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a  b  s  t  r  a  c  t

3,4,4′-Trichlorocarbanilide  (triclocarban,  TCC)  is  widely  used  as an antimicrobial  agent  in a  variety  of
consumer  and  personal  care  products.  Because  of its  widespread  use,  the  potential  for  human  exposure
to  TCC  is  high.  Human  exposure  to TCC  may  be assessed  by  measuring  the  concentrations  of  conjugated
or  free  species  of TCC  and  its two  oxidative  metabolites,  2′-hydroxy-TCC  (2′-OH-TCC)  and  3′-hydroxy-
TCC  (3′-OH-TCC),  in  urine  or  serum.  To  assess  human  exposure  to  TCC,  we  developed  a  method  that
uses  restricted  access  materials  (RAM)  on-line  solid  phase  extraction  (SPE)  coupled  to  high  performance
liquid  chromatography-isotope  dilution  tandem  mass  spectrometry  with  peak  focusing  (HPLC–MS/MS).
Sample  clean-up  by  RAM  relies  on  both  size  exclusion  chromatography,  to remove  the  high-molecular
matrix  components,  and  reversed  phase  partition,  to  extract  and  pre-concentrate  the  target  analytes.
TCC,  2′-OH-TCC  and  3′-OH-TCC  present  in  urine  or  serum  were  concentrated  on  the  RAM  SPE  column,
back-eluted  from  the  SPE column,  diluted  through  a mixing  tee  for peak  focusing,  separated  by  HPLC,

and  detected  by isotope  dilution-MS/MS.  The  method  required  a small  amount  of sample  (50  �L)  and
minimal  sample  pretreatment.  The  limits  of  detection  (LOD)  ranged  from  0.01  to  0.1  ng/mL.  The method
was  applied  to measure  TCC  and  its metabolites  in 158  urine  and  16  serum  samples  collected  from
adults  with  no  known  exposure  to TCC.  TCC  was  detected  in  35.4%  of  the  urine  samples  (range:  <LOD
to  401  ng/mL).  This  sensitive  method  is rugged  as  well  as labor-  and  cost-effective,  and  allows  for  the

r  of  s
analysis  of a large  numbe

. Introduction

3,4,4′-Trichlorocarbanilide (TCC) is widely employed as an
ntimicrobial agent in a variety of consumer and personal care
roducts, including bar soaps, detergents, toothpastes, deodorants,
nd cleansing lotions [1,2]. TCC is also used in cleansing prepara-
ions in hospitals and other medical settings where the potential
isk for the transmission of infections is high. TCC is classified as

 high production volume chemical [3];  the annual production
nd/or import volume in the United States is at least half a mil-
ion pounds [2].  The major route for TCC into the environment is

hrough urban waste water [4].  TCC has been detected in waste
ater, surface waters, municipal waste water treatment effluents,

stuarine sediments, and US streams nationwide [5–9].

Abbreviations: CDC, Centers for Disease Control and Prevention; 2′-OH-TCC, 2′-
ydroxy-triclocarban; 3′-OH-TCC, 3′-Hydroxy-triclocarban; LOD, Limit of detection;
AM, Restricted access materials; RSD, Relative standard deviation; TCC, Triclocar-
an.
∗ Corresponding author. Tel.: +1 770 488 7502; fax: +1 770 488 0333.

E-mail address: xay5@cdc.gov (X. Ye).

570-0232/$ – see front matter. Published by Elsevier B.V.
oi:10.1016/j.jchromb.2011.11.024
amples  for epidemiological  studies.
Published by Elsevier B.V.

TCC can impair mammalian reproduction. It has been found
to cause decreased birth weight and survival rate in rats [10].
In humans, exposure to TCC has been associated with methe-
moglobinemia [11]. Furthermore, recent research suggests that TCC
can act as an endocrine disruptor, both in cell-based assays and in
rats [12–15].  Although potential adverse health effects of TCC in
humans are still largely unknown, because of its widespread use,
the potential for human exposure to TCC is high.

