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Abstract. Honey is a natural product made by honeybees. It contains
minerals, vitamins, simple sugars, organic acids, antioxidants, and
enzymes, that is why it is considered to have good nutritional and
therapeutic properties. However, honey loses a lot of its benefits if it is
contaminated with foreign chemicals such as pesticides. The purpose of
this research was studying how pesticide residues accumulated in
different types of melliferous flowers, in bee pollen, and in honey
obtained in the Odessa Region during the years 2015-2017. The gas-
liquid chromatography method was used to investigate 121 samples of
flowers of melliferous plants and trees, 78 bee pollen samples, and 104
honey samples. We have found that all the samples investigated are
positive for such organochlorine pesticides as a, B, y isomers of
hexachlorocyclohexane and dichlorodiphenyltrichloroethane (DDT) and
its derivatives in different concentrations. Our study has shown that the
sunflower samples were high in organochlorine pesticides. There, the
average concentration of a, B, and y isomers of hexachlorocyclohexane
was 7.51+0.04 pg/kg, and that of DDT 6.98+0.02 pg/kg. Flowers of
buckwheat and other field herbs (wild herbs as well as crop plants) had
lower concentrations of these pesticides. Besides, the results obtained
have shown that flowers of fruit trees (cherry, apple, pear, peach, plum)
were lower in these pesticides than those of forest trees (black locust,
lime-tree). The examination of the bee pollen and honey samples has
shown the same picture. The highest contents of o, P, y isomers of
hexachlorocyclohexane and dichlorodiphenyltrichloroethane were in the
sunflower samples (their average consentrations being 3.52+0.05 and
3.7740.03 pg/kg in bee pollen, 2.74+0.01 and 2.53+0.03pg/kg in honey,
respectively). However, the concentrations of pesticide residues detected
in all samples were below the maximum permissibile level according to
national and EU standards. Still, to ensure the quality and safety of honey,
we suggest regularly monitoring the levels of pesticide residues in
melliferous plants and apiculture products nationwide.

Keywords: o, B, 7y isomers of hexachlorocyclohexane,
dichlorodiphenyltrichloroethane  and its  derivatives,  gas-liquid
chromatography method, melliferous plants, bee pollen, honey.

Introduction. Formulation of the problem

largest in the world [1]. It is well-known that due to its

Honey-making is one of the most important

significant content of minerals, vitamins, simple
sugars, organic acids, antioxidants, and enzymes,

farming branches in Ukraine. At the beginning of the
year 2000, honey became one of the first farming
products allowed to be exported from Ukraine to the
EU countries. According to official statistics, Ukraine
is the largest producer of honey in Europe and the third
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honey has good nutritional and therapeutic properties
[2-5]. However, they are reduced significantly if honey
contains foreign harmful substances. These harmful
substances include pesticides. They can get into honey
in the two main ways: with contaminated nectar and
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pollen that honeybees take from melliferous plants, and
with certain chemical agents beekeepers use in the
technological process [6-9].

According to the EU regulations (Council
Directive 2001/110/EC and Regulation (EC) No.
470/2009), honey as a natural product must be free
of foreign chemicals, including pesticides [10].
Their presence in honey may be a serious health
hazard, especially for children and the elderly,
because pesticides are very toxic, and some of them
are potential carcinogens. Penetration of pesticides
(especially organochlorides) into the human body
may result in chromosome mutations and cellular
degradation. Pesticides are also known to cause
changes in the endocrine, reproductive, immune, and
nervous systems [7,11]. In the EU countries and in
Ukraine, state authorities monitor the levels of
residues of chemical compounds (including those of
pesticides) in honey to ensure its safety. This allows
controlling the dynamics of pesticide residues
accumulation in honey [12,13]. Monitoring studies
of honey in Ukraine make it possible to obtain the
summarised data on the pesticide content of honey
from different regions, because in most cases,
objects of analysis are compsite (gross) samples.
Thus, consumers have generalised information about
all types of honey in a particular region. However,
one often needs more detailed toxicological
characteristics of honey of different botanic origin:
it can be very important to trace certain types of
melliferous plants as the source of pesticide-
contaminated honey. It is of particular scoentific
interest to study different levels of pesticide
contamination of honey derived from melliferous
plants cultivated as agricultural crops (which
undergo pesticide treatment in the field) and from
wild plants — these pesticide contamination levels
can be quite unpredictable [14,15]. So, studying
pesticide residues in honey helps ensure its quality
and safety for consumers’ health.

