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Abstract: Considering the adverse effects of gasoline additives and aromatic compounds on the
quality of the water supply and the ecological environment of the water, a methodology, with short
chromatographic separation time (22.5 min) and high separation quality, was optimized for the
determination of 11 common gasoline additives and aromatic compounds using gas chromatograph
coupled with triple quadrupole mass spectrometer (GC-QqQ-MS/MS) system. The extraction
procedure of analytes was performed by headspace solid—phase microextraction (HS-SPME) and purge
and trap (P&T), respectively. Both of the two extraction methods provided excellent chromatographic
resolution in subsequently GC-QqQ-MS/MS detection system, with the coefficients of linear regression
of the calibration curves with HS-SPME and P&T pretreatments were 0.9965~0.9998 and 0.9961~0.9999,
respectively, n = 7. The limit of detections (LODs) of these selected oxygenate compounds were
discovered to be 0.52~32 ng/L in the P&T-GC-QqQ-MS/MS detection system and 0.11~151 ng/L
in the HS-SPME-GC-QqQ-MS/MS detection system. For benzene, toluene, ethylbenzene and
xylene isomers (BTEX), the HS-SPME-GC-QqQ-MS/MS system provided outstanding detection
performance because of the lower LOD obtained. However, for other selected compounds,
the P&T-GC-QqQ-MS/MS system offered lower LODs. The proposed extraction-detection procedure
is a simple and sensitive analytical approach for the detection of gasoline additives and aromatic
compounds in water.

Keywords: purge and trap; headspace solid-phase microextraction; gasoline additives; aromatic
compounds; gas chromatography-triple quadrupole mass spectrometry

1. Introduction

Gasoline additives, a group of octane number enhancers, are added to gasoline in order to increase
the combustion efficiency and reduce the generation of CO [1]. The gasoline—derived contaminants
enter into water through fuel spills include varieties of toxic chemicals, such as methyl tert-butyl
ether (MTBE), tert-butyl alcohol (TBA), tert—butyl formate (TBF), oxygenate dialkyl ethers (ETBE),
tert-amyl methyl ether (TAME), diisopropyl ether (DIPE)) and aromatic compounds (benzene, toluene,
ethylbenzene and xylene isomers (BTEX)) [2]. According to the Clean Air Act Amendments of United
States Environmental Protection Agency (US EPA), MTBE, added to gasoline at 10% (v/v), is the
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most commonly used oxygenate [3]. Because of its massive use, refractory biodegradation and high
solubility, MTBE has become one of the most frequently detected pollutants in groundwater and surface
water [4,5]. MTBE is proved to be carcinogenic to animals and the US EPA has issued a drinking water
advisory for MTBE at 20~40 ng/L to protect the public health [6-8]. Furthermore, TBA, TBF and the
primary metabolite of MTBE were detected in gasoline polluted waters [9]. TBF is generally rapidly
transformed to TBA in aqueous solutions and TBA is a proven neurotoxin at higher doses [10,11].
BTEX exhibited carcinogenic effects, and accounts for around 18% (w/w) in gasoline [12]. The US EPA
established a drinking advisory to protect public health, recommending the concentration of benzene,
toluene, ethylbenzene and xylenes below 5 pg/L, 1 mg/L, 0.7 mg/L and 10 mg/L, respectively [13].

Detection of fuel oxygenates and BTEX has become increasingly important to environmental and
water quality management. The analysis of these contaminants normally involves sample pretreatments,
including solid—phase microextraction (SPME) [14-16], purge-and-trap (P&T) [9,17-19] and headspace
(HS) [20]. Direct aqueous injection (DAI) during gas chromatography-mass spectrometry (DAI-GC-MS)
detection of fuel oxygenates and BTEX was studied [21]. Although DAl is an efficient method without
pre—treatment steps, the reported limit of detections (LODs) were much higher than those using GC-MS
with P&T pretreatment [9]. Due to the excellent extraction performance of polymeric coating on fused
silica fiber, SPME exhibits remarkable pretreatment efficiency [22]. In SPME, these adsorbed analytes
dissociated during heating into gas chromatograph (GC) injection port process, providing a simple and
sensitive method. SPME technology completes sampling, extraction, pre-concentration and sample
injection in one-step, sharply decreased the noise, and improved the extraction efficiency [23].

