#® ROYAL SOCIETY
PP OF CHEMISTRY

RSC Advances

View Article Online

View Journal | View Issue,

Fabrication of robust polyimide-coated solid phase
microextraction fibers for efficient extraction of
fifteen polycyclic aromatic hydrocarbons from
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A novel supporting material was developed by pulling melted glass onto stainless steel, providing
a mechanically robust and chemically stable substrate. A polyimide-coated fiber for solid-phase
microextraction (SPME) was then fabricated using a simple dipping method. The strong interactions
between the polyimide coating and analytes, attributed to abundant unshared electron pairs in the p
orbitals of O and N atoms, as well as & electrons in the C=0 bond and benzene ring, contributed to the
high extraction efficiency for sixteen polycyclic aromatic hydrocarbons. The developed polyimide-
coated fiber-based SPME method, coupled with gas chromatography-flame ionization detection,
exhibited low limits of detection (0.11-1.23 png L™ and a wide linear range (1-500 pg L™ for polycyclic
aromatic hydrocarbons in water samples. The method demonstrated excellent repeatability, with single-
fiber repeatability ranging from 2.9% to 6.9% and fiber-to-fiber reproducibility between 3.9% and 11.5%.
The recoveries of the analytes were between 82.7% and 107.2%. Additionally, the fiber exhibited
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Accepted Sth April 2025 outstanding durability, maintaining its extraction performance after more than 150 uses. The developed
method was successfully applied for the determination of polycyclic aromatic hydrocarbons in river,
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1. Introduction

Solid-phase microextraction (SPME) is an efficient sample
preparation method in chemical analysis that integrates
sampling, extraction, preconcentration, matrix removal, and
gas chromatograph (GC) introduction. It collects analytes from
various samples, isolates them on a coated fiber without the use
of solvents, enhances detection sensitivity, eliminates
unwanted substances, and transfers them to a GC for analysis.*”
Its simplicity, solvent-free nature, selectivity, and flexibility have
made SPME a popular alternative to traditional sampling
methods, with widespread applications in fields such as food
analysis, botany, clinical studies, pharmaceuticals, forensics,
and environmental monitoring.*® The fiber used in SPME is
a critical component that determines extraction performance,
including selectivity, capacity, and longevity. Typically, SPME
fibers consist of a coating material supported by a substrate,
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although substrateless fibers are also an option. Numerous
coating materials have been developed, with commercial
options such as polydimethylsiloxane (PDMS), polyacrylate (PA),
divinylbenzene (DVB), carboxen (CAR), carbowax (CW), and
their combinations.® These coatings cater to diverse applica-
tions due to their varying polarities and properties. However,
they have limitations, including restricted operational temper-
atures, limited selectivity and robustness, solvent swelling,
carryover issues, and high costs. These drawbacks have driven
researchers to explore alternative SPME coatings.

Recent advancements in material chemistry have enabled
the creation of innovative sorbents with customized morphol-
ogies and physicochemical properties, expanding their appli-
cability in diverse SPME techniques. Emerging coating
materials include carbon nanotubes,'®** graphitic carbon
nitride,” graphene,* reduced graphene oxide," boron nitride,*®
ionic liquids,"” metal-organic frameworks,"”® molecularly
imprinted polymers,"” and covalent organic frameworks.”**
The extraction performance of these materials depends on their
morphology and physicochemical characteristics. A key guiding
principle in the development of coating materials is “like
dissolves like,” where increasing the surface area and thickness
or length of the coatings can further enhance their extraction
efficiency. Regarding supporting materials, stainless steel wire
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(SSW) and silica fiber are commonly employed. SSW offers
excellent mechanical strength and thermal stability but has an
inert surface, complicating chemical bonding for coating.
Silica, with its abundant surface Si-OH groups, facilitates
strong chemical bonding but is fragile, significantly limiting its
lifespan. Additionally, silica-based fibers typically have coating
lengths restricted to 1 cm due to their fragility. Therefore,
developing a supporting material that combines the merits of
SSW and silica fiber is a priority in SPME research.

