1. Introduction

It is known that the most of
vegetable crops are almost impos-
sible to grow without protective
measures. Scientists convinced,
that, using the necessary amount
of pesticides, the farmer could
potentially save from 1 hectare of
field around 95 centners of sugar
beet, 40 centners of potato and
15 centners of fruits [I, 2]. This
is one of the reasons for the an-
nual expansion of the pesticides
and agrochemicals assortment,
a large part in the structure of
which takes fungicides formula-
tions used on vegetable crops [3].
However, the presence of pesti-
cide active substances residual
amounts in food and raw mate-
rials can lead to violations in the
health of consumers [4, 5].

In Ukraine, the maximum
allowable level is calculated
based on the value of residues in
harvests of agricultural crops,
acceptable daily dose, risk as-
sessment considering accept-
able daily intake and daily real
intake from all crops in which
the substance is registered [6].
In other European countries [7,
8], Canada [9], USA [10], the
value of residues in harvests of
crops and estimated values of
the relative risks in the results
obtained are taking into ac-
count primarily.

That is why assessing the
risk associated with the con-
sumption of products contain-
ing pesticide residues is a vital
and integral part of regulatory
processes.

Aim of research: forecasting
and comparative estimation of
hazard to a person at consump-
tion of agricultural products
contaminated with triazole,
amide, piperidinyl, thiazole,
isoxazoline and oxazole classes
of fungicides.

2. Methods
Fungicides of the following chemical classes were inves-
tigated: triazoles (difenoconazole, tebuconazole), amides (cy-
flufenamid), piperidinyl thiazole isoxazolines (oxathiapiprolin),

oxazoles (famoxadone).

The parameters of studied fungicides persistence in agri-
cultural crops were studied in the field experiments in soil and
climatic conditions of Ukraine. During study we determined
the actual content of the compounds in the vegetable crops.
The samples were taken from the date of the last treatment and,
after certain periods, 3-6 times during the growing season until
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Methods. The parameters of fungicides difenoconazole,
tebuconazole, cyflufenamid, oxathiapiprolin, famoxadone
persistence in agricultural crops were studied in the field
experiments. For the integrated assessment of the potential
risk of pesticide-contaminated products consumption for
human (RPCPC), a methodology developed on the basis of
the Institute of Hygiene and Ecology was used. The accept-
able daily intake (ADI), the half-life period (t50) in plants
and the average daily consumption of the product have been
evaluated using four-graded scale.

Results. According to the persistency in tomatoes and po-
tatoes, fungicides difenoconazole, cyflufenamid, famoxa-
done are pertained to 3 classes of hazard (5-14 days); te-
buconazole - to 2 class (15-30 days); oxathiapiprolin - to
4 class (less than 5 days). After the addition of all the ob-
tained points, the RPCPC value (tomatoes and potatoes)
for difenoconazole, cyflufenamid, famoxadone amounted
8 points (2+2+2x 2 and 2+2+4, respectively); tebuconazole -
8 points (3+1+2x2 or 3+1+4, respectively); oxathiapiprolin -
6 points (1+1+2X2 or 1+1+4, respectively).

Discussion. Thus, the studied compounds belong to the 3rd
class of hazard according to pesticide-contaminated products
consumption for human index value. The results obtained by
us correlate with the studies carried out in the previous stage.
The exception was only difenoconazole, which was classified
as hazard class 2 due to its high toxicity for human.
Keywords: fungicide, daily food intake, vegetables, hazard, risk,
food products contamination.

tion is estimated in points.

the harvest. For comparison, be-
fore the crop treatment, control
samples of the vegetables were
taken. In the control samples, the
studied active substances were
not detected.

Determination of the active
ingredients (a. i.) content of
in vegetables and green mass
of plants was carried out us-
ing high-performance liquid
(HPLC) and gas chromatogra-
phy (GHG) methods.

In studying the behavior of
the studied fungicides in agri-
cultural crops, a mathematical
modeling method was used to
calculate the half-life (t50) and
almost total destruction (tgs) pe-
riods in the green mass of plants,
which involves the estimated re-
production of pesticide destruc-
tion processes based on actual
data, which allows predicting
their persistence.

For the classification of sub-
stances according to studied
pesticides persistency in plants
(receiving from field experi-
ments), the Ukrainian classifi-
cation of pesticides by the degree
of hazard was used [11]. This
classification foresees the divi-
sion of substances into 4 classes:
1 - highly persistent (159 more
than 30 days), 2 - persistent
(15-30 days), 3 - moderately per-
sistent (5-14 days), 4 - not per-
sistent (less than 5 days).

For the integrated assess-
ment of the potential risk of
pesticide-contaminated prod-
ucts consumption for human
(RPCPC), a methodology de-
veloped on the basis of the In-
stitute of Hygiene and Ecology
was used. The acceptable dai-
ly intake (ADI), the half-life
period (ts50) in plants and the
average daily consumption of
the product have been evaluat-
ed using four-graded scale [12]
(Table 1).

If the pesticide is used on different crops, its average daily
consumptions are added and the total average daily consump-

After adding all the points, the integral index of the po-

tential risk of pesticide-contaminated products consumption

hazardous (class 1).

