1| Category 2 | Category 3 | Category 4 (not used in EUy| USES 3 formula (often mentioned in
Do (or ATE) (melke of the literature as “GHS additivity for-
or m; (&) ” .
o (or ATE) (mefke <s 5-50 50-300 | 300-2000 | 2000-5000 | Mula”) presented on the fig.

body weight) Despite the fact that use of the
Dy (mekg o body weight) GHS formula theoretically may  re-
for solid formulati <15 15-50 51-500 >500 place animal use and considerably
or solid formulations reduce costs in the assessment of

LDs, (mg/kg of body weight) i i i ill di
5<')( 'g g .Y g <50 50200 201-2000 > 2000 mixtures, .|ts use is still dlscusseq. One
for liquid formulations of the main reasons for doubts is that
1 2 3 formula not accounts for interaction
- - of components, both toxicokinetic

Y and toxicodynamic [9-15].

Hazard classes of acute oral toxicity according to Another option for replacement
Hygienic Classification of Pesticides by the Degree (or at least reduction) of animal use
of Hazard in the acute toxicity assessment is the

use of in silico or computational tools
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(including quantitative structure-activity relationships
(QSAR) models, decision trees, rule based models). There
are number of published studies and reviews assessing
currently available tools [16-18].

In this work, we combined all possible approaches
for mixture acute toxicity assessment of PPP containing
more than one active ingredient (i.e. in vivo studies as ref-
erence point, calculation method and in silico modelling).

Aim of study. Aim of this study is to assess different
alternative approaches to acute toxicity assessment of
PPP, including calculation based on the assumption of ad-
ditivity and in silico methods.

Object and methods of the study. In this study we
assessed acute toxicity of eight PPP, containing from 2
to 5 active ingredients (Al) pesticides and number of co-
formulants. In the table 2 relevant data on the active in-
gredients and its content in the studied PPP is presented.
For further calculations, worst case scenario approach
was used and where two data-points for LD, are avail-
able for single Al (i.e. for male and female rats) we used
smaller one.

We conducted studies of acute toxicity (Wistar Han
rats, OECD 425 [19]) of eight pesticide formulations, con-
taining from 2 to 5 pesticides (azoxystrobin, cyprocon-
azole, difenoconazole, flutriafol, imidacloprid, lambda-
cyhalothrin, propiconazole, spiroxamine, tebuconazole,
thiabendazole, thiram, triadimefon, triadimenol).

The animals were obtained from the breeding vivary
of small animals of the State Enterprise «L. I. Medved’s
ResearchCenter of Preventive Toxicology, Food and
Chemical Safety of the Ministry of Health of Ukraine». Ex-
perimental animals were quarantined for 5 days. Animals
were kept indoors at a temperature of 22 + 3 ° C, relative
humidity — 40-60%. The diet of animals — concentrated
granular feed produced by Altromin (Germany). Animals
received disinfected by ultraviolet irradiated and filtered
using reverse osmosis water (without restrictions).

The in vivo studies were conducted in accordance
with the requirements of the principles of GLP
(Good Laboratory Practice) set out in OECD guide-

100
Ci

Ln ATE,

ATEmixture =

ATEnixue is Acute Toxicity Estimate of mixture (e.g. LDso);
Ci — concentration of component in mixture, %;

ATE,; — Acute Toxicity Estimate (LDso) of ingredient;

n —number of ingredients.

Figure — GHS additivity formula.

was used to derive LD, in silico predictions of PPP active
ingredients studied in this work.

Then, we calculated Acute Toxicity Estimate for mix-
ture (ATEmix), using GHS additivity formula (fig.), taking
into account in vivo LD, of only active ingredients of PPP,
of all ingredients of formulation and LD, | of active ingre-
dients predicted by T.E.S.T. [25].

Then, we attributed PPPs to relevant hazard category
of GHS and Hygienic classification based on in vivo study
of formulation and on calculations of ATE (based on the
active ingredients only, on all ingredients and using pre-
dicted by T.E.ST. values of LD, ). Additionally, we calcu-
lated additivity coefficient (by dividing experimental and
calculated values of ATE for mixture based on all ingredi-
ents).

