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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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MeH OakpulayablH OonmMayblHa OailTaHBICTHI epeKIle ajJaHJayIIbUIBIK TYIBIPabL.
Backa e3ekti Mocenenepre Tamak OHIMIEPIHIETI Ke3ECETiH JHIOKPUHIIIK
OY3FBIITAp KaTabl. ATKWIQEHONIAp Cy YATUIEPiHIH SKOJOTHSUIIBIK JKaFaaiibiHa
ocep eTeTiH SHAOKPUHAIK Oy3pulynap Oosbim  TaObuiamel.  OHAIpyLILIEp
ankuneHONAapAbl TaMaK eHIMIEpiH opaybllll Marepuanaap MeH Keioip
IIacTMaccayiapJbl OHAIpyde mainamaHaznpl, an ankwipeHodmapaplH —i3aepi
MOJIMKapOOHATTHI IUTACTUKAJIBIK aybI3 cy OeTenkenepinae kezaeceni. Cy yarinepinin
SHIOKPUHIIK OY3bITYJIaApMEH JJaCTaHybl XaJIBIKTBIH JCHCAYIBIFbIHA TEPIiC 9Cep eTei.
CoHIBIKTaH SHAOKPUHAIK OY3bUTYIapabl xKeaen Oakpliay KaxeT. byn Makanana cy
yIrinepinaeri ankuiheHoIaapabl XpOMaTO-MacC-CIIEKTPOMETPUSIMEH OipiKTipireH
MUHUATIOPJICHTEH KATThl (a3ayiblK MUKPOIKCTPAKINS O/iCIMEH aHBIKTAy OJiCiH
o3ipiey HoTmxesepi OepinreH. 3epTTey HOTHXKECIHAE ANKMIPEHONAAPIBI CYJIbI
¢dazamaH MHUHHUATIOPICHIeH KarThl (a3anblK MHUKPOIKCTPAKIMSIIAyAbIH HETisri
nmapaMeTpiiepi OHTAWIAHABIPBUIABI: TaNMBIKTEl ka0biH — DVB/CAR/PDMS,
sKcTpakius Temreparypacsl — 90°C, skcTpakuus yakeITel — 20 MUH, IPEUHKYOanys
yakpIThl — 20 MuH (NP, OP) xone 30 mun (BA), NaCl xocy — 30 %. CoHbMeH
Karap TOMEHJETiNell Bamumanusuiay CHIaTTaMallapblHa Oaranay JKYpri3iimi:
CBI3BIKTBIK, KaWTaJaHBIMABUIBIK, KaHTaJaHFBILTHIK, NONIIK. O3ipIeHreH omicTi
Cy yarinepinzeri ankuadeHONIApbIH i37epiH aHBIKTAy XOHE OakpUIdy YIIiH
naiinananyra Oomazsl.

Tyiiin ce3aep: MMHHATIOpICHICH KaTThl (ha3anbl MHUKPOIKCTPAKLUS, CY
yirinepi, ankwindeHonaap, SHAOKPUHIIK OY3FBINTAp, Ta3lbl Xpomarorpadus,
Macc-CIeKTPOMETPHS

Kap:xbiianaeipy: byn zeprrey ¥METCO xobacel OoifpIHIIA KYpriziini
«MuHuaTIopatalFald KaTThl pa3aibl MUKPOIKCTPAKIIHS HET131HAe TaMaK eHIMIepiH
TaJIayIbIH KOFaphl ce3iMTall dficTepiH a3ipney» xoHe Kazakcran PecryOnukacer
Kazakcran PecnyOnukacweiaei YKorapbl bimiM xkoHe FBIIBIM MHHUCTpIITiMEH
Kapkeitangsipras (Ipant Ne AP09058561).

Mynzesiep KakThIFbICHI: ABTOpIIap OCBI MaKajaa MYJAeiep KaKThIFBICHI JKOK
JIETT MATIMIEMENTI.