Polyimide (PI), an organic polymer with a stiff aromatic
backbone, demonstrates excellent thermal and chemical
stability, solvent resistance, and mechanical strength.”> These
properties, along with its rich chemical groups, have made PI
a viable extraction material, utilized in various forms such as
electrospun nanofiber membranes,”® magnetic mesoporous
composites,> phase transformation coatings,” and porous
particles.”® PI has shown affinities for compounds like estro-
gens,” Sudan dyes,” rhodamine B,* polycyclic aromatic
hydrocarbons (PAHs),* parabens, and chromium tri-
fluoroacetylacetonate (Cr(tfa);).** Its stable chemical and phys-
ical properties, along with its ability to absorb both polar and
nonpolar compounds, make PI an ideal material for SPME
coatings. However, studies on PI-coated SPME fibers remain
limited. PAHs are ubiquitous environmental contaminants
produced during incomplete combustion or industrial
processes. Due to their toxicity and potential mutagenic, tera-
togenic, and carcinogenic effects, analyzing trace levels of PAHs
in various matrices has been extensively studied.**** To address
these challenges, we developed a novel supporting material by
pulling melted glass onto stainless steel, combining the
mechanical strength of stainless steel wire with the chemical
properties of glass. Polyimide-coated fibers were then fabricated
using a simple dipping method. The PI coating exhibited a high
affinity for electron-rich PAHs (the physicochemical properties
of the analytes are shown in Table S1t) due to the presence of
abundant unshared electron pairs in the p orbitals of oxygen
and nitrogen atoms, as well as 7 electrons in the C=0 bond
and benzene ring. By coupling GC-FID, we established an
SPME/GC-FID method for the sensitive detection of trace levels
of PAHs in environmental water samples.

2. Experimental

2.1. Reagents and materials

Polyimide (PI) was obtained from Sujia Polymer Material Co.,
Ltd (Dongguan, Guangzhou, China). A standard solution of
PAHs containing NAP, ACY, FLU, PHE, ANT, FLA, PYR, BaA,
BaF, BbF, BKF, BaP, IcdP, DahA, and CHR at a concentration of
200 pg L' was purchased from O2si Smart Solutions
(Charleston, South Carolina, USA). The solution was stored at
—20 °C until use. Working standard solutions were freshly
prepared each day by appropriate dilution with acetonitrile.
Sodium chloride was procured from Chengdu Cologne Chem-
ical Co., Ltd (Chengdu, China), while deionized water was
produced using a Milli-Q ultrapure water system (Millipore,
Elix5, and Milli-Q). SSW (0.15 mm outer diameter) was obtained
from Baofeng Metal Material Company (Shenzhen, China) and
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cut into 3 cm sections for fiber preparation. Glass capillaries
(0.3 mm inner diameter) were sourced from Donghai Jingao
Glass Products Co., Ltd (Lianyungang, China). The SPME device
was purchased from Supelco (Bellefonte, PA, USA).

2.2. Instruments

Scanning electron micrographs (SEM) and electron dispersive
spectroscopy (EDS) of the SPME fiber coatings were obtained
using a Shimadzu SS-550 scanning electron microscope (Hita-
chi SU8020, Japan) operating at 20.0 kV. Separation of PAHs was
carried out using an Agilent 8890 gas chromatograph (GC;
Agilent, Shanghai, China) equipped with an HP-5 capillary
column (30 m x 0.32 mm i.d., 0.25 pm film thickness), a flame
ionization detector (FID), and a split/splitless injection port. For
PAH detection, the injection port temperature was set to 300 °C
in splitless mode, while the FID temperature was maintained at
330 °C. Nitrogen gas (purity 99.99%) was used as the carrier gas
at a flow rate of 2.0 mL min ", with air and hydrogen flow rates
set at 400 mL min~ " and 30 mL min ", respectively. The GC
oven program was set to an initial temperature of 100 °C,
ramped to 310 °C at 5 °C min~ !, and held for 1 min, resulting in
a total run time of 42 min.