Results and discussion. Results of consensus method
modelling of rat oral LD, for pesticide active ingredients
of PPP studied in this work performed using T.E.S.T. and
LD,, determined in vivo are presented together with
percent of deviation in table 3. Quite high deviation of
predicted LD, values from experimental ones may be
explained by small sample size in this study (i.e. only 13
compounds). In the larger scale study with performance
of T.E.S.T on the 7417 compounds in terms of regression
(coefficient of determination —r2) between experimental
data and the predictions expressed in log units as mg/kg,

Table 2 — Multicomponent PPP studied in this work

lines and I?Irectlve 2004/10/'_5(; (20,21]. Further- PPP |Active ingredients (Al)|Content of Al, g/I|LD__ of Al, mg/kg (rats)
more, requirements and provisions of the «Euro- %

pean Convention for the Protection of Vertebrate | no 1 Tebuconazole 125 23304/1260 ¢
Animals used for Experimental and Other Scientific Triadimefon 100 569, @
Purposes» and “Guide for the Care and Use of Labo- | > Azoxystrobin 200 50004, ¢
ratory Animals” were used to ensure animal welfare Cyproconazole 80 1020 3 /1330 @
[22,23]. Propiconazole 125 1517 @

To derive in silico prediction of LD, | of active in- | No.3 Azoxystrobin 100 5000 9
gredients we used EPA Toxicity Evaluation Software Cyproconazole 30 1333 @
Tool (T.E.ST.) [24]. Module that predicts LD, in the Tebuconazole 167 4000 & /1700 Q
T.EST. is based on oral rat LD, | dataset contained | No.4 Triadimenol 43 7214, Q
7420 chemicals obtained from the ChemIDplus da- Spiroxamine 250 595 3 /560 9
tabase. Predictions are derived with a help of five Imidacloprid 300 450 Q
QSAR methods, namely hierarchical method, FDA | NO-> 72 -7 hrin 100 64, 0
method, Single-model method, Group contribution Imidacloprid 580 6814, O
method and Nearest neighbour methpd. In addi- | No.6 Thiabendazole 30 3100 3, 0
tion, T.E.S.T. take§ af:lvantgge of all mentioned above Spiroxamine 300 595 /560 ©
methods of prediction using the consensus method. N

, 4 S 0.7 Tebuconazole 120 4000 & /1700 Q
This latter approach takes into account applicabil- Difenoconazole 30 1453 0,0
ity domain of the predicted LD,, from the above imidacloorid 160 2303 4’22
mentioned methods and calculates consensus pre- midaclopn - / g
diction. This method provides more accurate esti- Lambda'thaIOth”n 25 8754 /105¢
mations, as erroneous predictions are extinguished | N8 Flutriafol 30 12604, 2
by predictions of other methods (18). This method Thiram 100 3700 J /1800 ¢

Tebuconazole 7 2330 4 /1260 9
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Table 3 - Results of prediction of oral rat LD_, by EPA T.E.S.T and its deviation
from experimentally determined LD,

Table 4 - Results of determination of LD_; in vivo performed for mixtures
(PPPs) and of ATE calculation using GHS additivity formula

derestimation of hazard cate-
gory was observed for one PPP

Active ingredient LD,, experimental, mg/kg[LD,, predicted by T.ES.T,[ Deviation from | When Ca|C_U|aﬁ9n were made
body weight mg/kg body weight | experimental, % | on the basis of in vivo data and
Azoxystrobin 5000 688,92 -86,2 for 2 formulations when we
Cyproconazole 10204/ 1330 9 1549,34 51,93 /16,59 | used predictions from T.E.ST
Difenoconazole 1453 943,48 -35 as input. Detailed information
Flutriafol 1260 681,05 -46 regarding performance of ap-
Imidaclopride 450 369,01 -18 proaches tested in this work
lambda-Cyhalothrine 64 442,4 591,3 presented in table 6.
Propiconazole 1517 1026,26 32,3 Results of classification
Spiroxamine 5953/ 560 ¢ 2765 364,74 /393,77 | exercise based on in vivo data
Tebuconazole 4000 3/ 1700 Q 2131,75 46,7 0/ 25,45 | and calculated values accord-
Thiabendazol 3100 472,52 -84,8 ing to Ukrainian Hygienic Clas-
Thiram 37003 / 1800 9 1525,03 5887/ 15,37 | sifcation of Pesticides by the
— Degree of Hazard is presented
Triadimefon 363 847,06 133,3 in table 7. In this situation mis-
Triadimenol 3801,88 1530,41 -59,7 P .
— - i classification was observed in
Mean deviation of predicted LD, values from experimental 62,95% 3 cases (37,5%) when calcula-

tion was made on the basis
of Al only and using in silico
predictions. Surprisingly, per-

and the standard deviation of prediction errors were 0,68
and 0,51 respectively [18].

Results of determination of LD, in vivo performed for
mixtures (PPPs) and of ATE calculation using GHS additiv-
ity formula taking into account only Al, all ingredients and
using LD, values predicted by T.E.ST. for active ingredi-
ents are presented in the table 4. As one can see, most
accurate results of ATE calculation as compared to in vivo
data are obtained when all ingredients of formulation are
taken into account (mean deviation —21,1%), surprisingly
followed by results based on LD, predicted by in silico
tool. In the table 5 correlation quotients between data-
sets of in vivo LD, determination and calculated using
GHS additivity formula for studied in this work PPP are
presented.

