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Abstract
A simple and sensitive method based on liquid–liquid extraction (LLE) and liquid chromatography electrospray ionization 
tandem mass spectrometry (LC–ESI–MS/MS), was developed and validated for the simultaneous determination of 8-hydroxy-
2′-deoxyguanosine and twelve cosmetic phenols, including five benzophenone (BP)-type ultraviolet (UV) filters, five para-
bens, bisphenol A (BPA) and triclosan (TCS) in human urine. Urine samples were treated by a combination of enzymatic 
deconjugation with β-glucuronidase/arylsulfatase and extraction with ethyl acetate. The efficiencies of different extraction 
procedures were investigated. Both chromatographic and mass spectrometric conditions were optimized. As a result, under 
the optimized conditions, the limits of detection (LODs) for the analytes in the range from 0.01 to 0.23 μg/L were achieved. 
The intra-day and inter-day precisions were within the range of 0.8–6.1% and 1.8–9.5% (relative standard deviation, RSD), 
respectively. The correlation coefficients (R2) and recoveries for the analytes were ranged from 0.991–0.999 and 80.0–108%, 
respectively. The developed method initially combines the simultaneous analysis of urinary 8-hydroxy-2′-deoxyguanosine, 
BP-type UV filters, parabens, BPA and TCS, and was successfully applied to urine samples from children in South China.
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Introduction

As one of the most commonly used ultraviolet (UV) absorb-
ers, benzophenone (BP) and its derivatives are widely used 
in sunscreen cosmetics and plastic products due to their 
broad absorption wavelength, excellent absorption ability, 
and low production costs [1]. However, studies in the past 

decade have shown that BP-type UV-filters exhibit estro-
gen activity, genetic toxicity, reproductive toxicity, as well 
as endocrine-disrupting effects [2–4]. A recent study also 
indicated that BP-type UV filters might be associated with 
female endometriosis [5]. Humans are exposed to BP-type 
UV filters by contacting or consuming products such as 
sunscreen products, cosmetics, beauty creams, skin lotions, 
lipsticks, hair dyes, shampoos, and others [1]. Biomonitoring 
of urinary BP-type UV-filters and their metabolites has been 
frequently applied to assess the risk for human exposure to 
these chemicals in epidemiological studies [5, 6].

Parabens and triclosan (TCS) are commonly used in per-
sonal care products as antimicrobial agents or preservatives 
[7]. Parabens have been found to induce DNA oxidative 
stress by inhibiting antioxidants and to exhibit cytotoxic-
ity and genetic toxicity in mammalian cells [8, 9]. A recent 
study suggested that TCS not only disturbs the homeostasis 
of cellular Zn2+, thereby causing adverse effects in cells, but 
also is associated with DNA oxidative damage [10]. Because 
of their extensive use in personal care products and their 
potential harm to human health, parabens, and TCS have 
attracted increasing attention in recent years.
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Bisphenol A (BPA), an endocrine disruptor, is a key start-
ing material for the production of polycarbonate plastics and 
epoxy resins. BPA is also commonly used in thermal paper as 
a color developer [11]. Use of products containing BPA could 
result in its release into the environment. In fact, studies have 
found that, due to its extensive use, BPA has become a ubiq-
uitous pollutant. Measurement of BPA in bodily fluids (urine 
or blood) has typically been used to assess human exposure to 
this chemical [12].

Environmental exposure to chemicals can generate reac-
tive oxygen species (ROS) in human body and induce DNA 
oxidative stress. 8-Hydroxy-2′-deoxyguanosine (8-OHdG) is a 
product of damaged DNA and is easily excreted in urine with-
out further metabolism. Thus, urinary 8-OHdG is widely used 
as a biomarker to assess the extent of DNA oxidative damage 
and stress in epidemiological studies [13, 14].

