This article was downloaded by:

On: 17 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

-"'""""‘-'f "’-'{ | International Journal of Environmental Analytical Chemistry

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713640455
International Journal of

ENVIRONMENTAL . . .
ANALYTICAL The Use of B-Cyclodextrin Inclusion Complexes for the Analysis of
CHEMISTRY /=), Bisphenol a Residues in Water by Spectrofluorimetry

Monsalud Del Olmo?; Alberto Zafra*;, Antonio Gonzalez-casado? Jose L. Vilchez?
w| * Department of Analytical Chemistry, University of Granada, Granada, Spain

Precerdings of the 8 Workshem an
and -

Ermvircmmental snd Gleicsl Analysin

EMEA, Boma, fealy, 813 Octadar 2004
Gasat Bditar Rabesis Pillaten
Parl 2: Ersernrsenial e Foed Applic sliee

@ Tanhor & Francis

To cite this Article Olmo, Monsalud Del , Zafra, Alberto , Gonzalez-casado, Antonio and Vilchez, Jose L.(1998) "The Use of
B-Cyclodextrin Inclusion Complexes for the Analysis of Bisphenol a Residues in Water by Spectrofluorimetry’,
International Journal of Environmental Analytical Chemistry, 69: 1, 99 — 110

To link to this Article: DOI: 10.1080/03067319808032577
URL: http://dx.doi.org/10.1080/03067319808032577

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713640455
http://dx.doi.org/10.1080/03067319808032577
http://www.informaworld.com/terms-and-conditions-of-access.pdf

19:10 17 January 2011

Downl oaded At:

Intern. J. Environ. Anal. Chem., Vol. 69 (1) pp. 99-110 © 1998 OPA (O Publisher Association)
Reprints available directly from the publisher N.V. Published by license under
Photocopying permitted by license only the Gordon and Breach Science Publishers imprint

Printed in Malaysia

THE USE OF ~-CYCLODEXTRIN INCLUSION
COMPLEXES FOR THE ANALYSIS OF
BISPHENOL A RESIDUES IN WATER BY
SPECTROFLUORIMETRY

MONSALUD DEL OLMO, ALBERTO ZAFRA, ANTONIO GONZALEZ-
CASADO and JOSE L. VILCHEZ*

2Department of Analytical Chemistry, University of Granada, c/Fuentenueva s/n, E-
18071 Granada, Spain

(Received 19 August 1997; In final form 23 December 1997)

The application of B-cyclodextrin inclusion complexes to determine trace levels of
bisphenol A (BPA) in aqueous solution by spectrofluorimetry was investigated. A 1:1
stoichiometry of the host-guest complex between S-CD and BPA, as well as the
association constant was determined by using the changes in the fluorescence of BPA that
occur when it is included in the hydrophobic cyclodextrin cavity. A simple and sensitive
spectrofluorimetric method for the determination of BPA residues is presented; the
applicable concentration range was 10.0 to 200.0 ug-L~!. The detection limit obtained
was 0.5 ug-L~!. The accuracy of the proposed method, was checked in the analysis of
water samples from different sources previously spiked with different amounts of BPA.

Keywords: Estrogenic environmental pollutant; bisphenol A (BPA); B-cyclodextrin;
spectrofluorimetry; inclusion complexes; water analysis

INTRODUCTION

The potential of exposure for humans and animals to estrogen-like pollutants in

the environment is high!!-? and it has been found that, in addition to estrogenic

effects, these chemicals have multiple genetic and/or nongenetic effects.!

However, only a limited number of estrogen-like compounds, such as bisphenol
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A (BPA), nonylphenol or polychlorinated biphenyls (PCBs), have been used to
assess the biochemical and molecular changes at the cellular level.1*"! Atkinson
and Roy™® % have investigated recently the tendency of bisphenol A to be
oxidised to bisphenol-o-quinone in the presence of activation systems and its
capability of binding covalently to DNA, which may be a factor in the induction
of hepatoxicity.

Bisphenol A is a primary raw material for the production of polycarbonate
(PC), epoxy, BPA/formaldehyde, phenoxy and other high-performance resins,
including polyesters, polyacrylates and polysulfones.!'®! Global production of
bisphenol A is well over a million tonnes per year, with an estimated European
annual production of 504,000 tonnes.!''! Consequently, the continued strong
growth in BPA demand in the last few years and its potential health risks call for
selective and sensitive methods of analysis. Particularly, there is a need for
assessing the groundwater pollution with BPA, as well as that of drinking water
arising from the use of this chemical in water main filters.

