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Abstract. Throughout the country, chemical contamination influences
ecosystems and human health. Due to their toxicity and lack of regulation, hazardous 
substances are a particular source of concern. Endocrine disruptors present in 
food goods are another top concern. Endocrine disruptors called alkylphenols 
have an impact on the ecological health of water samples. Manufacturers use 
alkylphenols in the production of food packaging materials and certain plastics, and 
traces of alkylphenols are found in polycarbonate plastic drinking water bottles. 
Contamination of water samples with endocrine disruptors leads to a negative 
impact on public health. Consequently, there is a serious necessity to monitor 
endocrine disruptors. The paper details the invention of a technique for measuring 
alkylphenols in water samples using miniaturized solid-phase microextraction in 
tandem with mass spectrometry methods. As a result of the research, the main 
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parameters of miniaturized solid-phase microextraction of alkylphenols from 
the aqueous phase were optimized: fiber coating - DVB/CAR/PDMS, extraction 
temperature – 90°C, extraction time – 20 min, preincubation time – 20 min (NP, 
OP) and 30 min (BA), addition of NaCl – 30 %. The evaluation of validation 
characteristics such as: linearity, reproducibility, repeatability, accuracy. The 
developed method can be applied to determine and control traces of alkylphenols 
in water samples.

Keywords: miniaturized solid-phase microextraction, water samples, 
alkylphenols, endocrine disruptors, gas chromatography, mass-spectrometry
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Аннотация. Химиялық ластанудың адам денсаулығына және экожүйеге
әсері бүкіл аймақта байқалады. Қауіпті химиялық заттар олардың уыттылығы 
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мен бақылаудың болмауына байланысты ерекше алаңдаушылық тудырады. 
Басқа өзекті мәселелерге тамақ өнімдеріндегі кездесетін эндокриндік 
бұзғыштар жатады. Алкилфенолдар су үлгілерінің экологиялық жағдайына 
әсер ететін эндокриндік бұзылулар болып табылады. Өндірушілер 
алкилфенолдарды тамақ өнімдерін орауыш материалдар мен кейбір 
пластмассаларды өндіруде пайдаланады, ал алкилфенолдардың іздері 
поликарбонатты пластикалық ауыз су бөтелкелерінде кездеседі. Су үлгілерінің 
эндокриндік бұзылулармен ластануы халықтың денсаулығына теріс әсер етеді. 
Сондықтан эндокриндік бұзылуларды жедел бақылау қажет. Бұл мақалада су 
үлгілеріндегі алкилфенолдарды хромато-масс-спектрометриямен біріктірілген 
миниатюрленген қатты фазалық микроэкстракция әдісімен анықтау әдісін 
әзірлеу нәтижелері берілген. Зерттеу нәтижесінде алкилфенолдарды сулы 
фазадан миниатюрленген қатты фазалық микроэкстракциялаудың негізгі 
параметрлері оңтайландырылды: талшықты жабын – DVB/CAR/PDMS, 
экстракция температурасы – 90°С, экстракция уақыты – 20 мин, преинкубация 
уақыты – 20 мин (NP, OP) және 30 мин (BA), NaCl қосу – 30 %. Сонымен 
қатар төмендегідей валидациялау сипаттамаларына бағалау жүргізілді: 
сызықтық, қайталанымдылық, қайталанғыштық, дәлдік. Әзірленген әдісті 
су үлгілеріндегі алкилфенолдардың іздерін анықтау және бақылау үшін 
пайдалануға болады. 

Түйін сөздер: миниатюрленген қатты фазалы микроэкстракция, су 
үлгілері, алкилфенолдар, эндокриндік бұзғыштар, газды хроматография, 
масс-спектрометрия
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Аннотация. Ухудшение экосистемы и здоровья человека является
одной из проблем, вызванных химическим загрязнением. В настоящее 
время отсутствие методов борьбы с высокотоксичными химическими 
загрязнителями объектов окружающей среды является особой проблемой и 
требует внимания.  Особое место занимает загрязнение продуктов питания 
эндокринными разрушителями. Алкилфенолы являются эндокринными 
разрушителями, влияющими на экологическое состояние проб воды. 
Производители используют алкилфенолы при производстве упаковочных 
материалов для пищевых продуктов, и определенных пластмасс, в связи с этим 
следы алкилфенолов встречаются в поликарбонатных пластиковых бутылках 
питьевой воды. Загрязнение эндокринными деструкторами проб воды 
приводит к негативному влиянию на здоровье населения. Поэтому острую 
необходимость имеет проведения контроля над эндокринными деструкторами. 
В данной статье представлены результаты разработки методики определения 
алкилфенолов в пробах воды методом миниатюризированной твердофазной 
микроэкстракции в сочетании с хромато-масс-спектрометрией. В результате 
исследований оптимизированы основные параметры миниатюризированной 
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твердофазной микроэкстракции алкилфенолов из водной фазы: покрытие 
волокна – DVВ/САR/РDМS, температура экстракции – 90°С, время экстракции 
– 20 мин, время прединкубации – 20 мин (NP, OP) и 30 мин (BA), добавка NaCl –
30%. Проведена оценка валидационных характеристик таких как: линейность,
воспроизводимость, повторяемость, точность. Разработанный метод может
быть использован для определения и контроля следов алкилфенолов в пробах
воды.

Ключевые слова: миниатюзированная твердофазная микроэкстракция, 
пробы воды, алкилфенолы, эндокринные разрушители, газовая хроматография, 
масс-спектрометрия

Финансирование: Данное исследование выполнялось по проекту  НЦГНТЭ 
«Эффективная разработка высокочувствительных методик анализа продуктов 
питания на основе миниатюризированной твердофазной микроэкстракции» и 
финансировалось Министерством науки и высшего образования Республики 
Казахстан (Грант № AP09058561).

Конфликт интересов: авторы заявляют об отсутствии конфликта инте-
ресов.

