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Development of Miniaturized Hollow-fiber Assisted Liquid-phase
Microextraction with /n situ Acyl Derivatization Followed by GC-MS for the
Determination of Benzophenones in Human Urine Samples
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A simple and highly sensitive methad that involves mintmurized hollow fiber assisted liguid-phase microextrction
{HF-LPME) with fnr situ acyl derivatization and GC-MS was developed for the determination of benzophenone (BP) and
related compounds in bumas urine samples. The limits of detection (3N = 3} and guastification (YN > 100 of BPs in
human urine samples are 8.01 to 003 ng ml- and 0.05 10 0.2 ag ml-, respectively. The average recoveries of BPs in =
5 in human urine samples spiked with 10 and 30 ng mb BPs are 934 to 106,76 (R8I 1.5 10 8.4 and 96,3 to H11.5%
(RS 30w 7.7% ) respectively, When the proposed methed was spplied to human urine samples, BPs were detecied ot

the sub ag ml- level.

{Received Febroary 20, 200%; Accepted May 21, 2009; Published August 10, 2000)

Intreduction

Benyophenone (diphenylmethancne: BP) and related compounds
are widely used as chemical sunscreens. They absorb damaging
UV rays to decrease the madiation dose, and are widely used in
cosmatic  products. Henzophenones {BPFs) demonstrate
maximum shsorption ot wavelesgths of 288 10 280 and 323 am.
and have the propesty of absorbing wavelengths of 200
400 am. Consequently, BPs are able to absorb UV light that is
harmiful to the human body ia the form of UVA (32010 400 am}
aod UVR (290 w 3200m), and have been reporied to be
effective in preventing skin disorders and skin cancer.’ However,
BPs are also suspected to cause pruritus and contact allergies.?
and 1o disrupt the endoerine system by exerting estrogenic and
anti-androgenic action.>® Recently, the migmtion of BPs from
multilayer plastic-paper materials intended for food packaging
and the comtamination of food sample with BPs have been
reported. ™ Due to the widespread usage of BPs, healthy humans
may be exposed to BPs vig a variety of daily activities.
Therefore, the assessment of human exposure to BPs is an
important tsk,

It has been reported that when 2 human ingests BP, it is
exereted in wring a5 a metabolite, such as benzhydrol (BP-OH:
glucuronide.’ Thus, it is thought that human exposure gan be
evaluated by measuring these compounds in human urine
samples. However, a5 the concentration of BPs in human urine

* Te whom cormrespondence should be addressed.
E-mail: rie-ito@hoshiacjp
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is low, a method with high senstivity and high scoumscy is
required.

The determination of BPs in human urine samples has been
aceomplished with LC with diode array detection,” tandem mass
spectometry {MS-MSY* and GO-MS2  However, these
techniques require that such  pretremiment  procedures as
Hquid-iiguid extraction {LLEY™* and solid phase extraction
{SPEF" be performed prior to use, and consume coasiderable
time and labns. As for the time and labor needed for analysis,
soid-phase microextraction (SPME) has been successfully used
for the determination of BPs in human urine samples’?
However, because the limit of detection {LOIY of 2-hydroxy-4-
mathoxybenzophenone {BPF-3) &5 3 ag ml, the sensitivity of the
above SPME method remains Jow. Previously, we reporied on
4 stir bar sorptive axtraction (SBSE) method that uses 2 stir bar
coated with polydimethylsiloxane (FDMS) for the determination
of BPs in water samples™7 and human urine samples.'® The
SBSE method required aot only a PDMS-coated stir bar, but
also a thermal desorption {TIN-GC-MS system. The TD system
had 2 high ranning cost because liquid sitropen was used. To
improve the cost performance, Hquid-phase microextraction
{LPME), solvent microextraction {SME} sad a single-drop
microexteaction {SDME} techniques bave been developed.'s
LPME consists of extracting amd concentrating 2 tarpet
compaund with an extremely small amount of extraction solvent
using a commercially available microgyringe. Highly sensitive
frace analysis is subsequently performed by injecting the extract
directly into & GC-MS system using the same microsyriage as
that used to collect the extract. The main sdvantages of these
techniques are good cost performance and a wide application



