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a b s t r a c t

We have developed an analytical method for the determination of urinary 5-chloro-2-(2,4-
dichlorophenoxy)phenol (triclosan), which utilizes stir bar sorptive extraction (SBSE) and thermal
desorption (TD)–gas chromatography–mass spectrometry (GC–MS). Human urine sample is de-
conjugated by treatment with �-glucuronidase and sulfatase. A stir bar coated with polydimethylsiloxane
(PDMS) is added to the urine sample in a vial and the sample is stirred for 60 min at room temperature
(25 ◦C). Then, the PDMS stir bar is subjected to TD–GC–MS. The detection limit of triclosan is 0.05 ng mL−1.
The method shows linearity over the calibration range (0.1–10 ng mL−1) and the correlation coefficient (r)
Stir bar sorptive extraction (SBSE)
Thermal desorption (TD)
Gas chromatography–mass spectrometry
(

is higher than 0.993 for triclosan standard solution. The average recoveries of triclosan in human urine
sample are 102.8–113.1% (RSD: 2.4–6.7%). This simple, sensitive, and selective analytical method may be
used in the determination of trace amounts of triclosan in human urine samples.
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. Introduction

Triclosan, 5-chloro-2-(2,4-dichlorophenoxy)phenol, is widely
sed as a broad-spectrum antimicrobial agent. As an additive in
lastics, it prevents growth of microorganisms and suppresses the
ormation of stain and odor, thereby extending the polymer’s shelf
ife [1]. For this reason, it has been considered that triclosan in
olymeric materials come in contact with food [2,3]. As healthy
umans may be exposed to triclosan via a variety of daily activ-

ties, exposure assessment of triclosan in human is an important
ssue.

The urinary excretion of orally ingested triclosan as free triclosan
nd glucuronide and sulfate conjugates has been reported [4]. Thus,
t is thought that human exposure can be evaluated by measuring

riclosan in urine sample. To this end, high-sensitivity and high-
ccuracy analytical methods are required.

Many analytical methods for the determination of triclosan in
iological samples have been reported, including liquid chromatog-
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aphy (LC) with diode array detection (DAD) [5], electrochemical
etection (ECD) [6] or tandem mass spectrometry (MS–MS) [7]. On
he other hand, gas chromatography (GC) with MS or MS–MS was
nitially used for the determination of triclosan in environmental
nalysis [8–11].

Liquid–liquid extraction (LLE) [6] and online solid-phase extrac-
ion (SPE) [7] have been developed for the determination of
riclosan in urine sample. Recently, a new sorptive extraction
echnique that uses a stir bar coated with polydimethylsiloxane
PDMS) was developed [12] and is known as stir bar sorptive
xtraction (SBSE). Its main advantage is its wide application range
hat includes volatile aromatics, halogenated solvents, polycyclic
romatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs),
esticides, endocrine disruptors, preservatives, odor compounds,
nd organotin compounds [13–15]. Silva and Nogueira deter-
ined triclosan in biological and environmental matrices with

he SBSE-liquid desorption (LD)-LC-DAD method [5]. In LC anal-
sis, LD was used to desorb the analyte from the PDMS stir bar.
n the other hand, thermal desorption (TD) is often used to
esorb the analyte from the PDMS stir bar. Because TD enables
njection of the entire quantity of desorbed analyte into an ana-
ytical instrument such as GC–MS, high-sensitivity analysis is
xpected.

The aim of this study was to determine trace amounts of tri-
losan in human urine samples by SBSE and TD–GC–MS.

http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:nakazawa@hoshi.ac.jp
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. Experimental

.1. Materials and reagents

Triclosan was purchased from Wako Pure Chemical, Inc.
Osaka, Japan). Benzophenone-d10 (BP-d10, used as internal stan-
ard) was purchased from Kanto Chemical Inc. (Tokyo, Japan).
. coli �-glucuronidase (25,000 units/0.4 mL, 62,500 units mL−1)
nd H. pomatia sulfatase (3540 units mL−1) were purchased
rom Sigma–Aldrich Co. (St. Louis, MO, USA). Prior to use, �-
lucuronidase was added to 0.1 M ammonium acetate to make
total concentration of 10,000 units mL−1. Other reagents were

urchased from Wako Pure Chemical, Inc. The water purification
ystem used was a Milli-Q gradient A 10 with an EDS polisher
Millipore, Bedford, MA, USA).

.2. Standard solution

A concentrated solution (1.0 mg mL−1) of triclosan was prepared
y dissolving in methanol. Seven-point calibration (0.1, 0.2, 0.5, 1, 2,
, and 10 ng mL−1) was performed daily in duplicate analysis for all
amples containing the internal standard using the SBSE method.

