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Abstract
Magnetic carbon nitride composites were synthesized via a solvothermal reaction and developed as an effective adsorbent for
magnetic solid-phase extraction of trace hydroxylated polycyclic aromatic hydrocarbons (OH-PAHs) from urine samples prior to
their determination by HPLC. The sorbent was characterized by Fourier transform infrared spectrometry, X-ray diffractometry,
scanning electron microscopy, vibrating sample magnetometry and solvent stability experiments. The adsorption of hydroxy-
PAHs is better by a factor or 20 to 49 compared to bare Fe3O4 and comparable that of a commercial C18 sorbent. The adsorbent
amount, adsorption time and eluting solvent and volume were optimized. The complete extraction for the OH-PAHs at a level of
40 ng·mL−1 and by using 4 mg sorbent is completed within 3min.With an enzymatic hydrolyzed urine sample loading volume of
2 mL, enhancement factors in the range of 9–10, and a limit of detection (at S/N = 3) of 0.08 ng·mL−1 were achieved. The method
showed a linear response in the 0.25–250 ng·mL−1 hydroxy-PAH concentration range, and intra-day and inter-day precisions are
1.5–7.7% and 2.2–8.7%, respectively. The recovery from spiked urine samples ranged from 90.1% to 102%. The sorbent was
stable over 10 successive cycles of extraction/desorption of urine sample without significant loss of extraction efficiency. The
method was successfully applied for the determination of OH-PAHs in urine samples of smoking volunteers.

Keywords Carbon-based materials . Magnetic composites . Adsorbent . Solvothermal method . Sample pretreatment . Urinary
metabolites . Biological sample analysis . Urine . High performance liquid chromatography . Fluorescence detection

Introduction

Polycyclic aromatic hydrocarbons (PAHs) are a group of ubiq-
uitous environmental contaminants raising worldwide con-
cerns. Human exposure to these contaminants may occur via

dietary intake of smoked or grilled food, inhalation of polluted
air and tobacco smoke, as well as dermal contact with soot,
and polluted soils [1, 2]. Exposure to PAHs has been identified
to associate with cardiovascular and pulmonary disease, im-
mune impairment and adverse birth outcomes [3–5].
Additionally, some PAHs have been implicated with breast,
bladder, and colon cancers in both humans and animal models
[6–8]. In view of their increasing adverse health effects to
humans, the accurate monitoring of these compounds from
multiple entry routes is important not only for their studies
on source profile and risk assessment, but also for the policy
making and formulating regulations to reduce the exposure to
these toxicants [9].

Hydroxylated polycyclic aromatic hydrocarbons (OH-
PAHs) which are enzymatically converted from PAHs and
excreted in the urine, are regarded as biomarkers for direct
assessing total internal doses of PAHs exposure [10].
Particularly, the measurement of urinary metabolites repre-
sents a non-invasive and ready accessible approach.
However, a preconcentration and enrichment step is usually
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required because of the complexity of raw urine and the low
concentration of the analytes. Therefore, numerous sample
pretreatment methods have been proposed to purify and cap-
ture OH-PAHs before instrumental analysis, including disper-
sive liquid-liquid microextraction (DLLME) [11], solid-phase
microextraction (SPME) [12], solid-phase extraction (SPE)
[13–17] and magnetic solid-phase extraction (MSPE) with
different types of sorbents [18, 19].

MSPE technique has attracted great attention due to its
speed, compatibility and selectivity in food, environmental,
pharmaceutical, and biological analysis [20]. In MSPE, mag-
netized adsorbents are finely dispersed into crude sample so-
lution for adsorption. Sufficient large contact area between the
well-dispersed sorbents and the analytes facilitates the rapid
equilibrium and enhances extraction efficiency. Additionally,
a rapid and facile separation from the matrix can be achieved
directly by a magnet without any additional centrifugation or
filtration operations. For this powerful methodology, function-
alized magnetic adsorption materials are of great interest to
researchers because the adsorbent in the extraction process is
crucial to capture and purify the analyte with high efficiency
and good reproducibility [21]. To date, great varieties of func-
tionalized adsorption materials such as magnetic carbon nano-
tube [22], graphene oxide [22], and metal organic frameworks
[23] have been successfully developed.