Of the 8 studied in this work PPPs, results of calcu-
lations using GHS additivity formula lead to misclassifi-
cation according to GHS of 2 formulations (75% correct
classification) when only active ingredients LD, in vivo
data was used; 3 formulation were misclassified (62.5%
correct classification) when only active ingredients LD, in
vivo data was used; classification based on prediction of
LD, with in silico tool in this study was not better than
tossing a coin (i.e. only 50% of correct classifications). Un-

] Data on calculations | Data on calculations | formance of GHS additivity
Data on calculations L
Rat LD,  of PPP based on Al only based on all based on LD, pre- | formula taking into account all
PPP |determined in vivo, ingredients dictedby TLEST. | jngredients of formulation was
mg/kg b.w. ATE, |Deviation,| ATE, |Deviation,| ATE, Deviation, lower — onl
y half PPPs were
mg/kg b.w. % mg/kg b.w. % mg/kg b.w. % p
e/kg > e/k > e/kg > correctly classified.
No. 1 2546 3641 43,0 2317 -9,0 3015 18,4 Main cause of inaccurate
No. 2 5000 8450 69,0 6850 37,0 2703 -45,9 acute toxicity estimation upon
No.3 2000 7620 | 2810 | 3120 56,0 2049 2,5 | GHS additivity formula use and
resulted misclassification lies in
No. 4 625 1653 164,5 1189 90,2 2293 266,9 its inherent assumption of ad-
No.5 310 450 45,2 440 41,9 925 198,4 | ditivity of toxicity of all ingre-
No. 6 3500 2155 38,4 1960 44,0 1977 43,5 dients in the mixture. Despite
o =% T i such assumption may be ap-
No. 7 2100 1596 -24,0 945 -55,0 1605 -23,6 propriate for some mixtures,
No. 8 900 1404 56,0 1368 52,0 1603 781 | itis obvious that for vast num-
— ber of the mixtures, including
Mean de.:wa.tlon of calculz?ted ATE from 745 11 56.4 many of PPP, it is not a case.
in vivo LD__ for mixture ! ! 4 .
50 Interactions may take place on

chemical level in the mixture
with following changes in toxicokinetic and toxicody-
namic profiles [26-29]. In this work we have not assessed
with scrutiny possible ways of interactions of studied mix-
tures, however we tried to assess it quantitatively using
additivity coefficient, which is result of ATE calculation de-
vided by experimental LD_ . When assessing data of the
additivity coefficients, (see table 8) we agreed to use as
evident for presence of considerable interaction values of
the coefficient less than 0,6 as a marker of antagonism
(marked “---" in the table) and more than 1,5 for syner-
gism (marked “+++” in the table). Values between 0,6 and
1,5 considered as weak interaction (marked “++” or “--" in
the table), except values between 0,8 and 1,2 considered
as absence of interaction (marked “=").

Additional contribution to inaccurate prediction of
GHS additivity formula may be use of acute Oral Toxic
Class (ATC) protocol (OECD TG no. 423) which generates
results as ranges, but not discrete values. In our case it

Table 5 — Correlation coefficients between experi-
mental and calculated acute toxicity for mixtures

Correlation between in vivo LD, for mixtures and ATE
calculated using GHS additivity formula

0,69 | 0,84 |

0,60
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is applicable to calculations made taking into
account all ingredients, as data on LD, of co-
formulants was taken from Material Safety Data
Sheets which often. Thus, possible inaccurate
input may lead to possible deviations from the
true values.

Another issue that is worth to mention here
is that classification is based on ranges (see table
1) and this ranges are narrower for compounds
that are more toxic. In this study, we were able
to assess performance of the GHS formula to-
gether with in vivo and in silico data for weakly
and moderately toxic compounds and mixtures
(i.e. 3-5 Categories of acute toxicity according to
GHS). Therefore, it is advisable to continue stud-
ies with more mixtures representing all range of
categories of acute toxicity.

Further developments for use of additivity
formula may lie in the more refined approach
aimed on the taking into account ingredients in-
teraction and read-across. One of the examples
of the taking into account interaction is calcula-
tion of mixture specific LD, for ingredients in
different mixtures (e.g. in organic solvents and in
aqueous solutions) with the known in vivo LD,
of the mixture [11].

Conclusions

1. Differences of calculated and tested values
of acute toxicity estimates for eight multicompo-
nent PPP did not lead to their misclassification
in up to 75% of cases according to GHS when
based on in vivo data.

2. Differences in calculated values of acute
toxicity estimates based on in silico predicted
results lead to misclassification of the half of
the formulations, however it may be lower if ac-
count to variability of experimental results and
small number of mixtures tested here.

3. Underestimation of the hazard according
to GHS classification happened only in 12,5% of
the mixtures studied here.

4. Extent of coefficients of additivity of some
mixtures, especially where it shows potentiation
requires more attention in further studies and
assessments.

5. Correct use of the GHS additivity formula
can help reduce animal testing of plant protec-
tion products. However, additional effects need-
ed to increase its predictivity.

