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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/m3. 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 µg/m3, 
the limit of quantification of xenobiotics was 0.10 µg/m3. 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 µg/m3, characterised by a regression coefficient of the linear dependence of 
the measurement of individual compounds (R2) 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 measurement results was calculated as the standard 
deviation (Sr, %), 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 & Kiedrzyńska, 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 
8.8.1.2.3.4.-000-2001, 2001; González-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 

 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/m3 (DSanPiN 
8.8.1.2.3.4.-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/m3. It is 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 (Štefanac 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 
of 0.0001 g). The dry residue (Dr) was quantified by 
mass concentration, calculated according to the 
following formula:

𝐷𝐷𝐷𝐷𝑟𝑟𝑟𝑟 =  𝑚𝑚𝑚𝑚/𝑉𝑉𝑉𝑉,   (1)
where Dr 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, m3.

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 cm3 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 
(Sr, %), 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 (Cow) 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 
8.8.1.2.3.4.-000-2001, 2001).

Table 1. logD parameter and pesticidal effect of xenobiotic molecules
Pesticide logD Pesticidal effect
Atrazine 2.58

Herbicide

Acetochlorine 4.14
Bifenox 4.37

Glyphosate  -3.12
Diсamba  -1.88
Paraquat  -4.50
Acephate  -0.85

Insecticide
DDT 6.86

Deltamethrin 6.21
Imidocloprid 1.19

Oxadixyl 1.38

Fungicide
Propamocarb 0.84
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 

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). 

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

 

Suspended solids extraction and gravimetric analysis (stage 1) 

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) 

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

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. 

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.

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

4

3

2

1

0

2.4

1.6

0.8

0
3 6 9 3 6 9

y = 4∙1011x – 5∙108

R2 = 0.9987
y = 3∙1011x – 3∙108

R2 = 0.9981

I∙109, c. u.

C∙10-3, mg/1

(a) (b)



Tereshchenko et al.

75Plant and Soil Science, (14) 2

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 µg/ m3, the lim-
it of quantification of xenobiotics is 0.10 µg/m3. 
The linearity of the analytes’ signals on the chro-
matograms with their content in the samples is 
within 0.10 µg/m3 to 1.00 µg/m3. 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/m3 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 µg/m3. The 
measurements of each sample were repeated 
ten times, which helped obtain a sample of data 
for estimating the standard deviation (Sr, %). 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)

Xenobiotic
Added to the sample Defined r Sr

µg/m3 %

Atrazine
0.10 0.12 120.0 5.5
0.50 0.49 98.0 2.9
1.00 1.00 100.0 3.1
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Xenobiotic
Added to the sample Defined r Sr

µg/m3 %

Acetochlorine
0.10 0.10 100.0 4.1
0.50 0.51 102.0 2.9
1.00 1.00 100.0 2.7

Bifenox
0.10 0.11 110.0 5.4
0.50 0.48 96.0 5.1
1.00 1.00 100.0 3.1

DDT
0.10 0.11 110.0 2.7
0.50 0.50 100.0 1.9
1.00 1.00 100.0 1.5

Deltamethrin
0.10 0.10 100.0 4.8
0.50 0.50 100.0 3.5
1.00 1.00 100.0 1.9

Imidocloprid
0.10 0.12 120.0 5.1
0.50 0.50 100.0 4.1
1.00 1.00 100.0 2.9

Oxadixyl
0.10 0.11 110.0 4.7
0.50 0.48 96.0 4.5
1.00 1.00 100.0 2.9

Propamocarb
0.10 0.11 110.0 5.9
0.50 0.45 90.0 3.9
1.00 1.00 100.0 5.4

Ciproconazole
0.10 0.10 100.0 4.9
0.50 0.50 100.0 2.5
1.00 1.00 100.0 1.7

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. In turn, 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.

