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Soil and climatic conditions in most
Ukrainian regions are suitable for cultivation
strategically important agricultural crops,
including oil ones. Ensuring efficient protec-
tion of crops from pests, diseases and infesta-
tion by using insecticides, fungicides and her-
bicides is a pre-condition for successful agri-
culture. In addition to useful maintaining the
crop, herbicides constitute a potential hazard
to the environment and human health. Soil is
the main pesticide depot in the environment;
therefore, the threat exists of penetration of
chemical crop protection products (CCPP)
from soil into groundwater, first of all, to sub-
soil and surface water and its subsequent pollu-
tion [1]. It is worth noting that almost 70 % of
rural population in Ukraine live without cen-
tralized water supply and consume water from
wells, where the contamination probability
with pesticides may be the highest (as com-
pared to confined water, in particular, artesian
one).

That is why the objective of our study was
hygienic assessment of the contamination haz-

ard for soil and groundwater with modern pes-
ticides rated to different chemical classes used
in chemical protection of oil crops.

Materials and Methods. The following pes-
ticides were studied within this research: strobil-
urine (azoxysrobin, pyraclostrobin, picoxys-
trobin) and triazole (difenoconazole) fungi-
cides, pymetrozine insecticide (pyridinic
azomethine class), nicosulfuron (sulphonyl
urea with pyrimidine heterocycles), dicamba
(derivative of benzoic acid) and diflufenzopyr
(semicarbazone) herbicides. Formulations con-
tained the above-mentioned active components
(a.c.) were recommended for chemical protec-
tion of sunflower, corn and rape (Table 1).

Field hygienic experiments were carried out
in Polissiya (Kyiv, Khmelnytskyi regions) and
Forest-Steppe (Cherkassy, Chernivtsi regions)
zones of Ukraine according to [2] and intend-
ed to assess the dynamics of residual amounts
of the studied pesticides in soil after their
above-ground and aerial treatment. 

We calculated half-file periods (DТ50) of the
studied substances in soil, which allowed to
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predict their persistence using mathematical
modeling that provided computational repli-
cation of the pesticide decomposition process-
es based on actual data.

Hazard class of the studied substances by
their stability in soil was defined according to
State Sanitary Standards and Rules (DSanPin)
8.8.1.002-98 (І class – highly persistent
pesticides (DТ50 exceeds 60 days), ІІ –
persistent (31 days to 60 days), ІІІ – moder-
ately persistent (11 days to 30 days) and ІV –
low persistent (less than 11 days)) and by the
IUPAC international classification (І class –
highly persistent (DТ50 exceeds 100 days), ІІ
class – moderately persistent (30 days to 100
days), ІІІ class – low persistent (less than 30
days)) [3, 4].

We assessed potential risk of the studied
pesticides for the environment using the pro-
cedure worked out by N.N. Melnikov [5] by

calculating environmental toxicity (ecotox) by
the formula:

where: Е — is ecotoxicological hazard,
arbitrary units;

Р — is the substance half-life, weeks;
LD50 — is the substance median lethal dose

at its ingestion intake by white rats, mg/kg.
Ecotox allows to compare environmental

toxicity of a studied substance and
dichlorodiphenyltrichloroethane (DDT) and
to estimate relative hazard of soil contamina-
tion with this substance since the DDT eco-
toxicological hazard is taken as an ecotox arbi-
trary unit (at consumption rate 1 kg/ha, per-
sistence 312 weeks and LD50 – 300 mg/kg).
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Table 1

Application conditions of the studied formulations by their active substances

Formulation

Active substance, 

concentration

in the formulation

Application region (climatic zone), consumption
rate of the formulation, maximum amount of treat-

ments (crop)

Above-surface

treatment 
Aerial treatment

Kelvin Plus, granules

dispersed in water

Dicamba, 424 g/kg;

Diflufenzopyr, 170 g/kg;

Nicosulfuron 106 g/kg

Kyiv Region (Polissiya),

0.4 kg/ha, single

(corn)

—

Plenum 50 WG,

granules dispersed in

water

Pymetrozine, 50 g/l

Kyiv Region (Polissiya),

0.25 kg/ha, single

(rape)
—

Acanto, suspension

concentrate
Picoxystrobin, 250 g/l

Kyiv Region (Polissiya),

1.0 l/ha, twice

(corn, sunflower)

Cherkassy Region

(Forest-Steppe),

1,0 л/га, одноразово

(corn, sunflower)