Although fluorescence techniques have been applied for photophysical
studies!'?! and identification of thermal degradation productst'? of bisphenol A
polycarbonate (PC), there are no fluorescence methods in the literature for
analysing BPA. This may be due to the very low fluorescence intensity of this
chemical in aqueous solution. The complexation ability of cyclodextrins have
been extensively used over the past several years to enhance the fluorescence
signal emitted from certain organic analytes such as the pesticide warfarin,!'¥
several hallucinogenic drugs!!>! or the antibacterial agent nalidixic acid!'®! as well
as from inorganic species such as beryllium,!'”! scandium!'®! or gallium!'®! by
combining them with several organic reagents and including the obtained
fluorescent complexes in the cavity of the cyclodextrins.

Cyclodextrins (CD) are cyclic oligosaccharides with the structure of a hollow
truncated cone with a hydrophobic cavity. The three most commonly studied
members of the CD family, a, 8 and y-CD, have approximate inner cavity
diameters of 5.0, 7.8 and 9.5 A, respectively,?® depending on the number of
glucose residues in the molecule (6, 7 and 8 respectively). The CD molecule may
accommodate appropriately sized molecules in its hydrophobic interior and thus
is well suited as an organizing medium in aqueous systems. In this way one can
improve two key aspects of the analysis: selectivity, because of the particular fit
of each compound with the CD, mainly governed by size and polarity; and
sensitivity, because the inclusion process enhances fluorescence emission as a
consequence of the protected microenvironment that precludes non-radiating
deactivation.

This study involves the development of a spectrofluorimetric method for the
determination of BPA in water samples by complexation with 8-CD. The results
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obtained show that direct fluorimetric analysis can be a quick and alternative
method for the determination of this estrogenic chemical of great environmental
interest in water samples.

EXPERIMENTAL SECTION

Apparatus

Fluorescence spectra were obtained with a Perkin Elmer LS-50 spectro-
fluorimeter equipped with a Xenon discharge lamp (20 kw), Monk-Gillieson
monochromators, a Quantic Rhodamine 101 counter to correct the excitation
spectra and a Gated photomultiplier. The luminescence spectrometer was
interfaced with a Mitac MPC 3000F-386 microcomputer supplied with FL Data
Manager Software for spectral acquisition. The excitation and emission slits were
both maintained at 5 nm. The scan rate of the monochromators was maintained
at 240 nm-min '

All measurements were performed in a 10 mm quartz cell, maintained at 20 +
0.5°C through the use of a thermostatic cell holder and a Braum Melsungen

Thermomix 1441 thermostat.

Reagents

Stock solution of bisphenol A (Aldrich) containing 100 ug-ml~' was prepared in
a 100 ml volumetric flask, by dissolving 10.0 mg of this compound in ethanol
99% (v/v) (Panreac). The solution was stored in a dark bottle at 4°C, remaining
stable for at least six months. Working solutions were prepared by appropriate
dilution with deionized water.

Stock solutions of a-, 8- and y-CD (Sigma) 10~* M were prepared by exact
weighing of the reagent and dissolution in deionized water.

Sephadex QAE A-25 (Sigma) dextran type anion-exchange gel was used in the
chloride form and without pre-treatment in order to avoid contamination.

Analytical Procedure

Aliquots of a BPA aqueous solution with a concentration of 1 mg-L~" were
placed in 10 mL volumetric flasks. The appropriate amount of 8-CD was added
to give a final concentration of 10~* M. After that, the solutions were levelled off
to the final volume with deionized water and the emission spectra were recorded
at 20.0 + 0.5°C between 290 and 350 nm maintaining the excitation wavelength
at 225 nm. A calibration graph was constructed in the same way with BPA
solutions of known concentrations.
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Treatment of Water Samples

Water samples were filtered through a cellulose acetate filter (0.45 um pore size,
Millipore HAWP 04700) and collected in dark glass bottles previously cleaned
with hydrochloric acid and washed with deionized water. The samples were
stored at 4°C until analysis, which was performed with the minimum possible
delay.211

Natural water samples spiked with an appropriate amount of BPA were
acidified with hydrochloric acid (pH 3-5) and passed through a column which
contained 0.3 g of the anion exchange gel Sephadex QAE A-25 in order to
eliminate the interferences due to the anionic species presented in the samples.

In tap water samples, 1 mg-L~! of sodium sulphite was added to remove the
chlorine.

Spectral acquisition and calculation were performed in the same manner as for
the Analytical Procedure.

RESULTS AND DISCUSSION

Spectral Characteristics

A study of the fluorescent properties of bisphenol A in different solvents was
carried out. Bisphenol A shows two excitation maxima at 212-226 nm and
272-278 nm, respectively, and one emission maximum located between 297-308
nm in non aqueous solvents with a wide range of polarities between methanol
and diethyl ether. The higher fluorescence intensity is obtained by exciting at the
lower maximum wavelength in all cases. In aqueous medium the chemical shows
an anomalous behaviour because only a weak excitation maximum located at 275
nm is observed.