Introduction
Water pollution with endocrine disruptors has become one of the problems of 

interest in the world in recent years. All types of chemical organic substances that 
change the function of the hormonal system and the body's internal regulatory 
system after consumption are classified as "endocrine disruptors" (Priac et al., 
2017; Cantoni et al., 2020; Zhou et al., 2020; Adoamnei et al., 2018). For industry, 
agriculture, and public health organizations, the introduction of organic substances 
categorized as endocrine disruptors in water and surface water has become a severe 
issue. The widespread distribution of compounds that disrupt the endocrine system 
in water indicates their occurrence in every component of the environment (De 
Toni et al., 2020; Pironti et al., 2021).

Alkylphenols and their derivatives are powerful endocrine disruptors that are 
employed as surfactants in commercial and household products and have the 
potential to be toxic and depressant to living things (Gonsioroski et al., 2020). 
Analysis of alkylphenol and its derivatives from diverse environmental items 
and techniques for their decontamination are therefore challenging issues. They 
continue to exist in the environment in industrial and isolated areas despite attempts 
to restrict their usage. They can be found in a variety of natural settings, including 
soil, food and water (Diamanti-Kandarakis et al., 2009; Kovarova et al., 2013; 
Morin-Crini et al., 2021).

The most commercially essential alkylphenols are nonylphenols (NPs), 
octylphenol (OP), bisphenol-A (BA) and their ethoxylates. These substances interact 
with estrogen receptors to imitate the effects of endogenous hormones and increase 
thyroid and estrogenic activity. This subsequently makes it possible to disturb the 
body's endocrine system. The parent molecules and the breakdown products of 
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these molecules are a potential ecotoxicological issue because of their extensive 
dispersion in surface waters and persistence in sediments (Arslan-Alaton et al., 
2012; Penserini et al., 2022; Akhbarizadeh et al., 2020; Ginter-Kramarczyk et al., 
2022). Incomplete removal in the process of wastewater treatment and wastewater 
from treatment facilities is a source of environmental pollution with alkylphenols 
(Rizzo et al., 2011).

Nonylphenol has been discovered in groundwater, surface waters and all 
the other sources of water (Bergé et al., 2012). Several research concur that the 
release of wastewater from wastewater treatment facilities is the primary cause 
of alkylphenols in the surface waters, with a higher frequency in those works that 
treat wastewater from industrial/urban areas and other related activities such as 
stormwater discharge and runoff. People are exposed to food and drinking water 
contaminated with alkylphenols (Alimzhanova et al., 2017). Nonylphenol and 
octylphenol can be detected in the composition of food and drinking water, from 
the influence of plastic containers and packaging used to store food and drinking 
water. The use of care products and detergents is one way of influencing the human 
body (Ebele et al., 2017; Soares et al., 2008).

Due to the lack of special research groups involved in solving the problem 
of identifying endocrine disruptors from the composition of water resources in 
Kazakhstan and lack of measures to identify endocrine disruptors, this problem 
is very relevant (Alimzhanova et al., 2015). As a result, this increases hereditary 
diseases caused by endocrine disruptors among the population (Alimzhanova et 
al., 2016; Alimzhanova et al., 2022). Therefore, the aim of this article is to develop 
method for the determination of endocrine disruptors from water samples by gas 
chromatography-mass spectrometry combined with miniaturized solid-phase 
microextraction.

Alkylphenols in water samples were firstly identified in this work using 
miniaturized solid-phase microextraction in conjunction with gas chromatography-
mass spectrometry. Alkylphenols were extracted from the aqueous phase using a 
miniaturized solid-phase microextraction process, and the key parameters were 
optimized, and the validation properties assessed. The combination of several 
detection methods gives very accurate qualitative and quantitative evaluation of 
alkylphenols in water samples, and the miniaturized solid phase microextraction 
approach enables the identification of specific analytes at extremely low 
concentrations.

The suggested approach employs 2 ml vials as opposed to the solid phase 
microextraction method, which only needs 1 ml of the target analyte. The time it 
takes for the liquid phase and the fiber to reach equilibrium is drastically shortened 
when employing the miniaturized solid phase microextraction technique, which 
enhances the overall accuracy of the study. This technique will be helpful for 
accurately, quickly, and affordably determining alkylphenols in water samples. This 
suggested sample preparation technique does not need hazardous organic solvents, 
making it a method of analysis that is favorable to the environment (Alimzhanova 
et al., 2022).
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Materials and methods
The following reagents, with their respective CAS numbers, were obtained 

from Meryer (Minhang District, Shanghai): bisphenol-A (80-05-7), p-nonylphenol 
(84852-15-3), n-nonylphenol (25154-52-3) and p-tert-octylphenol (140-66-
9). Characteristics of analytes are shown in Table 1.  For the analysis following 
solutions 1 M sulfuric acid, 10 M sodium hydroxide, and analytical pure sodium 
chloride was used. 

Table 1. Chemical properties of alkylphenols.

Substance CAS No: Chemical formula Molecular mass

nonylphenol 25154-52-3

waters and persistence in sediments (Arslan-Alaton et al., 2012; Penserini et al., 2022; Akhbarizadeh et
al., 2020; Ginter-Kramarczyk et al., 2022). Incomplete removal in the process of wastewater treatment
and wastewater from treatment facilities is a source of environmental pollution with alkylphenols (Rizzo
et al., 2011).

Nonylphenol has been discovered in groundwater, surface waters and all the other sources of
water (Bergé et al., 2012). Several research concur that the release of wastewater from wastewater
treatment facilities is the primary cause of alkylphenols in the surface waters, with a higher frequency in
those works that treat wastewater from industrial/urban areas and other related activities such as
stormwater discharge and runoff. People are exposed to food and drinking water contaminated with
alkylphenols (Alimzhanova et al., 2017). Nonylphenol and octylphenol can be detected in the
composition of food and drinking water, from the influence of plastic containers and packaging used to
store food and drinking water. The use of care products and detergents is one way of influencing the
human body (Ebele et al., 2017; Soares et al., 2008).

