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Methodology for determining the residual content
of active ingredients of agrochemicals in surface waters

Abstract. Agricultural water bodies are multifunctional objects in the agricultural production cycle.
Residual amounts of the active ingredients of pesticide agrochemicals can enter and contaminate
a water body during some agro-technological tasks. The purpose of this study was to investigate
the conditions for the extraction of residual amounts of xenobiotics from surface water containing
suspended particles and to measure their content by chromatographic methods. To determine the
optimal conditions for the extraction of target xenobiotics, the values of the lipophilicity parameters
of their molecules were considered. The methodology for determining the content of lipophilic
xenobiotics by chromatographic methods with mass-selective detection in surface water samples
includes a step of separating suspended particles, the content of which in the samples under study
was controlled by gravimetric analysis and varied within 135-1500 mg/m?. The target compounds
were extracted using n-hexane and acetonitrile. The analytes in the acetonitrile concentrate were
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determined according to high-performance liquid and gas chromatography with mass-selective
detectors (HPLC/MS/MS and GC/MS). The achieved limit of detection of xenobiotics was 0.02 pg/m?,
the limit of quantification of xenobiotics was 010 pg/m?. To substantiate the possibility of applying
the proposed methodology, the following indicators were investigated: linearity of analytical signals
with the amount of analytes in the solution, correctness, convergence, and accuracy of measurement
results. The linear concentration range of the method for the determination of xenobiotics of diverse
groups is 0.10-1.00 pg/m?, characterised by a regression coefficient of the linear dependence of
the measurement of individual compounds (R?) exceeding 0.99. The degree of analytes recovery
(percentage of recovery r, %) was within 85-120%, which indicates the acceptability of the proposed
xenobiotic extraction procedure. The error of the measurementresults was calculated as the standard
deviation (S, %), which did not exceed 6%. The findings of this study suggested that the developed
methodology is suitable for monitoring the residual content of active ingredients of agrochemicals
in surface waters and predicting the level of water pollution

Keywords: lipophilic xenobiotics; extraction; water bodies; surface water; suspended solids;

chromatography

INTRODUCTION

The anthropogenic load of pesticides on the en-
vironment, specifically on water bodies located
in close proximity to the area where plant pro-
tection products are used, is an undeniable fact.
Crop cultivation technologies involve the use of
plant protection products and require further
control of their residual amounts in products
and in the environment, including water.

It was proved (Kurbatova et al.,, 2022) that
xenobiotics of different chemical nature and
mechanism of action, when released into nat-
ural water bodies with wastewater from indus-
trial enterprises, municipal and agricultural
facilities, adversely affect metabolic processes
in the tissues of aquatic organisms. The impact
of xenobiotic substances on aquatic organisms
poses not only a constant threat but entails an
urgent need to monitor the threats they pose and
develop modern methods for restoring polluted
ecosystems (Piwowarska § Kiedrzyriska, 2022).

To assess xenobiotic contamination of a wa-
ter body, the content of individual xenobiotics is
measured and compared with their maximum
permissible concentration (MPC) or assessed
using multiplicative models using various pa-
rameters of anthropogenic load (DSanPiN
8.81.2.3.4.-000-2001, 2001; Gonzalez-Gaya et al,,
2021). The results of monitoring the content of
pesticides of different chemical groups in wa-
ter correlate with the amount of precipitation
that washes away and transfers xenobiotics
directly with runoff to surface water bodies or
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ensures their movement to different depths up
to groundwater layers. The presence of long-
term effects and remote occurrence of some pol-
lutants from diverse groups of pesticides in water
bodies is associated with the physicochemical
properties of their molecules, the specific fea-
tures of the processes of degradation, migration
and biotransformation of molecules in the soil
(Baran et al,, 2021). The duration of migration in
soil layers ranges from one year to decades, es-
pecially for organochlorine pesticides. Atrazine,
the active ingredient of herbicides, has an MPC
in water of reservoirs of 0.001 mg/m? (DSanPiN
8.81.2.34.-000-2001, 2001). Residual amounts
of atrazine are found in water bodies almost af-
ter several months of the last application in ag-
ricultural areas close to water (Prukjareonchook
et al., 2023). Scientists use different methods to
determine atrazine in water bodies (Hassan et al.,
2023, Huang et al., 2023). Since 2004, according to
the Stockholm Convention on Persistent Organic
Pollutants, nearly 170 countries have banned the
use of DDT insecticides for agricultural purposes.
The MPC for this persistent pollutant in water is
0.002 mg/m?3.Itis in the focus of modern monitor-
ing studies of water resources around the world
(Sackaria & Elango, 2020; Linlin et al., 2020).
Considering the nature of the samples and
detection methods, researchers managed to de-
tect even small concentrations of xenobiotics in
water bodies, their accumulation processes and
dispersed-phase distribution (Stefanac et al,
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2021; Milyukin & Gorban, 2021). Atrazine and
DDT are lipophilic xenobiotics that are absorbed
by aquatic organisms in aquatic ecosystems and
adsorbed to suspended particles of sand, clay,
silt, plankton, and plant decomposition prod-
ucts. The component composition of not only
the extracts obtained from water, but the sedi-
ment removed during the preparation of a lab-
oratory water sample is also under investigation
(Tereshchenko et al., 2020).