Analysis of recent research and publications

A review of literature has shown that honey can be
contaminated by different types of pesticides from the
environment and during the honey-making
technological process [6,7]. But beekeepers are rather
worried by the fact that pesticides (insecticides,
fungicides, herbicides, and bactericides) are used in
agriculture to increase the productivity of plants and
protect them from insects [7]. Meanwhile, many
agricultural plants are melliferous because their nectar
can be collected by bees. The use of chemicals by
beekeepers in the honey-making technology can be
controlled and avoided, but nobody can control
honeybees collecting nectar from agricultural crops.

Organochlorine pesticides (OCP) used in
farming are characterised by high chemical stability,
low solubility in water, high solubility in organic
solvents, and resistance to chemical and biological
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degradation [8,11]. Researchers’ major concern is
contamination of the environment with pesticides
(especially organochlorides) because they are toxic
and pose a threat to people’s health, soil, water,
animals, and plants [7,11]. In recent years, several
studies have reported detecting different levels of
agricultural  pesticide residues in apiculture
products, including honey [8,11]. The presence of
pesticides in honey has been investigated in a
number of countries, among them China, Serbia,
Egypt, Thailand, Iran, Greece, Colombia, Malaysia,
Brazil, Italy, Poland, Spain, Bosnia and
Herzegovina, France, Argentina, the United States,
Turkey, and India [3,6,9,12-19]. These studies
confirm how important and urgent it is to study the
levels of pesticides in honey and how they get
into it.

Council Directive 2001/110/EC determines what
basic requirements honey should meet to be able to
move freely in the EU market. These regulations
provide norms for the amounts of organochlorine
pesticides honey can contain: for
dichlorodiphenyltrichloroethane and its metabolites,
hexachlorocyclohexane (a, [, vy isomers). Their
maximum levels must be no more than 5.0 pg/kg [10].

Honey is an important source of income for
Ukrainian farmers, especially in the south of Ukraine.
This product is imported into EU countries, but
information about organochlorine pesticide residues in
honey manufactured in this area is still very limited
and inadequate [1,2]. Therefore, it is very important to
ivestigate honey from the south of Ukraine and, in
particular, from the Odessa Region, as it is recognised
as one of the potential beekeeping zones in the country.

The purpose of the present study is to learn the
specific features of accumulation of OCP residues in
different melliferous plants, bee pollen, and honey. The
samples studied were obtained in 2015-2017 from
various apiaries located in the Odessa Region. To study
the samles, the gas-liquid chromatography method was
used.

To achieve this purpose, the following objectives
were set:

1. To investigate the levels of the residue amounts
of hexachlorocyclohexane (o, P, y isomers) and
dichlorodiphenyltrichloroethane and its derivatives in
six groups of melliferous plants, in bee pollen, and in
honey.

2. To study the relationship between the levels of
residual amounts of organochlorine pesticides in honey
and its botanic origin (the type of a melliferous plant).

Research materials and methods

119

Taking samples. The research was carried out in
the microbiology laboratory of the Public Health
Department of Sumy State University, and in the
Odessa Regional State Laboratory of the State Service
of Ukraine for Food Safety and Consumer Protection.
A total of 121 samples of flowes from melliferous
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plants and trees, 78 samples of bee pollen, and 104
samples of honey were investigated. The samples were
collected from 9 apiaries located in the Odessa Region
(the south of Ukraine) between 2015 and 2017. All the
apiaries are located near farmland territories where
various pesticides are applied continuously to control
the speading of insects or weeds.

Flowers from six groups of plants with melliferous
properties were studied: oilseed crops (sunflower) —
22 samples; cereal crops (buckwheat) — 19 samples;
fruit trees (cherry, apple, pear, sweet cherry, peach,
cherry-plum) — 21 samples; non-fruit trees (black
locust) — 23 samples; forage herbs (alfalfa, clover,
rapeseed, melilot) — 19 samples; wild herbs
(dandelion)— 17 samples; 121 samples in total.

78 samples of bee pollen and 104 samples of
honey from the corresponding melliferous plants were
also investigated.

