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Abstract

A sensitive and selective phosphorimetric method for the determination of 1-naphthaleneacetic acid (1-NAA) based on a flow-injection
system connected to a flow cell packed with a solid support and placed in the sample compartment of a conventional luminescence spectromet
is described. A non-ionic solid polymeric resin Amberlite XAD-7 is used for the packing. After injection of the sample, 1-NAA is on-
line retained in the packed resin and measurements of the heavy atom induced (HAIl)-room temperature phosphorescence (RTP) emissi
(Aexrem=292/490 nm) from this native luminescent compound are taken.

The optimum experimental conditions were investigated by injecting 2 ml samples of an aqueous solution of 1-NAA in the flow system. A
concentration 0.15 mott of thallium(l) ions, as heavy atom, both in the samples and the carrier flow, was finally selected. Also, a concentration
of 6 mmol I* of sulphite was optimal for ensuring the necessary deoxygenation of the system at the selected flow rate of 08 Afterin
measurement, the solid support was efficiently regenerated by injecting 1 ml of a mixture water:acetone in a ratio 1:1 (v/v) into the flow.

The detection limit (3ccriterion) was 1.2 ng mft of 1-NAA. The repeatability (R.S.D.) for five replicates of a sample containing 50 ng mi
of analyte turned out to b&3% and the calibration graphs proved to be linear up to 500 n§ftL-NAA (maximum concentration assayed).

The effect of potential interferences from other organic species which can be also used as plant growth regulators, as well as from variou
inorganic cations and anions, has been investigated as well.

The method was successfully applied to the determination of low levels of this plant growth regulator in natural waters (river and fountain
waters) and apples.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction To produce an appropriate biological effect, this com-

pound must be applied at concentrations of 20-100Thg|
1-Naphthaleneacetic acid (1-NAA) is widely employed in  in the spraying solutiofil]. Consequently, trace amounts in

agriculture as a plant growth regulator (a phytohormone or surface and underground waters may be expected to arise

synthetic “auxin”, from Greek auxein which means to grow). from agricultural operations. Besides, EPA regulations estab-

Among other effects, NAA prevents premature flowering, |ish tolerance limits for this pesticide in fruits such as apples,

fruit drop and it controls regrowth of tree sprouts after trim- oranges, pears, etc.

ming. The determination of 1-NAA can be carried out by high
performance liquid chromatograplg] or gas chromatog-

* Corresponding author. Tel.: +34 985 10 3474; fax: +34 985 103125.  raphy[3]. Alternatively, this phytohormone has also been
E-mail addressasm@uniovi.es (A. Sanz-Medel). routinely determined by molecular absorption spectropho-
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tometry after appropriate clean-up procedy#es]. Besides,
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and solutions were prepared with ultrapure deionized Milli-Q

the measurement of the native fluorescence of 1-NAA has Water (Millipore, Molsheim, France).

formed the basis for sensitive fluorimetric methods based

on approaches such as synchronous derivative spgjira
formation of inclusion complexes witB-cyclodextrin[7]
and solid support preconcentration/measurerf&8j, all of
them aiming to enhance the sensitivity and/or selectivity of
these determinations.

Room temperature phosphorescence (RTP) offers usu-

A stock standard solution of 50 mg! of 1-NAA (Sigma,
Madrid, Spain) was prepared by dissolution of the appropri-
ate amount of the solid in Milli-Q water with the help of
an ultrasonic bath. This stock solution was freshly prepared
after 7 days and stored in the refrigerator &CA(in these
conditions it is stable for at least 1 week).

A 0.1 M sulphite solution was daily prepared in Milli-

ally interesting advantages over fluorimetric-based methodsQ water from sodium sulphite (Sigma). A 0.25M thallium

[10]. In the phosphorescence process, the analytical sig-

nitrate solution was prepared by dissolving thallium(l) nitrate

nal is a low-noise emission measured after any short-lived (Sigma) in Milli-Q water. Also, a 2 M iodide solution was
background luminescence or scattered light has ceased angrepared by dissolving potassium iodide (Panreac quimica,

so lower detection limits (DLs) could be expected. Ad-
ditionally, the larger singlet-triplet splitting and the long

Barcelona, Spain) in Milli-Q water.
Sodium chloride, calcium chloride, sodium sulphate,

emission wavelength of the phosphorescence phenomenaodium nitrate, magnesium sulphate, sodium acetate trihy-
favours the design of robust and inexpensive instrumentationdrate and di-sodium hydrogen phosphate (all of them from

[11].

Merck, Darmstadt, Germany) were used for the study of the

Many published RTP determinations resort to the use of interferences. Also, 1-naphthaleneacetamide (NAD), indole-

organized media to protect the radiative deactivation from
the triplet state. Along these lines, RTP methods for 1-
NAA based on the use of micelldd42] (sodium dode-

cyl sulphate as surfactant), and on the formation of host-

guest combinations wittg-cyclodextrin [13] have been
described.
Moreover, previous studigd4] showed that RTP emis-

sion of several naphthalene derivatives can be directly in-

duced in aqueous solutions by the addition of high con-

3-propionic acid (IPA) and indole-3-butyric acid (IBA) (all of
them from Sigma) were investigated as potential interferents.