2.3. Preparation of PI-coated fiber

The fabrication of the polyimide (PI)-coated fiber involved
several sequential steps, as shown in Fig. 1. A stainless steel wire
(SSW) with an outer diameter of 0.15 mm was cut into 5 cm-long
segments, which were carefully cleaned by wiping with filter
paper. One cleaned SSW segment was then inserted into a 3 cm-
long glass capillary with an inner diameter of 0.3 mm. The glass
capillary was held at both ends, and its middle part was heated
using a butane flame. To ensure even heating, the glass capillary
was rotated during the heating process. Once the glass capillary
became red-hot and softened, the left tip of the glass capillary
and the SSW were held stationary, while the right tip was slowly
pulled to form a thin, uniform coating, thus creating the desired
supporting material. Next, 1 mL of PI was placed into a 1.2 mL
vial to form a PI column with a height greater than 2 cm. The
aforementioned supporting material was then inserted into the
PI column through a 0.50 mm hole located in the center of the
cap septum. After fully immersing the supporting material in
the PI, it was gradually pulled vertically through the hole. This
process removed excess PI from the supporting material and
ensured uniform adhesion of the PI coating. The freshly coated
supporting material was subsequently dried at 100 °C and
150 °C for 2 h each, ensuring that the PI coating was firmly fixed
onto the supporting material. The coating process was repeated
three times to achieve a homogeneous coating with a thickness
of approximately 20 um. Finally, the prepared fiber was moun-
ted onto the SPME holder and conditioned in the GC injection
port at 280 °C until a stable baseline was achieved, a process
that took approximately 2 h.

2.4. SPME procedures

For the direct immersion SPME procedure, 25 mL of either
standard PAH working solutions (100 pg L") or environmental
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Fig.1 Schematic demonstrating of the fabrication processes of FI-coated SPME fiber.

water samples were placed into a 40 mL glass vial. A Teflon-
coated stir bar and 7.5 g of sodium chloride were added, and
the vial was sealed with a PTFE-coated septum. The extraction
temperature was maintained at 80 °C using a thermostatic
water bath, with magnetic stirring set at 500 rpm to ensure
thorough agitation. The SPME fiber was carefully inserted into
the vial's headspace and exposed for 40 min to allow adsorption
equilibrium of the target PAHs onto the fiber coating. After the
extraction step, the fiber was retracted into the needle sleeve
and introduced into the GC injection port for analyte desorp-
tion at 280 °C for 5 min. Before commencing the next extrac-
tion-desorption cycle, the fiber was conditioned in the injection
port at 280 °C for 5 min to remove any residual compounds,
ensuring consistent performance across multiple runs.

3. Results and discussion

3.1. The reason for choosing PI as coating material

We chose the PI as the SPME coating material because its
following advantages: first, PI exhibits exceptional solvent and
thermal stability, which extends the lifespan of PI-coated fibers.
Second, PI contains abundant unshared electron pairs in the p
orbitals of oxygen and nitrogen atoms, as well as 7 electrons in
the C=0 bond and benzene ring. This structure gives it a high
affinity for electron-rich compounds (e.g., PAHs) through m-m
and/or p-w stacking interactions.

3.2. PI coating for enhanced mechanical strength

PI can be readily applied to silica capillary, significantly
improving their mechanical strength. This is why PI is
commonly used as a coating for chromatography capillary
columns. However, the thin structure of SPME fibers and the
bare exposure of their rear tips make them vulnerable to
breakage during extraction procedures. While SSW offers
excellent mechanical strength, achieving a uniform PI coating
on SSW alone is difficult. To address this limitation, a hybrid
supporting material was created by heating and pulling glass
onto SSW (details provided in Section 2.3), forming a thin glass
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layer around the wire. A PI coating was then applied to the
prepared supporting material using a sequence of dipping,
drying, and aging steps. The inclusion of SSW substantially
enhanced the fiber's mechanical strength and allowed for an
extended coating length. For optimal extraction capacity and
ease of use, the fiber length was set at 2 cm in this study.