With the aim of proposing a method for analysing BPA in water samples, the
possible enhancement of the fluorescent signal by formation of BPA-inclusion
complexes was considered and for this purpose some cyclodextrins were
tested.

Although numerous thermodynamic and kinetic factors govern the formation
of CD complexes, an essential factor is the relative physical size of the
cyclodextrin and the analyte molecule. For this reason we checked the three most
common CD homologues @, B and ¥, finding that only B-CD produces a
fluorescence enhancement. In Figure 1 the excitation and emission spectra of
BPA in aqueous 8-CD (a) and without CD (b) media are shown as well as the
signal obtained from the blank (c), maintaining a constant emission wavelength
of 306 nm and an excitation wavelength of 225 nm, respectively, to record the
three scans.



19:10 17 January 2011

Downl oaded At:

ANALYSIS OF BISPHENOL A 103

240

Excitation Emission
my w0
i V@ ’ \
] ! i ? \
Z100y \ Z1e01 , \
- PO : \
2 “ s ) \
E W \ £ k
P \
§1zo- ' ému \
3 ! g .
g ' : “
-~
£ oo ! (AR & oo A}
\ ~
] ~
‘ 40 (c) -----
TN— B
° — 7T v 1 T T . r 71 ‘
200 215 250 245 200 275 200 208 305 36 326 3% 348
Wavenlength (nm) Wavelength (nm)

FIGURE 1 Excitation and emission spectra of BPA in aqueous SB-cyclodextrin (a) and without
cyclodextrin (b) media and the blank (c) at an emission wavelength of 306 nm and an excitation
wavelength of 225 nm respectively.

Optimisation of Experimental Variables
pH

The behaviour of the compound was studied through the pH range in the
presence of an excess of B-CD. As a phenolic compound, is a weak acid and
dissociates at high pH value. The pK, value calculated spectrofluorimetrically by
the Wilson and Lester method??! was 9.8. Although the molecule has two
phenolic groups, only one step can be seen through the pH range (Figure 2). Only
the acidic form shows fluorescence and the signal remains constant with respect
to pH of the medium until the dissociation pH of the chemical. This meant
adjustment of sample pH was unnecessary.

Ionic strength

The influence of the ionic strength on the fluorescence intensity of the inclusion
complex was monitored using three different salts. The fluorescence remains
independent of the ionic strength adjusted up to 1M with NaCl. The presence of
NaClO, produces a decrease of the signal. Thus, for a concentration 0.4 M
NaClO, the signal is 14% lower, whereas for 1 M NaClO, the reduction in the
signal is 25%. When the ionic strength is adjusted with sodium acetate a marked
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reduction in the fluorescent signal is observed, namely a 78.5% decrease for 0.2
M and no signal whatsoever for 0.5 M. This behaviour could be attributed to
competition with the BPA for the binding sites of the cyclodextrin.!?3!

Temperature

The dependence of the fluorescence intensity on the temperature was studied
over the range 10.0-70.0°C. The emission signal decreased for all analytes when
the temperature of the system was increased, the effect being totally reversible.
All the measurements reported here were performed at 20.0 + 0.5°C

Order of Addition of Reagents and stability of the Complex

The addition order of the reagents has no influence on the complexation and the
inclusion complex is formed immediately. The fluorescence signal remain stable
for at least 30 min after the reagents have been mixed.

250

Fluorescencs intensity

L e o o o o B A
3 4 8 6 7 8 9 10 11 12 13 14
pH

FIGURE 2 Influence of pH on the fiuorescence intensity of BPA in presence of an excess of
B-CD.
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Influence of B-cyclodextrin concentration

The influence of S-CD concentration was tested in the range between 0 and
4.107*M in a final volume of 10 mL. The BPA concentration was kept constant
at 50 ug-L~! for all the solutions. The results obtained from the fluorescence
emission spectra as the concentration of 8-CD increases are shown in Figure
3.

The fluorescence emission of BPA increases with the concentration of S-CD
up to 107* M, remaining constant for higher concentration, so this concentration
was selected as the optimum for the analytical procedure.

200

L 2
<

150

100

Fluorescence intensity
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FIGURE 3 Influence of 8-CD concentration on the fluorescence intensity of BPA.



19:10 17 January 2011

Downl oaded At:

106 M. DEL OLMO et al.

Stoichiometry Ratio and Association Constant of the Inclusion Complex

Usually the Benesi-Hildebrand method provides the necessary information
concerning the stoichiometry and association constants'?* 2%! using spectroscopic
measurements.