P&T-GC/MS is the most commonly used technique for analyzing fuel oxygenates and BTEX
in water [7]. This method has been widely assessed and frequently used for the detection of fuel
oxygenates in surface and ground waters. Nevertheless, the LOD of TBA in the P&T-GC/MS process is
higher than other fuel oxygenates, because of its high polarity and low Henry’s constant [16]. With the
development of technology, Rosell et al. [9] reported an exceeding low LOD for MTBE (1 ng/L) and
TBA (110 ng/L) through the P&T-GC/MS method.

During multiple reactions monitoring (MRM) mode of the GC-QqQ-MS/MS detection process,
analytes can be identified sensitively and selectively [24]. The MRM mode has been widely used
for the detection of micro pollutants in soil, air and water [25]. However, based on our study on
published literatures, few studies reported the detection of fuel oxygenates and BTEX in water
using GC-QqQ-MS/MS with HS-SPME and P&T systems. The aim of present paper is to develop
two determination methods based on the pretreatment of SPME and P&T using GC-QqQ-MS/MS,
comparing analytical performance of the two proposed pretreatment methods. Meanwhile, parameters
optimization of the detection methods has been provided and discussed.

2. Materials and Methods

2.1. Chemicals and Reagents

Standard DIPE, MTBE—d3 (internal standard, IS;) solution and a mixture of BTEX and MTBE in
methanol at individual concentrations of 2000 mg/L were purchased from Sigma—Aldrich. Standard
TBA (2000 mg/L), TAME (200 mg/L), TBE, ETBE and fluorobenzene (200 mg/L, internal standard, IS;)
were purchased from J&K. Methanol (high performance liquid chromatography grade) was obtained
from Sigma—Aldrich. Ultra—pure water (18.2 M()-cm, total organic carbon < 1 pg/L) used in present
research was obtained from an Elga Purelab Ultra Analytic system (Bucks, UK).

2.2. Standard Solutions Preparation

The standard stock solution of individual analyte at concentration of 500 pg/L was formed using
ultra—pure water. All stock solutions were configured once a week, keeping in amber bottles at 4 °C in
a freezer before using. Standard calibration solutions of 20, 10, 5, 1, 0.5, 0.1, 0.05 ug/L used in present
study were obtained by step wisely diluting the 500 ug/L stock solution to the specified concentrations
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with ultra—pure water. Standard calibration solutions were used to establish the calibration curves and
obtain LODs and limit of quantification (LOQs) of each analyte.

The standard stock solution of IS1 at 40 g/L was configured by dissolving 2 g MTBE-d3 in 50 mL
amber volumetric flask using HPLC grade methanol. The fluorobenzene (IS,) solution at concentration
of 8 mg/L. was obtained by dispensing 2 mL of the solution into a 50 mL volumetric flask, using methanol
as solvent.

2.3. Sampling

A water sample was prepared based on standard water sampling techniques for volatile organic
compounds by the US EPA (Method 8260). Water samples were collected in duplicate from different
places directly in the vials. The vessels were filled up with water in order to shun headspace.
After sampling, these water samples were cooled down to 4 °C in a refrigerator before analysis (within
one week). The surface water samples were withdrawn from Xi’an Shi-bian—yu reservoir and the
groundwater samples were taken from a well in outskirts of Xi’an city.