Early publications on the metabolism of TCC in rats indicated
that the major biliary and fecal metabolites of TCC were nonconju-
gated and conjugated TCC and 2′-hydroxy-TCC (2′-OH-TCC) [16,17].
In a previous study, we  identified nonconjugated and conjugated
TCC, 3′-hydroxy-TCC (3′-OH-TCC), and 2′-OH-TCC as the major uri-
nary and serum metabolites of TCC in Sprague Dawley rats after
administration of TCC once (500 mg/kg body weight) by oral gavage
[18]. Data on the metabolism of TCC in humans, albeit limited, sug-
gest that conjugated TCC is the main urinary metabolite [19–21].
Together, all these findings suggest that urinary or serum concen-

trations of TCC, 3′-OH-TCC, and 2′-OH-TCC may be valid biomarkers
for assessment of human exposure to TCC.

Several analytical techniques have been developed for the
determination of TCC in environmental samples. Extraction

dx.doi.org/10.1016/j.jchromb.2011.11.024
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:xay5@cdc.gov
dx.doi.org/10.1016/j.jchromb.2011.11.024
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nd/or derivatization followed by detection with gas
hromatography–mass spectrometry (GC–MS) or high-
erformance liquid chromatography–tandem mass spectrometry
HPLC–MS/MS) have been used to measure TCC in surface
ater [8,22–27], municipal waste water [28–30],  and municipal

io-solids [28,31].
Analytical methods to measure TCC in biological fluids, on the

ther hand, are rather limited [21,32,33].  A selected ion monitoring
SIM) GC–MS method has been used to quantitate TCC and 2′-OH-
CC in human urine and plasma with limits of detection (LODs)
anging from 1.5 to 3 ng/mL [32]. This method, which required a
erivatization step, was time-consuming and labor-intensive. More
ecently, an HPLC–MS/MS method with turbo flow on-line extrac-
ion was developed to measure TCC in urine and plasma [21].
estricted access material (RAM), one type of special extraction
orbents used for on-line sample clean up and extraction for biolog-
cal samples, allows direct injection of complex biological matrices
nto the HPLC system without previous sample treatment [34]. In
he present study, we developed and validated a highly sensitive
nd selective method that uses RAM on-line solid phase extraction
SPE) coupled with HPLC–MS/MS with peak focusing to measure
he urinary and serum concentrations of TCC and its two  metabo-
ites, 3′-OH-TCC and 2′-OH-TCC.

. Experimental

.1. Analytical standards and reagents

HPLC-grade methanol (MeOH), water (H2O), and acetonitrile
ACN) were obtained from Tedia (Fairfield, OH). Analytical-grade
ormic acid (98%) was purchased from EM Science (Gibbstown,
J). TCC, 4-methylumbelliferyl glucuronide, 4-methylumbelliferyl

ulfate, �-glucuronidase/sulfatase (Helix pomatia, H1), and ammo-
ium acetate (>98%) were purchased from Sigma–Aldrich Labora-
ories, Inc. (St. Louis, MO). D7-TCC and 13C4-4-methylumbelliferone
ere obtained from Cambridge Isotope Laboratories, Inc. (Andover,
A). 2′-OH-TCC and 3′-OH-TCC were provided by the University of

alifornia–Davis (Davis, CA).

.2. Human urine and serum specimen’s collection for method
alidation

We collected 158 urine samples in Atlanta, GA during
009–2011 from a diverse group of male and female adult vol-
nteers with no documented occupational exposure to TCC. The
enters for Disease Control and Prevention’s (CDC) Human Sub-

ects Institutional Review Board reviewed and approved the study
rotocol. A waiver of informed consent was requested under 45
FR 46.116(d). Samples were collected anonymously. Except for
ex information, no personal or demographic data were avail-
ble. Sixteen serum samples, collected between 1998 and 2003,
ere purchased from Tennessee Blood Services (Memphis, TN). No
emographic data and no information regarding potential exposure
o TCC from the blood donors were available.

.3. Preparation of standard stock solutions and quality control
aterials

We prepared the initial stock solutions of analytical standards
nd stable isotope-labeled internal standards by dissolving mea-
ured amounts of the target analytes in MeOH. Ten working
tandard spiking solutions that contained TCC, 2′-OH-TCC, and 3′-

H-TCC were generated by serial dilution of the initial stock with
eOH. Final concentrations of the ten working standards were

uch that a 50-�L spike covered a concentration range from 0.01 to
0 ng/mL of the three analytes. The stable isotope-labeled internal
 881– 882 (2012) 27– 33

standard working solution was prepared by diluting the internal
standard stock solutions in MeOH, so that a 25-�L spike would
result in a 25 ng/mL concentration of D7-TCC. All standard stock
solutions and spiking solutions were dispensed into glass vials and
stored at −70 ◦C until used.