Preparation of the samples for investigation. The
honey and bee pollen samples were prepared according
to the methods given in State Standards of Ukraine
ISO 12393-1:2003 and ISO 12393-2:2003. A sample
portion of 30.0+0.01 g was mixed in a porcelain mortar
with anhydrous sodium sulphate until a mushy mixture
was obtained. Pesticides were extracted in 100 cm? of
acetone on a shaker for 30 min. The extract was
decanted through a glass funnel with a layer of
anhydrous sodium sulphate into a 250 cm? flask. The
residue was shaken with an additional 50 cm?® of
acetone for 20 min, and the extract was decanted again
through a layer of anhydrous sodium sulphate. The
extracts joined together were evaporated on a rotary
evaporator at 50°C under low pressure. Before
evaporation, 0.5 cm® of dodecane was added. The solid
residue was dissolved in 5 cm?® of hexane. Purification
was carried out on a Varian (Netherlands) solid phase
extraction apparatus with special Varian cartridges
used for this method.

Method  of  determining  organochlorine
pesticides in the samples. Organochlorine pesticides
were determined by gas-liquid chromatography.
Prior to this, they had been appropriately extracted
from the samples by means of solvents, and the
extract had been purified by solid-phase extraction

according to State Standarts of Ukraine 1SO 12393-
3:2003 and 1SO 12393-4:2003. Identification was
carried out by the retention time, and the
quantitative measurement by the peak area using the
external standardisation technique. The equipment
used for the research is a gas chromatograph Agilent
7890 A GS System (USA), an electron capture
detector (ECD/UECD), and a thermionic detector
(TID/NPD). Purification was carried out on a Varian
(Netherlands) solid phase extraction apparatus with
special Varian cartridges used for this method. The
research was conducted according to generally
accepted methods. The limit of quantification of the
methods was 1.0 pg/kg.

Results of the research and their discussion

It is known that the chemical composition and
quality of honey depend on many factors, such as the
type of the melliferous plants the nectar was collected
from, the beekeeping practices, and the conditions of
honey storage [2,3,7]. The problem of determining the
presence of pesticides (primarily the organochlorine
group) in honey is very important for manufacturing
safe honey of high quality [20-24]. So, this research is
to study the level of OCP residues in different
melliferous plants, bee pollen, and honey obtained
from various apiaries in the Odessa Region.

The concentration of pesticide residues in plants is
known to depend on their biological characteristics, in
particular, on their blossoming time. Most plants
bloom during the second half of spring and the first
half of summer. The flowering period of spring
melliferous plants is shorter, that of summer ones is
longer, and autumn melliferous plants are not so
important in honey-making, because bad weather
prevents bees from visiting them. Of all spring
melliferous plants, we selected flowers of fruit trees
and forest trees to take the samples from, and lime-tree,
buckwheat, and sunflower became the source of the
samples from summer melliferous plants.

Table 1 presents the data on the residual quantities
of OCP contained in melliferous plants.

Table 1 — Content of organochlorine pesticide residues in melliferous plants and trees, pg/kg (M+m)

Types of No. of samples Level of HCH (a, B, y isomers) Level of DDT (and its derivatives)
melliferous plants analysed min max average min max average
Sunflower 22 7.10£0.01 | 7.92+0.03 | 7.51+0.04 | 6.77+0.03 | 7.19+0.03 | 6.98+0.02
Buckwheat 19 3.6440.03 | 4.28+0.02 | 3.96+0.06 | 3.43+0.02 | 3.68+0.08 | 3.56+0.04
Fruit trees” 21 1.7740.01 | 2.36+0.09 | 2.06+0.02 | 1.65+0.06 | 1.96+0.01 | 1.81+0.05
Non-fruit trees™ 23 2.55+0.05 | 2.94+0.03 | 2.75+0.07 | 1.98+0.01 | 2.59+0.03 | 2.29+0.03
Forage crops ™™ 19 3.55+0.03 | 3.78+0.01 | 3.67+0.01 | 3.27+0.02 | 3.59+0.02 | 3.43+0.02
Wild herbs 17 2.1240.01 | 2.44+0.02 | 2.28+0.05 | 1.55+0.08 | 1.97+0.03 | 1.76+0.01

~ Note: “Fruit trees: cherry, apple, pear, peach, cherry-plum; “*Non-fruit trees (forest trees): false acacia (black locust),

lime-tree;
“Forage crops: alfalfa, clover, rapeseed, melilot.
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As it can be seen from Table 1, in the samples of
honey from sunflower, buckwheat, and forage crops,
OCP residual amounts were found more often and in
higher concentrations. The flowers of sunflower were
found to contain significantly higher concentrations of
OCP.