6. In silico approach can be used internally
within a company (e.g., for product design), as
a tool to predict a starting dose level for further
animal testing where it required.

Prospects for further research. Further stud-
ies perspectives will include assessment in the
similar way as presented here of larger sample
of multicomponent plant protection products
and other mixtures representing wider range of
acute toxicity categories (including more toxic).
Collection of such data will enable in the future
development of the list of mixture type-specific
LD, values for active ingredients (e.g. depend-
ing on solvents) and their application in the
PPPs classification and risk assessment.

Table 6 — Classification of PPP according to GHS based on dif-
ferent approach to acute toxicity assessment

GHS category GHS category
GHS category Galc-:icsocr?jti?\gotgy according to | according to cal-
PPP based on 8 calculated ATE |culated ATE based
e calculated ATE .
in vivo data based on Al onl basedonall |on LD, predicted
Y ingredients by T.E.S.T.
No. 1 5 5 5 5
No. 2 5 5 5 5
No. 3 4 5 5 5
No. 4 4 4 4 5
No. 5 4 4 4 4
No. 6 5 5 4 4
No. 7 5 4 4 4
No. 8 4 4 4 4
Correctly predicted, o o o
number (%) 6/8 (75%) 5/8 (62,5%) 4/8 (50%)
Underestimated cat- o o o
egory, number (%) 1(12,5%) 1(12,5%) 2 (25%)

Table 7 - Classification of PPP according to Ukrainian Hygienic
Classification of Pesticides by the Degree of Hazard based on
different approach to acute toxicity assessment

Hazard class Hazard class
Hazard class ac- - -
Hazard class cording to calcu- according to | according to cal-
PPP based on g calculated ATE |culated ATE based
L lated ATE based -
in vivo data on Al onl basedonall |on LD, predicted
Y ingredients by T.E.S.T.
No. 1 4 4 4 4
No. 2 4 4 4 4
No. 3 3 4 4 4
No. 4 4 3 3 4
No. 5 3 3 3 3
No. 6 4 4 3 3
No. 7 4 3 3 3
No. 8 3 3 3 3
Correctly predicted,
number (%) 5/8 (62,5%) 4/4 (50%) 5/8 (62,5%)
Underestimated haz- o o o
ard class, number (%) 1(12,5%) 1(12,5%) 1(12,5%)

Table 8 — Coefficients of additivity (ATE calculated/LD,
experimental) and its interpretation