Currently, there are a number of individual analytical meth-
ods for determining 8-OHdG or cosmetic phenols in human 
urine. However, use of separated analytical methods is not 
only costly, but also time-consuming. The separated ana-
lytical methods require a larger volume of organic solvent or 
urine samples. There was a previous report on simultaneous 
measurements of urinary 8-OHdG, parabens, BPA, and TCS 
[15]. Because humans are widespread exposed to BP-type UV-
filters, developing an analytical method for determination of 
multi-cosmetic phenols including BP-type UV-filters is neces-
sary. Among the analytical methods published in the literature, 
liquid–liquid extraction (LLE) or solid-phase extraction (SPE) 
has been commonly used to extract analytes from urine sam-
ples. The efficiencies of LLE and SPE need to be assessed. 
Thus, in the present study, a simple and sensitive method 
employing liquid chromatography combined with electro-
spray ionization tandem mass spectrometry (LC–ESI–MS/
MS), was developed and validated for the simultaneous meas-
urement of 8-OHdG and twelve cosmetic phenols, including 
five BP-type UV filters, 2-hydroxy-4-methoxy benzophe-
none (2-OH-4-MeO-BP; or BP-3), 4-hydroxy benzophenone 
(4-OH-BP), 2,4-dihydroxy benzophenone (2,4-diOH-BP; or 
BP-1), 2,2′,4,4′-tetrahydroxy benzophenone (2,2′,4,4′-tetraOH-
BP; or BP-2), and 2,2′-dihydroxy-4-methoxy benzophenone 
(2,2′-diOH-4-MeO-BP or BP-8), five parabens (methyl, ethyl, 
propyl, butyl, and benzyl parabens), BPA and TCS (Fig. S1, 
Table S1) in human urine. The developed method initially 
combines the analysis of the targeted compounds mentioned 
above and was applied to the biological samples collected from 
children in South China.

Experimental

Chemicals and Reagents

8-OHdG, 2-OH-4-MeO-BP (> 98% purity), 4-OH-BP 
(> 98% purity), 2,4-diOH-BP (> 99% purity), 2,2′,4,4′-tetr-
aOH-BP (> 97% purity), 2,2′-diOH-4-MeO-BP (> 98% 
purity), BPA (> 98% purity) and β-glucuronidase/aryl-
sulfatase from Helix pomatia (85,000 β-glucuronidase 
units/mL, 7500 sulfatase units/mL) were purchased from 
Sigma-Aldrich (St. Louis. MO, USA). 15N5-8-hydroxy-
2′-deoxyguanosine (15N5-8-OHdG, > 95% purity), 13C6-
labeled 2-OH-4-MeO-BP (> 99% purity) and 13C12-BPA 
(> 98% purity) were obtained from Cambridge Isotope 
Laboratories (Andover, MA, USA). Methyl, ethyl, pro-
pyl, butyl, benzyl parabens, and TCS were provided by 
Dr. Ehrenstorfer (Augsburg, Germany). The deuterated 
internal standards d4-methyl, d4-ethyl, d4-propyl, d4-butyl, 
d4-benzyl parabens, d3-triclosan, and d5-2,4-diOH-BP 
(all > 98% purity) were purchased from CDN Isotopes 
(Quebec, Canada). Methanol, acetonitrile, ethyl acetate 
and formic acid were obtained from Merck (Darmstadt, 
Germany). Glacial acetic acid, sodium acetate, and 
monopotassium phosphate were high performance liq-
uid chromatography (HPLC) grade, and were obtained 
from Fisher Scientific (Houston, TX, USA). Mixed-mode 
cationic exchange (MCX) SPE cartridges (60 mg/3 mL) 
were purchased from Waters Corporation (Milford, MA, 
USA). Bond Elut C18 SPE cartridges (500 mg/6 mL) were 
purchased from Agilent (Santa Clara, CA, USA). Weak 
anion exchange (WAX) SPE cartridges (CNW poly-sery 
PWAX, 60 mg/3 mL) were obtained from Anpel (Shang-
hai, China). The water used in experiments was deionized 
using a Millipore system (Billerica, MA, USA).

Standard Preparation and Sample Hydrolysis

The stock solutions of 8-OHdG, BP-type UV-filters, para-
bens, BPA, TCS and the internal standards were prepared 
in methanol at a concentration of 100 mg/L. The calibra-
tion standards, prepared in pooled urine from 20 school 
children, ranged from 0.1 to 50 μg/L. All standard solu-
tions were stored at −20 °C in the laboratory.

Urine samples were thawed and two milliliters of each 
urine sample were transferred to 30-mL teflon tubes. After 
being spiked with internal standards (0.25 ng for d4-methyl 
paraben, 10 ng for the other internal standards), 3 mL of 
0.1 M acetate buffer and 20 μL β-glucuronidase/arylsulfatase 
enzyme was added to each urine sample, vortexed, and incu-
bated at 37 °C overnight (at least 8 h) with shaking. The 
hydrolyzed urine sample was then subjected to LLE or SPE.
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Extraction Procedures

The LLE procedure was as follows. After adding 3 mL 
of ethyl acetate, the hydrolyzed urine sample was vor-
tex mixed for 10 min, and then centrifuged at 3000g for 
10 min. The supernatant was collected in a 10-mL glass 
tube. The extraction was repeated twice, with an addi-
tional 3 mL of ethyl acetate at each subsequent extraction. 
The aliquots of ethyl acetate extract were combined and 
concentrated to dryness under nitrogen gas. The residue 
was then reconstituted in 500 μL of methanol and water 
(15:85), filtered through a 0.45-μm filter and stored at 
− 20 °C until used for instrumental analysis.