3.3. Characterization of the PI-coated fiber

SEM images of the supporting material and PI-coated fiber are
shown in Fig. 2. The low-magnification image of the supporting
material (Fig. 2a and S1at) demonstrates that the glass layer was
uniformly and smoothly distributed along the stainless steel
wire, giving the glass layer a sleek appearance. The EDX spectrum
(Fig. S1bt) of the supporting material showed the predominant
presence of O and Si atoms, with weight percentages of 53.21%
and 27.93%, respectively. In addition, C, Na, Al, K, Ca, and Ba
atoms were also detected in the glass coating layer, likely origi-
nating from the glass composition, with a total weight
percentage of 18.86%. The high-magnification cross-sectional
image (Fig. 2b) reveals that the glass layer closely adhered to
the SSW, with a thickness of approximately 20 um. As seen in Fig.
2a and Slc,T the surface becomes rougher but remains uniform
after coating the PI onto the glass layer. The EDX spectrum of the
PI-coated fiber (Fig. S1d¥) revealed the presence of C, N, and O
atoms, with weight percentages of 70.29%, 0.15%, and 29.56%,
respectively. These results are generally consistent with the
composition of PI. The cross-sectional view of the fiber (Fig. 2b)
clearly shows the SSW located at the center of the fiber, with the
PI coating tightly wrapped around the glass layer. The thick-
nesses of the glass layer and the PI coating were approximately 20
um and 10 pm, respectively. These findings validate the effec-
tiveness of the proposed method for fabricating both the sup-
porting material and the PI-coated fibers.

3.4. Affinity of PI coating for PAHs

The structure of PI includes various types of electrons, such as
lone pairs in the p orbitals of oxygen and nitrogen atoms, as well

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 2 SEM image (a) and cross-sectional view (b) of the supporting material; SEM image (c) and cross-sectional view (d) of the Pl-coated fiber.

as 7 electrons in C=0 bonds and benzene rings. This electronic
configuration allows the PI coating to exhibit strong affinity for
polycyclic aromatic hydrocarbons (PAHs) through p-m conju-
gate interactions and m-m stacking interactions.*® These
multiple interaction mechanisms give PI coatings a signifi-
cantly higher affinity for a broader range of PAH compounds
compared to other materials, such as graphene (e.g., NAP, ACY,
FLU, PHE, ANT, FLA),*® reduced graphene oxides (e.g., NAP,
ACY, FLU, PHE, ANT, FLA, PYR, B[]F), and COF@Ti;C, T, (e.g.,
ACY, FLU, PHE, ANT, PYR).*”® This distinctive property makes
PI an excellent choice for PAH extraction.

3.5. Stability of PI-coated fiber

The solvent and thermal stability, as well as mechanical
strength of an SPME fiber are critical factors for its performance
and longevity. To evaluate the stability of the PI-coated fiber, it
was immersed for 1 h in different solvents typically encountered
during extractions: 0.1 mol per L HCI solution, 0.1 mol per L
NaOH solution, and 1 mol per L methanol. After immersion, the
fiber was thoroughly rinsed with deionized water and dried at
150 °C for 30 min; to assess its thermal stability, the PI-coated
fiber was conditioned at temperatures of 290, 300, and 310 °C
for 30 min. Subsequently, the fiber's extraction efficiency for
PAHSs was evaluated. The ratios (r) of the extraction efficiency
after versus before solvent and thermal treatment are presented
in Table S1,7 with values ranging from 0.84 to 1.02. These

© 2025 The Author(s). Published by the Royal Society of Chemistry

results indicate that the fiber's extraction performance
remained consistent, demonstrating strong solvent resistance
and excellent thermal stability up to 310 °C. The mechanical
strength of the fiber was evaluated after 150 extraction cycles.
The extraction efficiency was also measured, and the corre-
sponding r values (Table 2) ranged from 0.87 to 0.95, indicating
minimal change in performance even after repeated use. This
robustness can be attributed to the high mechanical strength of
the PI coating and the glass-modified SSW core, ensuring
durability for over 150 extractions.