Retengo, emulsified

concentrate
Pyraclostrobin, 200 g/l —

Cherkassy Region

(Forest-Steppe),

corn - 0,5 л/га; 

sunflower –0,75 л/га,

одноразово

Amistar Gold 250

SC, suspension con-

centrate

azoxysrobin, 125 g/l;

Difenoconazole, 125 g/l

Khmelnytskyi Region

(Polissiya), 1.0 l/ha,

twice

(sunflower)

Chernivtsi Region

(Forest-Steppe),

1,0 л/га, дворазово

(sunflower)
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Migration probability for the studied a.s. in
groundwater in different soil and climatic con-
ditions of Ukraine was predicted by the follow-
ing indicators: organic carbon sorption
constant (Кос), potential leaching index (GUS
– Groundwater Ubiquity Score) and index of
potential contamination of groundwater and
river water (LЕАСН).

To estimate migration capability by Кос

constant, we used SSLRС (Soil Survey and
land research centre) International classifica-
tion, which divides all substances into 5 clas-
ses: І – very mobile (Кос is less than 15 ml/g),
ІІ – mobile (15 ml/g to 74 ml/g), ІІІ – mod-
erately mobile (75 ml/g to 499 ml/g), ІV –
slightly mobile (500 ml/g to 4,000 ml/g), V –
non-mobile (more than 4000 ml/g) [6].

GUS was calculated by the formula [7]:

GUS = lg DТ50 × (4 – lg Кос)

where: DТ50 — is the substance half-life
period in soil, day;

Кос — is the organic carbon sorption con-
stant, ml/g.

If the GUS value exceeds 2.8, the pesticide,
probably, is leached into groundwater; if it is
less than 1.8, the pesticide, probably, is not
leached into groundwater; its leaching proba-
bility is minor at GUS value 1.8 to 2.8. If GUS
> 4.0, leaching probability is considered as very
high (І class), 3.0 to 4.0 – high (ІІ), 2.0 to 3.0
– moderate (ІІІ), 1.0 to 2.0 – low (ІV), 0.1 to
1.0 – very low (V), less than 0.1 – extremely
low [7].

LЕАСН was calculated using the formula
[8]:

where: Sw — is the substance solubility in
water, mg/l;

DT50field — is the substance half-life period
in soil in natural conditions, day;

Koc — is the organic carbon sorption con-
stant.

If the LEACH value exceeds 2.0, contami-
nation risk is considered as high for surface and
ground water (І class), 1.1 to 2.0 – moderate
(ІІ) and 0.0 to 1.0 – low (ІІІ).

GUS and LЕАСН indicators were calculat-
ed using literature data on sorption factors Koc

and solubility in water [9]. We used the own

field survey data in soil and climatic conditions
of Ukraine when calculating half-life periods
of the studied substances in the soil.

Since the all above indicators allow to esti-
mate only the penetration possibility into
groundwater for the studied pesticides, we used
integral vector of the groundwater contamina-
tion hazard (R) worked out by S.G. Sergeev et
al. [10] and integral groundwater contamination
index for pesticides (IGCHI) according to the
prediction method for the pesticide negative
impact on the population due to their intake
with water [11], which was created with our par-
ticipation. Both indicators integrated three
parameters: ability of the substance to migrate
from the soil to groundwater, duration of water
contamination by its half-life due to hydrolysis
(t50) and the substance toxicity and cumulative
effect. At the same time, GUS values were used
to assess the possibility of the substance migra-
tion from the soil to groundwater by the proce-
dure [10] and LEACH indicator by the proce-
dure [11], which defined the contamination
possibility not only ground- but also surface
water (in particular, rivers) and considered the
substance solubility in water in addition to Кос
and the substance half-life in soil. A biological
effect zone (Zbiol.ef.) is used to estimate the pes-
ticide toxicity and cumulative effect according
to the procedure [10], and the permissible day
dose (PDD) by the procedure [11].

Biological effect area (Zbiol.ef.) was
calculated using the equation:

Zbіol.ef. = LD50 / Limch,

where: LD50 — is median lethal dose of a
pesticide at its single administration in rat ven-
tricle, mg/kg;

Limch is the chronic effect threshold at oral
administration in rats, mg/kg.

Values of GUS, t50 in water and in a biolog-
ical effect zone were assessed according to [10]
using a scale containing four hazard levels: low
(30 points), moderate (50), high (80) and
extremely high (100).