(RPCPCQ) is evaluated as follows: if the value is 3-5 points - sub-
stance is hazardous for human (class 4), 6-8 — moderately haz-
ardous (class 3), 9-11 - hazardous (class 2), 11-12 - extremely

Statistical processing of the results was performed using the
statistical suite of statistical software IBM SPSS StatisticsBase



TECHNOLOGY TRANSFER: INNOVATIVE SOLUTIONS IN MEDICINE, 2018

v.22. The results are processed by the methods of variation sta-
tistics with the calculation of the arithmetic mean, mean square
deviation. The reliability of the discrepancies (checking the
hypothesis of the equality of the mean of two independent sam-
ples) is estimated according to the Student’s t-criterion (with the
Bonferroni correction) or non-parametric criteria in the case
of a difference in the distribution of the normal distribution
(Kruskal-Wallis). The adequacy of the developed techniques
was evaluated by the correlation coefficient of coherence, the
criterion of coherence and the Kronbach alpha.

Table 1
Scale of the potential risk of pesticide-contaminated products
consumption for human (RPCPC) estimation

Score (points), depends on index value

Index
1 2 3 4
50 in plants, day! <5 5-14 15-30 >30
ADI, mg/kg >0.02 0.0051-0.02 0.002-0.005 <0.002

average daily consumption
of the product, g/day
Note: If the product is consumed raw or used as a baby food, the half-life
period is doubled

<100 100-200 201-300 >300

3. Results

The results obtained in the course of field studies in differ-
ent soil-climatic zones of Ukraine, and the use of the mathe-
matical modeling method allowed to calculate the persistency
parameters (tso) of the studied compounds in vegetative crops
(vegetables) (Table 2).

The mathematical processing of the results obtained during
a field study of the residual amounts of studied fungicides dy-
namics showed that the process of their degradation in agricul-
tural crops was subject to exponential dependence.

Differences in the k, 159 and 195 values of the same class
substances was not significant (p>0.05). This allowed us to
calculate the averaged indices values for each class of fungi-
cides. According to persistency in agricultural crops, tebuco-
nazole is pertained to 2 class of hazard (moderately persistent),
difenoconazole, cyflufenamide, oxathiapiproline - to 3 class
(persistent), famoxadone - to 4 class of hazard (non-persistent)
(Table 3).

After the addition of all the obtained points, the RPCPC val-
ue (tomatoes and potatoes) for difenoconazole, cyflufenamid,
famoxadone amounted 8 points (2+2+2x 2 and 2+2+4, respec-
tively); tebuconazole — 8 points (3+14+2x2 or 3+1+4, respective-
ly); oxathiapiprolin - 6 points (1+1+2x2 or 1+1+4, respectively)
(Table 3).

Table 2
Assessment of the risk of adverse effects of fungicides on human health when consuming vegetable products grown in their
application
Average dai- Half-life period (t50), day ~ Total daily RPCPC
. o . ADI, X
Chemical class ~ Active ingredient K Crop ly consump- consumption,
meke tion, g/day M+m M+m g/day value class
tomato 120 15.27+0.44
cabbage 100 26.08+3.29
tebuconazole 0.030 18.79+1.56 740 8 (1+4+3) 3
carrot 50 17.18+1.31
potato 470 16.64+2.01
tomato” 120 11.39+0.84
Triazoles
cucumber 50 8.13+0.70
tomato’ 120 6.79+0.61
difenoconazole  0.002 7.48+0.52 840 9 (3+4+2) 2
potato’ 470 7.70+0.27
potato” 470 5.57+0.15
tomato” 120 5.31+0.18
tomato 120 10.56£2.26
Amides cyflufenamid 0.01 10.32+1.17 640 8 (2+4+2) 3
cucumber 50 12.37+5.90
tomato 120 4.57+0.65
Piperidinyl thiazole i iapiprolin 0.1 onion 50 2174000  11.46+2.87 640 7 (1+44+2) 3
isoxazolines
potato 470 2.17+0.00
tomato 120 14.53+1.17
Oxazoles famoxadone 0.01 onion 50 7.10+£0.32  3.61+0.69 640 7 (2+4+1) 3
potato 470 9.33+0.58

Note: M - mean value: m — mean value deviation; ADI - acceptable daily intake, mg/kg; RPCPC - the integral index of the potential
risk of pesticide-contaminated products consumption; * - active ingredient applicate in form of different formulations
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4. Discussion

Thus, the studied compounds of amide class (cyflufenam-
id), piperidinyl thiazole isoxazoline (oxathiapiproline), oxazole
(famoxadone), and triazoles (tebuconazole) belong to the 3
classe of hazard by RPCPC value (Table 3) - moderately hazard-
ous. The exception is only difenoconazole, which is classified as
hazard class 2 (hazardous) due to its high, compared with other
studied compounds, toxicity for warm-blooded animals and
humans (low ADI value).

The results obtained by us correlate with the studies carried
out in the previous stage. Thus, when developing a method
for assessing the integral index of the potential risk of pesti-
cide-contaminated products consumption, it was found that

pyrazolecarboxamide class fungicides (isopyrazam, penthiopy-
rade, sedaxan, fluxapyroxad) belong to the 3 class of hazard by
the RPCPC value - moderately hazardous [12].

The obtained results should be taken into account when de-
ciding on the expansion of the application scope of fungicides of
the studied amides, piperidinyl thiazole isoxazolines, oxazoles
and triazoles classes.

We also plan to further evaluation, using proposed RPCPC
calculation method, of the potential risk of pesticide-contami-
nated products consumption for active ingredients of the most
common in Ukraine and in the world herbicides and insecti-
cides. The results obtained will be compared with the indices
values for already studied fungicides.
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