Florisil (magnesium silicate, activated) (Sigma), chloro-
form (Romil, Cambridge, England), sulphuric acid, acetoni-
trile, diethyl ether, ammonia solution, and acetic acid (all of
them from Merck, Darmstadt, Germany), were used for the
extraction of the analyte from the apples in the real sample
analyses.

The materials investigated for the selection of the solid

centrations of a heavy atom perturber and sodium sulphite support were: Dowex ¥ 2 100-200 mesh (Fluka, Buchs
as chemical deoxygenator. This new type of RTP emission SG, Switzerland), Dowex % 4 100-200 mesh (Supelco,

was named as “heavy atom induced—RTP” (HAI-RTP). Fur-
ther work investigating the potential of this new method-
ology for a variety of analyte§l5] showed that 1-NAA
can be determined by HAI-RTP with a DL of about
15ngmi1,

On the other hand, it is important to mention that flow-
through optosensing strategi@$,17]have demonstrated to

USA), Dowex 1x 8 100-200 mesh (Fluka), Sephadex-
QAE A-25 (Aldrich, Milwaukee, WI, USA), Sephadex-
DEAE A-25 (Aldrich), all of them anionic solid supports.
Dowex 50 Wx 2 100-200 mesh (Fluka), Dowex 50 ¥4
100-200 mesh (Fluka), Dowex 50W8 50-100mesh
(BDH, Garden City, NY, USA), Sephadex-SP C-25 (Aldrich)
and Sephadex-CM C-25 (Aldrich), all of them cationic

be a successful approach to increase the sensitivity of manysolid supports, and Silica gel Davisil 35—60 mesh (Aldrich),
methodologies because they allow to simultaneously precon-Silica gel merck 35-70 mesh (Aldrich), Amberlite XAD-
centrate and detect the analyte. In particular, the combination4 (Supelco, Bellefonte, PA, USA) and Amberlite XAD-
of RTP measurements with flow-through optosensing offers 7 (Supelco) as non ionic solid supports. The solids were

a great analytical potentifl7].

Aiming at improving further the sensitivity obtained for
1-NAA by HAI-RTP, the combination of this RTP methodol-
ogy with a flow system allowing the on-line retention of the
analyte on a solid surface packed on the flow @l 19]has
been investigated for the determination of 1-NAA in natural
water samples and apples.

2. Experimental

2.1. Reagents and materials

cleaned thoroughly before use with 2M HCI to re-
move trace metal impurities, then with de-ionized water
and finally with ethanol to displace air from the pores
of the resin and to remove residual monomers and
solvents.

To obtain different grain-size supports, solids were
crushed in an agate mortar and then sieved.

Acetone (Fluka) was used for the elution of the analyte
and the regeneration of the solid supports.

It should be taken into account that thallium nitrate is
freely soluble in water and is very toxic to aquatic life. It
can also be toxic to plant life and other terrestrial organ-
isms in soils. Thus, thallium nitrate solutions were stored in

Analytical reagent grade chemicals were employed for suitable, labelled containers in cool and well-ventilated des-
the preparation of the standards and solutions. All standardsignated area and gloves were used.
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Fig. 1. Schematic diagram of the flow system used.

2.2. Instrumentation
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the resin Amberlite XAD-7 (where it is on-line immobilized)
and RTP is measured (292 nm for excitation and 490 nm for
emission). The gate time was kept constantat5 ms and the de-
lay time at 12Qus. Excitation and emission slits of 10/20 nm
were used, respectively.

Reagent blanks were prepared and measured following
the same procedure but without adding the phytohormone.
All the analytical measurements were carried out at room
temperature (26 3°C).

2.4. Real sample analyses

The proposed RTP method was investigated for the deter-
mination of 1-NAA in apples and natural waters.

2.4.1. Apples

1-NAA in apples was determined by following the general
procedure after a pre-treatment step. First, the samples were
chopped in the laboratory with a food-mixer and liquidized
with a domestic blender. The total volume of the liquid por-

Phosphorescence measurements were performed with ajon was measured and then 100 ml mixed with 20 ml of 1 N

Varian Cary Eclipse spectrometer (Varian Iberica, Madrid,

H>SO4 and 400 ml of chloroform. The mixture is centrifuged

Spain) equipped with a pulsed xenon discharge lamp (peakduring 10 min at 1200 rpm, and a 200 ml aliquot from the

power equivalent to 75 kW), Czerny—Turner monochroma-
tors, and a R-928 photomultiplier tube. Excitation and emis-
sion wavelengths were set at 292 and 490 nm, respectively.

A peristaltic pump (model HP4, Scharlau Science,

chloroform layer is taken for the cleanup of the sample.

