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In the present study, we propose a novel method for the extraction of parabens
in personal care products. A new, simple adsorptive material was obtained
by combining metal-organic frameworks and melamine sponges using the
adhesive property of polyvinylidene fluoride. This new material, metal-organic
frameworks/melamine sponges, was found to be particularly suitable for
solid-phase extraction. The structural characteristics of metal-organic frame-
works/melamine sponges were first analyzed by scanning electron microscopy.
Subsequently, solid-phase extraction was performed on sample solutions,
and the extracted substances were then analyzed by high-performance liquid
chromatography. Following optimization of important experimental conditions,
excellent recovery rates were obtained. Our novel method was then applied
to the extraction of four parabens (methylparahydroxybenzoates, ethylparahy-
droxybenzoates, propylparahydroxybenzoates, and butylparahydroxybenzoates)
from real samples. The results yielded limits of detection of 0.26–0.41 ng/mL. The
inter- and intra-day recoveries were 104.0–109.7% and 91.2–98.1%, respectively
(relative standard deviation, <13.8%).

KEYWORDS
melamine sponges, metal-organic frameworks, parabens, personal care products, solid-phase
extraction

1 INTRODUCTION

Parabens, also known as p-hydroxybenzoates [1],
include methyl-, ethyl-, propyl-, and butyl- esters of
p-hydroxybenzoic acid [2,3]. Because of their excellent
antibacterial properties [2], parabens are widely used as a
preservative in personal care products, cosmetics, foods,
health care products, and pharmaceuticals [4]. With
recent trends in society and improvements in life quality,
there has been an increasing demand among men and

Article Related Abbreviations: MeS, melamine sponges; MOF,
metal-organic framework; PVDF, polyvinylidene fluoride; XRD, X-ray
powder diffraction

women for personal care products and cosmetics [5,6].
However, parabens are weak endocrine disruptors that
can interfere with the function of endogenous hormones
by binding to estrogen receptors [7,8]. Hence, the use of
p-hydroxybenzoates in cosmetics is usually regulated.
EU regulations permit p-hydroxybenzoate levels up to a
concentration of 0.4% for a single ester and 0.8% for ester
mixtures [9]. In the present study, we propose a rapid
detection method for parabens in personal care products.
Metal-organic frameworks (MOFs) are porous materi-

als composed of metal clusters and organic species [10].
Different MOFs can be characterized by their unique net-
work of holes [11]. Because MOFs demonstrate several
important advantages over other materials, including an
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adjustable aperture, a large surface area, and a flexible
structure, they can potentially be used in important appli-
cations such as gas storage, separation, catalysis, and drug
release [12,13]. In the field of analytical chemistry, MOFs
are considered a promising sample preparation material
[14]. Indeed, MOFs are increasingly used for the extraction
or adsorption removal of various toxic organic substances
in the liquid phase [15]. According to traditional methods,
MOFs can be directly placed into the water sample for dis-
persed SPE [16]. MOFs demonstrate excellent adsorption
capacity for the target when placed in full contact with
the sample [17]. However, traditional dispersed SPE meth-
ods are associatedwith significant loss ofMOFs (especially
following centrifugation and filtration), and suchmethods
can be quite time-consuming [18].
Recently, numerous studies have reported that func-

tional materials can be combined with melamine sponges
(MeS) to facilitate oil-water separation [19–21]. MeS is a
foam-like material comprised of formaldehyde-melamine-
sodium bisulfite copolymer [22]. Its porous structure
(>99%) and its easily modified frame make MeS a suit-
able adsorption material [23,24]. In addition, the unique
structure of MeS facilitates rapid target removal from the
aqueous phase, promoting efficient and rapid adsorption
of contaminants [25]. However, the functionalization pro-
cess for foam materials is relatively cumbersome, requir-
ing specialized equipment [21]. Here, we propose a novel
method for the preparation of metal-organic framework
functionalized sponges for use as an extraction material,
markedly shortening the whole sample processing pro-
cess. To date, the application of MIL-68(Al)/ polyvinyli-
dene fluoride (PVDF) functionalized sponge material for
the simultaneous extraction of multi-residues of parabens
in cosmetics has not previously been reported.
In the present study, we combine the advantages of MeS

and MIL-68(Al), exploiting the adhesive property of PVDF
to bindMIL-68(Al) toMeS through physical encapsulation
[23]. Our novel MIL-68(Al)/MeS column was then used
as an adsorbent for the extraction of parabens from per-
sonal care products [26]. After extraction, the target ana-
lytes were detected by HPLC. In comparison with tradi-
tional extraction methods, our novel extraction method
demonstrates a higher recovery and increased convenience
[27,28].