When compare with When compare | When compare with
P with ATE calculated| ATE calculated on
ATE calculated on the . .
basis of Al only on the basis of all the basis of LD, |
PPP ingredients predicted by T.E.S.T
Coeffi- . . Coeffi- Jo'.nt Coeffi- Jo[nt
: Joint action : action : action
cients of interpretation cients of interpre- cients of interpre-
additivity additivity tation additivity tation
No. 1 1,43 ++ 0,91 = 1,18 =
No. 2 1,69 +++ 1,37 ++ 0,54 -—-
No. 3 3,81 +++ 1,56 +++ 1,02 =
No. 4 2,64 +++ 1,90 +++ 3,67 +++
No. 5 1,45 ++ 1,42 ++ 2,98 +++
No. 6 0,62 -- 0,56 -—- 0,56 -—-
No. 7 0,76 -- 0,45 -—- 0,76 --
No. 8 1,56 +++ 1,52 +++ 1,78 +++
57
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OLIHKA rOCTPOI TOKCUYHOCTI BATATOKOMMOHEHTHUX 3ACOBIB 3AXUCTY POC/IUH 3 BUKOPUCTAHHAM
PO3PAXYHKIB, METOAIB IN SILICO TA IN VIVO. NEPCNEKTUBWU OHOBJ/IEHHA NIAXOAIB A0 KNACUDIKALIT TA
OUIHKU PUSUKIB
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Pe3tome. MeTo AOCNIAMKEHHA € OLiHKA Pi3HUX aNbTEPHATUBHUX NiAXOAIB A0 OLiHKM FOCTPOi TOKCMYHOCTI 3aCO-
6iB 3axmcTy pocavH (33P), BKAKOYAOUM MEeToA, PO3PaxyHKiB, AKMI Ba3yeTbCA Ha NPUNYLLEHHI LWOAO agUTUBHOCTI Ta
meToaamu in silico. byna ouiHeHa rocTpa TOKCMYHICTb BocbMmM 33P, Wwo micTaTb Big 2 Ao 5 Ait04MX peYOBMH NecTUUm-
AiB Ta pAg, AONOMIXXHUX pedvoBUH. JocniaxKeHHA rocTpoi TOKCUYHOCTI in vivo nposogmanck 3rigHo 3 OECD 425. Ona
OTpUMaHHA in silico nporHosis LD Aito4nx pe4oBuH 6yN10 BUKOPUCTAHO NPOrpamHmiA 3acib oLiHKM TOKCMYHOCTI EPA
(T.E.S.T.). Po3paxyHOK OLLiHKM FOCTPOi TOKCUYHOCTI ANA CyMillei NPOBOAMBCA i3 3aCTOCYyBaHHAM GOpPMYIM aaUTMB-
HocTi GHS, 6epyun oo ysarw in vivo LD, nnwe pjrounx pedosuH 33P, ycix iHrpesieHTis dopmynauii ta LD Airoumnx
peyoBuH, nepeabayvenHnx T.E.S.T. Ha niacTtasi pesynbTaTiB in vivo, po3paxyHKiB Ta NporHo3yBaHHsA in silico 33P Knacu-
¢dikyBanu BignosigHo go CI'C Ta YKpaiHCbKOI ririeHivHOT Knacudikauii nectuumais. KoediuieHTn agantmsHocTi 6ynm
pO3paxoBaHi ANA OLiHKKW CTyneHA B3aEMOii. HaBegeHO pe3ynbrati 3rafaHnx AOCNIAMXKEHb in vivo, MOAEeNtoBaHHA
in silico Ta po3paxyHkis. CepefiHe BigxmneHHa nporHo3osaHux T.E.S.T. LD, 3HaueHb Bij eKCnepuMmeHTa bHUX CTaHo-
BUN0 62,95%. CepeaHe BiaxmneHHA pospaxosaHoro ATE Big in vivo LD,, ana cymiwen ctaHoBuno 74,5% (Ha ocHOBI
AaHux in vivo LD, nvwe ans Al), 21,1% (Ha ocHOBI AaHuXx in vivo LD,, &ns BCix iHrpeaieHTiB) i 56,4% ana ATE, pospa-
XOBAHOTro 3 BUKOPUCTAHHAM nporHo3siB T.E.S.T. KoediuieHTn Kopenauii ans 3ragaHmx po3paxyHKis ctaHosuau 0,69;
0,84 ta 0,60 BignosiaHo. PisHMUA pO3paxyHKOBUX Ta eKCNepMMEHTaIbHUX 3HAYEHHAX OLLIHOK rOCTPOi TOKCUYHOCTI
A7 BOCbMUM H6araToOKOMMNOHeHTHUX 33P He npu3Bena 40 iX HenpaBuAbHOI Knacudikauii y 75% Bunaakis 3rigHo 3
AaHMMK GHS Ha OCHOBI gaHuX in vivo. BigMiHHOCTI B pO3paxyHKOBMX 3HAYEHHAX OLiHOK rOCTPOi TOKCUYHOCTI, 3aCHO-
BaHWX Ha pesynbTaTax, nepeabaveHux in silico, Nnpn3BoaATb A0 HENPaBUAbHOI Knacudikauii NoNoBUHKU peLenTyp,
OfHaK BOHa MOXe BYTU HUMKYOLO, AKLLO BPaxyBaTh MiH/IMBICTb EKCMEePUMEHTANbHUX Pe3yNbTaTiB Ta Many KisbKicTb
cymiwen, BunpobyBaHux TyT. HegoouiHKa KaTeropii Hebesneku 3a Knacudikauieto CI'C sigbynocb nmwe y 12,5% cy-
Milen, Wo BMBYaAANUCH TyT. Moganblui AOCAIAKEHHS BKIOYATUMYTb OLiHKY 6inbLoi KilbKOCTi 6araTOKOMMNOHEHTHUX
3ac06iB 3aXMCTy POC/IMH Ta iHLWMX CyMiLLlel aHaNoFYHUM NpeaCcTaBAeHOMY TYT YUHOM Ta AKi NPeACcTaBAATb COO60H0
LWMPLWKI Aiana3oH KaTeropili rocTpoi TOKCMYHOCTI Ta POo3pobKy nepeniky cneumdiyHnx ana Tuny cymiwen 3HaueHb
LD50 ana akKTUBHUX iHIPeAieHTIB (HanpuKnag, 3a1eXHO Bif, pO34YMHHMKIB ) Ta iX 3acToCyBaHHSA B Knacudikauii 33P Ta
OUiHL pM3MKiB.

Kntouosi cnoBa: roctpa TOKCMUHICTb, LD, , 3ac0bM 3aXMCTy POC/IMH, B3aEMO3B'A30K CTPYKTYPa-aKTUBHICTb, Kna-
cudikauia, cymilwi.

OLIEHKA OCTPOW TOKCUYHOCTU MHOTOKOMMOHEHTHbIX CPEACTB 3ALLUTbI PACTEHWI C UCMO/Ib30BA-
HUEM PACHETOB, METOAOB IN SILICO WU IN VIVO. NEPCNEKTUBbI OBHOBJIEHUA NOAXOA40B K KNTACCUPUKA-
LN N OLLEHKE PUCKOB

KonecHuK C. [i., Pabyxa E. C., Baceukas A. ., by6ano H. M., Xmunbko M. I., NpogaHuyk H. T.