Graphitic carbon nitride (g-C3N4), an emerging class of 2D
graphene analogue composed of carbon and nitrogen, has
aroused intense interest due to its exceptional electronic, me-
chanical and thermal properties [24]. The synthesis of g-C3N4

is facile and inexpensive due to the availability of various
simple and green nitrogen-rich (N-rich) precursors [25, 26].
Particularly, the large specific surface area, satisfactory pH
tolerance and the defected-rich and N-bridged molecular
structure given by its tris-triazine connected double-sided
polyaromatic scaffold make g-C3N4 qualified as an extraordi-
narily wonderful adsorbent to preconcentrate organic pollut-
ants [27–33] and metals [34] in water, soil, cosmetics or food
samples. Some efforts have been made to prepare magnetic g-
C3N4 for MSPE. Chemical coprecipitation method has been
commonly proposed using dispersed g-C3N4 as raw materials
and ammonia as a precipitating agent [32–37]. However, such
approaches involved in relatively tedious procedures and the
prepared composites suffered solvent instability and thus re-
sulted in oxidization of Fe3O4. A magnetization of g-C3N4

was also reported by simple physically blending of g-C3N4

onto Fe3O4 for the extraction of the organic pollutant from
edible oil [38]. Nevertheless, such physical adsorption might
not be stable enough for long-term application.

Herein, we report a one-step solvothermal strategy for the
fabrication of magnetic g-C3N4 composites (g-C3N4/Fe3O4)
and applied for fast and efficient extraction of 1-phenanthrol
(1-OHPhe), 3-phenanthrol (3-OHPhe) and 1-pyrenol (1-
OHPyr) in urine samples. Compared with the reported

chemical co-precipitation or physical mixing approaches
[32–38], the method allowed the solvothermal synthesis of
g-C3N4/Fe3O4 with good stability and high reproducibility.
The obtained composites were characterized by Fourier trans-
form infrared spectrometry (FT-IR), X-ray powder diffractom-
etry (XRD), vibrating sample magnetometer, and scanning
electron microscopy (SEM). The impacts of some experimen-
tal factors on MSPE were discussed in detail. Coupling this
MSPE technique wi th high per fo rmance l iqu id
chromatography-fluorescence detector (HPLC-FLD), a sensi-
tive method was established to determine OH-PAHs in urine
samples.

Materials and methods

Chemicals and reagents

All reagents used were of analytical grade. Urea and ethylene
glycol (EG) were purchased from Aladdin (Shanghai, China,
www.aladdin-e.com). Iron (III) chloride hexahydrate
(FeCl3·6H2O) and sodium acetate trihydrate (NaOAc·3H2O)
were acquired from Tianjin Guangfu Fine Chemical Research
Institute (Tianjin, China, www.guangfubiaowu.com). β-
Glucuronidase from abalone (aqueous solution, ≥ 100,000
unites·mL−1) was provided by ANPEL Laboratory
Technologies Inc. (Shanghai, China, www.anpel.com.cn).
HPLC-grade methanol (MeOH), acetonitrile (ACN), acetone,
and ethyl acetate were purchased from Fisher Scientific (Geel,
Belgium, www.thermofisher.com). Ultrapure water was
purchased from Hangzhou Wahaha Group Co., Ltd.
(Hangzhou, China, www.wahaha.com.cn).

The standards of 1-OHPhe (98.0%), 3-OHPhe (98.0%) and
1-OHPyr (98.0%) were purchased from Dr. Ehrenstorfer
GmbH (Augsburg, Germany, www.analytical-standards.
com). The stock solutions of the three analytes (500 μg·mL−
1) were prepared with MeOH and stored at 4 °C in dark.
Working solutions were prepared from the mixture of
standard stock solutions by stepwise dilution with MeOH
just before use.

Apparatus

Chromatographic analysis was performed on an Agilent 1200
HPLC (Santa Clara, USA, www.agilent.com), consisting a
G1322A degasser, a G1311A pump system, a G1329A
autosampler, a G1316A temperature control center and a
G1321A FLD. SEM images of the prepared composites
were acquired on a FEI JEM-2800F dual beam focused ion
beam/field emission scanning electron microscope (Hillsboro,
USA, www.fei.com). The FT-IR spectra were recorded on a
Shimadzu FTIR-8400S Fourier transform infrared spectrom-
eter (Kyoto, Japan, www.shimadzu.com). XRD patterns were
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characterized by a Brucker D8 VENTURE single crystal X-
ray diffractometer (Karlsruhe, Germany, www.bruker.com).
The magnetic property was investigated using an LDJ 9600–
1 vibrating sample magnetometer (Troy, USA, www.
digitalinstruments.net).