Our research allowed establishing that in
sunflower flowers, the maximum concentration of
HCH (o, B, v isomers) was 7.92+0.03 ug/kg, and the
content of DDT (and its derivatives) ranged 6.77+0.03
to 7.19+0.03 pg/kg.

The pesticide content in flowers of fruit and non-
fruit trees was insignificant and lower than that in
sunflowers by 3.6 and 2.7 times on average. Such
results can be explained by the fact that far more
pesticides are used to cultivate sunflowers than in
orchards. The presence of OCP in flowers of wild
melliferous plants is due to their natural circulation
with rainwater and soil dust, and dispersal by wind.

V. Cebotari et al. from the Republic of Moldova,
in their research (2018), determined the concentrations
of systemic pesticides in flowers of forest trees (false
acacia and large-leaved lime), which are the main
sources of nectar and pollen for Moldovan honeybees.
These concentrations were 1.3 to 33.3 times lower than
the maximum permissible limits, according to national
and EU standards [10]. Several authors from others
countries obtained the same results and suggested that
flowers of farm crops and fruit trees that were treated
with pesticides could be sources of OCP in pollen and
honey more often than flowers of wild herbs and
trees [6,14,15,23,24].

The results of studying bee pollen are shown in
Table 2. All bee pollen samples investigated proved to
be positive for both groups of organochlorine
pesticides. The highest concentrations of HCH (a, B, v
isomers) and DDT with its derivatives were detected in
sunflower pollen.

Table 2 — Content of organochlorine pesticide residues in bee pollen, pg/kg (M+m)

Bee pollen from No. of Level of HCH (a, B, y isomers) Level of DDT (and its derivatives)

melliferous samples min max average max min average
plants analysed

Sunflower 18 3.27+0.01 3.78+0.07 3.52+0.05 3.26+0.04 | 2.28+0.01 | 3.77+0.03
Buckwheat 9 2.39+0.01 2.76+0.06 2.57+0.07 1.98+0.02 | 2.79+0.02 | 2.39+0.01
Fruit trees” 16 1.15+0.07 1.78+0.01 1.47+0.03 1.374£0.01 | 1.76+0.07 | 1.57+0.06
Non-fruit trees™ 12 1.45+0.05 1.94+0.06 1.55+0.04 1.574£0.05 | 1..954#0.04 | 1.76+0.01
Forage crops ™™ 14 2.94+0.03 3.55+0.03 3.25+0.01 2.54+0.07 | 3.19+0.02 | 2.87+0.01
| Wild herbs 9 1.69+0.07 2.19+0.09 1.94+0.06 1.39+0.02 | 1.77+0.01 | 1.58+0.04

Note: *Fruit trees: cherry, apple, pear, peach, cherry-plum; **Non-fruit trees (forest trees): false acacia (black locust),

lime-tree;
“*Forage crops: alfalfa, clover, rapeseed, melilot.

The data from Table 2 show that concentrations of
HCH (o, B, y isomers) in bee pollen were higher that
concentrations of DDT and its derivatives. These
pesticides were found in all samples, but their content
was the highest in bee pollen taken from sunflower
compared to that from other melliferous plants. The
smallest residual amount of pesticides was detected in
bee pollen from flowers of fruit and non-fruit trees and
of wild herbs.

On average, the maximum residual amounts of
HCH (o, B, v isomers) and of DDT (and its derivatives)
in flowers of melliferous plants and trees were,
respectively, 1.5-2.1 times and 1.85-1.02 times higher
than in bee pollen. These data are consistent with a lot
of other data regarding the sourses of pesticides in
honey that are closely related to a melliferous plant
[6,8]. J. Ruiz-Toledo et al. (2018) reported that pollen
samples were the highest in pesticides (14 out of 16) in
the highest concentrations [9].