2.4. GC-QqQ-MS/MS Analysis

The detection of volatile fuel oxygenates and BTEX was conducted with a 7890A gas chromatograph
coupled with 7000A triple quadrupole mass spectrometer (GC-QqQ-MS/MS) (Agilent Technologies,
Palo Alto, CA, USA). The separation of these analytes during detection process was performed using
a75m X 0.53 mm I.D. DB-624 fused-silica capillary column (J&W Scientific, Folsom, CA, USA). In the
separation process, the column temperature was kept at 35 °C for 1 min. After that, the temperature was
increased to 95 °C at 8 °C/min and hold at 95 °C for 3 min. Then, the temperature was increased from
95 to 225 °C at 13 °C/min for 1 min. The total time of the separation process was 22.5 min. Helium was
used as carrier gas fixed at 3 mL/min and nitrogen was used as collision gas with 1.5 mL/min.

Electron ionization (EI) was used before analytes went into the QqQ mass spectrometer analysis,
ionization voltage was fixed at 70 eV and the temperature of ionization source was 230 °C. The filament
multiplier delay is 11 min for SPME and 12 min for P&T. The emission current was set at 35 A and
the dwell times were optimized between 80 and 240 ms [26].

2.5. Purge and Trap Equipment

During P&T preparation process, a Tekmar purge-and-trap concentrator together with an Aquatek
100 liquid autosampler was used to prepare samples. Before preparation process, a 5 mL water sample
was extracted and transferred to purge tube of the concentrator. A 40 mL/min high purity nitrogen
was used to purge analytes from water and these purged organics were trapped by Tenax-Silica
gel-charcoal trap. Afterwards, the trap was heated to 280 °C for the desorption of trapped organics
using helium as carrier gas. During the analysis process, sampling needle and purge tube were washed
with HPLC water and the trap was baked at 280 °C for 4 min before next sample injection in order to
ensure accuracy.

2.6. Solid-Phase Microextraction Equipment

The commercial extraction fiber (50/30 mm polydimethylsiloxane/divinylbenzene/carboxen
(PDMS/DVB/CAR)) for SPME preparation was obtained from Supelco. All these fibers used in
SPME preparation were conditioned complied with the manufacture’s recommendations in the
injection port of the GC system. A 8 mL water sample, in a 15 mL vial, was mixed under intense
magnetic stirring. The vial was sealed using silicon-Teflon septum cap after adding 2.0 g NaCl to water
sample. Subsequently, the sealed vial was transported to water-bath at 40 °C for 30 min with vigorous
magnetic stirring. The needle outside the fiber was employed to penetrate the septum in order to allow
the fiber extended into the headspace for analytes extraction. The extracted fiber was placed into the
glass liner of the GC injection port and these analytes were desorbed from the fiber at 230 °C for 4 min.



Water 2020, 12, 2266 40f 11

2.7. Optimization of the MS/MS Parameters

These analytes and two internal standards (IS; and IS;) were analyzed under scan mode in order
to optimize the MS/MS analysis parameters and identify the precursor ions of each analyte in data
acquisition systems. Mass spectra obtained in full scan mode were recorded to identify the higher mass
ratios and abundance ions of these analytes, to increase the selectivity and sensitivity of the detection
method [27]. After the full scan mode, the daughter ion scan mode was conducted to identify the
product ions of each analyte. Daughter ions were produced by adopting collision energy voltages
(5~65 eV) and the analytes molecules under collision induced dissociation (CID), using nitrogen gas as
the collision gas.

3. Results and Discussion

3.1. Selection of Precursor lons and Product Ions

The my/z obtained in full scan mode for the selected analytes is shown in Supplementary Materials
Figure S1. On the basis of the definition of identification points (IPs) in the Decision 2002/657/EC,
1.0 IP and 1.5 IPs are appointed to precursor ion and product ion during MS/MS analysis, respectively.
An unambiguous confirmation of the analytes identity needs 3 or 4 identification ions [28]. Even though
the definition was originated from the determination of organics in animal products, it has been used
in the analysis of trace contaminants in environmental matrices [29].