.3. Instrumentation

TD was performed with a Gerstel TDS 2 thermodesorption sys-
em equipped with a Gerstel TDS A autosampler and a Gerstel
ooled Injection System (CIS) 4 programmable temperature vapor-

zation (PTV) inlet. GC–MS was performed with an Agilent 6890N
as chromatograph equipped with a 5973N mass-selective detector
Agilent Technologies).

Stir bars coated with a 0.5-mm thick PDMS layer (24 �L;
wisterTM: a magnetic stirring rod is placed inside a glass jacket
nd coated with PDMS) were obtained from Gerstel (Mülheim an
er Ruhr, Germany). The stir bars were conditioned for 1 h at 300 ◦C

n a flow of helium. Then, the PDMS stir bars were kept in new 2 mL
ials until immediately prior to use. The stir bars could be used more
han 50 times with appropriate re-conditioning. For the extraction,
10 mL headspace vial from Agilent Technologies (Palo Alto, CA,
SA) was used.

.4. TD–GC–MS conditions

TDS 2 temperature was programmed to increase from 20 ◦C
held for 1 min) to 240 ◦C (held for 5 min) at 60 ◦C min−1. The des-
rbed compounds were cryofocused in CIS 4 at −150 ◦C. After
he desorption, CIS 4 temperature was programmed to increase
rom −150 ◦C to 300 ◦C (held for 10 min) at 12 ◦C s−1 to inject the

rapped compounds into the analytical column. CIS 4 is a type
f PTV device. Once an analyte is trapped by means of tempera-
ure control, the entire quantity is subjected to GC–MS. Injection
as performed in the solvent vent mode. Separations were con-
ucted on a DB-5ms fused silica column (30 m × 0.25 mm i.d.,
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able 1
igures of merit of SBSE and TD–GC–MS.

ompound SIMa (m/z) LODb (ng mL−1) LOQc (ng mL−1) Range (ng mL−1) C

riclosan 288, 218 0.05 0.1 0.1–10 0

a The underlined number is the m/z of the ion used for quantification.
b LOD: limit of detection (S/N = 3).
c LOQ: limit of quantification (S/N > 10).
d Recoveries and precision were also examined by replicate analysis (n = 6) of human ur
gr. B 875 (2008) 577–580

.25 �m film thickness, Agilent Technologies). Oven temperature
as programmed to increase from 40 ◦C (held for 1 min) to 190 ◦C at
◦C min−1 and from 190 ◦C to 280 ◦C (held for 3 min) at 15 ◦C min−1.
elium was used as the carrier gas at a flow rate of 1.2 mL min−1. The
ass spectrometer was operated in the selected ion-monitoring

SIM) mode with electron ionization (ionization voltage: 70 eV).
onitoring ions are shown in Table 1.

.5. Human urine samples

Urine was collected from six healthy volunteers (I, II, III, IV, V,
nd VI). All samples were stored at 4 ◦C prior to use.

.6. Sample preparation

One milliliter of urine sample spiked with BP-d10 was pipetted
nto a 10 mL vial. Then, 1.0 M ammonium acetate (100 �L, pH 6.8)
as added. After �-glucuronidase (10 �L, 10,000 units mL−1) and

ulfatase (10 �l, 3540 units mL−1) were added, the sample was gen-
ly mixed. Glucuronidase and sulfatase hydrolysis to release free tri-
losan was accomplished by incubating at 37 ◦C for 3 h. After enzy-
atic de-conjugation, 1 mL of purified water was added to the vial.
PDMS stir bar was added and the vial was crimped with a Teflon-

oated silicone septum cap. SBSE was performed at room temper-
ture for 60 min while stirring at 500 rpm. After the extraction, the
tir bar was easily removed, rinsed with purified water, dried with
int-free tissue, and placed inside a glass TD tube. The TD tube was
laced inside the TD system where the stir bar was thermally des-
rbed and the desorbed analyte was subjected to GC–MS thereafter.

. Results and discussion

.1. Optimization of GC–MS conditions

In the mass analysis of standard solutions using electron impact
onization (EI)-MS, m/z 288 was observed as the main peak of tri-
losan. The mass spectrometer was operated in the SIM mode. Three
ons were monitored (m/z 288, 218 for triclosan; and m/z 192 for
P-d10. The underlined and none underlined number are the m/z of
he ion used for quantitation and qualitative analysis, respectively).