Extraction efficiency was affected by the types of SPE 
sorbents. C18, MCX and WAX cartridges were commonly 
used in analyzing organic pollutants. Thus, the efficiencies 
of these three types of cartridges were investigated.

The SPE procedure using Bond Elut C18 cartridges was 
similar as described in our previous study [15]. The resi-
due was finally reconstituted in 500 μL of methanol and 
water (15:85), filtered through a 0.45-μm filter and stored 
at − 20 °C until used for instrumental analysis.

The SPE procedure using MCX cartridges was as fol-
lows. A MCX cartridge was sequentially conditioned with 
5.0 mL of methanol and 5.0 mL of 1% acetic acid. The 
treated urine sample was then loaded onto the cartridge. 
After sample loading, the cartridge was eluted with 5.0 mL 
of 1% acetic acid to remove any potential interfering 
matrix components. After the cartridge was completely 
dry, the targeted analytes were washed with 4.0 mL of 
methanol followed by 4.0 mL of 2% aqueous ammonia in 
methanol. Then the eluate was concentrated to dryness 
under nitrogen gas. The residue was then reconstituted in 
500 μL of methanol and water (15:85), filtered through a 
0.45-μm filter and stored at − 20 °C until used for instru-
mental analysis.

The SPE procedure using CNW poly-sery PWAX car-
tridges was as follows. The pH value of the hydrolyzed 
urine sample was adjusted to 3.0 with 20 μL of formic 
acid. The urine sample was then loaded onto the CNW 
poly-sery PWAX SPE cartridge, which had been sequen-
tially conditioned with 2.0 mL of methanol (containing 
5% ammonia) and 3.0  mL of 0.6% formic acid. After 
sample loading, the cartridge was rinsed with 2.0 mL of 
30% methanol to remove any potential interfering matrix 
components. When the cartridge was completely dry, the 
targeted analytes were washed with 4.0 mL of methanol 
(containing 5% ammonia), and the eluate was concentrated 
to dryness under nitrogen gas. The residue was then recon-
stituted in 500 μL of methanol and water (15:85), filtered 
through a 0.45-μm filter and stored at -20 °C until used for 
instrumental analysis.

Instrumental Analysis

Samples were analyzed on a 20A HPLC system (Shimadzu, 
Japan) coupled with an AB Sciex Q-Trap 5500 mass spec-
trometer (Applied Biosystems, Foster City, CA, USA). The 
targeted analytes were separated on an Atlantis C18 column 
(150 mm × 2.1, 5 μm, Waters, Ireland). Methanol containing 
5% acetonitrile (v/v) and 10 mM ammonium acetate in water 
were employed as mobile phases, with the detailed gradient 
elution program shown in Table S2. The flow rate was set at 
300 μL/min, and the column temperature was kept constant 
at 40 °C. A 10 µL was injected for each sample.

Electrospray ionization (ESI) was operated in negative 
mode. The multiple reaction monitoring (MRM) mode was 
used for the quantification of all analytes. The ion source 
temperature was 550 °C and the ionization voltage was 
− 4500 V. The curtain gas pressure was 20 psi, and the col-
lision gas flow rate was moderate. The optimized parameters 
in details are summarized in Table S3.

Quality Assurance, Quality Control, and Validation 
Process

A procedural blank was processed along with every batch 
of 10 samples. No target compounds were detected in pro-
cedural blanks. To investigate the response stability during 
instrumental analysis, a mixed standard solution at 2.0 μg/L 
was analyzed with each batch of 10 samples, and the relative 
standard deviations (RSD) were less than 10%.