In the present research, the detected m/z range was set at 40~200 and the applied EI energy was
fixed at 70 eV in MS full scan mode, those fragments with high abundance ratios and high m/z were
selected as precursor ions in MRM mode [30]. Nitrogen was used as the collision gas during product
ion scan mode, the product ion and the optimal collision energy for each of the selected analytes were
determined. In order to make sure that the chromatographic peaks of the analytes under test were
at least ten points and satisfy the analysis requirement, the test time is divided into seven periods,
dwell time is set to 80~240 ms. For each of the selected analytes, one precursor ion with two different
product ions at specific collision energy (CE) voltage were monitored (see Table S1).

3.2. Effect of Inlet Temperature

The influence of the inlet temperature on signal detection intensities during the detection
process on the basis of the mentioned GC-QqQ-MS/MS conditions was investigated. A 1 uL mixed
standard solution of the selected analytes at individual concentration of 20 ug/L was injected into
GC-QqQ-MS/MS detection system with matched autosampler under six individual injection—port
temperatures (150, 170, 190, 210, 230 and 250 °C) in splitless mode. Each detection of the sample
was repeated three times. The relative signal intensities of these identified peaks of the selected
analytes with reference to those at 250 °C were calculated using Equation (1). The results are shown in
Figure 1a,b.

Ratio (%) = (Peak area at T/Peak area at 250 °C) x 100% 1)

As can be seen from Figure 1, the effect of the injection port temperature on signal detection
intensities of the selected analytes was complex. For MTBE, the effect of temperature on signal detection
intensity was negligible. For ETBE and TBA, the intensity of signal increased obviously as the injection
port temperature increased from 150 to 230 °C. However, as the temperature further increased to 250 °C,
the intensity exhibited decreased tendency. The intensity of response signal for the other analytes
exhibited increased tendency as the temperature increased from 150 to 210 °C, then decreased as the
temperature further increased to 250 °C. Hence, the temperature of injection port was fixed at 210 °C.
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Figure 1. Effect of injection port temperature on MS/MS detection signal intensities of the twelve
analytes (20 ug/L). The peak area at the injection port temperature of 250 °C is used as a reference
(100%). (a) the peak area ratio of TBA, MTBE, DIPE, ETBE, TBF, and TAME; (b) the peak area ratio of
benzene, toluene, ethylbenze, m+p—xylene, and o—xylene.

3.3. Optimization of Purge and Trap (P&T) Preparation

3.3.1. Effect of Sample Purge Temperature

The influence of sample purge temperature on detection accuracy were investigated at 25, 30, 35,
40, 45, 50 and 55 °C, respectively with the concentration of individual analyte at 20 pg/L. The effects of
purge temperatures on the sample purge efficiency are presented in Figure 2a,b.
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Figure 2. Effect of sample temperature on signal intensities of the twelve analytes (20 ug/L). The peak
area at the sample temperature of 25 °C is used as a reference (100%). (a) the peak area ratio of
TBA, MTBE, DIPE, ETBE, TBE, and TAME; (b) the peak area ratio of benzene, toluene, ethylbenze,
m+p-xylene, and o—xylene.

For TBA, the signal intensity reached maximum at purge temperature 55 °C. This phenomenon
reflects that high temperature could increase dissociation energy of TBA from water to strength the mass
transfer process, since appropriate sample temperature during sample purge process could promote the
purge of odorous compounds from water sample [31]. Hence, high purging temperature was favorable
for TBA extraction. However, excessively high preparation temperature may cause water vapor
transfer into the pyrolysis system, disturbing the gasification and the following adsorption-desorption
process. Water vapor is bad for the exclude of interference of impurities in environmental water, due to
the interference with water vapor and other substances in water. Hence, during the GC detection
process, the sample purging temperature is generally set at about 40 °C [32]. For this reason, the sample
purging temperature of 40 °C was selected for the P&T method.