The equilibrium constant for a 1:1 complex between BPA and B-CD is given
by

_ [BPAB - CD)
" [BPA][B - CD]

where [BPA.B-CD] is the equilibrium concentration of the complex, with [BPA]
and [B-CD] representing equilibrium concentrations of the unbound guest and
host species, respectively. This analysis requires that the concentration of the
BPA.B-CD be kept very much lower than the concentration of 8-CD, therefore
it can be assumed that [3-CD), = [8-CD] and the following equation can be
obtained from the mass-balanced expressions, since the fluorescence intensity of
BPA in the absence (Iy) and presence (L) of 8-CD is proportional to [BPA] and
[BPA.3-CD] respectively:

1 1 1
= +
I-1, I.—-1 k[B— CDl(s— L)

Thus a plot of 1/I-l; vs. 1/[8-CD] should give a straight line for a 1:1 complex
as can be seen in Figure 4. Likewise for a 2:1 complex, the overall equilibrium
constant is given by:

_ {BPA.B — CD,]
" [BPAJ[B — CD)?

and an expression for the 2:1 complex can be derived,

1 1 1
= +
I-1, L.-IL k[B— CDi(. — L)

In this case, a plot of 1/I-I, vs. 1/[8-CDJ? should be linear for a 2:1 complex.
However a downward curvature is obtained in the plot showed in Figure 5. This

result indicates the absence or insignificant contribution of a 2:1 complex
between S-CD and BPA
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The association constant of the 1:1 complex is determined by the ratio of the
intercept and the slope of the straight line obtained in the double-reciprocal plot.
The value obtained for the BPA- B8-CD complex was 1.3-10° L-mol~'.

Analytical Parameters

Under the conditions stated in the analytical procedure, a satisfactory linear
relationship exists between the analytical signal and BPA concentration at
10.0-200.0 ug-L~'. Three replicates were used for each one of 7 standards
prepared to obtain the calibration graph.

Precision was measured by performing 10 independent determinations of a
100 ug-L~!' BPA sample. The relative standard deviation (RSD p = 0.05, n = 10)

p
S0
40 —
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FIGURE 4 Benesi-Hildebrand plot for the BPA-B-CD complex assuming a 1:1 stoichiometry.
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was 0.92%. The sensitivity of this method, obtained from the slope of the
calibration graph, was 2.9 L-ug~!. The International Union of Pure and Applied
Chemistry detection limit!2®] (k = 3) was 0.5 ug-L~' and the quantitation limit(”!
(k = 10) was 1.7 ug L%

Effect of Foreign Species

To evaluate the method selectivity, a systematic study of the effect of foreign
species usually present in water samples on the determination of BPA at 50
png-L~! was carried out. Tolerance level was defined as the amount of foreign
species which produces an error not exceeding +5% in the determination of the
analyte. Potentially interfering species were tested at different concentration

1/(F-F,)*(10°)

0 T T T T T T T T T
o] 20 40 80 80 100

1/{8-CD] % (10 "%(L* *mol )

FIGURE 5 Benesi-Hildebrand plot for the BPA-B-CD complex assuming a 1:2 stoichiometry.
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TABLE 1 Recovery study of bisphenol A in water.
WATER Added Found* Recovery
SAMPLE (ugL™" (ug'l™) (%)
40.0 39.0 97.5
Tap water 80.0 713 96.6
120.0 119.8 99.8
40.0 42.0 105.0
River water 80.0 81.8 102.0
120.0 119.5 99.6
40.0 40.8 102.0
Sea water 80.0 81.9 102.4
120.0 118.6 98.8
40.0 40.6 101.5
Underground 80.0 79.9 99.9
water 120.0 119.6 99.7

* Data based on the average obtained from three determinations

levels depending on their normal concentrations in the waters analysed. If an
interference occurred, the ratio was progressively reduced till the interference
ceased.

Interference due to cations at higher levels than is usual in water (1 mg-L™!)
was not detected. The most serious interferences were due to the presence of
nitrates with a tolerance of 1 mg-L~'; this level may be found in underground
water from fertile plains. Chlorine, usually present in tap water, also interferes.
The nitrate interference could be avoided by passing the water samples through
a column of an anionic gel (Sephadex QAE A-25). The samples of tap water
were previously treated with the appropriate amount of sodium sulphite to
remove the chlorine.

Applications of the Method

To check the accuracy of the proposed method, a recovery study was carried out
on various types of water samples. Tap water from the supply to Granada City
(Spain), river water from Loja (Granada, Spain), sea water from Motril
(Granada) and underground water from a well in the aquifer of the fertile plain
of Granada were analysed after adequate additions of BPA. With tap water,
standard addition was used for the recovery study.

The results are summarised in Table I and show that the recoveries are
acceptable. Fortunately, prior to our deliberate spiking with BPA, these waters
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are apparently free of this pollutant within the low limit detected by our
method.
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