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The development and validation of an analytical method is presented for the determination of bisphenol-
A (BPA) and triclosan (TCS), two ubiquitous contaminants, in serum and urine. The glucuronidated
metabolites were first turned into their free forms to determine total BPA and TCS. The determination
consisted of a solid-phase extraction on Oasis HLB cartridges followed by an extractive derivatization with
pentafluorobenzoylchloride. The extract was then purified on 10% (w/w) acidified silica and analyzed by
gas chromatography–mass spectrometry in electron-capture negative ionization mode. Monitored ions
isphenol-A
riclosan
erum
rine
entafluorobenzoylchloride-derivatives
C–MS

were m/z 616 and 406 for BPA and m/z 482 and 287 for TCS, respectively. Limits of quantification were
0.5 ng/mL in serum and 0.2 ng/mL in urine for BPA and 0.1 ng/mL in serum and 0.05 ng/mL in urine for
TCS. Method recoveries were between 76 and 110%, while repeatability was below 20%. The method was
applied on 20 serum and 20 urine samples. The detection frequency in serum was 10% and 55% for BPA
and TCS, respectively. BPA and TCS could be detected in all urine samples with median concentrations of

58–5.
1.25 ng BPA/mL (range 0.

. Introduction

Bisphenol-A (BPA, 4,4′-(propan-2-ylidene)diphenol) and tri-
losan (TCS, 2,4,4′-trichloro-2′-hydroxydiphenyl ether) are two
igh-volume chemicals (>1000 tons produced or imported in the
U) used in a wide range of applications. BPA is mainly used
s a monomer in the production of polycarbonate and epoxy
esins. Polycarbonate is a hard and transparent plastic used in
eusable drinking bottles and baby bottles, electrical and elec-
ronic household and office equipment. Epoxy resins are mainly
ound in coil coatings and as coating in food and drink cans
1]. The concern about human exposure to BPA has risen since
ecent findings that BPA has estrogenic effects in in vivo animal
xperiments at low doses which are within the expected human
xposure range [2]. Following oral administration, BPA appears to
e rapidly absorbed from the gastro-intestinal tract and under-

oes a practically complete first pass metabolism in the liver
y conjugation with glucuronic acid. Subsequently, the formed
lucuronide is rapidly cleared from the blood and eliminated
hrough urine [3]. TCS is a broad spectrum, synthetic, antimicro-

∗ Corresponding author at: Toxicological Centre, University of Antwerp, Univer-
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20 ng/mL) and 1.71 ng TCS/mL (0.18–672 ng/mL).
© 2009 Elsevier B.V. All rights reserved.

bial agent, which is widely used in personal care products such
as shampoos, soaps and toothpaste [4]. The major concern for the
excessive use of TCS regards the potential risks of generating TCS-
resistant pathogenic microorganisms or the selection of resistant
strains [5]. For TCS, a similar metabolism as BPA was proposed
[5].

Due to their ubiquitous presence in the environment and pos-
sible adverse effects, biomonitoring studies are necessary to make
an assessment of the exposure. BPA and TCS have already been
detected in serum [6,7], urine [8,9], cord blood [10] and human
milk [7,11]. Recently, different studies proposed urine as the most
appropriate matrix for the biomonitoring of these phenolic com-
pounds [12]. Since BPA and TCS are rapidly metabolized and almost
completely urinary excreted, a 24-h collection or a single spot urine
sample can be used for the assessment of the daily exposure to these
compounds [12,13].

This paper presents the development of a method for the
determination of total (free + conjugated) BPA and TCS which can
be applied for both serum and urine analysis. The method is
based on solid-phase extraction (SPE) followed by derivatization

with pentafluorobenzoylchloride (PFBCl) and analysis by gas chro-
matography coupled with electron-capture negative ionization
mass spectrometry (GC–ECNI/MS). Furthermore, this study inves-
tigated the stability of BPA and TCS towards sulphuric acid as a
clean-up step. To our knowledge, this is the first time that use of

http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:adrian.covaci@ua.ac.be
dx.doi.org/10.1016/j.jchromb.2009.10.017
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Table 1
Chromatographic detection parameters of the target compounds, the 13C-labeled internal standards and the recovery standard PBB-80.