Pe3tome. Llenbto nccnefoBaHUs ABAAETCA OLEHKA Pas3/IMYHbIX a/IbTEPHATUBHBIX MOAXOA0B K OLEHKE OCTPOW
TOKCUYHOCTW CPeAcTB 3aluTbl pacteHui (C3P), BKAOYAA METOZ PacyeToB, OCHOBaHHbIV HA NPEANONOXKEHUN O aa-
OUTUBHOCTM M meTogamu in silico. Bblna oueHeHa ocTpas TOKCcMYHOCTb BocbMu C3P, cogepkalmx oT 2 Ao 5 aen-
CTBYHOLLMX BELLECTB NeCTUUUAO0B U pAj BCMOMOraTenbHbIX BellecTB. MccnenoBaHne ocTpoil TOKCUYHOCTM in Vivo
nposoauamncs cornacHo OECD 425. [ins nonyderus in silico nporHosos LD, | AeiCTBYIOLLMX BeLLeCTB 6b1710 UCNO/b30-
BaHO NPOrpaMmMHOE CPeACTBO OLEHKMN TOKCMYHOCTM EPA (T.E.S.T.). PacueT OLEeHKM OCTPOI TOKCUUYHOCTM ANA CMecei
npoBoAMACA C NpUMeHeHneM GOpMyJibl aAANTUBHOCTU GHS, yuuTbiBas in vivo LD,  TONbKO AEACTBYIOLIMX BELLECTB
(AB) C3P, Bcex nHrpegmeHToB GopmMynaLmumn u LD, B, cnporHosupoBaHHbix T.E.S.T. Ha 0CHOBaHWK pe3ynbTaTos in
Vivo, pacyeToB M NporHo3npoBaHus in silico C3P knaccuounumposanm B cootseTctBum ¢ CI'C M yKPaMHCKOW TMIMeHu-
yeckoW Knaccudukaumm nectmumaos. KoadpduumeHTbl agamTMBHOCTU BblIM paccumTaHbl 419 OLLEHKM CTeneHu B3a-
nmopenctamna. NMpueeaeHbl pe3ynbTaTbl YNOMAHYTLIX MCCNEA0BaHUI in vivo, moaennpoBaHue in silico n pacyeTos.
CpeaHee oTKnoHeHWe nporHosupyembix T.EST. LD, 3HAYEHWUI OT IKCNEepPMMEHTasIbHbIX cocTaBuao 62,95%. Cpea-
Hee OTK/NIOHEHWe paccunTaHHoro ATE ot in vivo LD, ans cmecei coctaBuno 74,5% (Ha ocHoBe AaHHbIX in Vivo LD,
TonbKo Ansa AB), 21,1% (Ha ocHoBe AaHHbIX in Vivo LD,, ans Bce WHrpegmeHToB) 1 56,4% ana ATE, paccuMTaHHOro
€ ncnonb3oBaHuMem nporHo3os T.E.S.T. KoadduumneHTbl Koppenaunm gna ynoMaHyTbix pacyetos coctasnanm 0,69;
0,84 1 0,60 cooTBeTCTBEHHO. Pa3HMLLA PAaCYETHbIX M IKCMEPMMEHTA/IbHbIX 3HAYEHUIN OLEHOK OCTPOMN TOKCMUYHOCTM
019 BOCbMW MHOTOKOMNOHEHTHbIX C3P He npuBena K X HenpasuabHOM KnaccuduKkaumm B 75% cnyyaes no JaHHbIM
GHS Ha ocHoBe AaHHbIX in Vivo. Pa3nnumna B pacyeTHbIX 3HAYEHMAX OLEHOK OCTPOM TOKCUYHOCTM, OCHOBAHHbIX HA
pesynbTaTax, NPorHo3npyemblix in silico, NPUBOAAT K HEMPABUIBHOW KAacCUPUKaLMM NONOBUHBbI GOPMYyNALUN, oa-
HAKO OHa MOMKET ObITb HUXKE, eC/IN YYeCTb U3MEHUYMBOCTb SKCNEPUMEHTA/IbHbIX PE3y/bTaTOB U Masioe KOANYeCcTBO
CMeceM, UCNbITaHHbIX 34ecb. HefooLeHKa KaTeropmm onacHoCTH no Knaccuoumkaumm CI'C npounsowna avws B 12,5%
CMecel, KoTopble M3y4yanucb 3aech. [anbHellume uccneaosaHma 6yayT BKAOYATb OLEHKY HONbLIEro KOMYecTBa
MHOFOKOMMOHEHTHbIX CPEACTB 3aLUMUTbl PACTEHUIA U APYrUX CMECEN aHaNIorMYHbIM, NpeacTaBAEHHOMY 34ecCb, 06-
pasom 1 npeacTaBastoLmX coboi bonee WMPOKUI AMANA30H KaTeropuii ocTPoM TOKCMYHOCTM U pa3paboTKky nepe-
YHA CreunMdUYEcKUX ANA TUNa cMmeceit 3HauyeHni LD, ) ANA aKTUBHbIX MHIPeANEHTOB (Hanpumep, B 3aBMCMMOCTM OT
pacTBopuTenei) u ux npumeHeHue B kKnaccuourkaumm C3P 1 oueHKe pUCKOB.