Integral hazard vector (R) was calculated
using the formula:

where x, y, z were point assessment of the
potential leaching index, half-life due to
hydrolysis in water and a biological effect
zone, correspondingly.
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To calculate an integral groundwater con-
tamination index for pesticides (IGCHI), we
assessed LEACH and t50 values in water and
DDD in points using the scale that provided 
4 grading levels [11] and used the formula:

IGCHI = LEACH* + t50* + DDD*,

where: LEACH*, t50*, DDD* are point
assessment of LEACH index, t50 in water (due
to hydrolysis at pH=7 for groundwater and in
aqueous phase of the “water-sediment” system
for surface water) and DDD, correspondingly.

At IGCHI value 3 to 4 points, the substance
was considered as low-hazardous for humans
during its migration within the system “soil –
water” (4 class), 5 to 6 points – moderately
hazardous (3 class), 7 to 8 points – hazardous
(2 class), 9 to 10 points – highly hazardous (1B
class), 11 to 12 points – extremely hazardous
(1А class).

Results and Discussion. Mathematic mod-
eling of decontamination processes for the
studied substances in Ukrainian natural condi-
tions has revealed that diflufenzopyr had the
least half-life period (3.4±0.5 days) in soil
(Table 2). Difenoconazole (DТ50 29.1±5.6
days) and pymetrozine (27.2±3.3 days) had the
highest stability among the studied a.s.
According to the Ukrainian pesticide classifi-
cation by their hazard level [3] based on the
average DТ50 values in Ukrainian soils, the
studied substances were rated to moderately
(ІІІ class) or low- (ІV class) stable pesticides
(correspondingly, to moderate or low haz-
ardous). At the same time, azoxysrobin,
difenoconazole and pymetrozine were stable in
particular soil and climatic conditions by the
DТ50 maximum values (hazardous – ІІ class).
According to IUPAC classification [4],
azoxysrobin, difenoconazole and pymetrozine
were moderately stable (II class) substances,
other pesticides were low-stable (ІІІ class).

Results of the field survey performed in soil
and climatic conditions of Ukraine concerning
persistence of pyraclostrobin, picoxystrobin,
nicosulfuron, dicamba, diflufenzopyr and
pymetrozine in soil matched the data obtained
by other authors in European countries.
Concerning azoxysrobin, this substance was
the least stable in Ukraine (Table 2).

To estimate potential application risk of the
studied pesticides for above-surface ecosys-
tems, their ecotoxicological hazard (ecotox)

was calculated using our own research results.
We have found out that ecotox value in soil and
climatic conditions of Ukraine varied with in
8.5510-6 (diflufenzopyr) to 5.1910-4 (difeno-
conazole); i.e., ecotoxicological hazard of the
studied pesticides was lower by 4 to 6 orders of
magnitude for biocenoses than DDT (Table 2).

Sorption-desorption equilibrium within the
pesticide-soil system is among prevailing fac-
tors that define detoxication speed and migra-
tion intensity for CCPP. The studied sub-
stances were adsorbed by the soil in a different
way. By average values of sorption constant Кос

(Table 3), dicamba was rated to very mobile (І
class), nicosulfuron – to mobile (ІІ class),
azoxysrobin and diflufenzopyr – to
moderately mobile (ІІІ class), picoxystrobin,
difenoconazole and pymetrozine – to low-
mobile (ІV class) pesticides, pyraclostrobin –
to immobile ones (V).

At the same time, prediction of the ground-
water contamination using only Кос cannot be
final since potential hazard increases due to
long persistence of a substance in the soil, its
high solubility in water and significant
hydrolytic stability. That’s why the probability
of groundwater and surface water contamina-
tion with the studied a.s. was estimated by
GUS and LЕАСН.

The high leaching probability to groundwa-
ter was established (Table 3) only for nicosul-
furon in soil and climatic conditions of
Ukraine (average GUS value was 3.06,
maximum – 3.97, ІІ class). According to aver-
age GUS values, leaching probability was low
for azoxysrobin, picoxystrobin, dicamba,
diflufenzopyr and pymetrozine – IV class; very
low for difenoconazole (V class), extremely
low for pyraclostrobin (VІ class). At the worst
conditions, leaching probability for azoxys-
robin, difenoconazole, dicamba and
pymetrozine was moderate (ІІІ class).