Quality control (QC) materials were prepared from urine col-
lected anonymously at CDC, or from commercial calf serum (Gibco,
Grand Island, NY). The urine or serum was  mixed uniformly and
divided into two aliquots for QC low (QCL) and QC high (QCH) con-
centration pools. The QCL and the QCH pools were enriched with
different levels of native target compounds. To avoid precipitation
of serum proteins when we  prepared the serum QC pools, we first
added 3 mL  of 0.1 M formic acid to 1 mL  of the spiking standard solu-
tions before spiking into the serum. All QC materials were stored
at −70 ◦C until used.

Results from studies on the metabolism of TCC in humans
suggest that TCC may  undergo phase II metabolism to form con-
jugates [19–21].  Because standards of conjugates of TCC and its
metabolites are not commercially available, these conjugates in
urine and serum must be hydrolyzed in order to measure the
concentration of the total (unconjugated plus conjugated) species
of TCC and its metabolites. We  chose to hydrolyze the conju-
gates enzymatically as commonly done for other environmental
chemicals [35,36].  The enzyme solution was  prepared daily by
dissolving 0.04 g of �-glucuronidase/sulfatase (463 000 U/g solid)
in 10 mL  of 1 M ammonium acetate buffer (pH 5). To check
the efficiency of the enzyme used, we  monitored the deconju-
gation of 4-methylumbelliferyl sulfate and 4-methylumbelliferyl
glucuronide (500 ng/mL each), added to each sample, using 13C4-
4-methylumbelliferone as internal standard. After incubation, 4-
methylumbelliferyl sulfate and 4-methylumbelliferyl glucuronide
are fully deconjugated to free 4-methylumbelliferone. We  used the
area ratio of 4-methylumbelliferone/13C4-4-methylumbelliferone
for each sample to confirm that the enzyme functioned properly.

2.4. Sample and standard preparation

Urine or serum was  thawed and vortex-mixed. For the purpose
of estimating the concentrations of free species of TCC, 2′-OH-TCC
and 3′-OH-TCC, 25 �L of D7-TCC internal standard solution and
50 �L of urine (or serum) were added to 925 �L of HPLC-grade H2O
in a 1.5 mL  conical bottom autosampler vial.

For the purpose of determining the total concentrations
of the compounds, the preparation included an enzymatic
hydrolysis: 25 �L of D7-TCC internal standard solution, 50 �L
of 4-methylumbelliferyl glucuronide/4-methylumbelliferyl
sulfate/13C4-4-methylumbelliferone standard solution (500 ng/mL
each), and 50 �L of �-glucuronidase/sulfatase solution were added
to 50 �L of urine (or serum) in an autosampler vial. After being
gently mixed, the spiked sample was incubated at 37 ◦C for 4 h.
After incubation of the sample, 825 �L of HPLC-grade H2O was
added. Because some precipitation was observed upon incubation,
all sample vials were vortex mixed and centrifuged at 812 × g
for 15 min  before the on-line SPE–HPLC–MS/MS analysis. The
autosampler injector needle was  programmed to withdraw the
sample 4.5 mm above the bottom of the autosampler vial, so that
the precipitate would not be drawn into the HPLC system. We
prepared QCs and blanks (e.g., reagent blank and matrix blank) by
using this same procedure (with enzymatic deconjugation), but we
replaced the urine or serum with the same volume of QC  materials,
HPLC-grade H2O (reagent blank), or blank urine or serum (matrix
blank).
The standards were prepared in pooled urine collected anony-
mously (or commercial serum). The pooled urine or commercial
serum used for standards preparation was  prescreened for TCC, 2′-
OH-TCC and 3′-OH-TCC, and we did not detect any of the target
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1A:  Position 1-2 (0–3  min and 5–12  min) 

1B:  Position 1-10 (3–5  min) 
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Fig. 1. Schematic diagram of on-line SPE–HPLC–MS/MS set-up.

nalytes. To prepare the standards, we added 25 �L of D7-TCC inter-
al standard solution and 50 �L of matrix (blank urine or serum)

nto 875 �L of H2O in a 1.5 mL  conical bottom autosampler vial. We
hen added 50 �L of standard stock solution (in MeOH).