Due to the lack of special research groups involved in solving the problem of identifying
endocrine disruptors from the composition of water resources in Kazakhstan and lack of measures to
identify endocrine disruptors, this problem is very relevant (Alimzhanova et al., 2015). As a result, this
increases hereditary diseases caused by endocrine disruptors among the population (Alimzhanova et al.,
2016; Alimzhanova et al., 2022). Therefore, the aim of this article is to develop method for the 
determination of endocrine disruptors from water samples by gas chromatography-mass spectrometry
combined with miniaturized solid-phase microextraction.

Alkylphenols in water samples were firstly identified in this work using miniaturized solid-phase 
microextraction in conjunction with gas chromatography-mass spectrometry. Alkylphenols were
extracted from the aqueous phase using a miniaturized solid-phase microextraction process, and the key
parameters were optimized, and the validation properties assessed. The combination of several detection
methods gives very accurate qualitative and quantitative evaluation of alkylphenols in water samples, and
the miniaturized solid phase microextraction approach enables the identification of specific analytes at
extremely low concentrations.

The suggested approach employs 2 ml vials as opposed to the solid phase microextraction
method, which only needs 1 ml of the target analyte. The time it takes for the liquid phase and the fiber to
reach equilibrium is drastically shortened when employing the miniaturized solid phase microextraction
technique, which enhances the overall accuracy of the study. This technique will be helpful for
accurately, quickly, and affordably determining alkylphenols in water samples. This suggested sample
preparation technique does not need hazardous organic solvents, making it a method of analysis that is 
favorable to the environment (Alimzhanova et al., 2022).

Materials and methods
The following reagents, with their respective CAS numbers, were obtained from Meryer

(Minhang District, Shanghai): bisphenol-A (80-05-7), p-nonylphenol (84852-15-3), n-nonylphenol
(25154-52-3) and p-tert-octylphenol (140-66-9). Characteristics of analytes are shown in Table 1. For the
analysis following solutions 1 M sulfuric acid, 10 M sodium hydroxide, and analytical pure sodium
chloride was used.

Table 1. Chemical properties of alkylphenols.
Substance CAS No: Chemical formula Molecular mass

nonylphenol 25154-52-3

C15H24O

220.36 g/mol

bisphenol-A 80-05-7

C15H16O2

228.29 g/mol

C15H24O

220.36 g/mol

bisphenol-A 80-05-7

waters and persistence in sediments (Arslan-Alaton et al., 2012; Penserini et al., 2022; Akhbarizadeh et
al., 2020; Ginter-Kramarczyk et al., 2022). Incomplete removal in the process of wastewater treatment
and wastewater from treatment facilities is a source of environmental pollution with alkylphenols (Rizzo
et al., 2011).

Nonylphenol has been discovered in groundwater, surface waters and all the other sources of
water (Bergé et al., 2012). Several research concur that the release of wastewater from wastewater
treatment facilities is the primary cause of alkylphenols in the surface waters, with a higher frequency in
those works that treat wastewater from industrial/urban areas and other related activities such as
stormwater discharge and runoff. People are exposed to food and drinking water contaminated with
alkylphenols (Alimzhanova et al., 2017). Nonylphenol and octylphenol can be detected in the
composition of food and drinking water, from the influence of plastic containers and packaging used to
store food and drinking water. The use of care products and detergents is one way of influencing the
human body (Ebele et al., 2017; Soares et al., 2008).

Due to the lack of special research groups involved in solving the problem of identifying
endocrine disruptors from the composition of water resources in Kazakhstan and lack of measures to
identify endocrine disruptors, this problem is very relevant (Alimzhanova et al., 2015). As a result, this
increases hereditary diseases caused by endocrine disruptors among the population (Alimzhanova et al.,
2016; Alimzhanova et al., 2022). Therefore, the aim of this article is to develop method for the 
determination of endocrine disruptors from water samples by gas chromatography-mass spectrometry
combined with miniaturized solid-phase microextraction.

Alkylphenols in water samples were firstly identified in this work using miniaturized solid-phase 
microextraction in conjunction with gas chromatography-mass spectrometry. Alkylphenols were
extracted from the aqueous phase using a miniaturized solid-phase microextraction process, and the key
parameters were optimized, and the validation properties assessed. The combination of several detection
methods gives very accurate qualitative and quantitative evaluation of alkylphenols in water samples, and
the miniaturized solid phase microextraction approach enables the identification of specific analytes at
extremely low concentrations.

The suggested approach employs 2 ml vials as opposed to the solid phase microextraction
method, which only needs 1 ml of the target analyte. The time it takes for the liquid phase and the fiber to
reach equilibrium is drastically shortened when employing the miniaturized solid phase microextraction
technique, which enhances the overall accuracy of the study. This technique will be helpful for
accurately, quickly, and affordably determining alkylphenols in water samples. This suggested sample
preparation technique does not need hazardous organic solvents, making it a method of analysis that is 
favorable to the environment (Alimzhanova et al., 2022).

Materials and methods
The following reagents, with their respective CAS numbers, were obtained from Meryer

(Minhang District, Shanghai): bisphenol-A (80-05-7), p-nonylphenol (84852-15-3), n-nonylphenol
(25154-52-3) and p-tert-octylphenol (140-66-9). Characteristics of analytes are shown in Table 1. For the
analysis following solutions 1 M sulfuric acid, 10 M sodium hydroxide, and analytical pure sodium
chloride was used.

Table 1. Chemical properties of alkylphenols.
Substance CAS No: Chemical formula Molecular mass

nonylphenol 25154-52-3

C15H24O

220.36 g/mol

bisphenol-A 80-05-7

C15H16O2

228.29 g/mol

C15H16O2

228.29 g/mol

p-tert-octylphenol 140-66-9p-tert-octylphenol 140-66-9

C14H22O

206.33 g/mol

Contaminated water with alkylphenols (nonylphenols and p-tert-ocylphenol, bisphenol-A) were
used for analysis. For the preparation of water samples with 10.0 µg/L concentration of BA, 17.0 µg/L of 
NA, 5.0 µg/L of OP, firstly, 0.001 g of BA, 0.0005 g of OP, and 0.0017 g of NPs was in the porcelain
mortar, powdered to create a homogenous mass. The obtained mass was then put into a flask with a 100 
ml capacity and filled to the appropriate level with distilled water.