The results we obtained regarding the prob-
ability of groundwater pollution with the stud-
ied pesticides either agreed with their assess-
ment made by other experts (nicosulfuron,
picoxystrobin) or indicated less risk of ground-
water contamination in soil and climatic con-
ditions of Ukraine (diflufenzopyr) (Table. 3).
The exception was provided by pyme-
trozine,which featured the low to moderate
(III–IV class) leaching probability in soil and
climatic conditions of Ukraine rather than
very low (V class) one, difenoconazole and
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dicamba, which had a moderate (III class) but
not extremely-low and low leaching probabili-
ty, respectively, in aggravated conditions.

When assessing potential leaching by
LЕАСН, the following results were obtained:
nicosulfuron, dicamba, diflufenzopyr and
pymetrozine featured the high leaching risk to
ground- and surface water (I class). This was
due primarily to high water solubility (Sw) of
the studied substances (Table. 3). Conta-
mination risk for other a.s. – azoxysrobin, pyr-
aclostrobin, picoxystrobin and difenoconazole
– was low (III class) due to their low solubility
in water as compared with the above pesticides.

Thus, strobilurine fungicides have the least
migration probability to groundwater at soil
and climatic conditions of Ukraine among the
studied pesticides. In particular, pyraclostrobin
and picoxystrobin featured low mobility by
Кос, the low leaching probability into ground-
water by GUS and the low contamination risk
for ground- and surface water by LЕАСН.
Azoxysrobin was moderately mobile, with
low/moderate leaching capability and low
contamination risk for ground- and surface
water by Кос, GUS and LЕАСН, correspond-
ingly. Nicosulfuron and dicamba featured the
highest migration within the “soil – water”
system; they were very mobile by Кос and had
the high contamination risk for ground- and
surface water by LЕАСН. Besides, nicosu-
fluron had also the high leaching probability by
GUS. Our data regarding evaluation of migra-
tion capability for azoxysrobin, pyraclostrobin,
nicosufluron and difenoconazole agreed with
results of the study carried out during other
vegetation seasons when using other formula-
tions that protected other agricultural crops
[12, 13].

It should be emphasized that all 3 criteria
used by us allowed to assess the risk of pesticide
penetration in groundwater; however, none of
them answered the question how was it haz-
ardous for human health. That’s why integral
hazard vector (R) [10] and integral water con-
tamination index for pesticides (IGCHI) [11]
were calculated At the same time, based on
aggravation principle (one of key principles of
hygienic rating and assessment of potentially
hazardous environmental factors), maximum
values of GUS and LEACH were used to cal-
culate R and IGCHI, which had been
obtained during the previous study phase for
extreme soil and climatic conditions of

Ukraine, where the studied substances had
demonstrated the highest persistence
(maximum DТ50 values) at the least sorption
capability (minimum Кос values).

It was found that, according to [9], all stud-
ied pesticides except for diflufenzopyr and
picoxystrobin were hydrolytically stable; they
did not decompose in sterile buffer solutions
with рН 7 at 20 єС during 30 days (Table 4). By
their hydrolytic stability, hazard level of all
studied pesticides was high [10] except for
diflufenzopyr and picoxystrobin.

According to [10], hazard level was low for
picoxystrobin, pyraclostrobin and diflufen-
zopyr, very high for nicosulfuron and moderate
for azoxysrobin, difenoconazole, dicamba and
pymetrozine (Table 4).

The studied pesticides were low-toxic at sin-
gle penetration into ventricle and low-haz-
ardous by LD50 at oral administration (Table 2)
according to the pesticide hygienic classifica-
tion by hazard level (DSanPin 8.8.1.002-98).
At the same time, pyraclostrobin and
pymetrozine were highly hazardous by the bio-
logical effect zone, azoxysrobin, picoxystrobin
and diflufenzopyr – moderately hazardous,
and only nicosulfuron, difenoconazole and
dicamba – low hazardous (Table 4).

Integral hazard vector (R) of the studied
pesticides (Table 4) decreased in the series:
nicosulfuron � pymetrozine � pyraclostrobin
� azoxysrobin � difenoconazole, dicamba �
picoxystrobin, diflufenzopyr; and according to
the assessment scale proposed in [10], it indi-
cated the high-hazard level (except for picoxy-
strobin and diflufenzopyr, which was moderate
for them) for the health of population lived in
the areas with potential groundwater contami-
nation due to the pesticide vertical migration
from soil.