2 MATERIALS ANDMETHODS

2.1 Preparation of MOFs-coated MeS

Reagents and instruments information can be found
in Supporting Information. MIL-68(Al) was synthesized
according to the reported method [29]; the synthesis steps
can be found in Supporting Information. To prepare blank

MeS columns, the MeS was first cut into sponge columns
(d = 7 mm, h = 2 cm) using a punch. MeS columns were
then washed three times with methanol and deionized
water to eliminate impurities, and finally dried at 308 K in
an oven for 12 h. To prepare MIL-68(Al)/MeS (Figure 1),
150 mg of MIL-68(Al) powder was dispersed in 5 ml of
acetone under ultrasound for 25 min [23]. PVDF solu-
tion (1.1 g, 7.5 wt.% in N,N-dimethylformamide) was then
added to the bottle containing MIL-68(Al)/acetone com-
posite, and the suspensionwas ultrasonicated for 30min to
obtain the uniform coating solution [30,31]. Next, approxi-
mately 600 μl of the final uniform suspension was trans-
ferred to a silicone ice cube mold (1 × 1 × 1 cm). The
blank MeS column was then placed in the mold to adsorb
the coating solution. Finally, the functionalized MeS
columns were transferred to a surface dish and dried at
358 K for 12 h.

2.2 Sample preparation

The samples (50 mg) were dissolved in 2 mL ACN, diluted
in a 500mL volumetric flaskwith ultrapurewater [32], and
stored in a clean bottle at 277 K in the dark for subsequent
use.

2.3 SPE procedure

Figure S1 demonstrates the extraction procedure. First,
5 mL of the sample solution (pH = 5, 0% salt concentra-
tion) and 20 μL standard solution (20 ng/mL) were mixed
in a 10 mL centrifuge tube. The centrifuge tube was then
shaken for 3 min to ensure thorough mixing of the solu-
tion. Next, a MIL-68(Al)/MeS column was added to the
centrifuge tube, and the tube was vortexed for 12 min to
facilitate adsorption of the target. After adsorption, the col-
umnwas removed from the solution, squeezedwith tweez-
ers to aid solution removal. The sponge can no longer be
squeezed out of droplets, and then placed into a centrifuge
tube containing 3mLof desorption solvent. This centrifuge
tube was vortexed for 12 min, and the target analyte was
eluted with ACN. Finally, the solution containing the tar-
get analyte was dried under nitrogen at 313 K, then re-
dissolved in 100 μL of ACN and filtered through a 0.22 μm
nylon membrane for HPLC analysis.

3 RESULTS AND DISCUSSION

3.1 Characterization

Three representative MOFs were used to modify the blank
sponge: MIL-101(Cr), HKUST-1(Cu), and MIL-68(Al).
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LI et al. 699

F IGURE 1 Schematic illustrating the preparation of MIL-68(Al)-coated melamine sponge

F IGURE 2 (A) SEM images of blank sponge. (B) SEM images of sponge loaded with polyvinylidene fluoride (PVDF). (C) SEM images of
sponge loaded with MIL-68(Al) and PVDF. (A) and (B) represent SEM images with different multiples

The specific synthesis procedures can be found in the
Supporting Information. The morphological characteris-
tics of the functionalized sponges were first evaluated by
SEM. SEM images of blank MeS at different multiples are
shown in Figure 2A. The MeS skeleton can be clearly seen
under high power. SEM images of MeS modified with
PVDF at different multiples are shown in Figure 2B. These
images reveal that PVDF attachment to the pores and the
skeleton resembles fish scales. Finally, SEM images of
150 mg MIL-68(Al)/MeS at different multiples are shown

in Figure 2C. These images reveal the load distribution
of MOFs. While MOFs were mainly distributed on the
PVDF between pores, some were evenly distributed
on the skeleton. This result is consistent with the final
uniform extraction performance. In contrast, the MOFs
of HKUST-1(Cu) demonstrate a large particle size, and
the load distribution is not uniform (Figure 3B). Because
MIL-101(Cr) (Figure 3A) and MIL-68(Al) (Figure 3C) were
more evenly distributed throughout the sponge skeleton,
the characteristics of these MeS/MOFs columns were
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700 LI et al.