3.6. Choice of extraction mode

In preliminary experiments, it was observed that IPY, DBA, and
BPE could not be effectively extracted using the headspace
mode, likely due to their high boiling points, which hinder
volatilization into the headspace (the boiling points of all ana-
Iytes are listed in Table S17). To enable comprehensive extrac-
tion of all target PAHs (sixteen analytes), the direct immersion
(DI) extraction mode was therefore selected for this study.

3.7. Optimization of SPME conditions

To achieve satisfactory extraction efficiency and sensitivity,
various experimental factors, including extraction time, stirring
speed, salt concentration, and
desorption time, were investigated. The experimental details

desorption temperature,

RSC Adv, 2025, 15, 11826-11834 | 11829
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Fig. 3 Effect of the experimental conditions on the extraction efficiency of Pl-coated fiber for 100 pg L™ PAHSs, including (a) extraction time, (b)
stirring speed, and (c) salt concentration. Errors bars show the standard deviation of the mean (n = 3).

are shown in Fig. 3. Optimization experiments were conducted
using 25 mL of water spiked with 100.0 pg L™' of PAHs, with
each condition tested in triplicate to ensure reliability.

3.7.1. Extraction time. The duration of extraction influ-
ences the equilibrium among analytes in the sample, head-
space, and fiber coating. Extraction times ranging from 5 to
60 min were tested. As shown in Fig. 3a, the signal responses for
the fifteen PAHs increased significantly with longer extraction
times, plateauing between 40 and 60 min, indicating that
adsorption equilibrium was achieved at 40 min. Consequently,
40 min was selected as the optimal extraction time for further
analyses.

3.7.2. Stirring speed. Stirring facilitates the diffusion of
analytes from the solution to the headspace and subsequently
onto the fiber coating, thereby enhancing extraction efficiency.
To determine the optimal stirring speed, rates ranging from 0 to
700 rpm were evaluated. As depicted in Fig. 3b, maximum
extraction efficiency was achieved at a stirring speed of 500 rpm.
At higher speeds, the solution occasionally splashed onto the
surface of the fiber, reducing extraction efficiency and
compromising repeatability. Consequently, 500 rpm was
selected as the optimal stirring speed for further analyses.

3.7.3. Ionic strength. Ionic strength influences the distri-
bution constant of analytes, particularly nonpolar compounds,
between the headspace and the sample solution, thereby
affecting extraction efficiency. Sodium chloride (NaCl) concen-
trations ranging from 0% to 30% (w/v) were tested. As shown in
Fig. 3c, extraction efficiency was the highest at a NaCl concen-
tration of 30%, beyond which efficiency declined due to
increased sample viscosity. Accordingly, a concentration of 30%
NacCl was selected for subsequent experiments.

3.7.4. Desorption temperature and time. Desorption
temperature is critical for the complete release of analytes from
the fiber coating without compromising its integrity. Temper-
atures ranging from 260 to 290 °C were evaluated, with Fig. S2f
showing the highest extraction efficiency at 280 °C. Tempera-
tures above 280 °C did not significantly improve performance.
Thus, 280 °C was selected as the optimal desorption tempera-
ture. Desorption time also affects analyte recovery and mini-
mizes cross-contamination. Times between 1 and 9 min were
tested, with Fig. S31 showing a plateau in peak areas after 5 min.

1830 | RSC Adv, 2025, 15, 11826-11834

Therefore, a desorption time of 5 min was chosen for further
analyses. Accordingly, the conditions for the HS-SPME of PHCs
were established as follows: extraction time, 40 min; stirring
speed, 500 rpm; salt (NaCl) concentration, 30% (w/v); desorp-
tion temperature, 280 °C; and desorption time, 5 min.