The purpose of this study was to investigate
the conditions of extraction from surface water
and to measure the content of residual amounts
of active ingredients of agrochemicals by chro-
matographic methods.

MATERIALS AND METHODS

The solvents and reagents used in the study
corresponded to the qualification “for chroma-
tography” and “purity for analysis™ acetonitrile,
isopropanol, acetone, deionised water, n-hex-
ane, sodium chloride, sodium citrate, magnesi-
um sulphate. Water samples from non-flowing
water bodies and from adjacent rivers were col-
lected per (DSTU ISO 5667-4:2003, 2003; DSTU
ISO 5667-6:2009, 2012), and a series of labo-
ratory samples were prepared. These samples
contained suspended compounds. Model sys-
tems (based on deionised water and on labora-
tory samples of surface water) were created to
find optimal conditions for sample preparation
for extraction of xenobiotics. The model systems
contained lipophilic and hydrophilic xenobiotics
introduced by dissolving the respective analytical
standards produced by Sigma-Aldrich. Reference
data on the physical and chemical properties of
these xenobiotic molecules were collected from
the ChemDraw library. Suspended solids were ex-
tracted from water samples according to the vac-
uum filtration method developed and tested in
our previous studies using nylon membrane fil-
ters (Tereshchenko et al,, 2020). The gravimetric
analysis was performed using a KERN analytical
balance of the first accuracy class (division value
0f 0.0001g). The dry residue (D ) was quantified by
mass concentration, calculated according to the
following formula:

D, = m/V, ®
where D_is the mass concentration of suspended
solids in the water sample, mg/m3; m is the mass
of suspended solids removed from the water

sample on the filter, mg; V is the volume of the
water sample, m®.

The dry residue was quantitatively trans-
ferred to an extractor and extracted in two steps
with n-hexane and acetonitrile. The aqueous
filtrate was divided into two parallel laboratory
samples and subjected to extraction with n-hex-
ane, buffering of the solution, followed by ex-
traction with acetonitrile. The obtained extract
was evaporated in portions of 10 cm?® and dried
to dryness in a flask of a rotary evaporator RV05
basic 2-B IKA, the concentration ratio was 30:1.
The content of chemical compounds in the ob-
tained concentrate was investigated according
to chromatographic methods. The xenobiotics
content was measured by high-performance
liquid and gas chromatography with mass-se-
lective detectors (HPLC/MS/MS and GC/MS)
using HPLC UltiMate 3000-MSD 3200 Q TRAP
and Agilent Technologies 7890-MSD 5975C in-
struments. Statistical processing of the exper-
imental data was performed using the Micro-
soft Excel software package, the measurement
error was calculated as the standard deviation
(SV, %), and the degree of xenobiotic extraction
from artificially enriched laboratory samples
was estimated as a percentage (r, %). The proper
functioning of the measuring equipment was
checked using test mixtures, and the test results
were recorded and analysed using Schuchart’s
control cards (DSTU ISO 7870-2:2016, 2016).