F IGURE 3 SEM images of sponge-column-modified metal-organic frameworks (MOFs). (A) MIL-101(Cr). (B) HKUST-1(Cu). (C)
MIL-68(Al). SEM images are shown at different magnifications (A,B)

more conducive for subsequent experiments. MIL-68(Al)
performs best in practical application.
The characteristics of MIL-68(Al) were next evaluated

using X-ray powder diffraction (XRD) and N2 adsorption
isotherm. TheXRDpattern forMIL-68(Al) is demonstrated
in Figure S2A (with the corresponding SEM image of MIL-
68(Al) shown in the inset). The characteristic peaks of
MIL-68(Al) are in accordance with previous reports. The
permanent porosity of MOF material was also evaluated
in an N2 adsorption isotherm experiment at 77 K (Fig-
ure S2B). The Brunauer-Emmett-Teller adsorption surface
area and pore parameter (Vpore) of the prepared MIL-
68(Al) were 1171.6 m2/g and 0.8 cm3/g, respectively. More-
over, FTIR spectroscopy was also carried out on the three
synthesized MOFs (Figure S2C). In the FTIR spectrum,
strong peaks around 3400 cm-1 were ascribed to the stretch-
ing band of –OH groups. Peaks at 1650–1430 cm-1 corre-
sponded to COO– stretching vibration, and C–C stretching
vibration of benzene, which demonstrated the presence of
the carboxylate linker of MOFs.

3.2 Selection of MOFs/MeS

In preparation for experimental use, the extraction perfor-
mance of the MOFs was determined. As shown in Fig-
ure S3A, the performance of MIL-68(Al) was superior to
that of the other two MOFs. Therefore, MIL-68(Al) was
selected for further evaluation as an extractor. In addition,
the results demonstrate the inherent adsorption capac-

ity of MeS, thus confirming the utility of this material
for extraction. Moreover, MeS has previously been applied
for the determination of p-hydroxybenzoate in cosmetics
[26]. Under the methodological conditions reported in our
study, the recovery rates are between 73.25 and 104.23%.
As shown in Figure S3B, recovery rates initially increase

with the amount of coating but eventually reach a maxi-
mum. The maximum recovery rate was achieved at a load
mass of 125 mg (with no significant change observed at
higher load masses). It reached a stable equilibrium at
150 mg that was selected as an appropriate loading mass.

3.3 Optimization of the proposed
extraction procedure

3.3.1 Effects of pH on extraction

pH is well known to have a marked influence on SPE
experiments and the structure of MOFs. To explore
the application range of our MIL-68(Al)/MeS columns,
samples were selected for comparison from pH 3 to 11. As
shown in Figure S4A, the novel material demonstrated
good adsorption and extraction characteristics in the pH
3–7 and pH 7–11 (alkaline) ranges. According to previous
reports, MOFs synthesized with terephthalic acid as an
organic ligand collapse under strongly alkaline conditions
and subsequently decompose [33]. As revealed in the SEM
image in Figure 3C, MIL-68(Al) is generally enveloped
and protected by the PVDF, and is primarily located in the
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LI et al. 701

pores (as opposed to the skeleton). While acceptable target
recoveries were achieved throughout the pH 3–11 range,
optimum recovery was achieved at pH 5. Therefore, pH 5
was selected for all subsequent experiments.

3.3.2 Effects of salt concentration on
extraction

The concentration of salt is an important factor in many
chromatographic experiments. In particular, “salting-
out” may result in a reduction in the solubility of the
target analyte in solution, thus affecting the extraction
performance. In previous studies, the effects of salt
concentration on extraction performance were evaluated
after the addition of NaCl [34]. Here, the performance of
MIL-68(Al)/MeS columns was evaluated at eight differ-
ent salt concentrations (range, 0–350 mg) (Figure S4B).
The results reveal that the extraction recoveries of all
parabens were significantly reduced in the presence of
salt (in comparison with the recoveries of samples in the
absence of salt). Thus, no salt was added in subsequent
experiments.