Integral hazard indicator (IGCHI) of the
groundwater contamination with the studied
pesticides (Table 4) decreased in the series:
difenoconazole, dicamba, pymetrozine (extre-
mely hazardous) � azoxysrobin, nicosulfuron
(highly hazardous) � diflufenzopyr, picoxy-
strobin (hazardous) � pyraclostrobin (moder-
ately hazardous) [11]. IGCHI was relatively
low at contamination of surface watercourses
with the studied pesticides as compared with
ground water pollution since they disappeared
from aqueous phase of the “water – sediment”
faster than decomposed due to hydrolysis in
buffer solution with рН=7. IGCHI decreased
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in the series when penetrating the studied pes-
ticides into surface water: dicamba (extremely
hazardous) � difenoconazole, nicosulfuron,
pymetrozine (highly hazardous) � azo-xys-
robin (hazardous) � picoxystrobin (mode-
rately hazardous) � pyraclostrobin (low haz-
ardous). Our research data concerning assess-
ment of integral hazard level (IGCHI) at
azoxysrobin and pyraclostrobin correlated well
with the data of previous studies [12].

Comparative analysis of the results obtained
using two procedures for integrated assessment
of the hazard to public health caused by con-
tamination of ground- and surface water due
to pesticide migration from soil showed that
picoxystrobin and diflufenzopyr were the least
hazardous among the studied pesticides while
dicamba, difenoconazole and pymetrozine
were the most hazardous. At the same time,
estimates by both procedures were not always
unanimous. Thus, the hazard level to the pop-
ulation due to groundwater contamination
with pyraclostrobin was moderately high by
combined vector R and moderately hazardous
in terms of I IGCHI during groundwater pol-
luting and low hazardous when polluting sur-
face watercourses. In addition, none of the
procedures did not include consumption rate
and multiplicity of pesticide application, did
not ensure measurement of possible pesticide
concentrations in groundwater and surface
water. Therefore, they did not allow to predict
and evaluate possible daily entry of a pesticide
into a human body in case of the water source
contamination.

Conclusions
1. It was found that all studied substances

were rated to moderately (III class) or low 
(IV class) hazardous pesticides by their stabili-
ty in soils of Ukraine (except pymetrozine,
which was rated to hazardous (II class)
pesticides by its maximum DТ50).
Pymetrozine, which was attributed to pyridinic
azomethines, persisted the longest in the soil
among the studied pesticides; diflufenzopyr
attributred to semicarbazones disappeared
from the soil the quickest.

2. It was defined that ecotoxicological haz-
ard of the studied pesticides for above-surface
biocenoses in Ukraine varied within 8.55×10-6

to 5,19×10-4 and was lower by 4 to 5 orders of
magnitude as compared with DDT environ-
mental toxicity.

3. Among the studied pesticides, strobil-
urine fungicides had the least migration prob-
ability to groundwater at soil and climatic con-
ditions of Ukraine; among them, pyra-
clostrobin and picoxystrobin featured the low
mobility by Кос, the low leaching probability
into groundwater by GUS and low contamina-
tion risk for ground- and surface water by
LЕАСН. Azoxysrobin was moderately mobile,
with low/moderate leaching capability and low
contamination risk for ground- and surface
water by Кос, GUS and LЕАСН, correspond-
ingly. Nicosulfuron and dicamba featured the
highest migration within the “soil – water”
system; they are very mobile by Кос and have
the high contamination risk for ground- and
surface water by LЕАСН. Nicosufluron has
also the high leaching probability by GUS.

4. It was found that picoxystrobin and
diflufenzopyr were the least hazard pesticides
among the studied ones by integral evaluation
of the hazard to humans due to the contami-
nation of ground- and surface water (moder-
ately hazardous by integral vector R, haz-
ardous and moderately hazardous by IGCHI)
while dicamba, difenoconazole and
pymetrozine were the most hazardous (high
hazard level by integral vector R, extremely
and high-hazardous by IGCHI).

5. Assessment of the hazard to humans
caused by the ground- and surface water con-
tamination due to pesticide migration from the
soil was not the same by different procedures,
they complemented each other

6. While protecting oil crops, it is necessary
to limit application of formulations based on
dicamba, difenoconazole, pymetrozine and
nicosulfuron at the land plots with light soil
texture, high groundwater level and close loca-
tion of surface watercourses. Preference
should be given to pesticides with the least
contamination hazard for the soil, groundwa-
ter and surface water bodies – picoxystrobin,
diflufenzopyr, pyraclostrobin.
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