KnioueBble cnoBa: ocTpas TOKCUYHOCTD, LD, , CpeACTBa 3aLMTbl PAaCcTEHUIA, B3aMMOCBA3b CTPYKTYPa-aKTUBHOCTb,
KnaccuduKauma, cmecu.

ACUTE TOXICITY ESTIMATION OF MULTICOMPONENT PLANT PROTECTION PRODUCTS USING CALCULATIONS,
IN SILICO AND IN VIVO METHODS. PERSPECTIVES FOR UPDATING APPROACHES TO CLASSIFICATION AND RISK AS-
SESSMENT
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Abstract. Aim of study is to assess different alternative approaches to acute toxicity assessment of PPP, including
calculation based on the assumption of additivity and in silico methods. Acute toxicity of eight PPP, containing from
2 to 5 active ingredients (Al) pesticides and number of co-formulants was assessed. In vivo studies of acute toxic-
ity were conducted according to OECD 425. To derive in silico prediction of LD, of active ingredients EPA Toxicity
Evaluation Software Tool (T.E.S.T.) was used. Calculation of Acute Toxicity Estimate for mixture was done using GHS
additivity formula, taking into account in vivo LD,  of only active ingredients of PPP, of all ingredients of formulation
and LD, of active ingredients predicted by T.E.S.T. On the basis of in vivo results, calculations and in silico predictions
PPP were classified according to GHS and Ukrainian Hygienic classification. Additivity coefficients were calculated to
assess extent of interaction. Results of mentioned in vivo studies, in silico modelling and calculations are presented.
Mean deviation of predicted by T.E.S.T LD, values from experimental was 62,95%. Mean deviation of calculated ATE
fromin vivo LD_, for mixture was 74,5% (based on in vivo LD, data for Al only), 21,1% (based on based on invivo LD,
data for all ingredients) and 56,4% for ATE calculated using T.E.S.T predictions. Correlation coefficients for mentioned
calculations were 0,69;0,84 and 0,60 respectively. Differences of calculated and tested values of acute toxicity esti-
mates for eight multicomponent PPP did not lead to their misclassification in up to 75% of cases according to GHS
when based on in vivo data. Differences in calculated values of acute toxicity estimates based on in silico predicted
results lead to misclassification of the half of the formulations, however it may be lower if account to variability of
experimental results and small number of mixtures tested here. Underestimation of the hazard according to GHS
classification happened only in 12,5% of the mixtures studied here. Further studies will include assessment in the
similar way as presented here of larger sample of multicomponent plant protection products and other mixtures
representing wider range of acute toxicity categories and development of the list of mixture type-specific LD, values
for active ingredients (e.g. depending on solvents) and their application in the PPPs classification and risk assess-
ment.

Key words: acute toxicity, LD, , plant protection products, structure-activity relationship, classification, mixtures.
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Konocoeal l. 1.
HAKOMUYEHHA KAAMIIKO B AEYHUKAX LLYPIB NMPU 130/IbOBAHOMY BBEAEHHI
CONEN KAOMIKO TA B KOMBIHAUII 3 UWUTPATAMMU LUEPIKO 1 TEPMAHIIO
O3 «QHinponeTpoBcbKa MmeauYHa akagemia MO3 YKkpaiHu» (m. [Hinpo)
irakolosova0405@gmail.com

38’A30K ny6niKauii 3 nNfaHOBMMM HayKOBO-A0CNIA-
HUMK poboTamu. EKcnepumeHTanbHe AOCAIAKEHH:A
BMKOHAHO Yy paMKax HayKoBO-4OCAiAHOT poboTn Kade-
apu meguyHoi bionorii, dapmakorHosii Ta 6otaHiku 43
«OMA» «BbionoriyHi ocHoBM mopdoreHesy opraHis Ta
TBAPUWH NiJ, BNJIMBOM MIKPOEeNeMeHTIiB Ta yAbTPaMikpo-
efleMeHTiB B eKcnepumeHTi» (N2 aepraBHoOi peecTpau,i
0118U006635).