2
renge that  iacludes  pulyaromatic  hydrocarbons, 2%
polychiorisated  biphenyls (PCBs), ™% pesticides %2 apnd

erganotin compounds.®  Becsuse of the interfacial activity of

urine samples, it s diffscult to retain a single droplet on the
microsyringe peedle tp® Therefore, we hove developed
miniatulized hollow fiber (HF) assisted LPME for BPs analysis™
In that study,? five kinds of BPx (BP, BP-OH, 20H-BP, BP-3,
ard BP-1G could be analyzed without dertvatization.  Because
of their hagh polarity and low volatility, phesol compounds
including BPs are poordy separated by GC. Derivatization has
vielded sharper peaks, and hence better separation of and higher
sensitivity  for the phenols.  However, the dervatization
provedure s tedious and Bme consuming, In ondes to avosd this
problam, fa sife derivatization was developed.  Moreover, with
an in sita derivatization step, an even wider varety of BP-refated
compounds could be analyzed to reveal the extent of exposure
to BPs.

The aim of this study was to develop an analvtical methed for
the trace analysis of eight kinds of BPs in humon urine samples,
which employs ministurized HE-LPME with in séta denivatization
snd GC-MS.  The HF-LPME method wss performed in
conventional 2mi visks for manisturzation,. To consider a
further application to valuable samples, such as serum, we
performed a miniaterized HF-LPME method.

Experimental

Materials and reagenis

Acetonitrile and methanol were purchased from Wako Pune
Chemicsl  (Osaka,  Japan). BPF and desterium-leheled
benzophenone-die {(BP-di) as surrogate  compounds  were
purchased  from  Kanto  Chemical  (Tekyo,  Japand
2.4-Dihydroxybenzophenone (BP-13 and BP-32 were obtained
from Sigma-Aldrich (5t Louis, MOY.  2-Hydroxy-4-methoxy-
4 -methylbenzophenone (BR-1¥ was oblained from Lancaster
Symhesis  (Morecambe, England).  Benzhwdeol (BP-OH),
2-hydroxybenzophenose (20H-BP), 3-hydroxybenzopherone
{(30H-BP:, and 4-hydmoxybenzophencae (QOH-BP) wers
purchased from Wako Puse Chemical. K cofi B-glucuronidase
23000 U 6.4 mi-) and H. pomeatia sulfatase (3630 U ml-) were
purchased from Sigma-Aldrich. Prior o use, f-glucuronidase
was added to DI M ammonium acetate to make a total
concentration of 10000 U el Other reagents and solvents of
pesticide or analytical grade were purchased from Wako Pure
Chemical {Osaka. Japan). The water purification system was a
Milli-Q geadient A 10 with an EDS polisher (Millipore, Bedlord,
Ma).

Concentrated  solutions (L0 mg mi? in methanol) of BP
BP-OH, 20H-BP, 30H-BP, 4O0H-BP, BP-1, BP-3, and BP-10
were prepared independently. Then, a mixture-siandard solution
{10 g mi-'} was obtained by mixing the coacentrated solutions.
Urine samples were collected from fourteen healthy volunteers
and sample preparstion was performed immediately.

Instrumentation

A 16-pt microsyringe for LPME was purchased from SGE
Japan {Kamagowa, Japan). The microsyringe needle had a
eonical tip of 50 mm length and 0.63 mm OD. Aa sceurel ©Q
372 polypropylese hollow-fiber membrane of 600 um id,
200 um wal] thickness, and a 0.2-5m pore stze was porchased
from Membrara (Wappertal, Germaey).  The hollow-fiber
membrane was cut manually and carefully into 1.1 em lengths.
Then, the hollow-fiber segments were clesned in acelome prior
to use. For extraction, 2mi sample vials from Agilent
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Technologies (Palo Alte, CA) were used.