Fabrication of g-C3N4/Fe3O4

Graphitic carbon nitride (g-C3N4) was synthesized according
to Dong et al. [39]. Typically, 10 g urea was put into a muffle
furnace followed by heating at the ramp rates of 15 °C·min−1

to 550 °C and maintained at this temperature for 4 h to obtain-
ed bulk g-C3N4.

The g-C3N4/Fe3O4 composite was fabricated by the
solvothermal reaction (Fig. 1a). g-C3N4 (270 mg) was dis-
persed in 40 mL EG under ultrasonication for 2 h. FeCl3·
6H2O (270 mg) and NaOAc·3H2O (700 mg) were then added
and stirred for 30 min to create a homogeneous dispersion.
The mixture was transferred into a 100-mL Teflon-lined
stainless-steel autoclave and maintained at 200 °C for 12 h.
The collected magnetic nanoparticles were thoroughly
washed with water and ethanol sequentially, and then dried
in the vacuum under 60 °C for 30 min.

Sample collection and preparation

All individuals participating in this study were recruited on a
voluntary basis. The urine samples were collected in the morn-
ing from 10 smoking volunteers in Tangshan, China.

To enzymatically hydrolyze of glucuronides and sulfates,
10 μL β-glucuronidase and 5 mL acetic acid-sodium acetate
(pH 5.0, 0.5 mol·L−1) buffer solution were added in 5 mL
urine. The sample was then shaken in a water bath at 37 °C
overnight in dark. The resulting sample was centrifuged at
1500 rpm for 10 min. The supernatant was collected and
stored at 4 °C.

Magnetic solid-phase extraction procedure

Four milligrams of g-C3N4/Fe3O4 composites were added to
2 mL hydrolyzed urine solution in a 5-mL glass vial. The
mixture was shaken for 3 min to adsorb the analytes complete-
ly. Subsequently, an external magnet was placed to the outside
bottom of the vial, and the g-C3N4/Fe3O4 composites were
aggregated to the bottom of the vial. After the supernatant
being discarded completely with a pipette, the isolated sorbent
was vortexed in 0.5 mL acetone for 3 min for elution and the
solvent was collected with the aid of a magnet. This elution
procedure was repeated twice. Finally, the eluting solvent was
combined and evaporated to dryness at 25 °C under a gentle
stream of nitrogen gas. The residues were re-dissolved in
100 μL MeOH and filtered via a 0.45 μm membrane for
HPLC-FLD determination.

Prior to the next use, g-C3N4/Fe3O4 composites were
washed twice with 1 mL acetone and then with 1 mL water
by vortex for 3 min. Figure 1b shows the flowchart of MSPE
process using g-C3N4/Fe3O4 composites.

Chromatographic conditions

All HPLC experiments were performed on a PAH column
(250 mm× 4.6 mm, 5 μm, Agilent, USA) at 25 °C. The mix-
ture of water and ACN was used as mobile phase and the
gradient elution was set as follows: 0–8 min 55% ACN, 8–
10 min a linear increase to 65% ACN, 10–16 min 65% ACN.
The flow rate was set at 1 mL min−1 and the injection volume
was 20 μL. The Excitation (Ex)/Emission (Em) wavelengths
for three OH-PAHs were, 284/383 nm (1-OHPhe), 250/
360 nm (3-OHPhe) and 242/396 nm (1-OHPyr).