3.8.
fiber

Comparison of PI-coated fiber with commercial PDMS

The overall extraction performance of the PI-coated fiber was
evaluated in comparison with a commercial 100 um PDMS fiber,
which is recognized as one of the most effective materials for
PAH enrichment due to its inherently nonpolar polymer
composition. Given the difference in coating thickness and
length between the fibers, the extraction time profile of the
PDMS fiber was examined to ensure that the comparison was
made under equilibrium conditions. The findings revealed that
the PDMS fiber reached equilibrium within 50 min for extract-
ing the eight PAHs. Accordingly, 50 min was determined as the
optimal extraction time for the commercial fiber. The perfor-
mance of the PI-coated fiber was further compared to that of the
commercial fiber for DI-SPME of a 100 pg per L PAH solution,
with each fiber operated under its respective optimal condi-
tions. The comparison was based on the extraction efficiency of
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Fig. 4 Comparison between PDMS and Pl coating: extraction effi-
ciency toward sixteen PAHs.
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Table 1 Analytical performance for GC/FID determination of PAHs using Pl-coated fiber

RSD
Linear range Detection limit One fiber Fiber-to-fiber
Compound (ngL™ R (ngL™h (%, n = 5) (%, n = 3)
NAP 10-500 0.994 1.23 3.9 9.2
ANY 10-500 0.995 0.94 5.1 6.3
ACP 10-500 0.993 1.04 2.9 4.5
FLU 1-500 0.991 0.29 3.5 5.7
PA 1-500 0.993 0.31 4.1 6.4
ANT 1-500 0.997 0.24 5.3 7.3
FL 1-500 0.994 0.33 6.3 8.8
PYR 1-500 0.999 0.21 4.5 7.2
BaA 1-500 0.991 0.19 5.3 11.5
CHR 1-500 0.994 0.16 2.9 7.1
BbF 1-500 0.991 0.21 6.8 6.8
BkF 1-500 0.996 0.17 5.7 5.2
BaP 1-500 0.994 0.11 4.2 10.3
IPY 1-500 0.992 0.12 5.9 6.7
DBA 1-500 0.991 0.17 6.9 3.9
BPE 1-500 0.999 0.25 4.3 10.7

analytes normalized by coating volume. As for the remaining
thirteen analytes, both fibers exhibited affinity. More specifi-
cally, compared to the commercial PDMS fiber, the PI-coated
fiber showed much higher extraction efficiency toward BaA,
CHR, BDbF, BKF, BaP, and IPY, exhibiting approximately 5.0- to
28.8-fold higher responses; similar efficiencies were observed
for ANT, FL, and PYR. In contrast, lower extraction efficiencies
were observed for ANY, ACP, FLU, and PA, with 0.39-0.83-fold
responses relative to the PDMS fiber (Fig. 4). This phenomenon
may be explained by the abundance of p and m-electrons in its
structure. These findings confirm that the PI coating outper-
forms the PDMS coating in extracting PAHs.

3.9. Performance of the SPME-GC/FID method

The performance of the SPME-GC/FID method was evaluated
(LODs),

based on linearity, limits of detection and

T
10 20 30
Time (min)

Fig. 5 Chromatograms of (a) a Yellow River water sample, (b)
a sewage water sample, (c) a lake water sample, and (d) a standard
solution (100 pg L™4).

© 2025 The Author(s). Published by the Royal Society of Chemistry

repeatability, with results summarized in Table 1. Linearity
was assessed using water samples spiked with PAHs across
a concentration range of 1-500 ug L', analyzed in triplicate.
All analytes exhibited excellent linearity, with determination
coefficients (R*) exceeding 0.99. The LODs, defined as the
lowest concentrations detectable with a signal-to-noise ratio
of 3, ranged from 0.11 to 1.23 pug L™ '. Repeatability tests with
a single PI-coated fiber yielded relative standard deviations
(RSDs) below 6.9% over five extractions of a 100 pug per L PAH
solution. Fiber-to-fiber variation, evaluated using three PI-
coated fibers, showed RSDs below 11.5%. These results
confirm the method's sensitivity, reproducibility, and
consistent fabrication quality.