.5. On-line SPE–HPLC–MS/MS with peak focusing

The on-line SPE–HPLC–MS/MS system used in this study was
 modification of the system used for the quantification of phe-
ols in serum [35]. It was assembled from several Agilent 1100
odules (Agilent Technologies, Wilmington, DE) coupled with an
PI 4000 QTrapTM mass spectrometer (Applied Biosystems, Foster
ity, CA) equipped with an electrospray ionization (ESI) inter-

ace. The on-line SPE–HPLC system consisted of two binary pumps
ith degassers, an autosampler with a 900 �L injection loop, a
igh-pressure mixing Tee, and one column compartment with a
0-port switching valve. The mass spectrometer and the Agilent
odules were programmed and controlled by use of the Analyst

.4.1 software (Applied Biosystems). The on-line SPE–HPLC–MS/MS
cquisition method was built in ‘LC sync’ mode (i.e., acquisi-
ion was triggered only after completion of the sample injection).
he RAM column used for SPE was a LiChrospherTM RP-18 ADS
25 mm × 4 mm,  25 �m particle size, 60 Å pore size; Merck KGaA,
ermany). This RAM, a family of special reversed phase sorbents,

acilitates the direct extraction and enrichment of hydrophobic, low
olecular weight analytes from untreated or minimally treated

iological samples. The HPLC column was an Agilent Zorbax Eclipse

18 column (150 mm × 4.6 mm,  5 �m particle size; Agilent Tech-
ologies, Wilmington, DE).

The procedure for extracting TCC and its metabolites from the
rine or serum involved three periods. During the first period
 881– 882 (2012) 27– 33 29

(0–3 min), with the 10-port valve at position 1–2 (Fig. 1A), 500 �L
of the sample was  loaded onto the SPE column by the SPE pump
with 100% H2O (0–1 min) and washed with 20% ACN:80% H2O
(1.1–3 min) at a flow rate of 1 mL/min. The sample had to be loaded
with 100% H2O so that the serum proteins would not precipitate on
the SPE column. During the second period (3–5 min), the 10-port
valve was switched to its alternative position (1–10) (Fig. 1B), and
the analytes retained on the SPE column were back-eluted by the
HPLC pump with 50% ACN:50% H2O at a flow rate of 0.5 mL/min.
At the same time, for peak focusing, we diluted the SPE eluate
through a mixing tee with 20% ACN:80% H2O, provided by the
SPE pump, at a flow rate of 0.25 mL/min. During the third period
(5–12 min), the 10-port valve was  switched to its original position
(1–2) (Fig. 1A), and the analytes were transferred to the HPLC col-
umn  by the HPLC pump by use of a gradient program at a flow
of 0.75 mL/min: 5.1–10 min: 70–100% ACN; 10–11 min: 100% ACN;
and 11.1–12 min: 50% ACN. During the third period, we performed
regeneration of the SPE column by use of the SPE pump with 100%
ACN and SPE column equilibration with 100% H2O.

The negative ion ESI settings were curtain gas (N2) pressure
20 psig; collision gas (N2) flow: 9 arbitrary units (au); nebulizer gas
(air) pressure: 50 psig; heater gas (air) pressure: 40 psig; heater gas
temperature: 500 ◦C; and ion transfer voltage: −4500 V. Q1 and Q3
were set at unit resolution. Ionization parameters and collision cell
parameters were optimized separately for each analyte. The neg-
ative fragment ions used for quantification and confirmation and
the retention times for the target analytes are listed in Table 1.

3. Results and discussion

3.1. On-line extraction of urine and serum with RAM

Direct injection of biological fluids to a HPLC system is com-
plicated because of the presence of protein and endogenous
compounds. Proteins could precipitate with the organic content
of the HPLC mobile phase gradient, leading to high backpressure
and resulting in column blockage. Furthermore, endogenous matrix
compounds may  co-elute with target analytes and cause interfer-
ences. SPE is a useful technique for sample pretreatment before
HPLC analysis. Among the SPE sorbents, RAM is a porous chro-
matographic support specifically designed to decrease the matrix
content of protein and endogenous macromolecules by limiting
access only to small molecules to the interaction sites within the
packing material pores. The use of RAM on-line-SPE allowed direct
injection of biological fluids onto the HPLC system without pre-
vious sample clean up. As a result, the sample pre-treatment for
both urine and serum by the current method was  minimal and
simply involved the addition of internal standard and dilution with
HPLC-grade H2O, followed by centrifugation.