Results and discussion

Characterization of g-C3N4/Fe3O4

The g-C3N4, Fe3O4 and g-C3N4/Fe3O4 composites were char-
acterized by FT-IR and XRD. As shown in Fig. 2a, the

Fig. 1 Fabrication flow chat of g-C3N4/Fe3O4 composites (a) and MSPE
procedure for pretreatment of three OH-PAHs in urine via g-C3N4/Fe3O4

composites (b)
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observed representative bands at 808 cm−1 and 1200–
1650 cm−1 of g-C3N4/Fe3O4 composites are attributed to the
typical stretching of the triazine and skeletal vibrations of the
s-triazine or tri-s-triazine of g-C3N4 [24]. And the peak at
570 cm−1 corresponds to the typical adsorption of Fe-O [35].
Figure 2b indicates the XRD patterns of the g-C3N4, Fe3O4

and g-C3N4/Fe3O4 composites. The pattern of g-C3N4/Fe3O4

shows all typical diffraction peaks at 13.0° (100) and 27.4°
(002) of g-C3N4 and 30.2° (220), 35.6° (311), 43.3° (400),
53.7° (422), 57.3° (511), 62.8° (440) and 74.9° (533) of
Fe3O4. Both FT-IR and XRD results confirm the successful
combination of g-C3N4 and Fe3O4. Particularly, there are no
changes in XRD patterns of g-C3N4/Fe3O4 composites, and
the composites soaked in ultrapure water and hexane for
30 days respectively (Fig. S1). The high solvent stability in
both polar and nonpolar solvents of the prepared g-C3N4/
Fe3O4 is available for loading and eluting steps in MSPE
and favorable for method reproducibility. The saturation mag-
netization values for Fe3O4 and g-C3N4/Fe3O4 are 77.8 and
36.4 emu·g−1, respectively (Fig. 2c). Such adequate magnetic
property of g-C3N4/Fe3O4 makes it susceptible to magnetic
field and easy to isolate the target analytes from matrices so-
lution with the aid of an external magnet. The SEM images of
g-C3N4, Fe3O4 and g-C3N4/Fe3O4 composites are shown in
Fig. 2d–f, respectively. It can be clearly observed that Fe3O4

nanoparticles are well distributed on the layered surface of g-
C3N4. Thus, g-C3N4/Fe3O4 composites have the magnetic
properties originating from Fe3O4 nanoparticles, enabling
the easy and robust removal of the material after dispersion,

g-C3N4 in the composites still has its own properties, provid-
ing potential adsorption ability for target analytes.

Optimization of MSPE procedure

In order to confirm the adsorptive performance of the
prepared g-C3N4/Fe3O4 composite, the extractions of
three OH-PAHs on bare Fe3O4 and commercial C18 were
compared. 10 mg of sorbents were equilibrated with 2 mL
aqueous solution containing 100 ng·mL−1 of each analyte
for 15 min to ensure a complete adsorption. As obviously
shown in Fig. 3, the adsorption efficiency of g-C3N4/
Fe3O4 for all analytes gets 98.0%–100%, 20 to 49-fold
that of bare Fe3O4, while reaches a comparable efficiency
with that of commercial C18 (99.2%–100%).

Considering the magnetic property, good adsorption per-
formance and solvent stability, g-C3N4/Fe3O4 composites
were used as an adsorbent to extract trace level of three OH-
PAHs from the complicated urine sample. Parameters affect-
ing the extraction efficiency were investigated in detail, in-
cluding the sorbent amount, adsorption time, eluting solvent
and its volume. 2 mL aqueous solution spiked with 40 ng·
mL−1 of each analyte was used, and all the experiments were
carried out in triplicate.

g-C3N4/Fe3O4 amount and adsorption time

The appropriate adsorbent amount and adsorption time al-
low adequate mass transfer between the sorbents and the

Fig. 2 FT-IR spectra (a) and XRD patterns of g-C3N4, Fe3O4 and g-C3N4/Fe3O4 composites (b), magnetization curve of Fe3O4 and g-C3N4/Fe3O4

composites (c), and SEM images (×20,000) of g-C3N4 (d), Fe3O4 (e) and g-C3N4/Fe3O4 composites (f)
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target analytes from the solution, giving a high accuracy of
the MSPE method. The amount of g-C3N4/Fe3O4 in the
range of 0.5–5 mg was investigated to extract three OH-
PAHs. As shown in Fig. 4a, the adsorption efficiency of 1-
OHPyr increases rapidly as the amount of adsorbent in-
creased, and achieves maximum adsorption in only 1 mg
of the sorbent. After that, excess sorbent does not increase
the adsorption efficiency. For 1-OHPhe and 3-OHPhe, as
the adsorbent amount increases, their adsorption

efficiencies slightly enhance from 0.5 to 4 mg and the
maximum plateau is reached when the amount of g-
C3N4/Fe3O4 increases up to 4 mg. According to the result,
only 4 mg of sorbent is adequate to extract all OH-PAHs
from the aqueous solution. Thus, 4 mg of g-C3N4/Fe3O4 is
employed for the following experiment.