3.3.3 Vortex extraction time

In our extraction experiments, the time of adsorption
extraction is equal to the vortex time. Therefore, the vor-
tex time can be expected to have a marked influence on
the extraction experiment. As shown in Figure 4A, tar-
get recovery demonstrated a maximum at a vortex time
of 12 min, with recoveries at shorter vortex times show-
ing a downward trend. At vortex times longer than 12 min,
the curve fluctuated below the maximum value, with lit-
tle change. Therefore, 12 min was selected as the optimal
extraction vortex time.

3.3.4 Type and the volume of elution solvent

The choice of elution solvent had a marked influence
on target recovery. Target recoveries in methanol, ACN,
n-hexane, acetone, and diethyl ether are reported in Fig-
ure 4B. Recovery was particularly dependent on the polar-
ity of the solvent. As shown in Figure 4C, recovery in ACN
was higher than recovery in other elution solvents. While
methanol demonstrated slightly lower recovery than ACN,
n-hexane was the least effective. Therefore, ACN was
selected as the eluting solvent in subsequent experiments.
To determine an appropriate elution volume, we inves-

tigated target recoveries using 0.5–4.0 mL of eluting solu-
tion. As shown in Figure 4C, recovery was highest using a

3.0 mL volume of eluting solution. Therefore, 3.0 mL was
selected as the elution volume.

3.3.5 Effects of elution time

In our extraction experiments, the target analytes were
desorbed from MIL-68(Al)/MeS during vortex treatment.
To determine an appropriate elution time, we investigated
recoveries after elution times in the 2–16 min. range. As
shown in Figure 4D, the highest recovery was obtained
using an elution time of 12 min.

3.4 Method evaluation

To further evaluate our novel extraction method, we deter-
mined the linear range of the proposed method under
optimal conditions. The chromatographic peak area of
extracted analyte was plotted at different input concentra-
tions, and the results were used to establish a calibration
curve (Table 1). The linear regression equations and corre-
lation coefficients for each analyte are shown in Table 1.
In the concentration range of 8–200 ng/mL, all four p-
hydroxybenzoates demonstrated a good linear relationship
(r ≥ 0.9948).
Experiments designed to determine the quantitative

limit and reproducibility were also performed under opti-
mal conditions. For all four p-hydroxybenzoates tested, the
LODs (S/N = 3) were 0.26–0.41 ng/mL. Reproducibility in
this paper was assessed by measuring intra- and inter-day
precision at two different concentration levels over one
working day and five consecutive days, respectively. The
results of these reproducibility experiments are reported in
Table 1. The intra- and inter-day recovery rates for all four
p-hydroxybenzoate samples were 91.2–98.1% and 104.0–
109.7%, respectively. The corresponding RSDs for intra-
and inter-day precision were 1.7–13.8 and 3.4–9.7%, respec-
tively. The above data demonstrate that our novel method
has good precision.

3.5 Matrix effects

In the analysis of oil samples, there will be an obvious
matrix, which will greatly interfere with the accuracy of
the results [35]. So the following formula is used to calcu-
late the matrix effect:

Matrix effect =
[
1 −

𝐴2 − 𝐴1

𝐴0

]
× 100% (1)

A2, A1, A0 are the peak area values of the stan-
dard solution, blank sample, and spiked sample of
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702 LI et al.

F IGURE 4 Optimization of additional experimental conditions. (A) Graph showing optimization of adsorption time. (B) Graph showing
optimization of elution solvent. (C) Bar graph showing optimization of elution time. (D) Graph showing optimization of elution solvent
volume

TABLE 1 Analytical performance of the present method

Analyte

Linear
range
(ng/mL)

Regression
equation

Correlation
coefficient
(r)

Spiked
(ng/mL)

Inter-day (n = 5) Intra-day (n = 5) Matrix
(%)

LOD
(ng/mL)Recovery

(%)
RSD
(%)

Recovery
(%)

RSD
(%)