3.2. Matrix effects

Due to its selectivity and sensitivity, HPLC–MS/MS is a
good choice for bioanalytical analyses. However, matrix effects
have become one of the recognized challenges for developing
HPLC–MS/MS methods for analysis of biological specimens [27,37].
Matrix effects can suppress or enhance the ionization of target com-
pounds, resulting in considerable quantification errors, especially
when stable isotope-labeled internal standards are not available.
We used a matrix factor (MF), defined as the ratio of analyte peak
area in the presence of matrix ions to the analyte peak area in the

absence of matrix ions [38], to evaluate the matrix effects. We  cal-
culated the matrix factors for 2′-OH-TCC and 3′-OH-TCC in urine
and serum at three concentration levels (0.5, 5, 50 ng/mL). For 2′-
OH-TCC, the matrix effects were negligible for both matrices: MF
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Table  1
Analyte retention time (RT) and precursor ion → product ion transitions monitored for quantitation and confirmation.

Analyte RT (min) Precursor ion → product ion (m/z)a

Quantitation Confirmation

TCC

N
H

C N Cl

O
 H

Cl

Cl 10.0 313 → 160 313 → 126

2′-OH-TCC

N
H

C N Cl

O
 H

Cl

Cl OH 9.6 329 → 168 329 → 142

N
H

C N Cl

O
 H

Cl
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3′-OH-TCC Cl OH

a For D7-TCC, used as the internal standard for all three analytes, we  monitored t

as 1.01 (SD: 0.09) in urine and 0.94 (SD: 0.07) in serum. However,
e observed some matrix effects, especially in serum, for 3′-OH-

CC, the earliest eluted compound: MFs  in urine and serum were
.90 (SD: 0.08) and 0.56 (SD: 0.06), respectively. These results sug-
est ion suppression of 3′-OH-TCC in serum. Because we  did not
ave isotope labeled standards for 2′-OH-TCC and 3′-OH-TCC, we
repared the calibration curves in the appropriate matrix (urine
r serum) to compensate for potential matrix effects for these two
ompounds.

.3. Method validation and quality control

Blank urine (serum) spiked with standard and isotope-labeled
tandard solutions was analyzed repeatedly to determine the limit
f detection (LOD), accuracy, and precision of the method. The LOD
as calculated as 3S0, where S0 is the standard deviation as the

oncentration approaches zero [39]. S0 was determined from five
epeated measurements of three low-level standards prepared in
he matrix. The calculated LODs ranged from 0.01 to 0.10 ng/mL
Table 2). The limits of quantification (LOQs) were calculated as

 * LODs, and those limits ranged from 0.03 to 0.3 ng/mL. These
alues reflect the good sensitivity of the method, especially con-
idering the relatively low sample volume (50 �L) used and the
implicity of the sample preparation procedures. The LOD for TCC
0.1 ng/mL both in urine and serum) obtained using the current

ethod was about ten times more sensitive than the LOD achieved
sing a similar approach for measuring TCC in breast milk (LOD:
.91 ng/mL) [33]. Moreover, the sample volume (50 �L) needed for
he current method was half the amount required for measuring
CC in breast milk before [33].
RAM on-line SPE used in the current method is one type of
pecial reversed phase sorbent. Its two different surfaces allow
or simultaneous size-exclusion and reversed phase chromato-
raphic separations. High molecular weight matrix components

able 2
olid-phase extraction (SPE) recoveries (N = 3), spiked standard concentration (N = 5) ac
oncentration measurements in spiked urine QCs and spiked serum QCs (N = 30).

Analyte SPE recovery (%) Accuracy (%) L

Standard concentration (ng/mL) 

1 2.5 5 10

Urine
TCC 64 112 120 105 104 0
2′-OH-TCC 67 83 94 94 98 0
3′-OH-TCC 61 102 112 94 97 0

Serum
TCC  78 93 120 101 90 0
2′-OH-TCC 77 90 102 105 97 0
3′-OH-TCC 86 89 97 98 89 0
8.5 329 → 168 329 → 142

cursor → product ion transition (m/z) 320 → 163.