The effect of the adsorption time on the extraction efficien-
cy of the OH-PAHs was investigated from 0.5 min to 4 min
with 4mg of adsorbent. Figure 4b illustrates that the extraction
efficiency reaches a maximum for 1-OHPyr at 1 min, and for
1-OHPhe and 3-OHPhe at 3 min. Further prolonged adsorp-
tion time leads to no significant change in the extraction effi-
ciency, suggesting a desorption time of 3 min is enough to
elute all OH-PAHs from g-C3N4/Fe3O4. The extraction equi-
librium between the aqueous phases and the sorbents when
using 4 mg g-C3N4/Fe3O4 is accomplished in short time. This
reduces the cost of the MSPE.

Particularly, the extraction equilibrium of 1-OHPyr on g-
C3N4/Fe3O4 is achieved in 1 min or even using 1 mg sorbent,
which is much lower than those of 1-OHPhe and 3-OHPhe.
The adsorption ability of g-C3N4/Fe3O4 for the selected com-
pounds follows an increasing order of their oil-water partition
coefficient (logP) values (logP1-OHPyr 4.29 ˃ logP1-OHPhe 3.94
˃ logP3-OHPhe 3.70). The results indicate that the hydropho-
bicity of the analytes plays a significant role in MSPE.
Besides, the large p-electron system of g-C3N4 also enhances
a strong affinity for aromatic rings structures, typical of these
selected analytes, OH-PAHs [26].

Fig. 4 Effect of amount of
sorbent (a), adsorption time (b),
eluting solvent (c) and eluting
volume (d) on the extraction
efficiency of three OH-PAHs

Fig. 3 Adsorption ability of Fe3O4, g-C3N4/Fe3O4 and commercial C18

sorbents for OH-PAHs from aqueous solution
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Elution conditions

Proper elution condition is a crucial step for MSPE to
release the analytes sufficiently from the magnetic sor-
bent. The organic solvents including MeOH, ACN, ace-
tone and ethyl acetate were optimized. Figure 4c shows
that under the same extraction condition, acetone provides
the best results. Thus, acetone is chosen as the eluting
solvent. The effect of eluting volume (0.5 mL × 1,
0.5 mL × 2, 0.5 mL × 3 and 0.5 mL × 4) on desorption
efficiency of the target analytes was also investigated by
rinsing the adsorbent with each 0.5 mL of acetone. The
eluting volume increased from 0.5 mL × 1 to 0.5 mL × 2
provides a positive effect on the recovery of all the
analytes. Further increase of the eluting volume leads to
a slight change of the recovery of 1-OHPyr (98.7%–
92.6%), but significant decreases of the recovery of 1-
OHPhe and 3-OHPhe. The excess use of solvents results
in the prolonged evaporation time, which prone to make
the loss of the volatile analytes including 1-OHPhe and 3-
OHPhe. To provide high and stable recovery, 0.5 mL × 2
is chosen for further experiments (Fig. 4d).

On the basis of the results discussed above, the optimized
conditions for the MSPE of three OH-PAHs are performed as
follows: sorbent amount, 4 mg; adsorption time, 3 min; elu-
tion solvent, acetone; elution volume, each 0.5 mL, two times.

Analytical performance of the MSPE coupled
with HPLC-FLD using g-C3N4/Fe3O4 as sorbent

The analytical figures of merit of the g-C3N4/Fe3O4 compos-
ites for the MSPE of three OH-PAHs under the optimized are
listed in Table 1. The method exhibits a good linear range of
0.25–250 ng·mL−1 for each analyte with correlation coeffi-
cients (r) higher than 0.9985. The limits of detection (LOD)
(S/N = 3) and limits of quantification (LOQ) (S/N = 10) for
three OH-PAHs in spiked urine samples are found to be

0.08 ng·mL−1 and 0.25 ng·mL−1, respectively. Method accu-
racy was evaluated with recovery and determined using inde-
pendently spiked urine samples at three different levels of 0.5,
1.25 and 2.5 ng·mL−1. The recoveries of three OH-PAHs are
in the range of 90.1%–102%. The intra-day and the inter-day