Compound Retention time (min) Molecular mass of PFB-derivative Quantification ion (m/z) Qualification ion (m/z)

PBB-80 12.24 – 79 81
TCS 12.21 482 482 287
13C-TCS 12.21 494 494 299
BPA 16.72 616 616 406
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13C-BPA 16.72 628

cidified silica in the purification method for the analysis of BPA
rom biological matrices is reported. The proposed method was
nally applied for the determination of BPA and TCS in serum and
rine samples.

. Materials and methods

.1. Chemicals and materials

Standard solutions of BPA and 13C12-labeled BPA were pur-
hased from Cambridge Isotope Laboratories (Andover, MA, USA),
CS and 13C12-TCS were from Wellington Laboratories (Guelph,
N, Canada). 3,3,5,5-Tetrabromobiphenyl (PBB-80) was purchased

rom Dr. Ehrenstorfer Laboratories (Augsburg, Germany). All sol-
ents used (dichloromethane (DCM), methanol (MeOH), n-hexane
nd iso-octane) were of SupraSolv grade (Merck, Darmstadt, Ger-
any). Oasis HLB (60 mg/3 mL; Waters, Milford, MA, USA) was

sed for solid-phase extraction (SPE) and polypropylene cartridges
3 mL, Supelco) filled with silica gel acidified with H2SO4 (10%,
/w) were used for clean-up. Deconjugation was performed with
-glucuronidase/aryl sulphatase (Merck), while derivatization was
erformed with pentafluorobenzoylchloride (PFBCl; 99% purity,
igma–Aldrich).

.2. Sample preparation

.2.1. General procedures
One millilitre of serum or 3 mL urine was fortified with

.50 ng 13C-labeled internal standard. To determine total (free
nd conjugated) BPA and TCS, the sample was treated with 50 �L
-glucuronidase/sulphatase in the presence of 750 �L of 1 M Na-
cetate (pH 4.5) and held at 40 ◦C for 30 min. Subsequently, 200 �L
f formic acid was added followed by sonication for 15 min. The
asis HLB columns were prewashed and conditioned successively
ith 3 mL DCM, 6 mL MeOH and 3 mL milliQ H2O. The samples
ere transferred on the SPE columns after which the columns were
ashed with 3 mL milliQ H2O and dried for 10 min using a vacuum
anifold. The analytes were then eluted with 5 mL MeOH–DCM

1:1, v/v) and the eluate was evaporated until dryness using N2. The
xtractive derivatization was carried out in a two layer system of
mL milliQ H2O and 2 mL hexane. 50 �L of 2 M KOH was added for

onization of the target compounds and 50 �L PFBCl (5% in hexane,
/v) was used as derivatization reagent. The solution was vortexed
or 2 min and, after phase-separation, the hexane layer was trans-
erred. Then, another 2 mL hexane was added to the aqueous phase
nd the cycle was repeated to obtain a quantitative transfer. After
vaporation until the combined hexane layers are dry, the analytes
ere reconstituted in 100 �L recovery standard PBB-80 (100 pg/�L

n i-octane).
After elution from the SPE cartridge, the extract containing lipids
nd other impurities was cleaned up with sulphuric acid. A compar-
son was made between the passage over 10% (w/w) and 44% (w/w)
cidified silica (AS). Moreover, a comparison was made between the
se of the clean-up step immediately before and after derivatiza-
ion.
628 418

2.2.2. Evaluation of clean-up before derivatization
For the evaluation of the clean-up step before derivatization,

AS was added to a 3 mL empty cartridge and, after application
of the extract, the compounds were eluted with 12 mL DCM. The
recovery was calculated for the 13C-labeled compounds based on
the recovery standard PBB-80, which was added right before the
instrumental analysis.

2.2.3. Evaluation of clean-up after derivatization
For the clean-up examination after derivatization, the hexane

layer was immediately transferred on a cartridge containing AS.
Subsequently, the compounds were eluted with 6 mL DCM. Ana-
lytes were reconstituted in a solution containing the recovery
standard PBB-80 prior to analysis.