3.10. Sample analysis

The GC/FID method was validated by analyzing fifteen PAHs in
three types of environmental water samples: Yellow River water,
sewage water, and lake water. The results are presented in Fig. 5
and Table 2. LA, PYR, BKkF, and BbF were detected in Yellow
River water at concentrations of 2.7, 1.8, 3.9, and 1.1 pg L™,
respectively. In sewage water, FLU, PA, ANT, FL, PYR, BaA, CHR,
BbF, BkF, BaP, IPY, DBA, and BPE were identified, with
concentrations ranging from 4.5 to 53.5 pg L™ '. In lake water,
four PAHs (LA, PYR, BKF, and BbF) were detected at concen-
trations of 3.6, 2.5, 1.1, and 1.4 pg L, respectively. To verify the
method's accuracy, three different types of real water samples
were spiked with 100.0 pg L™ of PAHs, achieving recoveries
ranging from 82.7% to 107.2%. The corresponding chromato-
grams are shown in Fig. S4-S6.1 These findings confirm the
reliability and effectiveness of the method for analyzing PAHs in
complex water matrices.
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Table 2 Analytical results for the determination of PAHs in natural water samples”

Yellow River water Sewage water Lake water

Concentration  RSD Recovery  Concentration  RSD Recovery  Concentration = RSD Recovery
Compound  (ug L™ (%, n=3) (%) (ngL ™) (%, n=3) (%) (ngL ™) (%, n=3) (%)
NAP - 3.3 90.1 — 5.5 84.7 - 4.9 82.8
ANY - 4.2 88.5 - 6.2 90.4 - 5.1 106.7
ACP — 5.6 82.7 — 4.8 87.2 - 6.4 92.4
FLU - 4.2 86.4 6.6 3.9 83.5 - 5.1 88.4
PA — 2.9 87.5 14.4 2.8 104.6 - 6.2 92.4
ANT - 5.4 90.1 15.9 4.6 86.4 - 5.8 86.5
FL 2.7 6.1 92.3 50.1 6.2 90.4 3.6 7.1 104.6
PYR 1.8 5.3 85.2 53.5 3.9 92.4 2.5 5.3 88.3
BaA 3.9 6.1 105.3 14.0 4.8 87.8 1.1 4.9 82.6
CHR - 5.5 92.4 6.8 5.5 91.8 - 6.3 102.2
BbF 1.1 4.8 93.4 18.7 4.7 105.2 1.4 5.8 84.3
BkF - 3.7 107.2 8.6 3.9 84.7 - 4.6 94.3
BaP — 5.9 94.1 7.8 6.7 105.7 - 6.1 86.7
IPY - 6.7 86.5 7.6 5.7 102.7 - 5.8 94.1
DBA - 4.9 103.5 4.6 5.7 91.8 - 4.9 83.8
BPE - 5.9 87.4 4.5 4.1 93.4 - 5.8 106.4

% — indicates non-detectable.

4. Conclusion

This study introduced a novel supporting material by pulling
melted glass onto SSW. The resulting material integrates the
mechanical strength of SSW with the chemical properties of
glass. Using this approach, robust and flexible PI-coated SPME
fibers were fabricated through a simple dipping method. The PI-
coated fibers exhibited excellent fiber-to-fiber repeatability, as
well as strong solvent resistance, thermal stability, and selectivity
for PAHs. These fibers were successfully applied for the extraction
of trace PAHs from river, pond, and sewage water samples prior to
GC-FID analysis. The method exhibited a wide linear range (1-500
ng LY, low LODs (0.11-1.23 pg L), and good recoveries
(82.7%-107.2%) in real samples, confirming its suitability for
environmental analysis. Thus, this Pl-coated fiber-based DI-
SPME-GC-FID technique provides a sensitive and cost-effective
alternative for detecting trace PAHs in complex samples.
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