The analysis is sped up and the accuracy of the data is improved using an automated sample
injector. The gas chromatograph equipment was managed by an Agilent MSD ChemStation (version 
1701EA) for the purpose of capturing and analyzing chromatographic data. The collected mass spectra
was decoded using NIST'02 and the 7th edition of the Wiley library. HP5-MS 30 m 0,25 mm, film
thickness 0,25 mm chromatographic column with the input sample splitless mode was applied for the
GC/MS analysis. The GC/MS oven's temperature was 260°C. The carrier gas, helium, was employed and
flowed at a steady rate of 1 ml/min. The oven's temperature was first set to 50°C (extract for 2 minutes),
then it was raised by 20°C per minute to 100°C, 10°C per minute to 200°C, and 20°C per minute to
300°C. The MSD interface's temperature was 300, and its detection mode scan was set to m/z 50–550.
The total analysis time was 26 minutes. 

Identification of alkylphenols (bisphenol, nonylphenol, octylphenol) is carried out by their mass
spectra. The mass spectra of alkylphenols (bisphenol, nonylphenol, octylphenol) are shown in Figures 1-
2. The retention time of alkylphenols (bisphenol, nonylphenol, octylphenol) is generally 0.1 min longer
than the retention time, however a deviation of ± 0.1 min is acceptable. To confirm the identification of
alkylphenols (bisphenol, nonylphenol, octylphenol), it is necessary to check the ratio of the areas of its
peaks on chromatograms for ions m/z 213 and 135 ions. If the obtained ratio is not included in this range,
consider alkylphenols as not detected.

Fig. 1. Chromatogram and mass spectra of nonylphenols and octylphenol
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BA, 0.0005 g of OP, and 0.0017 g of NPs was in the porcelain mortar, powdered to 
create a homogenous mass. The obtained mass was then put into a flask with a 100 
ml capacity and filled to the appropriate level with distilled water.

The analysis is sped up and the accuracy of the data is improved using an 
automated sample injector. The gas chromatograph equipment was managed by 
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an Agilent MSD ChemStation (version 1701EA) for the purpose of capturing and 
analyzing chromatographic data. The collected mass spectra was decoded using 
NIST'02 and the 7th edition of the Wiley library. HP5-MS 30 m 0,25 mm, film 
thickness 0,25 mm chromatographic column with the input sample splitless mode 
was applied for the GC/MS analysis. The GC/MS oven's temperature was 260°C. 
The carrier gas, helium, was employed and flowed at a steady rate of 1 ml/min. The 
oven's temperature was first set to 50°C (extract for 2 minutes), then it was raised 
by 20°C per minute to 100°C, 10°C per minute to 200°C, and 20°C per minute to 
300°C. The MSD interface's temperature was 300, and its detection mode scan was 
set to m/z 50–550. The total analysis time was 26 minutes. 

Identification of alkylphenols (bisphenol, nonylphenol, octylphenol) is carried 
out by their mass spectra. The mass spectra of alkylphenols (bisphenol, nonylphenol, 
octylphenol) are shown in Figures 1-2. The retention time of alkylphenols 
(bisphenol, nonylphenol, octylphenol) is generally 0.1 min longer than the retention 
time, however a deviation of ± 0.1 min is acceptable. To confirm the identification 
of alkylphenols (bisphenol, nonylphenol, octylphenol), it is necessary to check the 
ratio of the areas of its peaks on chromatograms for ions m/z 213 and 135 ions. 
If the obtained ratio is not included in this range, consider alkylphenols as not 
detected.
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206.33 g/mol

Contaminated water with alkylphenols (nonylphenols and p-tert-ocylphenol, bisphenol-A) were
used for analysis. For the preparation of water samples with 10.0 µg/L concentration of BA, 17.0 µg/L of 
NA, 5.0 µg/L of OP, firstly, 0.001 g of BA, 0.0005 g of OP, and 0.0017 g of NPs was in the porcelain
mortar, powdered to create a homogenous mass. The obtained mass was then put into a flask with a 100 
ml capacity and filled to the appropriate level with distilled water.

The analysis is sped up and the accuracy of the data is improved using an automated sample
injector. The gas chromatograph equipment was managed by an Agilent MSD ChemStation (version 
1701EA) for the purpose of capturing and analyzing chromatographic data. The collected mass spectra
was decoded using NIST'02 and the 7th edition of the Wiley library. HP5-MS 30 m 0,25 mm, film
thickness 0,25 mm chromatographic column with the input sample splitless mode was applied for the
GC/MS analysis. The GC/MS oven's temperature was 260°C. The carrier gas, helium, was employed and
flowed at a steady rate of 1 ml/min. The oven's temperature was first set to 50°C (extract for 2 minutes),
then it was raised by 20°C per minute to 100°C, 10°C per minute to 200°C, and 20°C per minute to
300°C. The MSD interface's temperature was 300, and its detection mode scan was set to m/z 50–550.
The total analysis time was 26 minutes. 

Identification of alkylphenols (bisphenol, nonylphenol, octylphenol) is carried out by their mass
spectra. The mass spectra of alkylphenols (bisphenol, nonylphenol, octylphenol) are shown in Figures 1-
2. The retention time of alkylphenols (bisphenol, nonylphenol, octylphenol) is generally 0.1 min longer
than the retention time, however a deviation of ± 0.1 min is acceptable. To confirm the identification of
alkylphenols (bisphenol, nonylphenol, octylphenol), it is necessary to check the ratio of the areas of its
peaks on chromatograms for ions m/z 213 and 135 ions. If the obtained ratio is not included in this range,
consider alkylphenols as not detected.

Fig. 1. Chromatogram and mass spectra of nonylphenols and octylphenol
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Fig. 2. Chromatogram and mass spectra of bisphenol-A

Determination of alkylphenols were carried out manually with the mini-SPME method. The 
following mini-SPME parameters were used for the analysis of alkylphenols in the 300 mL of aqueous
samples: pre-incubation time of 10 min, injector temperature of 260°C, desorption time of 2 min,
extraction temperature of 90°C, and extraction time of 5 min.