The accuracy of the method (recoveries) were performed 
by spiking a pooled urine sample with analyte standards 
and internal standards at different concentrations (0.1, 2.0, 
and 40.0 μg/L) and analyzing the urine sample as described 
above. To offset the matrix effect, calibration standards were 
prepared in pooled urine from 20 school children. Linear-
ity of the calibration curves was obtained by analyzing tar-
geted analyte standard solution over a concentration range of 
0.1–50.0 μg/L. The intra-day and inter-day precisions were 
evaluated by repetitive analysis of spiked urine samples at 
different concentrations (0.1, 2.0, and 40.0 μg/L) six times 
within a single day and one time on 6 consecutive days, 
respectively. The limits of detection (LODs) and the limits of 
quantification (LOQs) were determined by replicate analysis 
of low-level spiked standards in urine (1 μg/L) with differ-
ent dilution ratios. LODs and LOQs were defined as three 
and nine times the signal-to-noise (S/N) ratio, respectively. 
Matrix effects were evaluated by analyzing sample reconsti-
tution solution (15% methanol in water) or pooled urine sam-
ples spiked with the same level of internal standards at three 
concentrations (0.1, 2.0, and 40.0 μg/L). Matrix effects for 
4-OH-BP, 2,2′,4,4′-tetraOH-BP and 2,2′-diOH-4-MeO-BP 
were assessed by analyzing sample reconstitution solution 
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(15% methanol in water) or pooled urine samples spiked 
with native standards.

Data Analysis and Calculation

Statistical analysis was performed using SPSS 20.0 (SPSS 
Inc., Chicago, IL, USA). Quantification of individual ana-
lytes was calibrated by plotting the ratio of the analyte sig-
nal to the internal standard signal as a function of the con-
centration of the analyte standards. In this study, because 
stable isotope-labeled 4-OH-BP, 2,2′,4,4′-tetraOH-BP and 
2,2′-diOH-4-MeO-BP were not commercially available, 
2-OH-4-MeO-BP and 2,2′-diOH-4-MeO-BP shared the 
same internal standard (13C6-2-OH-4-MeO-BP), and 4-OH-
BP, 2,4-diOH-BP and 2,2′,4,4′-tetraOH-BP shared the same 
internal standard (d5-2,4-diOH-BP). When the concentra-
tions of targeted analytes below the LOQs, half the LOQ 
was used for statistical analysis.

Results and Discussion

Optimization of Sample Pretreatment

In the present study, enzymatic hydrolysis conditions (37 °C, 
20 µL enzyme and reaction time of 8 h) were used accord-
ing to a previously described deconjugation procedure [15].

In the present study, the efficiencies of LLE and SPE 
procedures mentioned in the experimental part were inves-
tigated and compared. The recovery results are shown in 
Table 1. Good recoveries for all targeted analytes were 
obtained using LLE, with recoveries ranging from 92.3 to 
109%. Relatively good recoveries for 8-OHdG, parabens, 
BPA and TCS were obtained on the three types of SPE 

cartridges (54.0–108%). However, relatively lower recover-
ies for individual BP-type UV filters were obtained using the 
three SPE cartridges (most less than 80.0%). This might be 
due to adsorption efficiencies of the SPE sorbents or elution 
solvent selection. Compared to SPE, the repeated operation 
in LLE would lead to relative higher recoveries of the ana-
lytes (Table 1). Thus, LLE was used in further experiments.

Optimization of Chromatographic Resolution

In the present study, all the analytes were well separated 
with gradient elution starting with an organic mobile phase 
at 15% methanol. Results in the present study indicate that 
using methanol containing a certain percentage of acetoni-
trile as the organic mobile phase could improve the chroma-
tographic resolution of the analytes, resulting in narrower 
peaks than when using methanol alone. This is due to the 
stronger polarity of acetonitrile. However, acetonitrile at 
too high a percentage would cause premature elution of the 
analytes. Thus, the percentage of acetonitrile in methanol 
was optimized, and methanol containing 5% acetonitrile was 
chosen as the final organic mobile phase for the comprehen-
sive consideration of separation performance and sensitivity 
of all the analytes. The representative chromatograms of the 
analytes in a urine sample are shown in Fig. S2.