RESULTS AND DISCUSSION

To perform laboratory control of the content of
residual amounts of pesticide formulations in
surface water, standardised or proprietary meth-
ods that have passed the validation procedure are
used. However, the variability of the component
composition of agrochemicals, the complexity
and high cost of xenobiotic determination stud-
ies prompts researchers to further search for
optimal conditions for the extraction and de-
termination of pollutants in surface waters. The
methodology proposed in this paper differs from
the existing ones (Lopez et al, 2015; Milyukin &
Gorban, 2021) by using organic solvents unified
for chromatographic analysis and extraction of
target substances, a lower temperature regime
at the stage of evaporation of the extractant,
and a new concentration interval that allows
working with water samples contaminated with
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pesticides of different chemical groups. Valida-
tion studies of the developed model of the meth-
odology for investigating safety indicators allow
applying the methodology for monitoring surface
waters of Ukraine. The search for a methodology
for effective monitoring and detection of the ef-
fects of mixing surface water with various sourc-
es of pollution is described in the studies of other
authors (Linlin et al., 2020; Pinasseau et al., 2023),
which do not consider the content of suspended
particles and their ability to absorb pesticides,
but assume the presence of xenobiotics of vari-
ous chemical groups in water.

At the preparatory stage of creating a new
laboratory control methodology, it is necessary
to assess the possibility of extracting target an-
alytes from the sample (Tereshchenko et al,
2020), and, considering potential sources of
contamination and the results of literature re-
search, to create an expanded list of contami-
nants (Lopez et al., 2015; Pinasseau et al., 2023).
The study of lipophilic xenobiotics in natural
water samples is complicated by the presence of
suspended particles that can be adsorbed by an-
alytes (Milyukin & Gorban, 2021). Sample prepa-
ration for testing should include the extraction
of xenobiotics from the dispersed medium

(water) and their desorption from the dispersed
phase (suspended particles). The main param-
eters that allow predicting the course of the
extraction process of each xenobiotic are the
value of the dipole moment of its molecule, the
analyte distribution constant in the octanol-wa-
ter system (C_,) and the logarithm of the distri-
bution coefficient in the octanol-water system
(logD) (Sangster, 1997). These parameters are
widely used in numerous theoretical and exper-
imental models and studies of the distribution
of differently functional chemical compounds
in a system of two immiscible solvents (Ferrari
et al., 2018; Milyukin & Gorban, 2021). Given the
changes in the component composition of agro-
chemicals, the persistence of xenobiotics in the
environment and the prevalence of the use of a
certain list of pesticides (Pinasseau et al., 2023),
the search for optimal conditions for the meth-
odology of extraction of target xenobiotics
began with the consideration of the values of
lipophilicity parameters (logD) of the molecules
of active ingredients of various pesticide for-
mulations (Table 1), which are allowed for use in
Ukraine and are subject to laboratory control in
products and environmental objects (DSanPiN
8.81.2.34.-000-2001, 2001).

Table 1.logD parameter and pesticidal effect of xenobiotic molecules

Pesticide logD Pesticidal effect
Atrazine 2.58
Acetochlorine 414
Bifenox 4.37 Herbicide
Glyphosate -312
Dicamba -1.88
Paraquat -4.50
Acephate -0.85
DT 686 Insecticide
Deltamethrin 6.21
Imidocloprid 119
Oxadixyl 138
Propamocarb 0.84 Fungicide
Ciproconazole 3.09
Fosetyl -0.70
Ethephone -1.89 Growth regulator

Source: compiled by the authors of this study

Table 1 shows that the following pesticides
cannot be extracted with octanol in the model
laboratory methodology for the study of the list
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of pesticides: acephate, glyphosate, dicamba,
paraquat, fosetyl, ethephon, since they are li-
pophobic (hydrophilic) compounds. Therewith,
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atrazine, acetochlor, biphenox, DDT, deltame-
thrin, imidocloprid, oxadixyl, propamocarb, and
ciproconazole are lipophilic and are subject to
redistribution to the organic layer. To extract
xenobiotics from the samples considered in Ta-
ble 1, the extraction conditions proposed in this
study were applied, which differ from the ex-
traction conditions proposed by other authors,
specifically, at the first stage by gravimetric

accounting of suspended particles and sub-
sequent extraction of xenobiotics (Sackaria &
Elango, 2020; Milyukin & Gorban, 2021; Milyukin
& Gorban, 2022).

In general, the scheme of sample prepara-
tion according to the proposed methodology is
presented in Figure 1, aimed at the extraction of
target xenobiotics molecules characterised by a
wide range of lipophilicity parameters (Table 1).

Suspended solids extraction and gravimetric analysis (stage 1)

"

Extraction of xenobiotics and separation of suspended solids (stage 2)

.