Methylparaben 8–200 y = 2650.7x –
21651.4

0.9986 40 105.1 7.2 95.3 8.6 8.4 0.26
200 104.6 3.4 98.1 1.7

Ethylparaben 8–200 y = 2646.3x –
26507.9

0.9983 40 104.6 8.2 93.1 13.8 10.0 0.29
200 104.1 3.7 91.2 1.7

Propylparaben 8–200 y = 2505.0x +
43480.0

0.9980 40 105.1 6.4 94.9 12.3 7.8 0.41
200 108.6 4.6 94.7 2.2

Butylparaben 8–200 y = 2210.7x –
52058.2

0.9948 40 104.0 9.7 95.2 12.7 11.3 0.29
200 109.7 6.2 95.4 4.3

p-hydroxybenzoic acid ester, respectively. The final results
are shown in Table 1. The matrix effect of the four sub-
stances is less than 11.3%, so the matrix has no significant
effect.

3.6 Real sample applications

To investigate the practical applications of our novel
method, three real-world samples were selected for analy-
sis: a baby milk nourishing cream, a baby cleansing mois-
turizer, and an acne cream. All three samples were pro-
cessed according to the steps detailed in Section 2.2. The

experiments were then performed under optimal condi-
tions. The experimental data for these samples are reported
in Table S2. The recovery values for all parabens ranged
from 85.8 to 109.7% (RSDs< 9.7%). A typical chromatogram
for a spiked sample is shown in Figure S5.

3.7 Comparison of our novel method
with previously reported methods

In the present study, we have proposed and optimized a
novel extraction method. In Table 2, we show a compari-
son of the results obtained using our novel method with
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TABLE 2 Comparison of the presented method with other reported methods

Matrix Analytes
Extraction
method

Extraction
time (min)

Analytical
technique

Recovery
(%) RSD (%)

LODs
(ng/mL) Ref.

Sunblock, hand lotion,
cream, body lotion

MP, PP SPMEa 20 HPLC-DAD 90.9–96.1 <5.2 12–15 [36]

Water EP, PP, BP EMEb 40 HPLC-DAD 80.4–103.6 <12.6 0.72–1.15 [37]
Shampoo, cream,
toothpaste, wastewater

MP DHF-LPMEc 40 HPLC-UV 85.6–103.0 ≤4.3 0.50 [38]

Rose water, Cream,
Deodorant

MP, EP, PP,
BP BzP

FPSEd 30 HPLC-UV 88.0–122.0 <5.0 0.58 [39]

Baby milk nourishing
cream, Baby cleansing
moisturizer, Acne
cream

MP, EP, PP,
BP

SPEe 12 HPLC-UV 91.2–109.7 ≤13.8 0.26–0.41 This
work

Abbreviations: BP, butylparahydroxybenzoates; EP, ethylparahydroxybenzoates; MP, methylparahydroxybenzoates; PP, propylparahydroxybenzoates.
aSolid-phase microextraction.
bElectro-membrane extraction.
cDynamic hollow fiber liquid-phase microextraction.
dFabric-phase sorptive extraction.
eSolid-phase extraction.

previous results reported using othermethods [36–39]. The
extraction time required using our novel method was com-
paratively short. Furthermore, the use of MIL-68(Al)/MeS
simplified the experimental steps, thus saving time and
effort. In addition, a comparison of the data in Table 2
reveals that the extraction efficiency of our novel method
was very good. Moreover, the LODs reported in our study
were lower. To summarize, the novel method proposed
in this study is comparatively simple and suitable for the
detection of parabens in personal care products.

4 CONCLUDING REMARKS

In the present study, PVDF was used to facilitate MIL-
68(Al) functionalization of MeS to obtain a new extraction
material: MIL-68(Al)/MeS. The synthesized materials
were characterized by SEM, XRD, Brunauer-Emmett-
Teller adsorption, and FTIR, which proved the successful
synthesis and good properties of the materials. It is used
in HPLC analysis, and the experimental data reveal
that MIL-68(Al)/MeS demonstrates a particularly good
adsorption capacity for four parabens (methylparahy-
droxybenzoates, ethylparahydroxybenzoates, propyl-
parahydroxybenzoates, and butylparahydroxybenzoates).
MOFs modification of MeS for extraction as reported
in this paper also provides a new rationale by which
MOFs can be used to modify other materials in future
studies.
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