(e.g., protein and endogenous macromolecules) elute through size
exclusion chromatography, while low molecular weight analytes
retain and concentrate by reversed phase chromatography. There-
fore, the RAM used in this current method can eliminate proteins
with molecular weight larger than 15 kDa (versus 100 kDa provided
by turbo flow on-line SPE). Compared with a turbo flow on-line
extraction high throughput method described before [21], the RAM
used in the current method could provide a more efficient clean up
of biological samples. However, the sensitivities of both methods
were comparable [21].

The current method also incorporated a peak focusing feature
achieved from diluting the SPE eluate through a mixing tee with sol-
vent of low organic content before reaching the HPLC column. As a
result, peak shapes of TCC and the other two analytes were shaper
(peak width at half height from 0.25 min  to 0.1 min) compared
with the method without peak focusing. Typical chromatograms of
matrix blanks and low concentration standards are shown in Fig. 2.

The method accuracy was  assessed by five replicate analyses
of pooled urine and serum spiked at four different concentra-
tions; accuracy was  expressed as the percentage of expected levels
(Table 2). The intra-day variability, reflected in the method accu-
racy, ranged from 83% to 120% (urine) and 89% to 120% (serum) for
all three analytes at the four spike levels (Table 2). We  determined
the method precision from 30 repeated measurements of QCL and
QCH materials over a period of two  weeks (Table 2). The relative
standard deviations (RSDs), which reflect the intra- and inter-day
variability of the method, ranged from 7.0% to 15.3% (urine) and
8.8% to 25% (serum).

The SPE recoveries of the three target analytes from urine
or serum were calculated by use of a method described previ-

ously [35]. SPE recoveries ranged from 61% to 67% in urine and
77% to 86% in serum. We compensated for the relatively low SPE
recoveries of TCC, 2′-OH-TCC, and 3′-OH-TCC in urine by using
a matrix matched calibration curve. As a result, the accuracy

curacies, limits of detection (LOD), and inter- and intra-day precision (RSD %) of

OD (ng/mL) QC low QC high

Mean (ng/mL) RSD % Mean (ng/mL) RSD %

.10 2.8 7.9 9.9 7.0

.01 2.7 15.0 9.8 11.3

.10 2.7 10.4 10.6 15.3

.10 2.9 12.8 10.4 8.8

.01 2.5 20.9 9.7 17.4

.10 2.8 25.0 9.7 24.7
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repared in pooled urine (B) and pooled serum (D). The calculated concentrations f

f the three analytes in urine (range: 83–120%) was acceptable
Table 2).

.4. Quantification of TCC and its metabolites in human urine and
erum

We tested the usefulness of the current method by analyz-

ng 158 urine samples collected between 2009 and 2011 from a
iverse group of 79 male and 79 female adult volunteers with no
ocumented occupational exposure to TCC. We  also analyzed 16
ommercially available serum samples collected between 1998 and
ooled serum (C) blanks, and low concentration calibration standards (0.1 ng/mL)
target analytes in the blanks were <LOD.

2003. The total concentrations of TCC and its metabolites were
measured after enzymatic hydrolysis of the conjugated species
in serum or urine. Because analytical standards of conjugated
TCC, 2′-OH-TCC, and 3′-OH-TCC were not available, we  deter-
mined the concentration of these conjugates by subtracting the
respective concentrations of free species from the total concen-
trations. The mean, median, range of concentrations, detection

frequency and the mean percentage of conjugated species (cal-
culated as the ratio of concentrations of conjugated and total
species) of the three compounds are presented in Table 3. For each
analyte, to calculate the mean percentage of conjugated species,



32 X. Zhou et al. / J. Chromatogr. B 881– 882 (2012) 27– 33

Table  3
The mean and median concentrations (ng/mL) of total and free TCC, 2′-OH-TCC, and 3′-OH-TCC from 158 urine and 16 serum samples.a,b.