267



ISSN 2224-5227 1.2023

© M.P. MamenoBa'?, A.b. Mopaumos’, K. Amumyasl', C.C. EremoBal,
ML.B. Aiaum:kanosa', 2023
TleHTp GU3UKO-XMMUIECKUX METOIOB UCCIICIOBAHMS U aHAJIH3a,
Anmatsl, Ka3axcras;
?Kazaxckuii Hal[MOHAJIbHbBII YHUBEPCUTET UMEeHHU aib-Dapadu,
Anmarsl, Ka3axcras.
E-mail: mereke.84@mail.ru

BAJIMJALIASI METO/IOJIOT MM AHAJIM3A DHAOKPUHHBIX
JECTPYKTOPOB B BOJIE

MamenoBa Manuna PyciaanoBHa — poxropant PhD. Crapmmii mpenopaBatens Kadempsl
TeIIOGHU3NKH U TeXHIUIeCcKoH pr3nku. Ousnko-TexHudecknii paxynsret Kazaxckoro HannoHaabHOTO
yHHBepcuTeTa nMeHH anb-Oapadu, 050040, . Anmarer, Kazaxcran

E-mail: madinamedova777@gmail.com. ORCID: 0000-0001-6927-9896;

HopanmoB Aiidat BomardexoBnu — nokropant PhD. Mnagmmii Hay4ynsii corpynuuk lleHTpa
(DU3UKO-XMMUYECKUX METOJIOB HCCIIeIoBaHus 1 aHaim3a, 050012, Anmarsr, Kazaxcran

E-mail: a_bolatbekovichl1@mail.ru. ORCID: 0000-0003-2342-5960;

Amumyasl Kakpibek — maructp TexHumdecknx Hayk. Hayunsni corpymmuk lLlentpa ¢usuxo-
XUMUYECKUX METOJIOB McciieoBaHus 1 anaimza, 050012, Anmarel, Kazaxcran

E-mail: kajeke@mail.ru. ORCID: 0000-0003-1310-1524;

EremoBa Canranar CaéuroBHa — noktop PhD no xumun. Hayunenii corpynauk LieHTpa dusmko-
XUMHUYECKIX METOJIOB McciieoBanus 1 anamza, 050012, Anmarel, Kazaxcran

E-mail: s.yegemova@gmail.com. ORCID: 0000-0002-4834-4721;

Anumxanoa Mepexke Baypaxxanosaa — noxrop PhD no crangaprusanum u ceprudukannu. JJonenT
Kadenps! TeIIOQM3UKA M TeXHHYeCKoH ¢m3ukn. Pu3nko-TexHuueckui ¢akynsrer Kazaxckoro
HaIMOHAJIBHOTO YHUBEpcUTeTa MMeHH anb-Papadu, 050040, r. Anmarsl, Kasaxcran

E-mail: mereke.84@mail.ru. ORCID: 0000-0003-2641-0828.

AHHOTANUS. YXYIIICHHE JKOCUCTEMBI UM 3J0POBbs 4YCIIOBEKA SBJIACTCS
OJHOW U3 TpOOJIEeM, BBI3BAHHBIX XMMHUYCCKUM 3arpsi3HeHHeM. B Hacrosiee
BpeMsl OTCYTCTBHE METOAOB OOPbObI C BBICOKOTOKCUYHBIMM XHUMHYECKUMU
3arpsi3HUTEISIMH O0OBEKTOB OKPYXKAOIIEH Cpeibl sABJsIeTCS 0co00i mpodiieMoii u
TpeOyer BHUMaHMsI. Oco00e MECTO 3aHMMAET 3arpsi3HEHUE MPOIYKTOB MUTAHHS
SHJIOKPUHHBIMH  Pa3pyIIUTEISIMHU. AJKUIPEHONBI SBJSIFOTCS  3HJOKPUHHBIMU
Pa3pyLIMTEISIMK, BIMSIONMMH Ha OKOJIOTMYECKOE COCTOSHUE IPO0 BOIBL.
[Ipou3BoauTENM HCIIONB3YIOT AIKHI(EHOIBI MPH MPOU3BOJCTBE YIAKOBOYHBIX
MaTepHUAJIOB JIJIsl IIUIIEBBIX MPOYKTOB, U ONPE/ICICHHBIX IIACTMACC, B CBA3H C 3TUM
cieibl ANKHI(hEHOJIOB BCTPEUAIOTCS B MOJIMKAPOOHATHBIX TIACTUKOBBIX OyTHUIKAX
MUTHEBOW BOABI. 3arps3HCHHE OSHJOKPUHHBIMU JIECTPYKTOpPaMH NPOO BOIBI
MPUBOJUT K HEraTUBHOMY BIIMSHUIO HA 3JI0pOBbE HaceneHus. [loaTtomy ocTpyro
HE00XOAMMOCTh UMEET MTPOBEACHUS KOHTPOJIS Hal SHJOKPUHHBIMU JIECTPYKTOPAMH.
B nmanHOW cTaTthe mpecTaBieHbl PE3YJIbTaThl pa3pabOTKH METOUKY OIPE/ICIICHUS
aNKWI(QEHOJIOB B MPo0ax BOJBI METOIOM MHUHHUATIOPU3UPOBAHHOW TBepA0ha3HOM
MHUKPO3KCTPAKI[MH B COYETAHUU C XPOMATO-Macc-CrieKTpoMeTpucii. B pesynbrare
HCCJICJIOBAaHUHN ONTHUMH3MPOBAHBI OCHOBHBIE MApaMETPhl MUHUATIOPU3UPOBAHHON
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TBepAo(ha3HOH MHKPOIKCTPAKIMK alKWI()eHOJIOB M3 BOAHOH (ha3bl: MOKPHITHE
BoniokHa— DVB/CAR/PDMS, remneparypa sxctpakunu — 90°C, BpeMs SKCTpaKkuu
—20 muH, Bpemst ipeaunkyOannu — 20 mus (NP, OP) n 30 mun (BA), no6aBka NaCl —
30%. IlpoBeneHa orieHKa BaTHIAITMOHHBIX XapaKTEPUCTHK TAKUX KaK: JINHEHHOCTb,
BOCTIPOU3BOJUMOCTb, TIOBTOPSEMOCTh, TOUHOCTh. Pa3paboTaHHBIH METOA MOXKET
OBITH MCIIOIB30BAH IJIs1 ONPENEIICHHUSI M KOHTPOJIS CIIEA0B aIKMI(EHOIOB B MPodax
BOJIBI.