Table 1 The linear range, limit of detection, limit of quantification, recovery and precision of the developed method

Analyte Linear range
(ng·mL−1)

Regression
equationa (r)

LOD
(ng·mL−1)

LOQ
(ng·mL−1)

Spiked
(ng·mL−1)

Recovery (%) Intra-day RSD
(%, n = 3)

Inter-day
RSD (%, n = 3)

1-OHPhe 0.25–250 y = 14.58x–22.91 (0.9997) 0.08 0.25 0.5 98.4 2.4 3.2

1.25 96.6 2.3 5.2

2.5 90.1 3.3 5.2

3-OHPhe 0.25–250 y = 13.49x–18.65 (0.9997) 0.08 0.25 0.5 97.4 1.5 5.7

1.25 92.0 3.0 2.2

2.5 92.7 2.4 7.8

1-OHPyr 0.25–250 y = 30.81x–127.09 (0.9985) 0.08 0.25 0.5 102 3.4 4.5

1.25 99.2 7.7 8.7

2.5 99.8 3.8 4.6

a: y: peak area; x: mass concentration, ng·mL−1

Fig. 5 Typical chromatograms of blank urine sample (a), the
corresponding urine sample spiked with 2.5 ng·mL−1 of each analyte by
direct analysis (b), by MSPE pretreatment (c), and standard solution of
three OH-PAHs (d). Peak identifications: 1, 3-OHPhe; 2, 1-OHPhe; 3, 1-
OHPyr
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precisions (relative standard deviation, RSD) for three repli-
cate extractions of OH-PAHs are in the range of 1.5–7.7%.
and 2.2–8.7%, respectively. In addition, the extraction effi-
ciency of the g-C3N4/Fe3O4 composites MSPE for three
OH-PAHs in urine changes less than 9.8% for 10 successive
cycles of extraction/desorption, confirming a good stability of
the g-C3N4/Fe3O4 composites (Fig. S2).

Figure 5a–d presents the typical chromatograms of the
urine sample and the corresponding urine sample spiked

with 2.5 ng·mL−1 of each analyte by direct analysis and
MSPE pretreatment. Compared with the chromatograms
of the urine samples obtained by direct injection, the re-
sults of pretreated urine samples demonstrate that the target
compounds are obviously purified and effectively enriched
via MSPE process. With an enzymatic hydrolyzed urine
sample loading volume of 2 mL, the enhancement factors
are in the range of 9–10, which were defined as the ratio of
the concentration of the analyte in the pretreated sample to
that in the original sample. Such results clearly confirmed
that the strategy is powerful for efficient purification and
concentration of OH-PAHs in urine samples.

In order to further validate the feasibility of this method, a
comparison with the reported methods was performed, includ-
ing DLLME [11], SPE [13–15], and MSPE approach using
different sorbent [18]. It can be seen from Table 2 that the
MSPE method based on the g-C3N4/Fe3O4 gives lower LODs
and better recovery for OH-PAHs than other SPE and MSPE
methods with similar FLD detector in our work and DLLME
method with mass spectrometry (MS) detector. In addition,
with the consumption of 2 mL sample solution, this approach
needs much shorter adsorption time (3 min) and less sorbent
(4 mg) than other SPE methods. This procedure enables easy
operation by an external magnetic field without additional cen-
trifugation or filtrations. In conclusion, these results show that
the presentmethod is sensitive, accurate and reliable tomeasure
trace levels of OH-PAHs in urine samples.

Analysis of OH-PAHs in urine samples of smoking
volunteers

Smoking is a major source of exposure to PAHs, thus the feasi-
bility of the methodwas further illustrated to determine the urine
samples of smoking volunteers (n = 10). As listed in Table 3, 1-
OHPyr is found to be 4.24 ± 0.02 ng·mL−1 and 4.26 ± 0.06 ng·
mL−1 in two cases in group 1 (smoked <10 cigarettes per day),
while 3-OHPhe and 1-OHPyr are detected in all five samples of
group 2 (smoked ≥10 cigarettes per day) with the concentrations
of 1.81 ± 0.10 ng·mL−1 to 2.26 ± 0.10 ng·mL−1, and 4.27 ±
0.02 ng·mL−1 to 4.92 ± 0.05 ng·mL−1, respectively. 1-OHPhe