Concentration of working solutions (stage 3)
Gravimetric analysis and calculation of mass content

-

Chromatographic analysis of working solutions, prepared samples and analytical standards of xenobiotics,
creation of programme files (stage 4)

-

Calculations and preparation of the research protocol (stage 5)

.

Quality control of sample testing.
Measurement of reference materials (stage 6)

Figure 1. Schematic of the methodology for laboratory control of xenobiotics in water samples
with suspended solids

Source: compiled by the authors of this study

The proposed methodology is interesting
because different molecules with appropriate
logD parameters (Table 1) can be studied in the
extract, and the methodology is not overloaded
with the extraction and measurement of pesti-
cide degradation products, specifically atrazine,
which was investigated by other authors (Lopez
et al.,, 2015) in surface water extracts.

1110° c. u. (a)
4
y=4-10"x - 5-108
3 R?=0.9987
2
1
0 Py .

3 6 9

Since mass spectrometric methods of re-
search allow identifying chemical compounds
according to their individual characteristics,
namely: retention time on the chromatographic
column (t, min), the ratio of the ion mass to its
charge (m/z). The results are used to obtain cali-
bration dependencies (Fig. 2) and further quan-
titative analysis.

(b)

24 y=3-10" - 3-10°
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Figure 2. Scaling dependence of the intensity of the analytical signal of DDT (a) and imidacloprid (b)
on their content in the calibration solution: study by GC/MS (a) and HPLC/MS/MS (b)

Source: compiled by the authors of this study
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To establish the specificity of the method-
ology and the efficiency of the extraction of tar-
get components, mixtures of xenobiotics char-
acterised by different logD values were used in
the study (Table 1). Due to their physicochemical
properties, hydrophilic xenobiotics are not ex-
tracted by organic extractants and do not inter-
fere with the chromatographic control of target
substances. The difference in logD values of lipo-
philic analytes is noteworthy. Based on the analy-
sis of logD values, it can be expected that DDT will
be extracted into the organic layer most rapidly
and in larger quantities, while imidocloprid will
be extracted most slowly and with concentration
losses. The efficiency of lipophilic xenobiotics
extraction into the organic layer can be amplified
by buffering the aqueous layer with salt mixtures
(Hrybova et al, 2019), the ions of which inhibit
the ionisation of functional groups of xenobiotic
molecules and shift the equilibrium towards the
formation of target organic molecules, which en-
sures reproducibility of the results of the study
of model solutions and is a more affordable way
to extract pesticides compared to the method of
their solid-phase extraction from water and wa-
ter-containing objects (Harshit et al., 2017). Quan-
titative control of the analytes content was per-
formed using the methods of chromatographic
separation and mass spectrometric measurement
described above in the experimental procedure.

Fixing the noise value and calculating the
ratio of the noise value on the chromatogram to
the analytical signal value of each individual xe-
nobiotic allowed determining the limit of iden-
tification (qualitative detection) and the limit of
quantification of the lipophilic substances men-
tioned in the study. The limit of quantification of
a xenobiotic is set as the concentration of a sub-
stance that produces an analytical signal (peak)
on a chromatogram, the intensity of which is 10
times higher than the intensity of system noise
(signal: noise ratio = 10). Considering the pre-
liminary concentration (30 times), the limit of

detection of xenobiotics is 0.02 pg/m?, the lim-
it of quantification of xenobiotics is 0.10 pg/m?.
The linearity of the analytes’ signals on the chro-
matograms with their content in the samples is
within 010 pg/m? to 100 pg/m?3 The analysis of
the experimental observations and the obtained
equations of calibration dependencies, together
with the approximation values, indicate the high
sensitivity of the mass spectrometric detectors
used in this study (Fig. 2). The water samples,
with a content of 135+20 to 1,500+100 mg/m?3 of
suspended solids, required a stepwise extrac-
tion of the dispersion medium and dispersed
phase analytes. The resulting acetonitrile ex-
tracts were combined for chromatographic
control. For the metrological certification of the
multi-stage methodology for measuring the
xenobiotic content, a study was conducted to
determine the convergence, accuracy, and re-
producibility of the measurement results. Given
that the amount of data required for statistical
analysis can vary, four parallel water samples
were prepared in each series of studies. One
sample from the created parallel of samples was
studied as a blank sample of surface water (with-
out xenobiotics), which helped control matrix
signals and identify non-target co-extractive
substances. Three samples were studied in par-
allel after artificial introduction of xenobiotics
in the amount of: 0.10, 0.50, and 1.00 pg/m3. The
measurements of each sample were repeated
ten times, which helped obtain a sample of data
for estimating the standard deviation (S, %). The
results of the chromatographic control of arti-
ficially contaminated samples were compared
with the expected xenobiotic content. The pa-
rameter that characterised the accuracy of the
measurement results was the degree of xenobi-
otic extraction after artificial contamination, or
the percentage of return (r, %) of the xenobiotic
added to the sample. Quantitative parameters
for assessing the convergence and accuracy of
measurements are presented in Table 2.