.2. Optimization of SBSE conditions

One important parameter affecting SBSE was the extraction
ime. To determine the optimum extraction time, 1 mL of human
rine sample (5 ng mL−1 triclosan standard solution) and 1 mL of
urified water were mixed and used. The extraction time profile

0–180 min) of triclosan in the human urine sample that was
ubjected to SBSE and TD–GC–MS is shown in Fig. 1. Triclosan
eached equilibrium after approximately 60 min. Therefore, this
ondition was used for the determination of triclosan in human
rine samples.

orrelation coefficient (r) Amount spiked

0.5 ng mL−1 5 ng mL−

Recovery (%) RSD (%)d Recovery (%) RSD (%)d

.993 102.8 2.4 113.1 6.7

ine samples.
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Fig. 1. Optimization of extraction time.
.3. Figures of merit of SBSE and TD–GC–MS for determination of
riclosan

The calculated detection limit (LOD) is 0.05 ng mL−1 for SBSE
nd TD–GC–MS, with the ratio of the compound’s signal to the

t
c
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h
p

able 2
oncentrations of triclosan in human urine samples.

ompound De-conjugation Human urine

I

riclosan (ng mL−1)
Without de-conjugation 0.17
De-conjugation 2.62

atio of conjugate (%)a 93.5

a Ratio of conjugate was calculated by (Total-Free)/Total*100.

Fig. 2. Typical SIM chromatogram of triclosan in human urine sample (I) b

Fig. 3. Typical SIM chromatogram of triclosan in human urine sample (I)
gr. B 875 (2008) 577–580 579

ackground signal (S/N) being 3. In addition, the limit of quantifica-
ion (LOQ) when S/N > 10 is 0.1 ng mL−1 for triclosan. Some different
ots of human urine were used for calculation of LOD and LOQ. The
lank and internal standard only samples were checked. The inter-
erence was not observed. The method shows linearity over the
alibration range (0.1–10 ng mL−1) and the correlation coefficient
r) is higher than 0.993 for triclosan standard solution. The figures
f merit of the present method are summarized in Table 1. The
OD of triclosan in urine sample previously determined by LLE-LC-
CD [6] and the online SPE–LC–MS–MS method [7] was 1.0 and
ng mL−1, respectively. Compared to those studies, approximately
0–20 times higher sensitivity was achieved in this study.

The recovery and within-day precision of the method were
ssessed by replicate analysis (n = 6) of human urine samples for-
ified at 0.5 and 5 ng mL−1 levels. Non-spiked and spiked samples
ere subjected to SBSE and TD–GC–MS. Recovery was calculated by

ubtracting the results for the non-spiked samples from those for

he spiked samples. The results were obtained by using calibration
urves obtained from standard solutions with internal standard.
he recovery and precision were 102.8–113.1% (RSD: 2.4–6.7%) for
uman urine samples (Table 1). Therefore, the method enables the
recise determination of standards and may be applicable to the

II III IV V VI

0.15 0.15 0.15 0.52 0.15
1.35 1.13 4.30 13.98 1.26

89.2 86.8 96.4 96.3 87.9

y SBSE–TD–GC–MS without de-conjugation. Triclosan: 0.17 ng mL−1.

by SBSE–TD–GC–MS with de-conjugation. Triclosan: 2.62 ng mL−1.
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etermination of trace amounts of triclosan in human urine sam-
les.

.4. Determination of triclosan in human urine samples

A total of six human urine samples were analyzed for tri-
losan using the present method and the results are shown in
able 2. For quality control, the urine samples spiked with stan-
ard were analyzed between the measurements of six human urine
amples. In the human urine samples without de-conjugation,
.15–0.52 ng mL−1 triclosan was detected. On the other hand, in the
uman urine sample treated with �-glucuronidase and sulfatase,
.13–13.98 ng mL−1 triclosan was detected by the present method.
ypical chromatograms of human urine sample (Volunteer I) by
BSE–TD–GC–MS without de-conjugation and with de-conjugation
re shown in Figs. 2 and 3, respectively. The ratio of conjugate
n human urine sample was 86.8–96.4%. Most triclosan existed in
uman urine sample as conjugate. The comparatively high concen-
ration of triclosan was determined in the sample. It was thought
hat the volunteers may be exposed to triclosan via a variety of daily
ctivities.

SBSE and TD–GC–MS enabled the successful determination of
race amounts of triclosan in human urine sample. Because the
revious methods [6,7] were low sensitivity, it was considered
hat triclosan in human urine sample might not be determined.
he proposed method has many practical advantages, including
mall sample volume (1 mL) and simplicity of extraction; it is also
olvent-free and has high sensitivity.
. Conclusions

The determination of trace amounts of triclosan in human urine
amples using SBSE and TD–GC–MS was performed. The detec-
ion limit for triclosan was 0.05 ng mL−1. In addition, the present

[
[
[
[

[

gr. B 875 (2008) 577–580

ethod showed good linearity and high correlation coefficient
sing the internal standard. The recovery was high (102.8–113.1%)
nd the precision was good (RSD: 2.4–6.7%) for human urine sam-
les fortified at 0.5 and 5 ng mL−1 levels. This simple and highly
ensitive method is expected to have potential applications in var-
ous aqueous samples.
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