GOMS instrument and analylical conditions

GO-MS was performed  with an Agilent 68%0N  gas
chromstograph equipped with a 59730 mass-selective detector
{Agilent Technelogizs; Palo Alto, CA). Injection was performed
in & pulsed splitless mode sad the injection volume was 2 pi
The temperature of the inlet was 250°C.  Seporation was
conducted on 2 DR-3MS fused silica column {30 m » 025 mm
i, Q.25 pm film thickness, Agilent Technologies), The oven
wemperatune was progremmed o increase from 100°C (held for
Fomind o 220°C at §°Cmin!, and then increased o 280°C theld
for 3min) ot 15°C mint. Helium was used a3 carner gas at a
flow rate of 1.0 ml min-t. The mass spectrometer veas operated
in the selected jon monitoring (SIM) mode with electron
jonization (ED {ionization voliager 70 eV). The monitoring ions
were as follows: m/z 182 and 105 for BP, sz 213 and 256 for
acyl-BP-1, miz 227 and 228 for acyl-BP-3, mfz 241 and 227 for
acyl-BP-H, miz 184 and 105 for BP-OH, mfz 197 and 198 for
acy-20H-BP, w/z 198 and 1035 for acyl-20H-BP, and mf; 121
and 198 for soyl-40H-BP. The underlined number is the s’z of
the ion used for quantification,  The monitoring ioa for BP-dy
was mfz 192 a5 surrogate standond, and quantilative analyses of
BPs were performed with 8 surrogate standard.

Human urise sampls preparativn by LPME

A human urine sample (1 mi) spiked with surrogate standard
was buffered with | M ammonium acetate soletion {100 ui).
After adding S-glucuronidase {1 ik 10004 U ml-) and sulfatsse
{10 ul; 3650 U mi+y, the sample was sealed in a glass tube and
gently mixed. Enzymatic de-conjugation to release free BPs
was performed by incubating st 37°C for 3h* Then, a 3004
aliquot of the de-conjugsied sample was trassferred to anuther
vigl and mixed with the same volume of acetomitrile for
deproteination.  After shaking sofficiently, it was centrifuged
for 1 min at 3000 rpm. Five hundred W of supernatant was
iransferred to another vial and 1 ml of purified water was added.
Potassium carbonate {1 M KOOy 304l for 2 pH adjustment
and acetic scid anhydede (204D as 2 derivatization seagent
were added, and the vigl was degassed. Then, the sample was
agitated. Finally, the sample was subjected to HF-LPME using
a 103l microsyringe. Before extraction, the microsvringe was
rinsed 10 times each with acetone and toluene 50 a3 o aveid
carryover and air-bubble formation. The needle tip was inserted
inta a l.i-cm-long hollow fiber segment. Then, the fiber
assembly was immersed in toluene for about 20 s to impregaate
its pores with toluene. Toluene in the syringe was injected
carefully into the hollow fiber, after which the fiber assembly
was completely immersed in the ssmple solution.  LPME was
performed at toom temperature for 15 mio while stirring o
500 rpm.  After extmaction, 2 1l of the extract was carefully
withdrawn into the microsyringe and injected into the GC-MS
system.

Results and Discussion

Optimization of extraction selvent and time

The exteaction solvent was optimized, Toluene, butyl acetate,
amd {-octanol were compared. When toluene was used as the
extraction solvent, relatively high sesponses were obtained for
all acyl-BPs.  Therefore, toluene was used as the extraction
scivent for the HF-LPME method.

One of the most important parameters affecting aot only
LPME, but also HELPME was the exteaction time. To
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Fig. 2 Dgmimum volsme of acetic acid anhyvdride for o xita
dervatization. Optimum volume of acetic acid anhydride for fa situ
dedvatization of BPs in § ml standard solutions (3 se mI™) using
HE-LPME with in sita derivatization and GC-MS.

determine the optimum extractivn fme, 5 ngml* standard
solutions of BPs were wsed. The extraction time profiles of
I ml standard solutions of the acyl derivatives of BPs using
HE-LPME with in situ derivatization and GC-MS are shown in
Fig. 1. The highest response was obtained when the exirsction
time was 15 min. One possible reason for the decrease in the
relative peak area was a reduction in the yolome of toleene used
s the extraction solvent.  We thoupht that the extraction
ameounts of analytes were decreased according to the decreasing
volume of the extraction solvent. This condition (15 min) was
therefore wsed for the determination of BFs in hbuman urine
samples.