Table 2 Comparison of the present method with previously reported methods for the determination of OH-PAHs in urine

Sample pretreatment Instrumental
method

LOD
(ng·mL−1)

Recovery (%) Sample
volume (mL)

Extraction
time (min)

Sorbent
amount (mg)

Reference

Dispersive liquid-liquid microextraction GC-MS/MS 1–9 87–95 5 5 – 11

SPE, polyetheretherketone HPLC-FLD 0.02–0.10 22.2–82.2 2 2.5 – 13

SPE, molecularly imprinted polymer HPLC-FLD 0.33–2.6 78.22–95.41 2 – 150 14

SPE, C18 HPLC-FLD 0.23–0.93 75.6–98.4 20 – 500 15

MSPE, magnetic PP-CMPa HPLC-FLD 0.01–0.08 76.0–107.8 40 0.5 10 18

MSPE, g-C3N4/Fe3O4 HPLC-FLD 0.08 90.1–102 2 3 4 This work

a: Polyphenylene conjugated microporous polymer

Table 3 Analytical results for the determination of three OH-PAHs in
urine samples of smokers

Sample Analyte Found (ng·mL−1) Recoverya (%, n = 3)

Group 1 (smoked <10 cigarettes per day)
1 1-OHPhe n.d.b 110 ± 1.1

3-OHPhe n.d. 99.3 ± 5.4
1-OHPyr n.d. 101 ± 8.2

2 1-OHPhe n.d. 106 ± 6.8
3-OHPhe n.d. 97.0 ± 7.5
1-OHPyr 4.26 ± 0.06 96.6 ± 3.9

3 1-OHPhe n.d. 92.7 ± 3.0
3-OHPhe n.d. 90.1 ± 2.2
1-OHPyr n.d. 99.8 ± 1.2

4 1-OHPhe n.d. 103 ± 1.1
3-OHPhe n.d. 91.1 ± 3.0
1-OHPyr 4.24 ± 0.02 94.3 ± 3.1

5 1-OHPhe n.d. 96.9 ± 3.8
3-OHPhe n.d. 92.4 ± 3.2
1-OHPyr n.d. 93.6 ± 2.3

Group 2 (smoked ≥10 cigarettes per day)
6 1-OHPhe 1.75 ± 0.02 108 ± 8.2

3-OHPhe 2.26 ± 0.10 100 ± 1.3
1-OHPyr 4.27 ± 0.02 90.7 ± 1.2

7 1-OHPhe n.d. 99.6 ± 9.7
3-OHPhe 2.23 ± 0.04 100 ± 2.2
1-OHPyr 4.92 ± 0.05 108 ± 9.1

8 1-OHPhe 1.65 ± 0.04 103 ± 7.6
3-OHPhe 1.92 ± 0.08 105 ± 8.1
1-OHPyr 4.46 ± 0.01 99.7 ± 6.2

9 1-OHPhe n.d. 90.9 ± 10.6
3-OHPhe 1.81 ± 0.10 93.2 ± 3.3
1-OHPyr 4.31 ± 0.05 92.5 ± 3.6

10 1-OHPhe n.d. 104 ± 1.5
3-OHPhe 1.89 ± 0.05 101 ± 2.4
1-OHPyr 4.44 ± 0.02 96.3 ± 5.2

a: Spiked 2.5 ng·mL−1

b: No detected
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is detected in two urine samples with a concentration of 1.65 ±
0.04 ng·mL−1 and 1.75 ± 0.02 ng·mL−1. The recoveries obtained
by spiking 2.5 ng·mL−1 of eachOH-PAH in urine samples are in
the ranged of 90.1%–110%. These satisfactory results demon-
strate that this method is feasible for the monitoring of OH-
PAHs in the urine samples.

Conclusion

In conclusion, g-C3N4/Fe3O4 composites were first fabricated
by a one-step solvothermal strategy and successfully applied
as an effective adsorbent for MSPE of trace OH-PAHs in urine
samples prior to HPLC-FLD. The method not only allowed
the solvothermal synthesis of g-C3N4/Fe3O4 with good stabil-
ity, but also provided satisfactory recovery and low detection
limit in a rapid and simple way. Since such adsorbent offers
good feasibility, it has great potential in dealing with other
organic pollutants or pesticides from complicated samples.
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