KiroueBble c0Ba: MUHHMATIO3UpOBaHHAsE TBeproQa3Has MUKPOIKCTPAKIHA,
IPOOBI BOIIBI, AJIKMIIPEHOIIBI, SHIOKPHHHBIE Pa3pYITUTEIH, Ta30Bas XpoMaTorpadus,
Macc-CIeKTPOMETPHS

dunaHcupoBanue: JlanHHoe uccaea0BaHre BHITONMHAI0CH o npoekty HIITTHTD
«OPdexTuBHasg pazpaboTKa BHICOKOTYBCTBUTEILHBIX METOIMK aHAJIN3a TPOLYKTOB
MUTAaHUS HA OCHOBE MUHHATIOPU3UPOBAHHON TBEPA0()A3HOH MUKPOIKCTPAKLIUI» U
(rHAHCHPOBAIOCH MHUHHICTEPCTBOM HAyKH ¥ BEICIIETO 00pa3oBaHus Pecmyomuku
Kazaxcran (I'pant Ne AP09058561).

KoH(puuKT MHTepecoB: aBTOPHI 3asBISIOT 00 OTCYTCTBMM KOH(IMKTA HHTE-
pecos.

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
{é’r By
nonylphenol 25154-52-3 -LI‘____J,-}F 220.36 g/mol
C15H24O
a
= | 228.29 g/mol
i .29 g/mo
bisphenol-A 80-05.7 -
HO oM
C15H1602
o I "uy
ri "o
p-tert-octylphenol | 140-66-9 - 206.33 g/mol
7
C14H220

Contaminated water with alkylphenols (nonylphenols and p-tert-ocylphenol,
bisphenol-A) were used for analysis. For the preparation of water samples with
10.0 pg/L concentration of BA, 17.0 ng/L of NA, 5.0 ug/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
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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.

Frp— LR ESRE R L Ar T M ]

L L
Tens I R D AN LD BN T R M B ST DN R M ME UE TE U BE R NE DE S MR

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
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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).

p-tert-Octylphenol

4500 Bp-Nonylphenol
4000 Bn-Nonylphenol
ABi
3500 N Bisphenol A
@ 3000 4 150
g I
X —
g 2500 - 100 SR
S :
= 2000 :
& 1500 Ry
1000 : P
500 AR vy
IERREES ey

car_pdms dvb_car pdms

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

3000
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1500

Peak area,x10-3

1000
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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 H,SO, (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. 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).

4500
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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
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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

Linearity, ) Repeatability Reproducibility Accuracy rate,
Analyte ng/L R index, 6, % index, 6,, % +3, %
bisphenol A 0.9814 9 10 26
p-nonylphenol 0.9931 10 12 30
.005 - 1.
n-nonylphenol 0.005 0 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
Limit of Standard Confidence interval of the
. Recovery, ..
Analyte detection, o deviation, average result,

ng/L ’ S, % +£%
bisphenol A 76.8 5.2 2.3
p-nonylphenol 0.005 72.0 8.8 7.0
n-nonylphenol 74.3 8.2 7.6
p-tert-octylphenol 753 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 DVB/CAR/PDMS for 5 min at
90°C. The water sample extracts the alkylphenols most successfully when 1.5 g of
saltis 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
IM 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
pg/Lto 1.0 pg/L.
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