Table 2. Results of the evaluation of xenobiotics measurement in surface water samples under
convergence conditions (n=10, P=0.95)

L. Added to the sample ‘ Defined r ‘ S
Xenobiotic :
pg/m’ %
0.10 012 120.0 55
Atrazine 0.50 049 98.0 29
1.00 1.00 100.0 31

Plant and Soil Science, (14) 2
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Table 2. Continued

i Added to the sample \ Defined r \ S
Xenobiotic

pg/m? %

0.10 0.10 100.0 41

Acetochlorine 0.50 0.51 1020 29

100 100 100.0 27

0.10 011 1100 54

Bifenox 0.50 048 96.0 51

100 100 100.0 31

0.10 011 1100 27

DDT 0.50 0.50 100.0 19

100 100 100.0 15

0.10 0.10 100.0 4.8

Deltamethrin 0.50 0.50 100.0 3.5

1.00 100 100.0 19

0.10 012 120.0 51

Imidocloprid 0.50 0.50 100.0 41

100 100 100.0 29

0.10 011 110.0 47

Oxadixyl 0.50 048 96.0 4.5

100 100 100.0 29

0.10 011 110.0 59

Propamocarb 0.50 045 90.0 39

100 100 100.0 54

0.10 0.10 100.0 49

Ciproconazole 0.50 0.50 1000 2.5

100 100 100.0 17

Source: compiled by the authors of this study

Comparison of the amounts of xenobiotics
introduced into the sample with the determined
amounts showed that under the optimal condi-
tions of the proposed method, both a decrease
(loss) of analyte content and an increase in ana-
lyte content occurred. As the amount of analyte
added to the sample increases, the recovery rate
of this substance approaches 100%. The lowest
concentrations of administered xenobiotics are
characterised by results that exceed the cor-
responding expected value. By examining the
degree of extraction of substances that were
added to the sample in an amount according to
the values of the middle of the linear range, one
can see a decrease in the parameter (90-100%).
This is conditioned upon the integration of an-
alytical signals on the chromatogram with ran-
dom noise, which has the greatest impact on the
signals generated by the lowest concentrations
of analytes. Analysing the obtained values and
considering the methodological recommenda-
tions for acceptance of measurement results

(Document SANCO/12571/2013, 2013), the re-
sults obtained can be considered satisfactory,
as they do not exceed the permissible deviation
of the expected content (80-120%) and indicate
the suitability of the methodology for measure-
ment. Inturn, the value of the standard deviation
(Sr, %) can be used to assess the convergence of
measurement results, as it is obtained as a re-
sult of experimental work carried out under the
same conditions using the same equipment, by
the same researcher, in a short period of time,
i.e., under convergence conditions. The obtained
standard deviation value does not exceed 6.0%,
which shows the proximity of the results ob-
tained, the result being within a fairly narrow
range within the method error.

Toverify the possibility of performing meas-
urements according to the optimal conditions of
the methodology by independent performers
using different batches of reagents and at dif-
ferent times of measurement, the conditions
were created, and the metrological parameters

Plant and Soil Science, (14) 2
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of intra-laboratory accuracy were calculated.
Four parallel water samples were prepared: a
blank sample and three samples with artificially

added xenobiotics, pg/m* 0.20, 040, 0.60. The
quantitative parameters of the definition are
presented in Table 3.