3.3.2. Effect of Desorption Time

The desorption time of P&T preparation is also a fatal operating condition parameter, influencing
the purging efficiency and detection sensitivity. The influence of desorption time on the signal intensities
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of selected analytes were examined, with individual concentrations of 20 ug/L at five different desorption
times (1, 2, 3, 4 and 5 min). As shown in Figure 3a,b, the ratio values increased significantly when the
desorption time increased from 1 to 2 min. However, when we further increased desorption time from
3 to 5 min, the ratio values stayed pretty the same. This phenomenon indicated that 2 min was enough
for these selected analytes to dissociate during detection process. Therefore, 2 min desorption time
was designated for this detection method.
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Figure 3. Effect of desorb time on signal intensities of the twelve analytes (20 g/L). The peak area at the
desorb time of 1 min is used as a reference (100%). (a) the peak area ratio of TBA, MTBE, DIPE, ETBE,
TBF, and TAME; (b) the peak area ratio of benzene, toluene, ethylbenze, m+p—xylene, and o—-xylene.

3.4. Optimization of SPME

3.4.1. Effect of Extraction Temperature

Extraction temperature made great impact on the mass transfer rates and partition coefficients
during SPME process. Hence, extraction temperature has significant influence on the extraction
efficiency of organics [14].

Higher extraction temperature would promote the diffusion of volatile organic compounds and
shorten the balance time between gas and liquid, especially during the SPME process [33]. However,
higher extraction temperature could accelerate the desorption rate of low boiling point organics,
which is unfavorable for detection. The effect of selected extraction temperatures (20, 30, 40, 50, 60 and
70 °C) on the extraction efficiency of these analytes is shown Figure 4a,b.

300 220

(b)

—@— bebzene
—&— toluene
—w— cthylbenzene
—&— m#p-xylene
—@— o-xylene

200 A

150 A

Peak area ratio (%)
Peak area ratio (%)

100 A

50 1

20 30 40 50 60 70 20 30 40 50 60 70
Extraction temperature ('C) Extraction temperature ('C)
Figure 4. Effect of extraction temperature on signal intensities of the twelve analytes (20 ug/L). The peak
area at the extraction temperature of 20 °C is used as a reference (100%). (a) the peak area ratio of

TBA, MTBE, DIPE, ETBE, TBE, and TAME; (b) the peak area ratio of benzene, toluene, ethylbenze,
m+p—xylene, and o—xylene.

As can be seen from Figure 4a,b, the extraction efficiency of TBA was greatly increased when
the extraction temperature increased from 20 to 70 °C. For BTEX, the extraction efficiency exhibited
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increasing trend when the temperature increased from 20 to 40 °C. It appears that higher extraction
temperature was more favorable for TBA extraction. This phenomenon may cause by its relatively high
melting point (25.7 °C) and boiling point (82.42 °C) compared to other selected analytes. However,
for other analytes, the extraction efficiency increased in the temperature range of 20~40 °C. Therefore,
40 °C was selected for the extraction temperature during SPME process.

3.4.2. Effect of Extraction Time

Due to the equilibrium distribution of organics during SPME process, the extracted organics would
reach their maximum amount at the equilibrium time [16]. Stirring of water sample could improve
the extraction of analytes due to the faster diffusion of organics to the solid fiber. Analytes, with low
distribution constants, need excessive time to reach their equilibrium state [32]. Hence, extraction time
is an important parameter during preparation process related to the extraction efficiency [33].

The influence of extraction times on the extraction efficiency in SPME process was significant
(Figure 5). In order to ensure the accuracy of the detection, three replicate water samples were extracted
in SPME system and detected in GC-QqQ-MS/MS system at each extraction time. The peak area
ratios obtained in different extraction time indicated that the signal intensity increased sharply as the
extraction time increased from 10 to 30 min. After 30 min of extraction, further extension of extraction
time had no impact on extraction efficiency. The above discussion indicated that 30 min sample
extraction time was optimum processing time for the detection of selected analytes.