The extraction time has a significant influence on solid-phase microextraction (Risticevic et al.,
2010). Thus, it is the crucial parameter in the mini-SPME the extraction time was optimized at 0.5, 1, 2,
3, and 5 minutes.

The ideal extraction temperature was established at 50, 70, and 90°C. Additionally, 10, 20, and 30 
minutes were selected to optimize the pre-incubation period. Concentration of salts was evaluated, and it
varied from 5 to 50 %. Concentrations for the "acid effect" and "alkaline effect" studies varied from 0.002 
to 0.1 M and 0.02 to 1.0 M, respectively.

Since the distribution constant between the fiber coating and the sample matrix determines how 
effectively the extraction process works, choosing the fiber coating is an important step in the mini and 
regular SPME technique (Risticevic et al., 2010). The following fiber types were examined to determine
the best extraction coating: 100 m of polydimethylsiloxane (PDMS); 50/30 m of
divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS); and 85 m of
carboxen/polydimethylsiloxane (CAR/PDMS) purchased from Supelco, United States.

Temperature, salt content, and pH are the extraction parameters that impact the analyte 
distribution constant and determine whether SPME extraction is complete.

The following amounts of NaCl were added to 5 mL of water to determine the impact of salt on
the extraction process: 0.25; 0.75; 1; 1.25; and 1.5 g. Analysis was performed in three parallels. The
following conditions were used for the extraction of the analytes: 50/30 µm DVB/CAR/PDMS was used
as the extraction coating, and the pre-incubation time was 5 minutes. The extraction temperature was
90°C, and the extraction period was 5 minutes. The desorption time was 1 minutes.

Results and discussions
The following parameters were chosen as the mini-SPME method's optimum values throughout

the selection process: the optimal pre-incubation time, temperature, and analysis of the effects of salt,
acid, and alkaline.

The 50/30 µm divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS) extraction
coating was displayed to be the most effective in extracting p-tert-octylphenol, p-nonylphenol, and n-
nonylphenol from water samples during the analysis for selecting the most efficient extraction coating for
determining the alkylphenols in the water samples (Figure 3).

Fig. 2. Chromatogram and mass spectra of bisphenol-A

Determination of alkylphenols were carried out manually with the mini-SPME 
method. The following mini-SPME parameters were used for the analysis of 
alkylphenols in the 300 mL of aqueous samples: pre-incubation time of 10 min, 
injector temperature of 260°C, desorption time of 2 min, extraction temperature of 
90°C, and extraction time of 5 min.

The extraction time has a significant influence on solid-phase microextraction 
(Risticevic et al., 2010). Thus, it is the crucial parameter in the mini-SPME the 
extraction time was optimized at 0.5, 1, 2, 3, and 5 minutes.

The ideal extraction temperature was established at 50, 70, and 90°C. 
Additionally, 10, 20, and 30 minutes were selected to optimize the pre-incubation 
period. Concentration of salts was evaluated, and it varied from 5 to 50 %. 
Concentrations for the "acid effect" and "alkaline effect" studies varied from 0.002 
to 0.1 M and 0.02 to 1.0 M, respectively.

Since the distribution constant between the fiber coating and the sample matrix 
determines how effectively the extraction process works, choosing the fiber coating 
is an important step in the mini and regular SPME technique (Risticevic et al., 
2010). The following fiber types were examined to determine the best extraction 
coating: 100 m of polydimethylsiloxane (PDMS); 50/30 m of divinylbenzene/
carboxen/polydimethylsiloxane (DVB/CAR/PDMS); and 85 m of carboxen/
polydimethylsiloxane (CAR/PDMS) purchased from Supelco, United States.

Temperature, salt content, and pH are the extraction parameters that impact the 
analyte distribution constant and determine whether SPME extraction is complete.

The following amounts of NaCl were added to 5 mL of water to determine the 
impact of salt on the extraction process: 0.25; 0.75; 1; 1.25; and 1.5 g. Analysis was 
performed in three parallels. The following conditions were used for the extraction 
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of the analytes: 50/30 m DVB/CAR/PDMS was used as the extraction coating, and 
the pre-incubation time was 5 minutes. The extraction temperature was 90°C, and 
the extraction period was 5 minutes. The desorption time was 1 minutes.

Results and discussions
The following parameters were chosen as the mini-SPME method's optimum 

values throughout the selection process: the optimal pre-incubation time, 
temperature, and analysis of the effects of salt, acid, and alkaline.

The 50/30 m divinylbenzene/carboxen/polydimethylsiloxane (DVB/CAR/
PDMS) extraction coating was displayed to be the most effective in extracting 
p-tert-octylphenol, p-nonylphenol, and n-nonylphenol from water samples during
the analysis for selecting the most efficient extraction coating for determining the
alkylphenols in the water samples (Figure 3).

Fig. 2. Selection of an optimal extraction coating

Although CAR/PDMS-based fibers are likewise of the adsorption type, their structure is less
porous, which contributes to their strong selectivity for low-molecular-weight molecules. The
CAR/PDMS-based fibers do not sufficiently remove endocrine disruptors since they are relatively high
mass molecules.

The sole factor limiting the extraction surface's effective area in such fibers is the coating area
that gel symbolizes. Chemical bonding enables matter retention by the adsorption of extractable
compounds on various fiber types. The findings of this experiment demonstrated that while chemically
stable compounds make up most endocrine disruptors, they are removed less by coatings based on PDMS.
The fiber based on 50/30 µm DVB/CAR/PDMS, however, demonstrated much superior efficiency in the 
extraction of endocrine disruptors from the water as compared to the fibers based on CAR/PDMS,
100 µm PDMS. In this way, the extraction coating based on 50/30 µm DVB/CAR/PDMS is the most
precise and effective extraction coating for the study of endocrine disruptors.

Only the coating area modeled by gel serves as a restriction on the effective extraction surface in
such fibers. By adsorbing extractable molecules on certain fiber types, chemical linkages enable the
retention of materials. The findings of this experiment showed that although chemically stable chemicals 
make up most endocrine disrupters, coatings based on PDMS remove them less. However, as compared
to fibers based on CAR/PDMS and 100 µm PDMS, fibers based on 50/30 µm DVB/CAR/PDMS shown
noticeably greater efficacy in the extraction of endocrine disruptors from the water. In this way, the
50/30 µm DVB/CAR/PDMS extraction coating is the most precise and effective extraction coating for the
study of endocrine disruptors.