Bcryn. BaxnvBoo Ta 060B’A3KOBOKO YMOBOK HOPp-
Ma/ibHOrO QYHKLIOHYBaHHA oOpraHiamy € cTabinbHicTb
noro ximiyHoro cknagy. MpoTe B cy4acHUX yMOBax BUCO-
KOro piBHA 3abpyAHEHHA HaBKO/IMLIHBOIO CepefoBMLLA
BaXXKMMW MeTasiaMM Ta MOripLlIeHHA CcoLuiaNbHO-eKo-
HOMIYHWNX, E€KONOriYHMX, BionoriuHMX GaKkTopiB KUTTA
BiAOyNMCA CyTTEBI 3MiHM B €1eMeHTHOMY CTaTyci Hace-
NIeHHA, 0cobAnBO B YMOBAxX MPOMMUCIOBO PO3BUHEHMX
Teputopin. OcobAMBO BaxKNAMBUIA AOCTATHIN BMICT Ta 6a-
NAHC MAKpOo- i MiKpoenemeHTiB Ana HOPMaibHOro ne-
pebiry BariTHOCTi, NONOriB i PO3BUTKY OpraHiamy naoAais.

Cepen, XiMIYHMX PeEYOBWH, WO 3abPYAHIOOTb Ha-
BKOJIMLLIHE CepefioBULLE, BaXKKi MeTasn Ta iX CNosyKu
YTBOPIOIOTb 3HAYHY rpyny TOKCUKAHTIB, AKi HanexaTb 0
npiopntTeTHNX 3abpyaHI0BaYiB BUPOBHMYOrO Ta HaBKO-
JIVLWHBbOrO CepesioBULLIA, TOMY NepLIOYeproBe 3Ha4YeHHA
[OCNIAMKEHb Y LLbOMY HamnpAaMKY Heo4HOPa30BO BigMi-
4Yanocb y HayKoBuMx npauax. JocnifHMKamMu BU3HAYEHO,
LLLO Y MELIKAHL,iB Cy4aCHOro mMeranoJiicy cnoctepiraeTb-
CA HAKOMWYEHHA B OPraHi3Mi pPi3HUX XiMiYHMX, Y TOMY

UYMCNi TOKCUYHUX, EIeMEHTIB, cepes, AKUX 3HaYHe MicLe
3aliMae HaKonuyeHHA Kaamito [1].

Kaamiin He € XUTTEBO HEOOXiAHUM XiMiYHMM ene-
MEHTOM AN1A OpraHiamy N4MHU, BiH NPAKTUYHO BiA-
CYTHi/A B OpraHi3mi HOBOHapOAKEHUX, 3 BIKOM aKymy-
NoETbCA, | A0 50 poKiB MOro 3arasbHUA BMICT MOXe
pocarati 20-30 mr [2,3]. Y npupoai Kagmild NpUcyTHIn y
IPYHTI, pyAax, MOPCbKi BoAi, B aTmocdepy HaaXxoaUTb
Yy pe3ynbTati BYJKAHIYHMX BUBEPXKEHD | BUBIIbHEHHA 3
pocavH [4]. Kagmili € No6iYHUM NPOAYKTOM MIaBAEHHA
LLMHKY i CBUHLIO, BUKOPUCTOBYETLCA B rasibBaHi3aLii, BU-
rOTOBJ/IEHHI HiKENb-KaAMIEBMX aKyMYIATOPIB, @ TaKOX B
AKOCTI nirmeHTy ¢hapb i naacTuky.

Kagmili HaaxoaMTb B OPraHiam Il0AMHU Yepes LWYH-
KOBO-KMLLIKOBMIA TPaKT (3a Aoby B cepeaHbomy 20-50
MKF 3 Xap4YOBMMM NPOAYKTamMMK (M'ACO, MOPENPOAYKTH,
0BoMi i 3n1aKuM) Ta 0,1 MKr 3 NUTHOI BOAOK) i AMXasb-
Hi wnaxu (0,02 mkr) [5,6]. OcobnusicTio GionoriyHol
Aii Kagmito € Moro 34aTHICTb HeraTMBHO BMNAMBATM Ha
30,0POB’A IOAMHU NPU TPUBANOMY BMAUBI HU3bKUX piB-
HiB 3abpyaHeHHA y 3B’A3KY 3 BMCOKMM KoedilieHTOM
6ionoriyHoi Kymynauji. Biaomo, Lo HagAMLWOoK Kagmito
iHrioye cuHtes AHK, 6inkiB i HyKNEIHOBMX KMUCNOT, 3Ha-
YHOI MipOt0 3MiHIOE MeTaboi3M i PpYHKLT TaKMX ecceH-
Lia/IbHUX eNeMeHTIB, AIK UMHK, 3aNi30, Mifb, MapraHeLpb,
KanbLil, ceneH. HegocTaTHA KiNbKicTb LMX €/1eMEHTIB, a
TaKOXK BifKiB i BiTamiHiB 36i/blUYE TOKCMYHICTb KagMito
[2,3,6,7]. BBarkatoTb, WO HAWBAXKAMUBILLMM MeXaHi3MOM
TOKCUYHOI Ail Kaamito € 6aoKyBaHHA rpyn SH depmeHTiB.
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