To verify 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 

Table 2. Continued
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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, μg/m3: 0.20, 0.40, 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)

Xenobiotic
Added to the sample Defined r Sr

µg/m3 %

Atrazine
0.20 0.18 90.0 3.7
0.40 0.39 97.5 4.3
0.60 0.59 98.3 2.7

Acetochlorine
0.20 0.20 100.0 3.5
0.40 0.38 95.0 2.9
0.60 0.62 103.3 2.7

Bifenox
0.20 0.19 95.0 4.9
0.40 0.37 92.5 4.7
0.60 0.57 95.0 4.4

DDT
0.20 0.20 100.0 2.5
0.40 0.39 97.5 1.9
0.60 0.61 101.7 1.6

Deltamethrin
0.20 0.20 100.0 2.3
0.40 0.39 97.5 3.4
0.60 0.58 96.7 2.8

Imidocloprid
0.20 0.18 90.0 4.1
0.40 0.41 102.5 4.0
0.60 0.60 100.0 3.9

Oxadixyl
0.20 0.18 90.0 4.5
0.40 0.42 105.0 4.1
0.60 0.58 96.7 3.8

Propamocarb
0.20 0.17 85.0 5.7
0.40 0.36 90.0 4.9
0.60 0.61 101.7 5.0

Ciproconazole
0.20 0.20 100.0 2.5
0.40 0.39 97.5 2.3
0.60 0.62 103.3 2.7

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 5.7%, 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/m3 has several 

 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 0.10-1.00 µg/m3, the regression 
equations are characterised by correlation coef-
ficients (R2) greater than 0.99. The limit of detec-
tion for xenobiotics is 0.02 µg/m3, and the limit 
of quantification is 0.10 µg/m3. 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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Методика визначення залишкового вмісту активних 
інгредієнтів агрохімічних препаратів у поверхневих водах

Анотація. Водойми сільськогосподарського призначення є багатофункціональними 
об’єктами у циклі виробництва сільськогосподарської продукції. Залишкові кількості 
активних інгредієнтів агрохімікатів групи пестицидів можуть потрапляти і забруднювати 
водоймище під час виконання низки агротехнологічних завдань. Метою даної роботи стало 
вивчення умов вилучення з поверхневої води, що містила завислі частинки, залишкових 
кількостей ксенобіотиків та вимірювання їх вмісту хроматографічними методами. Для 
визначення оптимальних умов екстракції цільових ксенобіотиків розглянуто величини 
параметрів ліпофільності їх молекул. Методика визначення вмісту ліпофільних ксенобіотиків 
хроматографічними методами з мас-селективним детектуванням у зразках поверхневої 
води містить етап відокремлення завислих частинок, вміст котрих в досліджених зразках 
контролювався гравіметричним аналізом та варіювався в діапазоні 135-1500 мг/м3. Екстракцію 
цільових сполук здійснено за допомогою н-гексану та ацетонітрилу. В ацетонітрильному 
концентраті визначали аналіти безпосередньо методами високоефективної рідинної та газової 
хроматографії з мас-селективними детекторами (ВЕРХ/МС/МС та ГХ/МС). Досягнута межа 
виявлення ксенобіотиків становила 0,02 мкг/м3, межа кількісного визначення ксенобіотиків 
становить 0,10 мкг/м3. Для обґрунтування можливості застосування запропонованої методики 
проведено дослідження показників: лінійності величин аналітичних сигналів від кількості 
аналітів в розчині, правильності, збіжності, прецизійності результатів вимірювань. Лінійний 
діапазон концентрацій застосування методики для визначення ксенобіотиків різних 
груп становить 0,10-1,00 мкг/м3, характеризується величиною коефіцієнта регресії лінійної 
залежності вимірювання індивідуальних сполук (R2), що перевищує 0,99. Ступінь вилучення 
аналітів (відсоток повернення r, %) знаходиться в межах 85-120 %, що вказує на прийнятність 
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запропонованої процедури екстракції ксенобіотиків. Похибка результатів вимірювання 
розраховано через середньоквадратичне відхилення (Sr, %), не перевищувала 6 %. Результати 
дослідження показують, що розроблена методика є придатною для моніторингових 
досліджень залишкового вмісту активних інгредієнтів агрохімічних препаратів у поверхневих 
водах та прогнозування рівня забруднення водойм

Ключові слова: ліпофільні ксенобіотики; екстракція; водні об’єкти; поверхнева вода; завислі 
частинки; хроматографія