Total TCC (free TCC) Total 2′-OH-TCC (free 2′-OH-TCC) Total 3′-OH-TCC (free 3′-OH-TCC)

Urine (N = 158)
Mean conc. (ng/mL) 15.3 (<LOD) 0.10 (0.02) 0.12 (<LOD)
Median conc. (ng/mL) <LOD (<LOD) <LOD (<LOD) <LOD (<LOD)
Conc.  range <LOD–401 (<LOD–0.34) <LOD–1.88 (<LOD–0.37) <LOD–1.33 (<LOD–0.16)
Detection frequency (%) 35 (8) 16 (8) 14.5 (1)
Mean  conjugate %c 99 94 99

Serum (N = 16)
Mean conc. (ng/mL) 0.46 (0.26) <LOD (<LOD) <LOD (<LOD)
Median conc. (ng/mL) <LOD (<LOD) <LOD (<LOD) <LOD (<LOD)
Conc.  range <LOD–3.16) (<LOD–2.00) <LOD (<LOD) <LOD (<LOD)
Detection frequency (%) 44 (31) 0 (0) 0 (0)
Mean  conjugate %c 62 NA NA

a Concentrations <LOD were imputed a value of LOD divided by the square root of 2 for the statistical calculations.
b Urine samples were collected between 2009 and 2011. Serum samples were collected between 1998 and 2003. Because TCC can be used in a variety of consumer

and  personal care products and we had no information on the procedures used for coll
contamination with TCC cannot be ruled out.

c To calculate the mean percent of the conjugated species, we  included only samples w

Table 4
Mean and median concentrations (ng/mL), concentration range, and frequency of
detection of total TCC in male and female urine samples.a

Male Female

Mean conc. (ng/mL) 28.3 2.3
Median conc. (ng/mL) <LOD <LOD
Conc. range (ng/mL) <LOD–401 <LOD–101
Detection frequency (%) 51 20

Concentrations <LOD were imputed a value of LOD divided by the square root of 2
f
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or the statistical calculations.
a N = 158 (50% female).

e included only samples with total concentrations above the
OD.

In urine, the detection frequency of TCC, 2′-OH-TCC and 3′-OH-
CC ranged from 14.5% to 35.4% (Table 3). Of the three compounds
easured, TCC had the highest detection rate and concentrations.

he mean conjugate percentage ranged from 94% to 99%, depending
n the compound (Table 4). These data suggest that the conjugated
orms were the major species in urine. We  also checked the mean
nd median concentrations and the frequency of detection of total
CC in urine based on sex (Table 4). The frequency of detection
mean concentration] of total TCC in males (50.6% [28.3 ng/mL])
as higher than in females (20% [2.3 ng/mL]) (Table 4). However,

or both male and female samples, median concentrations of total
CC were < LOD (Table 4). These data suggest that exposure to TCC
ight be related to a person’s lifestyle. The fact that TCC is used

n some shaving creams [2] may  explain the higher TCC urinary
oncentrations in men  than in women in our sample population.

In serum, we did not detect 3′-OH-TCC or 2′-OH-TCC in any of
he samples tested, but we detected trace levels of TCC in about
0% of them (Table 3). However, these TCC serum results must
e interpreted with caution because TCC can be used in a vari-
ty of consumer and personal care products; moreover, we  had no
nformation on the procedures used for collection, processing, and
torage of the serum analyzed. Therefore, we could not rule out the
ossibility of external contamination with TCC.

. Conclusions

We developed a highly sensitive on-line SPE–HPLC–MS/MS
ethod with peak focusing for the concurrent quantification of

′ ′
CC and its two oxidative metabolites, 2 -OH-TCC and 3 -OH-TCC,
n human urine and serum. The method requires a small amount of
ample (50 �L) and minimal sample pretreatment. This method is
ugged as well as labor- and cost-effective. Importantly, it allows for

[

[

ection, processing, and storage of the serum analyzed, the possibility of external

ith total concentration values above the LOD.

the analysis of a large number of samples for epidemiological stud-
ies. Our preliminary research also suggests that human exposure to
TCC may  be assessed by measurement of the total concentrations
of TCC in urine.

Disclaimer

The use of trade names is for identification only and does
not constitute endorsement by the US Department of Health and
Human Services or the Centers for Disease Control and Preven-
tion. The findings and conclusions in this report are those of the
authors and do not necessarily represent the views of the Centers
for Disease Control and Prevention.
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