For optimization, the extraction times 0, 5, 1, 2, 3, and 5 minutes have all been evaluated. 90°C
was the extraction temperature. Time intervals for preincubation and desorption times were established at
5 and 1, respectively. Figure 4 displays the optimization results.
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Fig. 2. Selection of an optimal extraction coating

Although CAR/PDMS-based fibers are likewise of the adsorption type, their 
structure is less porous, which contributes to their strong selectivity for low-
molecular-weight molecules. The CAR/PDMS-based fibers do not sufficiently 
remove endocrine disruptors since they are relatively high mass molecules. 

The sole factor limiting the extraction surface's effective area in such fibers is 
the coating area that gel symbolizes. Chemical bonding enables matter retention 
by the adsorption of extractable compounds on various fiber types. The findings 
of this experiment demonstrated that while chemically stable compounds make up 
most endocrine disruptors, they are removed less by coatings based on PDMS. The 
fiber based on 50/30 m DVB/CAR/PDMS, however, demonstrated much superior 
efficiency in the extraction of endocrine disruptors from the water as compared to 
the fibers based on CAR/PDMS, 100 m PDMS. In this way, the extraction coating 
based on 50/30 m DVB/CAR/PDMS is the most precise and effective extraction 
coating for the study of endocrine disruptors.
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Only the coating area modeled by gel serves as a restriction on the effective 
extraction surface in such fibers. By adsorbing extractable molecules on certain 
fiber types, chemical linkages enable the retention of materials. The findings of 
this experiment showed that although chemically stable chemicals make up most 
endocrine disrupters, coatings based on PDMS remove them less. However, 
as compared to fibers based on CAR/PDMS and 100 m PDMS, fibers based on 
50/30 m DVB/CAR/PDMS shown noticeably greater efficacy in the extraction of 
endocrine disruptors from the water. In this way, the 50/30 m DVB/CAR/PDMS 
extraction coating is the most precise and effective extraction coating for the study 
of endocrine disruptors. 

For optimization, the extraction times 0, 5, 1, 2, 3, and 5 minutes have all been 
evaluated. 90°C was the extraction temperature. Time intervals for preincubation 
and desorption times were established at 5 and 1, respectively. Figure 4 displays 
the optimization results. 

Fig. 4. Alkylphenols responses to extraction time determined by a mini-SPME

As seen in Figure 4, alkylphenols including p-tert-octylphenol, p-nonylphenol, n-nonylphenol,
and bisphenol-A respond more favorably when the extraction duration is increased from 0.5 to 5 minutes.
The analytical signal for bisphenol A will become less stable when extraction time is increased, yet the 
largest peak area was seen at 5 minutes. These findings determined that a 5-minute extraction period is
ideal for analysis of alkylphenols in a water samples.

The equilibrium between the solid and gaseous phases is attained during the pre-incubation time.
The following periods were investigated using mini-SPME to find the ideal pre-incubation time for
alkylphenols: 10, 20, and 30 minutes. As the pre-incubation time is increased (Figure 5), the response of
alkylphenols rises and the responses of the compounds considerably alter. These results determined that 
p-tert-octylphenol, n-nonylphenol, and bisphenol-A pre-incubation times of 30 minutes are ideal since
they provide a strong signal. However, 20 minutes is the preferred pre-incubation period for p-
nonylphenol.

Fig. 5. Pre-incubation time effect on the mini-SPME reaction to p-tert-octylphenol, p-nonylphenol, n-nonylphenol, and 
bisphenol-A
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Fig. 4. Alkylphenols responses to extraction time determined by a mini-SPME

As seen in Figure 4, alkylphenols including p-tert-octylphenol, p-nonylphenol, 
n-nonylphenol, and bisphenol-A respond more favorably when the extraction
duration is increased from 0.5 to 5 minutes. The analytical signal for bisphenol A 
will become less stable when extraction time is increased, yet the largest peak area 
was seen at 5 minutes. These findings determined that a 5-minute extraction period 
is ideal for analysis of alkylphenols in a water samples.

The equilibrium between the solid and gaseous phases is attained during the 
pre-incubation time. The following periods were investigated using mini-SPME 
to find the ideal pre-incubation time for alkylphenols: 10, 20, and 30 minutes. As 
the pre-incubation time is increased (Figure 5), the response of alkylphenols rises 
and the responses of the compounds considerably alter. These results determined 
that p-tert-octylphenol, n-nonylphenol, and bisphenol-A pre-incubation times of 30 
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minutes are ideal since they provide a strong signal. However, 20 minutes is the 
preferred pre-incubation period for p-nonylphenol.

Fig. 4. Alkylphenols responses to extraction time determined by a mini-SPME

As seen in Figure 4, alkylphenols including p-tert-octylphenol, p-nonylphenol, n-nonylphenol,
and bisphenol-A respond more favorably when the extraction duration is increased from 0.5 to 5 minutes.
The analytical signal for bisphenol A will become less stable when extraction time is increased, yet the 
largest peak area was seen at 5 minutes. These findings determined that a 5-minute extraction period is
ideal for analysis of alkylphenols in a water samples.

The equilibrium between the solid and gaseous phases is attained during the pre-incubation time.
The following periods were investigated using mini-SPME to find the ideal pre-incubation time for
alkylphenols: 10, 20, and 30 minutes. As the pre-incubation time is increased (Figure 5), the response of
alkylphenols rises and the responses of the compounds considerably alter. These results determined that 
p-tert-octylphenol, n-nonylphenol, and bisphenol-A pre-incubation times of 30 minutes are ideal since
they provide a strong signal. However, 20 minutes is the preferred pre-incubation period for p-
nonylphenol.