2.3. Instrumental analysis

The analysis of the PFB-derivatives was performed with a
Hewlett-Packard 6890 GC coupled to a HP 5973 MS operated in
electron-capture negative ionization mode. The extract (2 �L) was
injected in cold pulsed splitless mode (injector temperature 90 ◦C
for 1.25 min, then increased at 700 ◦C min−1 to 290 ◦C, pulse pres-
sure 15.0 psi, time pulse 1.25 min, and splitless time 1.25 min). The
GC column was a 30 m × 0.25 mm × 0.25 �m DB-5 column (J&W
Scientific). The oven temperature program was 90 ◦C for 1.25 min,
then 25 ◦C min−1 to 300 ◦C, kept for 8 min. Helium was used as
carrier gas at constant flow (1.0 mL min−1) with methane as moder-
ating gas. Dwell times were 30 ms. The ion source, quadrupole, and
interface temperatures were 170, 150, and 300 ◦C, respectively, and
the electron multiplier voltage was 2100 V. Compounds with their
respective retention times and the ions used for quantification and
confirmation are summarized in Table 1.

3. Results and discussion

3.1. Derivatization

The derivatization procedure with PFBCl is based on previously
described methods [7,14]. Kuch and Ballschmiter [14] also proved
that the two extractions with 2 mL hexane were sufficient to com-
pletely transfer the formed derivatives from the aqueous phase to
the organic phase. The introduction of five (for TCS) and ten (for
BPA) fluorine atoms turns the analytes into highly electrophilic
derivatives. This results in very high sensitivity for ECNI-MS detec-
tion. Moreover the PFB-derivatives are rapidly formed, are stable
over time and are stable on 10% AS (see below). During the extrac-
tive derivatization step, polar substances stayed in the aqueous
phase and therefore the derivatization also provided an additional
purification. A full-scan chromatogram of a standard mixture of

13C12- and 12C12-derivatives is presented in Fig. 1 with their corre-
sponding mass spectrum. The dominant ion formed was [M]− for
both BPA–PFB- and TCS–PFB-derivatives. For TCS–PFB, the confir-
mation ion was [M−C6F5CO]−, while, for BPA, the confirmation ion
was [M−C6F5COCH3]−.
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ig. 1. Full-scan chromatogram (A) of a mixture of 13C-labeled and native TCS and B
pectrum and selected ion monitoring chromatograms of serum (B) and urine (C) s
.2. Clean-up

Results of the clean-up methods based on purification with sul-
huric acid are summarized in Table 2. Both investigated clean-up

able 2
ecovery of clean-up step of respectively underivatized and derivatized PFB-compounds

Recovery underivatized compounds (%)

BPA TCS

10% AS 17 100
44% AS 3 85
ndards (1 ng injected) as their pentafluorobenzoates with their corresponding mass
s.
methods prior to derivatization gave high recoveries for TCS, how-
ever recoveries for BPA were below 20%. The stability of TCS in the
presence of sulphuric acid had already been described by Allmyr
et al. [7]. BPA showed low recoveries and it can be assumed that

on different amounts of sulphuric acid (AS: acidified silica).

Recovery PFB-derivatives (%)

BPA TCS

94 96
30 93
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Table 4
Comparison of total BPA and total TCS in urine with other reported results in the
literature (n = number of samples).

Range (ng/mL) n Country References

BPA 0.2–19.1 48 Japan [16]
<0.1–5.18a 394 US [17]
<0.3–19.8 30 US [18]

4.0–49 8 Spain [19]
<0.1–15.9a 2517 US [20]
0.58–5.20 20 Belgium Current study

TCS 1.13–14.0 6 Japan [21]

T
Q
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PA is broken down. The PFB-derivative of BPA on the other hand
howed a decreasing recovery with increasing concentrations of
ulphuric acid (Table 2). In contrast with the underivatized BPA,
he BPA–PFB-derivative was more stable in the presence of sul-
huric acid and provided very good recoveries (94%) on 10% AS.
n 44% AS, the BPA–PFB-derivative was mostly degraded and had
nly a recovery of 30%. Purification on AS results in cleaner extracts
nd improves the analytical sensitivity, therefore a clean-up step
n 10% AS after the derivatization with PFBCl was implemented in
he method. To our knowledge, a clean-up step on AS has not yet
een reported for the determination of BPA.

.3. Quality control

.3.1. Calibration curve: linearity
For the calibration curves, ratios of peak area native

ompound/13C internal standard were plotted against ratio of
asses native compound/13C internal standard. R2 values for both

ompounds were >0.999. Seven calibration levels for both BPA and
CS with a range of 0.46–10.5 ng/mL for serum and 0.15–14 ng/mL
or urine were plotted.