There are a lot of scientific publications reporting
the presence of pesticides in honey and other bee
products. Z. Barganska et al. (2014) reported that 19
pesticides were detected in honey samples from the
north  of Poland. The minimum detectable
concentrations of pesticides (including
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organochlorides) ranged 0.91-25 ng/g [17]. C. Blascob
et al. (2016) found residues of nine organochlorine
pesticides (a, B, and y-hexachlorocyclohexane (HCH),
hexachlorobenzene (HCB), aldrin, p, p’-DDE, p, p'-
DDD, o, p’-DDT, and p, p-DDT) in honey samples
selected on markets of Portugal and Spain. The levels
were between 10 and 100 pg/kg for p-HCH and for p,
p'-DDT, and between 20 and 200 pg/kg for a-HCH and
v-HCH. Many other studies showed similar results
[19]. So, residual quantities of pesticides in honey vary
with each country. This can be explained by different
intensity with which means of plant protection are used
in farming. Below, Table 3 presents the results of our
research of the level of OCP residues contained in
honey made in the Odessa Region.

As we can see from the data given in Table 3,
OCP residues were found in the samples of honey from
flowers of sunflower, forage crops, and buckwheat.
However, it should be noted that the quantities of OCP
found in these honey samples were almost twice as low
as the specified levels.

The smallest residual amounts of the pesticides in
question were found in honey from wild flowers, and
from flowers of fruit and non-fruit trees. It is very
important that the OCP content in honey from fruit trees,
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non-fruit trees, and wild herbs was <1.0 pg/kg. Such
honey is characterised as being free of these pesticides.

Permissible residues of organochlorine pesticides
in foodstuffs, including honey, are regulated by a
number of national and international laws and
statements. According to these documents, the
maximum allowable level of organochlorine pesticides
is 5.0 pg/kg.

B. Kartalovic et al. investigated organochlorine
residues in honey samples from the Pannonian region
in the Republic of Serbia. They found organochlorine
pesticides in all honey samples. But all pesticide
concentrations detected were below the maximum
allowed value [18]. F. Eissa et al. studied 18 honey
samples from Egypt, and found organochlorine and
organophosphorous pesticide residues in 55.6% of the
samples [22]. I. Mujic et al. analysed 46 honey samples
for pesticides, heavy metals, radioactive elements, and
antibiotic residues, and found no pesticides [24].

In Table 4 below, we have summarised the data on
the content of residues of HCH (a, B, y isomers) and
DDT with its metabolites in melliferous plants, bee
pollen, and honey. This gives a clearer idea of the
dynamics of accumulation of these pesticides on their
way from a certain melliferous plant to honey obtained
from it.

The data presented in Table 4 show the following
regularities: all samples from flowers of melliferous
plants, bee pollen, and honey contained more HCH (o,
B, y-isomers) than DDT and its derivatives; there was a
predictable decrease in the content of both pesticide
groups on the way from a honey plant to honey; the
highest level of the pesticides considered was in
flowers, bee pollen and honey from plants that, while
cultivated, had been treated with chemical agents;
HCH (a, B, y isomers) and DDT and its derivatives
were insignificant in honey and bee pollen from fruit,
non-fruit trees, and wild herbs, and the presence of
these pesticides in honey may be due to their natural
transfer with dust, wind, and rainwater.

As proved by a number of scientists, the content of
pesticide residues in honey is largely influenced by its
botanical origin. This fact is explained by the ability of
honey plants to accumulate pesticides from the
environment. The source of pesticides found in honey
is mostly agricultural crops [6,8,13]. It is important that
in honey produced in the south of Ukraine (Odessa
Region), according to our research data, the residual
level of HCH (a, B, y isomers) and DDT and its
derivatives is within the limits permitted by food
regulations.

Table 3 — Content of organochlorine pesticide residues in honey, pg/kg (M+m)

Honey produced from No. of Level of HCH (a, B, y isomers) Level of DDT (and its derivatives)
different melliferous samples min max average min max average
plants analysed g g
Sunflower honey 23 2.49+0.01 | 2.98+0.03 | 2.74+0.01 | 2.17+0.02 | 2.89+0.05 | 2.53+0.03
Honey from buckwheat 12 1.88+0.02 | 2.06+0.01 | 1.93+0.03 | 1.78+0.05 | 1.92+0.01 | 1.84+0.01
Honey from fruit trees” 19 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Honey ‘;rr‘églﬂon'fr““ 18 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0
Honezrfggglforage 21 2.02+0.01 | 2.28+0.01 | 2.15£0.05 | 1.55:0.07 | 1.79+0.01 | 1.67+0.03
Honey from wild herbs 11 <1.0 <1.0 <1.0 <1.0 <1.0 <1.0

‘Note: “Fruit trees: cherry, apple, pear, peach, cherry-plum; ““Non-fruit trees (forest trees): false acacia (black locust),

lime-tree;
“Forage crops: alfalfa, clover, rapeseed, melilot.