Fig. 5. Pre-incubation time effect on the mini-SPME reaction to p-tert-octylphenol, p-nonylphenol, n-nonylphenol, and 
bisphenol-A

0

20

40

60

80

100

120

0,5 1 2 3 5

Pe
ak

 a
re

a,
×1

0-
3

Extraction time, min

p-tert-Octylphenol p-nonylphenol n-nonylphenol Bisphenol A

0

10

20

30

40

50

60

70

80

90

10 20 30

Pe
ak

  a
re

a,
×1

0-
3

Preincubation time, min

p-tert-Octylphenol p-Nonylphenol n-Nonylphenol Bisphenol A

Fig. 5. Pre-incubation time effect on the mini-SPME reaction to p-tert-octylphenol, p-nonylphenol, 
n-nonylphenol, and bisphenol-A

To improve the efficiency of extracting analyzing components from water, an 
experiment on choosing the best extraction temperature must be conducted. To 
evaluate the optimization, water samples contaminated with alkylphenols including 
bisphenol A, nonylphenol and p-tert-octylphenol were employed. Optimization was 
achieved using the following parameters: extraction duration of 5 min, desorption 
time of 1 min, and preincubation time of 5 min. We chose 50, 70, and 90°C for 
the optimization of extraction temperatures for mini-solid-phase microextraction. 
Figure 6 displays the analysis results.  

To improve the efficiency of extracting analyzing components from water, an experiment on
choosing the best extraction temperature must be conducted. To evaluate the optimization, water samples
contaminated with alkylphenols including bisphenol A, nonylphenol and p-tert-octylphenol were
employed. Optimization was achieved using the following parameters: extraction duration of 5 min,
desorption time of 1 min, and preincubation time of 5 min. We chose 50, 70, and 90°C for the
optimization of extraction temperatures for mini-solid-phase microextraction. Figure 6 displays the
analysis results.

Fig. 6. Effect of extraction temperature on p-tert-octylphenol, p-nonylphenol, n-nonylphenol, and bisphenol-A response by mini-
SPME

According to study findings, 90°C is the ideal temperature for extracting p-tert-octylphenol, p-
nonylphenol, n-nonylphenol, and bisphenol-A from water samples. As a result, the excellent efficacy of
this approach for alkylphenols was demonstrated by employing a mini-SPME method with adjusted 
parameters.

NaCl is a solid electrolyte parameter that influences the salt effect, which raises the ionic force in
the solution and makes it easier for compounds to transition into the gas phase more successfully. The
extraction of endocrine disruptors from the water sample is significantly impacted by the addition of salt. 

Figure 7 illustrates how, in reaction to an increase in salt content, alkylphenols increased to 30 %
when extraction was carried out. However, the reaction of the analyte has decreased when 50 % more salt
is added to the sample solutions. The solid salt phase of salt is created in the sample when sodium
chloride's solubility value is surpassed, which can trap the molecules of the item under test on its surface
and keep them from entering the gas phase. The amount of salt in a sample that is 30 % more than sodium
chloride's solubility in water.
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According to study findings, 90°C is the ideal temperature for extracting 
p-tert-octylphenol, p-nonylphenol, n-nonylphenol, and bisphenol-A from water
samples. As a result, the excellent efficacy of this approach for alkylphenols was
demonstrated by employing a mini-SPME method with adjusted parameters.

NaCl is a solid electrolyte parameter that influences the salt effect, which raises 
the ionic force in the solution and makes it easier for compounds to transition into 
the gas phase more successfully. The extraction of endocrine disruptors from the 
water sample is significantly impacted by the addition of salt. 

 Figure 7 illustrates how, in reaction to an increase in salt content, alkylphenols 
increased to 30 % when extraction was carried out. However, the reaction of the 
analyte has decreased when 50 % more salt is added to the sample solutions. The 
solid salt phase of salt is created in the sample when sodium chloride's solubility 
value is surpassed, which can trap the molecules of the item under test on its surface 
and keep them from entering the gas phase. The amount of salt in a sample that is 
30 % more than sodium chloride's solubility in water.

Fig. 7. Salt effect on p-tert-octylphenol, p-nonylphenol, n-nonylphenol, and bisphenol A extraction

To evaluate how acid might affect the extraction process, several concentrations of H2SO4

(0.002, 0.004, 0.01, 0.02, 0.04, and 0.1 M) were obtained. It has been noted that alkylphenols' reaction is
unstable as the acid concentration rises. P-, n-, and p-tert-octylphenol respond better at a concentration of
0.01 M, whereas bisphenol-A at 0.002 M. concentration responds better (Figures 8).

Fig. 8. Acid effect on the extracting of p-nonylphenol, n-nonylphenol, p-tert-octylphenol, and bisphenol-A

Different NaOH concentrations were used: 0,02, 0,04, 0.1, 0.2, 0.4, and 1 M to evaluate the
impact of alkalinity on the extraction process. According to the study, the response of the alkylphenols is
unstable at alkali concentrations of 0.02 M and 0.1 M, while 1 M is the ideal concentration (Figure 9).
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Fig. 7. Salt effect on p-tert-octylphenol, p-nonylphenol, n-nonylphenol, and bisphenol A extraction

To evaluate how acid might affect the extraction process, several concentrations 
of H2SO4 (0.002, 0.004, 0.01, 0.02, 0.04, and 0.1 M) were obtained. It has been 
noted that alkylphenols' reaction is unstable as the acid concentration rises. P-, 
n-, and p-tert-octylphenol respond better at a concentration of 0.01 M, whereas 
bisphenol-A at 0.002 M. concentration responds better (Figures 8).
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Fig. 7. Salt effect on p-tert-octylphenol, p-nonylphenol, n-nonylphenol, and bisphenol A extraction

To evaluate how acid might affect the extraction process, several concentrations of H2SO4

(0.002, 0.004, 0.01, 0.02, 0.04, and 0.1 M) were obtained. It has been noted that alkylphenols' reaction is
unstable as the acid concentration rises. P-, n-, and p-tert-octylphenol respond better at a concentration of
0.01 M, whereas bisphenol-A at 0.002 M. concentration responds better (Figures 8).