Optimization of MS/MS Parameters

By a Q3 scan, ions m/z 192, m/z 92, m/z 212, and m/z 35 
were identified as the fragment ions for 8-OHdG, para-
bens, BPA, and TCS, respectively. The formation mecha-
nisms of these fragment ions have been described in our 
previous study [15]. Ions m/z 211, m/z 120, m/z 91, m/z 
135 and m/z 93, were identified as the fragment ions for 

Table 1   Recoveries of the 
analytes using different 
extraction procedures (%, 
spiking level: 10.0 μg/L)

RSD relative standard deviations

Analytes LLE SPE (Bond 
Elut C18)

SPE (MCX) SPE (PWAX) RSD (%)

8-OHdG 92.3 90.0 90.5 94.1 2.0–6.8
2-OH-4-MeO-BP 95.6 85.4 86.6 89.1 1.5–6.2
4-OH-BP 97.9 70.1 65.2 66.0 2.1–5.5
2,4-diOH-BP 105 78.6 75.5 72.1 2.8–7.6
2,2′,4,4′-TetraOH-BP 99.6 55.8 60.4 54.0 3.3–7.0
2,2′-diOH-4-MeO-BP 106 65.5 70.7 67.9 1.3–5.4
Methyl paraben 94.5 94.0 92.1 93.5 1.1–4.4
Ethyl paraben 98.7 99.5 95.3 98.1 1.5–7.1
Propyl paraben 99.0 95.2 98.0 97.0 1.2–5.2
Butyl paraben 109 101 100 108 2.3–5.7
Benzyl paraben 101 99.6 98.2 105 2.6–4.9
BPA 107 101 95.2 103 1.0–5.0
TCS 103 102 98.5 100 1.7–6.3
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2-OH-4-MeO-BP, 4-OH-BP, 2,4-diOH-BP, 2,2′,4,4′-tetr-
aOH-BP and 2,2′-diOH-4-MeO-BP, respectively (Table S3). 
Fragment ion m/z 211 was formed by loss of an oxygen atom 
from the 2-OH-4-MeO-BP precursor ion (227). Fragment 
ion m/z 120 was formed by loss of a phenyl group (C6H5, 77) 
from the 4-OH-BP precursor ion (197). Fragment ion m/z 91 
was formed by loss of a hydroxy group (OH, 17) from the 
2,4-diOH-BP precursor ion (213) to m/z 196, followed by 
loss of a carbonyl–phenyl group (C7H5O, 105) from frag-
ment ion m/z 196. Fragment ion m/z 135 was formed by 
sequentially loss of a dihydroxy-phenyl group (C6H5O2, 
109) and a hydrogen atom from the 2,2′,4,4′-tetraOH-BP 
precursor ion (245). Fragment ion m/z 93 was a hydroxy-
phenyl group (C6H4OH) lost from the parent compound of 
2,2′-diOH-4-MeO-BP. The MS/MS mass spectra for all the 
analytes are shown in Fig. 1.

Method Evaluation and Application

The method was evaluated using the optimized conditions, 
and the results are shown in Table 2. The standard curves 
of all the analytes were linear, with the correlation coeffi-
cients ranging from 0.991 to 0.999. Recoveries at 0.1, 2.0, 
and 40.0 μg/L were 80.0–108%, 82.0–108%, and 80.1–106% 
(n = 6), respectively. RSD were all less than 10% for the 
three spiking levels. RSD were 0.8% − 6.1% and 1.8% − 9.5% 
for intra-day precision and inter-day precision, respectively. 
The LODs for the analytes ranged from 0.01 μg/L for butyl 

paraben to 0.23 μg/L for 2-OH-4-MeO-BP. No obvious 
matrix effects (suppression or enhancement) were observed 
for all analytes with RSD less than 10%.

The developed method was applied to 50 urine samples 
collected from elementary school children in South China, 
and the results are summarized in Table S4. 8-OHdG, 2-OH-
4-MeO-BP, 4-OH-BP, 2,4-diOH-BP, methyl paraben, ethyl 
paraben, n-propyl paraben, BPA, and TCS were commonly 
detected in the urine samples. Median concentrations deter-
mined were 1.31, 0.44, 0.09, 0.13, 1.39, 0.33, 0.19, 1.78, 
and 0.45 μg/L for 8-OHdG, 2-OH-4-MeO-BP, 4-OH-BP, 
2,4-diOH-BP, methyl paraben, ethyl paraben, n-propyl 
paraben, BPA and TCS, respectively. 2,2′,4,4′-TetraOH-BP, 
2,2′-diOH-4-MeO-BP, butyl paraben, and benzyl paraben 
were partially detected due to their lower concentrations in 
urine.

Conclusions

The method developed here showed wide linear ranges with 
good recoveries of all the analytes. In addition, small intra-
day and inter-day variations demonstrated the good repro-
ducibility of the method, which was successfully applied to 
simultaneous measure 8-OHdG, BP-type UV-filters, para-
bens, BPA and TCS in urine samples from children in South 
China.

Fig. 1   The mass spectra of the analytes in the negative ion mode ESI–MS
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