140 150
3 10 min ISmin 53 20 min (b)

E=3 25min EZ22 30min &3 35min

140 { 3 10 min E222 30 min

15 min &= 35 min
S0 20 min &E55 40 min
£ 25 min

EEED 40 min

130 A

130 A

120
110 A

Peak area ratio (%)
Peak area ratio (%)

110 A

100 100

90 90

TBA MTBE  DIPE ETBE TBF ¥ = benzene toluene  ethylbenze m+p-xylene o-xylene

Figure 5. Effect of extraction time on signal intensities of the twelve analytes (20 ug/L). The peak area
at the extraction time of 10 min is used as a reference (100%). (a) the peak area ratio of TBA, MTBE,
DIPE, ETBE, TBE, and TAME; (b) the peak area ratio of benzene, toluene, ethylbenze, m+p—xylene,
and o—xylene.

3.4.3. Effect of Addition of NaCl

The addition of NaCl to water samples could promote the extraction of these oxygenate compounds
during SPME preparation process. NaCl in solution could increase the ionic strength of water samples
significantly, meanwhile, the aqueous solubility of oxygenate compounds would reduce in NaCl
solution [33,34]. The effect of addition of NaCl on the extraction efficiency of these analytes is shown
Figure 6a,b.

As shown in Figure 6, the effect of NaCl added into water samples was especially obvious for
TBA and TAME. In order to suppress interference, three replicate water samples were extracted in
SPME system and detected in GC-QqQ-MS/MS system at each NaCl concentration. The responses
intensities of TBA and benzene were greatly increased as NaCl dosage increased from 2.0 to 2.8 g.
However, for other analytes, the responses intensity in GC-QqQ-MS/MS system was almost the same
with different NaCl dosage. All further method evaluation was therefore made with 2.0 g added NaCl.
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Figure 6. Effect of addition of NaCl on signal intensities of the twelve analytes (20 pg/L). The peak area
at no salt added is used as a reference (100%). (a) the peak area ratio of TBA, MTBE, DIPE, ETBE, TBF,
and TAME; (b) the peak area ratio of benzene, toluene, ethylbenze, m+p-xylene, and o—xylene.

3.5. Method Validation

3.5.1. Standard Calibration, Linearity and Sensitivity

In order to develop the calibration curve of selected analytes in the present study, seven
concentration levels were chosen (0.05, 0.1, 0.5, 1, 5, 10 and 20 ug/L) for the P&T-GC-QqQ-MS/MS
detection method and for the HS-SPME-GC-QqQ-MS/MS detection method under the MRM
mode, respectively.

Therefore, so as to ensure the accuracy of the calibration curve, triplicate detections were performed
for each water sample, the average value was chosen to plot the standard calibration curves of these
analytes. Before GC-QqQ-MS/MS detection, all these water samples were pretreated by P&T or SPME
as described in Sections 3.3 and 3.4. The coefficients of linear regression (%) of the calibration curves of
these selected analytes in P&T-GC-QqQ-MS/MS detection system and HS-SPME-GC-QqQ-MS/MS
detection system were described in Tables S2 and S3, with r? ranged from 0.9961 to 0.9999.

It is remarkable that two internal standards, MTBE—d; and fluorobenzene, were added into
water samples during each operation of the calibration standard solutions detection, eliminating
the influence of real water matrix. The concentrations of MTBE—-d; and fluorobenzene were fixed
at 0.5 pg/L and 1 pg/L respectively. In the GC-QqQ-MS/MS detection system, LODs are described
as the lowest concentrations of the analyte that can be detected to satisfy the statistical differences
between water sample and blank sample [35]. In the GC-QqQ-MS/MS detection system of this study,
LODs and LOQs of these selected oxygenate compounds were discovered to be 0.52~32 ng/L in the
P&T-GC-QqQ-MS/MS detection system method and 0.11~151 ng/L in HS-SPME-GC-QqQ-MS/MS
detection system as shown in Tables S2 and S3.