Table 3. Results of evaluation of xenobiotics determination in surface water samples under
precision conditions (n=10, P=0.95)

. Added to the sample ‘ Defined r ‘ S,
Xenobiotic

pg/m? %

0.20 018 90.0 37

Atrazine 040 0.39 975 43

0.60 0.59 98.3 27

0.20 0.20 100.0 3.5

Acetochlorine 040 0.38 95.0 29

0.60 0.62 103.3 27

0.20 0.19 95.0 49

Bifenox 040 0.37 925 47

0.60 0.57 95.0 44

0.20 0.20 100.0 25

DDT 040 0.39 975 19

0.60 0.61 1017 16

0.20 0.20 100.0 23

Deltamethrin 040 0.39 975 34

0.60 0.58 96.7 2.8

0.20 018 90.0 41

Imidocloprid 040 041 102.5 40

0.60 0.60 100.0 39

0.20 018 90.0 45

Oxadixyl 040 042 105.0 41

0.60 0.58 96.7 3.8

0.20 017 85.0 57

Propamocarb 040 0.36 90.0 49

0.60 0.61 1017 50

0.20 0.20 100.0 25

Ciproconazole 040 0.39 975 23

0.60 0.62 103.3 27

Source: compiled by the authors of this study

As a result of the studies, it was found that
the standard deviation of the results of deter-
mining the content of xenobiotics in water sam-
ples obtained under conditions of intra-labo-
ratory precision ranges from 1.6 to 57%, which
indicates the absence of systematic errors in the
implementation of laboratory control according
to the conditions of the proposed methodology.

CONCLUSIONS

Thus, the laboratory control of xenobiotics in
surface waters with suspended solids content
from 135+20 to 1500+100 mg/m? has several
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features. The proposed method for determining
the content of lipophilic xenobiotics in surface
water samples includes several stages: separa-
tion of suspended particles from water samples
by vacuum filtration using membrane filters; ex-
traction of target compounds from the dry resi-
due using n-hexane and acetonitrile.

The treatment of the aqueous filtrate be-
tween the n-hexane and acetonitrile extrac-
tions includes a stage of buffering the solution
with salt mixtures to enhance the efficiency of
xenobiotic extraction into the organic layer. Hy-
drophilic xenobiotics are not extracted with an
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organic extractant and do not interfere with the
chromatographic control of target substances.
The resulting extracts are concentrated thirty
times in a rotary evaporator at 40°C to a volume
of 1 ml. Laboratory control of xenobiotics is con-
ducted according to high-performance liquid
and gas chromatography with mass-selective
detectors (HPLC/MS/MS and GC/MS).

The linearity of the analytical signal on the
chromatograms was recorded in the study of
xenobiotics of diverse groups in the concen-
tration range of 010-1.00 pg/m?, the regression
equations are characterised by correlation coef-
ficients (R?) greater than 0.99. The limit of detec-
tion for xenobiotics is 0.02 pg/m?, and the limit
of quantification is 0.10 pg/m>. The degree of an-
alytes extraction ranges from 85 to 120%, which
indicates the acceptability of the proposed xe-
nobiotic extraction procedure.

The results of measuring the content of xe-
nobiotics in surface water analysed in this study,
obtained under conditions of convergence and
intra-laboratory reproducibility, give grounds to
assert that the developed method is suitable for
use in other laboratories equipped pursuant to
the requirements of the method. The proposed
methodology will allow monitoring the content of
xenobiotics in the surface waters of Ukraine. Fur-
ther research in the context of this issue may ex-
pand the list of xenobiotics that can be identified
by the developed methodology in surface waters.
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MeToauKa BU3HAUYEHHS 3aJ/IMLLKOBOro BMICTY aKTUBHMUX
iHrpepieHTIiB arpoxiMiuHUX NpenapaTiB y NOBepXHEBUX Bogax