Table 4 — Average content of HCH (a, B, vy isomers) and DDT (and its metabolites)
in melliferous plants, bee pollen, and honey, pg/kg (M+m)

Melliferous Level of HCH (a, B,y isomers) Level of DDT (and its derivatives)
plants Melliferous plants | Bee pollen Honey Melliferous plants | Bee pollen Honey
Sunflower 7.51+0.04 3.52+0.04 | 2.74+0.01 6.98+0.02 3.77+0.03 | 2.53+0.03
Buckwheat 3.96+0.04 2.57+0.07 | 1.93+0.03 3.56+0.04 2.39+0.01 | 1.84+0.01
Fruit trees” 2.06£0.02 1.47£0.03 <1.0 1.81+0.05 1.57+£0.06 <1.0
Nt?zéfsi‘i't 2.75:0.07 1.55+0.04 <1.0 2.290.03 1.7620.01 <1.0
Forage crops 3.67+0.01 3.25:0.01 | 2.15£0.05 3.43+0.02 2.87+0.01 | 1.67+0.03
Wild herbs 2.28+0.05 1.94+0.06 <1.0 1.76+0.01 1.58+0.04 <1.0

~ Note: “Fruit trees: cherry, apple, pear, peach, cherry-plum; “*Non-fruit trees (forest trees): false acacia (black locust),

lime-tree;
“Forage crops: alfalfa, clover, rapeseed, melilot.
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Conclusion content of DDT and its derivatives from <1.0 to
_ 2.53+0.03 pg/kg.
1. This study has proved that honey from 4. The highest concentration of organochlorine

different melliferous plants and trees of the Odessa  pesticides has been found in sunflower honey, where it
Region does not contain OCP above the maximum  averaged 2.74+0.01 pg/kg for HCH (a, B, y isomers)
permissible level, so it can be considered and2.53+0.03 pug/kg for DDT and its derivatives.

toxicologically safe. 5. A regular feature has been established that

(o, B, vy isomers) has been detected
concentrations than DDT and its derivatives.

honey samples ranged from <1.0 to 2.74+0.01 ug/kg, the

N

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

2. In the investigated samples of honey, HCH  flowers of melliferous plants contained, on average,
in" higher 2.0-2.8 times as much HCH (a, B, y isomers) and 1.8—

2.7 times as much DDT (and its derivatives) as honey,
and, respectively, 1.4-2.1 and 1.2-1.9 times as much