.3.2. Limit of quantification
Small amounts of BPA and TCS could be detected in procedural

lanks. Therefore, the method LOQs were calculated as 3× standard
eviation of procedural blanks, taking into account the amount of
ample used for the analysis (1 mL serum and 3 mL urine). Result-
ng LOQs for TCS and BPA are 0.1 and 0.5 ng/mL for serum and
.05 and 0.20 ng/mL for urine, respectively. These method LOQs
re similar or lower than those reported in the literature using on-
ine SPE LC–MS/MS or other GC–MS methods [6,15]. Instrumental
OQs, expressed as ten times the signal to noise ratio, were 0.04 pg
njected for BPA and 0.02 pg injected for TCS. These low values are
btained due to the introduction of fluorine atoms during derivati-
ation, to the very sensitive detection by ECNI-MS and to the clean
xtracts obtained after purification on AS.

.3.3. Method recovery and precision
Method recovery and precision were determined by spiking

mL serum and 3 mL urine at two different concentration levels.
ach fortification level for urine and serum was analyzed in trip-
icate on three successive days. The same pooled sample of serum
nd urine was used for the three days. Background levels in these

amples were determined by analyzing them six times, and the
verage concentrations were subtracted from the obtained levels.
ecoveries and within- (repeatability) and between-day (interme-
iate precision) precision were calculated and are summarized in
able 3. For BPA, the lowest spiking level was close to the LOQ

able 3
uality control parameters for two spiking concentrations for serum and urine. The recov

Concentration (ng/mL) Day 1 Day

Recovery SD Reco

BPA
Serum 0.46 97 17 89

2.20 98 11 90

Urine 0.73 107 4 93
2.20 103 5 98

TCS
Serum 0.46 76 8 83

2.20 91 4 93

Urine 0.73 87 17 110
2.20 92 14 102
<2.4–3790 2517 US [9]
0.18–672 20 Belgium Current study

a 95th percentile.

and therefore a higher deviation (∼20%) was seen. For the high-
est spiking level, which is closer to the levels found in real samples,
a deviation of less than 10% is seen in most cases.

3.4. Method application

The method was applied to 20 serum and 20 urine samples
from Belgian adolescents. An example of a chromatogram of a
serum and urine sample is presented in Fig. 1B and C. In the serum
samples, BPA was detected in only 10% of the samples within a
range of <LOQ–0.59 ng/mL. TCS could be detected in 55% of the
samples within a range of <LOQ–9.2 ng/mL. In the urine sam-
ples, the detection rate was 100% for both compounds within a
range of 0.58–5.20 ng/mL (median 1.25 ng/mL) and 0.18–672 ng/mL
(median 1.71 ng/mL) for BPA and TCS respectively. In Table 4, our
results are compared with results of total urinary concentrations
reported in the literature. Similar to our results, TCS showed a wider
concentration range than BPA. Both analytes had a concentration
range comparable to data reported in other countries.

4. Conclusions

A reliable method is presented for the simultaneous determi-
nation of total BPA and TCS which can be applied both for serum
and urine analysis. This method is an improvement of our previ-
ous method described by Dirtu et al. [22] for the determination of
BPA and TCS in serum where, after SPE with Oasis HLB, Florisil was
used as clean-up sorbent and pentafluoropropionic acid anhydride
as derivatization reagent. The current presented method showed

lower and more constant levels of the method blanks and pro-
vided cleaner extracts due to the clean-up with AS. Moreover, the
combination of derivatization with PFBCl, analysis of the fluori-
nated derivatives by GC–ECNI/MS and a clean-up step on AS after
derivatization makes this a more sensitive method. Since the BPA

ery and standard deviations (SD) are expressed as percentages.

2 Day 3 Day 1-3

very SD Recovery SD Recovery SD

14 94 21 93 16
6 93 8 94 9

3 104 14 102 10
1 97 1 100 4

9 88 11 82 11
3 95 4 93 4

17 86 13 95 19
6 94 3 96 9
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oncentrations in serum are mostly below LOQ, urine seems to
e a more appropriate matrix for biomonitoring studies and the
ubsequent exposure assessment.
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