Fig. 8. Acid effect on the extracting of p-nonylphenol, n-nonylphenol, p-tert-octylphenol, and bisphenol-A

Different NaOH concentrations were used: 0,02, 0,04, 0.1, 0.2, 0.4, and 1 M to evaluate the
impact of alkalinity on the extraction process. According to the study, the response of the alkylphenols is
unstable at alkali concentrations of 0.02 M and 0.1 M, while 1 M is the ideal concentration (Figure 9).
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bisphenol-A

Different NaOH concentrations were used: 0,02, 0,04, 0.1, 0.2, 0.4, and 1 M to 
evaluate the impact of alkalinity on the extraction process. According to the study, 
the response of the alkylphenols is unstable at alkali concentrations of 0.02 M and 
0.1 M, while 1 M is the ideal concentration (Figure 9). 

Fig. 9. Base effect on the extracting of bisphenol-A, n-nonylphenol, p-tert-octylphenol, p-nonylphenol

The following criteria' recommendations are followed for validating the technique for the
quantitative measurement of alkylphenols in water samples: linearity, repeatability, reproducibility, and
accuracy. To measure the mass concentration of bisphenol A, nonylphenol and p-tert-octylphenol in water
samples using by miniaturized solid-phase microextraction (mini-SPME) coupled with gas
chromatography mass-spectrometry method in the concentration range from 0.005 g/L to 1.0 g/L. The
main metrological aspects of the chromatographic analysis of bisphenol A, nonylphenol and p-tert-
octylphenol in water samples are shown in Tables 2–3. 

Table 2. The mini-SPME-GC/MS method's metrological characteristics for analyzing alkylphenols in a water sample

Analyte Linearity, µg/L R2 Repeatability index, σ r, % Reproducibility index, σR,
%

Accuracy rate, 
±δ, %

bisphenol A

0.005 – 1.0

0.9814 9 10 26
p-nonylphenol 0.9931 10 12 30
n-nonylphenol 0.9963 11 10 28
p-tert-octylphenol 0.9846 9 10 25

Table 3. Completeness of extraction of alkylphenols, standard deviation, confidence interval of the mean result for n = 20,
P = 0.95

Analyte Limit of detection,
µg/L

Recovery,
%

Standard deviation,
S, %

Confidence interval of the average result,
±%

bisphenol A

0.005

76.8 5.2 2.3
p-nonylphenol 72.0 8.8 7.0
n-nonylphenol 74.3 8.2 7.6
p-tert-octylphenol 75.3 5.7 4.6

Based on these data with a probability of P = 0.95, this method provides analysis results with a
relative error not exceeding 30 %.

Conclusion
This study validated a new method to determine alkylphenols using mini-SPME and GC-MS. 

Optimal chromatography conditions were obtained, followed by 30 min for bisphenol-A, n-nonylphenol,
p-tert-octylphenol, 20 min for p-nonylphenol of pre-incubation time, subsequent extraction with
DVВ/САR/РDМS for 5 min at 90°C. The water sample extracts the alkylphenols most successfully when
1.5 g of salt is added. Effect of the acid showed the optimal concentration for p-nonylphenol, n-
nonylphenol, p-tert-octylphenol of 0.01 M, and bisphenol A was 0.002 M. The 1M of alkali is an
optimum concentration for alkylphenols. However, there is no alkaline effect on bisphenol-A. Therefore,
the method is intended to determine the mass concentration of alkylphenols (bisphenol A, nonylphenol, 
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The following criteria' recommendations are followed for validating the 
technique for the quantitative measurement of alkylphenols in water samples: 
linearity, repeatability, reproducibility, and accuracy. To measure the mass 
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concentration of bisphenol A, nonylphenol and p-tert-octylphenol in water samples 
using by miniaturized solid-phase microextraction (mini-SPME) coupled with gas 
chromatography mass-spectrometry method in the concentration range from 0.005 
g/L to 1.0 g/L. The main metrological aspects of the chromatographic analysis of 
bisphenol A, nonylphenol and p-tert-octylphenol in water samples are shown in 
Tables 2–3. 

Table 2. The mini-SPME-GC/MS method's metrological characteristics for analyzing 
alkylphenols in a water sample

Analyte Linearity, 
µg/L R2 Repeatability 

index, σr, %
Reproducibility 

index, σR, %
Accuracy rate, 

±δ, %
bisphenol A

0.005 – 1.0

0.9814 9 10 26
p-nonylphenol 0.9931 10 12 30
n-nonylphenol 0.9963 11 10 28

p-tert-octylphenol 0.9846 9 10 25

Table 3. Completeness of extraction of alkylphenols, standard deviation, confidence interval of 
the mean result for n = 20,

 P = 0.95

Analyte
Limit of 

detection, 
µg/L

Recovery, 
%

Standard 
deviation, 

S, %

Confidence interval of the 
average result, 

±%
bisphenol A

0.005

76.8 5.2 2.3
p-nonylphenol 72.0 8.8 7.0
n-nonylphenol 74.3 8.2 7.6

p-tert-octylphenol 75.3 5.7 4.6

Based on these data with a probability of P = 0.95, this method provides analysis 
results with a relative error not exceeding 30 %.

Conclusion
This study validated a new method to determine alkylphenols using mini-SPME 

and GC-MS. Optimal chromatography conditions were obtained, followed by 30 
min for bisphenol-A, n-nonylphenol, p-tert-octylphenol, 20 min for p-nonylphenol 
of pre-incubation time, subsequent extraction with DVВ/САR/РDМS for 5 min at 
90°C. The water sample extracts the alkylphenols most successfully when 1.5 g of 
salt is added. Effect of the acid showed the optimal concentration for p-nonylphenol, 
n-nonylphenol, p-tert-octylphenol of 0.01 M, and bisphenol A was 0.002 M. The
1M of alkali is an optimum concentration for alkylphenols. However, there is no
alkaline effect on bisphenol-A. Therefore, the method is intended to determine the
mass concentration of alkylphenols (bisphenol A, nonylphenol, octylphenol) in
water by miniaturized solid-phase microextraction (mini-SPME) coupled with gas
chromatography mass-spectrometry method, in the concentration range from 0.005
µg/L to 1.0 µg/L.
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