AHoTauiga. BozoiMu CiTbCBKOTOCIIOZAPCHKOTO TPU3HAUYEeHHS € 6araTodyHKIiOHATbHUMU
obeKTaMU y LMKIi BUPOGHUIITBA CiIbCBKOTOCIIONAPCHKOI IPOAYKIIL. 3ayUINIKOBI KiJIBKOCTI
AKTMBHUX IHTPEMi€HTIB arpoxiMiKaTiB TPyIy MEeCTULNIIB MOXKYTh ITOTPAIUIATY i 3a6pyAHIOBATH
BOZOMMHMUIIIE TIifl YaC BUKOHAHHS HU3KU arpOTEXHOJIOTIYHUX 3aBJaHb. MeTOI0 [aHOI po60TH CTajIo
BUBYEHHS YMOB BUJIyUEeHHS 3 IIOBEPXHEBOI BOAY, L0 MiCTHJIA 3aBUCII YaCTHMHKY, 3aJIUIIKOBUX
KiJIBKOCTEN KCEHOGIOTHKIB Ta BUMipIOBaHHA iX BMICTy xpomarorpadiuHuMM MeTomaMu. [Jis
BU3HAUEHHS ONTUMAaJIbHUX YMOB EKCTPAaKIlii I[IIbOBUX KCEHOGIOTHMKIB PO3ITIAHYTO BEIUYUHU
rmapaMeTpiB JTinmodimbHOCTI iX MOIEKy1. MeToAVKa BUSHaYEHHS BMiCTY JTMOpiTbHIX KCEHOBIOTHKIB
xpoMarorpadiyHUMU MeToZaMHU 3 Mac-CeJeKTHBHUM [IeTeKTyBaHHAIM y 3pa3KaxX ITOBepXHeBOl
BOAY MICTUTH eTall BiJOKpeMJIeHHs 3aBUCIINX YAaCTUHOK, BMICT KOTPUX B JOCIIAKEHUX 3pa3Kax
KOHTPOJIIOBaBCA rpaBiMeTPUYHUM aHaJTi30M Ta BapiloBaBcs B Aiama3oHi 135-1500 Mr/m3. EKCTpaKIIito
LIITBOBUX CIIONYK 3ZiMCHEHO 3a JOTIOMOTrOI0 H-TeKCaHy Ta alleTOHITpWIy. B alleTOHITpMIBHOMY
KOHILIEHTpAaTi BU3HAUaIM aHaTiTH 6e31ocepefHbO METOJaMU BUCOKOebERTUBHOI piIMHHOI Tara30B01
xpomarorpadii 3 Mac-celeKTUBHUMU feTekTopamu (BEPX/MC/MC Tta I'X/MC). ocarHyta Meska
BUABJIEHHA KCEHOb6IOTHKIB cTaHOoBMIIA 0,02 MKI/M3, MesKa KiJIbKICHOIO BU3HAYEeHHA KCeHObIOTUKIB
cTaHoBUTS 0,10 MKT/M3. 17151 06T pYHTYBaHHS MOXKJIMBOCT] 32CTOCYBaHHS 3aIIPOIIOHOBAHOI METOJUKU
IIPOBEZIEHO NOCIIMIKeHHS [TOKAa3HUKIB: JIIHINHOCTI BEIMYMH aHAJITUYHUX CUTHAJIIB BifI KiJIbKOCTI
aHAJITIB B PO3YMHI, IPAaBUIBHOCTI, 36DKHOCTI, IPeIn3iiHOCTI pe3ynbTaTiB BUMipIoBaHb. JIiHIMHUN
IiarasoH KOHIIEHTPALiM 3aCTOCYBaHHSA METOAUKU [JI1 BU3HAYEHHS KCEHOGIOTUKIB pi3HMX
rpyn cTaHoBUTh 0,10-1,00 MKT/M®, XapaKTepU3YEThCA BEIMYMNHOIO KoedillieHTa perpecii miHiriHOi
3aJIEKHOCTI BUMIpIOBAaHHA iHAMBiAyanbHUX crionyk (R?), mo mepesuinye 0,99. CTYIIiHb BUIyYEHHA
aHaJIiTiB (BimcoToK IIOBEpHEHHA T, %) 3HAXOAUTHCA B Meskax 85-120 %, 110 BKa3ye Ha IPUWHATHICTD
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3aITPOITOHOBAHOI TIPOLIEyPU EKCTPaKIlil KCceHO6iOoTHKiIB. IIoXM6Ka pe3ylIbTaTiB BUMipIOBaHHS
pO3paxoBaHO Yepes3 cepeJHbOKBaApaTUUHE BilXWJI€HHSA (Sr, %), He TiepeBuIlyBaa 6 %. PesyasraTu
IOCHIKEHHS II0Ka3yloTh, L0 pPO3pobjeHa METOAWKA € IPUAATHO IJi1 MOHITOPMHIOBUX
JIOCTiIKeHb 3a/IMIIKOBOI0 BMiCTy aKTMBHUX iIHTPeZI€HTIB arpoXiMidYHUX ITpeIiapariB y IOBEpXHEBUX
BOJZlax Ta ITPOTHO3YBaHHS PiBHA 3a6pyIHEHHS BOLOUM

KniouoBi cnoB.a: ntirnodinbHi KCeHO610TUKY; EKCTPAKIIif; BOAHI 06 €KTH; TOBEpXHEBa BOIA; 3aBUCTI
YaCTUHKY; XxpoMaTorpadis
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