3.5.2. Method Precision and Accuracy of Two Methods

The precision of the detection methods described in this study was deduced by calculating the
relative standard deviations (RSDs) of the obtained signal intensities of the selected analytes at two
fortification concentrations (0.5 and 5 ug/L). The intra—day precision was calculated on the basis of five
replicate detection (1 = 5) results of each concentration in GC-QqQ-MS/MS detection system within
one day. On the other hand, the inter—day precision was calculated on the basis of six days’ detection
(n = 6) results [34]. As shown in Tables S2 and S3, the intra—day (n = 5) and inter—day (n = 6) precision
in this study for these selected oxygenate compounds were found in the range of 1.99~8.87% and
1.18~12.7% with the P&T-GC-QqQ-MS/MS detection system, and 1.19~9.65% and 1.09~9.78% with
the HS-SPME-GC-QqQ-MS/MS detection system, respectively.

The accuracy of detection method was assessed based on the recovery of these selected oxygenate
compounds in two kinds of real water samples without any fuel oxygenates. These two water samples
were spiked with the organics to two individual concentrations (0.5 and 5 ng/L) [36]. The accuracy
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of P&T-GC-QqQ-MS/MS detection method and HS-SPME-GC-QqQ-MS/MS detection method
exhibited excellent recoveries. The accuracy of P&T-GC-QqQ-MS/MS was ranging from 80.2~114.2%
for surface water and 80.5~120.1% for groundwater. The accuracy of HS-SPME-GC-QqQ-MS/MS was
ranging from 73.9~123.1% for surface water and 73.7~117.4% for groundwater as shown in Tables 52
and S3.

Chromatograms of the extracted quantitative identification ions obtained in P&T-GC-QqQ-MS/MS
system and HS-SPME-GC-QqQ-MS/MS system are shown in Figure S2.

4. Conclusions

In this study, two typical and reliable preparation technologies (P&T and HS-SPME) were
optimized for simultaneous detection of fuel oxygenates. Both of the two preparation methods
provided excellent chromatographic resolution in subsequently GC-QqQ-MS/MS detection system.
The precursor ions and product ions of these detected fuel oxygenates in this study were selected
and identified with the optimized GC-QqQ-MS/MS operation parameters. Optimizations of P&T
and HS-SPME process were conducted comprehensively. The LODs and LOQs of these selected
oxygenate compounds were discovered to be 0.52~32 ng/L in P&T-GC-QqQ-MS/MS detection system
method and 0.11~151 ng/L in HS-SPME-GC-QqQ-MS/MS detection system. Meanwhile, the intra-day
and inter—day precision in this study for these selected oxygenate compounds were found in the
range of 1.99~8.87% and 1.18~12.7% with the P&T-GC-QqQ-MS/MS detection system, 1.19~9.65%
and 1.09~9.78% with the HS-SPME-GC-QqQ-MS/MS detection system, respectively. For BTEX,
the HS-SPME-GC-QqQ-MS/MS system provided outstanding detection performance because of the
lower LODs obtained. However, for other selected compounds, the P&T-GC-QqQ-MS/MS system
offered lower LODs. Detection results indicated that both P&T and HS-SPME pretreatment methods
can be used to conduct simple and rapid preparation of water samples for fuel oxygenates detection,
with good linearity, repeatability, precision, low LODs in the GC-QqQ-MS/MS detection system.
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Figure S1: the mass spectra of the twelve analytes. (A) Full scan spectra in EI mode; (B) daughter scan
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quantitative identification ions of the twelve analytes (5 ug/L) in MRM: (A) PT-GC-MS/MS chromatogram;
(B) HS-SPME-GC-MS/MS chromatogram, Table S1: name, segments, retention time, dwell time, precursors and
product ions of quantitative transition and confirmation transition, and collision energy for the twelve analytes,
Table S2: linearity of standard calibration curves, LODs, LOQs, method precision and validity for the twelve
analytes using the P&T-GC-QqQ-MS/MS methodology, Table S3: linearity of standard calibration curves, LODs,
LOQs, method precision and validity for the twelve analytes using the HS-SPME-GC-MS/MS methodology.
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