Ootimization of In sita derivatization and GU-MS conditions

The volumes of KoCOx (3 1o 306 ) and acetic acid anhydride
{0 1o 500D in the in site derivatization step were optimized.
When 50 pi of K:COs was used for a pH adjustment, all BPs
showed refatively high responses.  As shown in Fig. 2, the
highest response was obtained from BP when 10 pl of acetic
acid anhvdrade was used. When 20 pl of acetic acid anhydride
was used for the fn site derivatization of BPs, relatively high
responses were obtained as well (Fig. 21 Therefore, 20l of
seetie acid anbydride was used as the optimum volume, We
thought that the pH changed when it was added over the 20 ul
of acetic acid anhydnde.

An EL-MS analysis of the standard solumtions of analytes in the
scan moede was conducted. Major and minor signals were used

80

Extraction time profiles of BPs, Optimum extraction time of

Abanlare Withoat derivatiesion

RGaies
pr
i
+
ARG BPOR
1
Fi um.wmﬂ-uy PR
s {0 eonamr o Jperd
U 5 T L3 Dy 1’. ’i, k"‘-.ur-v:x.
sd 2000 e
Ay BB
N
s Faoeins Syl AcyibFaald
FEizEee cHINE A 018 104 derivagizagion A&fl-lnua P
{
na.f.gm{‘?}ﬁ ; 4 Ay aiPaill
i 5
Acﬂ-iﬂtl e [ ? i
I i
LOUH
4 i K .
s X0

Fig. 3 Comparison of chiomatogranms of BPs obdained with and
without derbvatization. For HE-LPME with in sita derivatization,
derivatization reagenis were added to ©mi of BPF standard sojution
{300 ng mi-y and the extraction was comemenced for 13 min st room
temperature in a glass vial Then, the extraction solvent wis subjectad
10 GO-MS snalysis. For HE-LPME without in site derivatizasion, the
same grocedure was performed, except that o derivatization reagents
were added.

as guantification and qwi;mr ions, respectively. The monitoring
ons were ss fellows: pdy 182 and 105 for BP, mﬁ: 213 and 258
for acyl-BP-1. a¢'z 227 and 228 for seyl-BP-3, miz 241 and 227
for acyl-BP-10, sz 184 and 105 for BP-OH, mfz 197 and 198
for acyl-20H-BP. avz 198 and 108 for acyl-308-BP, and miz
121 and 198 for acyl-40OH-RP.

" The effect of in situ derivatization was examined. As shown
in Fig. 3, peaks of 30H-BP and 40H-BP could be daecied in
the case with in sie derivatization.  Moereover, the peaks of
other acyl-BPs beeame sharp, since the phenolic hydroxyl geoup
was derivatized. Therefore, i sify decivatization was & useful
methed for the determination of trace levels of BPs in human
urine samples.

Analytical figures of merit

The limits of detection (LODs) (signal-noise ratier SN = 3)
and the limits of quentification {(LOQs) (57N = 10} of BPs in
human urine semples subjected to in it derivatization were
0.01 10 065 ng mb* and 0.05 10 0.2 ng ml?, respectively. Por
BP determination, calibration curves were obtained by ploting
the peak-area ratio versus the copcentration.  The calibeation
curves for analytes were linear with correlation coefficients
=0.995 in the range of G.05 to HMkng sl for BP-3, 0.2 10
100 ng mb-* for BP-OH, and 0.1 to 100 ng mi- for the other BPs
{Table t}. The relative recovery snd precision of the method
were assessed by replicate analyses (o = 3% of human urise
samples spiked at 10 and 30ag ‘mi. Non- spiked and spiked
samples were subjected to HE- LPME with in sfte derivatization
and GC-MS. Typical chromatograms of spiked urine samples
ara shown in Fig. 4. The relative recoveries were calculated by
subtracting the results for non-spiked samples from those for
spiked samples. The sesults were obtained by usiag calibeation
curves of the standard selutions with surrogate standacds. The
average recoveries of analytes (v = 5} in human urine samples
spiked with 10 and 50 ng mi* BPs were 93,1 1o 106.7% (RSE:
510 8.4%and 563 to 101.53% (RSD: 3010 7.7%), respectively
{Tuhble 21, Therefore, this method eaables precise determinations
of standards, sad can be applied to the determination of BPs in
haman orine samples.