3. The content of HCH (o, B, y isomers) in the of these as bee pollen.
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Anoramisi. Men — e HaTypaidbHUH NPOIYKT, BUPOOJIEHNIT MEJOHOCHUMH OJDKONAaMH, SIKMH 3a PaxXyHOK HasBHOCTI B
HBOMY MiHEpaJFHHX PEUOBHH, BITaMiHIB, MPOCTUX IIyKpiB, OPTaHIYHUX KHCIIOT, aHTHOKCHIAHTIB i ()epMEHTIB, BBAXKA€THCS
MPOYKTOM 3 TAPHUMH TIOKUBHUMH Ta JIiKYBaJIbHUMH BITACTHBOCTSIMU. BCi KOPHCHI XapaKTePUCTHKH MEy 3HHKYFOThCS, SKIIO
BiH 3a0pyIHEHHI CTOPOHHIMM XIMIYHUMH PEUOBHMHAMHM, y TOMY YHCII ¥ mectunmaamMu. MeTor JaHoro JOCIiDKEHHS OyiIo
BHBYEHHSI HAaKOIMYCHHsI 3aJIMIIKIB MECTHIU/IIB Y KBITKaX PI3HUX THIIIB MEIOHOCHHX POCIHH, OMKOIMHOMY IWIKY Ta Meli,
orpumanux B Opecekiit obmacti mpotsrom 2015-2017 pokiB. 3a gomoMoror MeTony pimuHHOI xpomatorpadii Oyimo
nociijkeHo 121 3paskiB KBITIB 3 MEIOHOCHHX POCIHH i JiepeB, 78 3paskiB OmpkomuHoro nmuiky ta 104 3pasku meny. Mu
BUSIBIJIM, IO BCi JOCHI/DKEHI 3pa3kd OyM TO3MTHBHUMHU 1O TaKUX XJIOPOPTaHIUHHX MECTHIUIIB SIK 0, P, y—izoMepu
TeKCaXJIOPIUKIIOTEKCaHy 1 TUXJIOpIU(EHINTPUXIOPMETIVIMETaHy Ta HOro IMOXiTHUX B PI3HUX KOHIEHTpauisx. Hammmu
JOCITiKEHHSIME OYJI0 BCTAHOBJICHO, LIO Cepell 3pa3KiB MEJOHOCHUX POCIHH, BUCOKHH PIBEHb XJIOPOPTaHIYHMX MECTHIHIIB
OyB y 3pa3Kax KBIiTiB COHAIIHHKY 3 CEpeIHBOIO KOHIICHTPAII€IO 0, 3, Y—i30MepiB rekcaxiopiukiorekcany 7.51+0.04 Mxr/kr ta
JAT 6.98+0.02 mxr/kr. LIBiT rpeuku Ta iHIIHX MOJLOBHX TPaB (BKIIOYHO IOJHOBE PI3HOTPAB'S Ta KyJAbTYPHI POCIMHU) Mad
MEHILy KOHLEHTpalito Iux nectuuuiaiB. OKpiM TOro, OTpUMaHi pe3ylbTaTH IIOKa3ylOTh, L0 Yy KBiTaX IUIOAOBUX JEpeB
(BumHs, SIOJyHs, TpyIIa, BHIUHS, NEPCHK, CIMBa) Oylna HW)KYa KOHIGHTpALis JOCTIDKYBAHHUX IMECTHLHUIIB HDK Y KBITax
micoBux AepeB (Oima akaiis, juma). Pe3ympraTé 0OCTEXEHHsS OKOIMHOrO MHJIKY Ta 3pa3KiB Meoy IOKa3yloThb TaKy X
curyariro. HaiiBuina KoHIEHTpallis o, 3, Y—i30MepH reKcaxJIOPUUKIOreKCany Ta IUXJIOpAN(EHIITPUXIOPMETHIMETaHy Oyia y
3pa3Kax COHSIIHUKOBOTO MOXODKEHHS 3 CepeAHBbOI0 KOoHIeHTpauicto 3.524+0.05 ta 3.77+0.03 MKr/Kr y O/KOIHMHOMY HHJIKY,
2.74+0.01 ta 2.53+0.03 wmkr/kr — y Meni BimnoBimHo. [IpoTe, BHsBIICHI KOHLEHTpAIlii 3aJHUIIKIB MECTHUIMOIB Yy BCIX
JOCII/DKYBAaHUX 3pa3kax Oyl MEHIIMMHM, HiDK TPaHHYHI JIOIMYCTHUMi PiBHi, 3a3HAa4YeHI y HaI[lOHAIBbHHX Ta €BPONEHCHKUX
crangaprax. He3paxarouu Ha 116, MU IIPOIIOHYEMO PETYIISPHUNA MOHITOPUHI 3IMLIKIB IECTULHUAIB Y MEIOHOCHUX POCIMHAX Ta
B NPOAYKTax O/DKUIPHHITBA HA HAI[IOHAJIBHOMY pIiBHI i 3a0e3ledeHHs sSKOCTI Ta OE3MeKH MeAy Ta 3aXHCTy 3/I0pOB'S
CIIO)KUBAYIB.

KiouoBi ciioBa: o, B, y—i30MepH rekcaxJIOpUUKIOreKCany, AUXJI0pAU(eHIITPUXIOPMETHIIMETaH Ta HOro MOXi/IHi, METO
ra3opirHHOI XpoMaTorpadii, MEIOHOCHI POCIUHH, MeJl, O/PKOINHUI MTHIIOK.
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