For this purpose, a glass wool plug was placed into a chro-
matographic tube, 10 cm of florisil (in chloroform) was added
and at the top a glass wool plug was located. Two hundred

Barcelona, Spain) was used to pump the flow of the carrier so-mjllilitres of the organic phase was transferred to the col-

lution through the system. Two six-way injection valves were
employed (se€ig. 1). Valve 1 was used to inject the sam-
ple solution and valve 2 was employed for the introduction

umn. Then, the tube was rinsed twice with 5ml of CEICI
and the column was eluted, in order, with 100 ml portions
of CH3CN, diethyl ether, NH-saturated CHGl and CHC}

of the regenerating solution. 0.8 mm i.d., PTFE tubes were gnd the eluates discarded.

used throughout the flow system. A conventional lumines-
cence flow through quartz cell (Hellma Model 176.052-QS,
Mullheim, Germany) of 1.5 mm light path was employed in

all the experiments.

The 1-NAA was eluted with 100 ml of 1% acetic acid in
CHCl3 followed by 100 ml of CHCG4. Then 50 ml 1N HSOy
were added to this solution and then vigorously shaken. The
CHCI; layer was transferred to a 250 ml separator containing

A centrifuge Biofuge Stratus (Heraeus, Hanau, Germany) 50 m| of water and it was again shaken. Finally, the GHCI

was employed for the pre-treatment of the real samples.

2.3. General procedure

The carrier solution was prepared by adding 60 ml of the
stock solution of thallium(l) nitrate, 6 ml of the sodium sul-
phite stock solution and then made-up to 100 ml with Milli-Q
water.

For the preparation of the calibration graphs, éml
of thallium(l) nitrate, 60Qu.l of sodium sulfite, and an
aliquot of 1-NAA standard solution were introduced into
a 10ml calibrated flask, diluted to volume with ultrapure
deionized water (Milli-Q) and then shook vigorously for
homogeneity.

layer was transferred to a 250 ml separator containing exactly
50.0ml 0.5M NaHPQy, shook, and the CHgllayer dis-
carded. This pretreatment procedure corresponds to method
970.54 (analysis of 1-NAA in apples) of the official methods
of analysis of the AOA(Q5].

A 0.5ml aliquot of this aqueous phase is mixed with 6 ml
of 0.25M TI(I) solution and 0.6 ml of 0.1 M sulphite solu-
tion into a 10 ml calibrated flask. Due to the sample pre-
treatment, the calibration graph was prepared following the
general procedure but adding 0.5 ml of 0.5 M di-sodium hy-
drogen phosphate into the calibration flasks (to get there a
similar concentration of phosphate as in samples).

Chloroform is a probable human carcinogen. Inhalation
and ingestion are harmful and may be fatal. When handling

Samples or standards (2 ml) were injected into the flow it avoid contact with eyes, skin and clothing. Do not use in
system via valve 1, and the regenerating solution (1 ml) was Poorly ventilated spaces. Safety glasses and solvent-resistant

injected through valve 2 (sé&g. 1). After injection, the pes-

gloves were used. Chloroform was stored in sealed containers

ticide passes the flow-through measurement cell containingin & cool, dry, well-ventilated area.
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2.4.2. Natural waters

o I 3 100
The determination of traces of 1-NAA in river and foun- & 6
tain waters was evaluated by following the general procedure %‘ 60
after a filtration through a 4pm filter to remove material in 8 40
suspension. Three milliliters of 1-NAA spiked waters were £ 20
mixed with 6 ml of the thallium nitrate solution, 0.6 ml of E 0
sul|tohite solution and then made-up to 10 ml with Milli-Q 3 o 0.05 o1 015 o2 0.25
water.
(a) TI* (mol I)
3
3. Results and discussion £ 1
2 80
|73
3.1. Selection of the heavy atom and the concentration é 60
of the deoxygenant £ 40
B 20
o«
Two heavy atom salts, KI and TINDwere investigated 3 0 (') ” 5 1'0 1‘5
as heavy atom perturbers (to be added both in the sample and .
(b) SO~ (mmol I'")

in the carrier solution) to give rise to the HAI-RTP emission
of 1-NAA, RTP analytlca”y_ “sefF” emission signals were Fig. 3. Effect of the thallium nitrate and sulphite concentrations on the RTP
observed for 1-NAA in thallium nitrate deoxygenated Solu-  gignaj of 100 ngmi of 1-NAA, using Amberlite XAD-7 as solid support.
tions (seeFig. 2where an emission spectrum from the im- (a) Concentration of thallium(l) nitrate. (b) Concentration of sodium sul-
mobilized 1-NAA is collected), while no RTP signals were phite.
detected when measuring the emission from deoxygenated
iodide solutions of 1-NAAFig. 3(a) shows the effect of the  lite XAD-7) and cationic supports (Dowex 50 W2, Dowex
concentration of thallium ions on the net RTP intensity ob- 50 W x 4, Dowex 50 Wx 8, Sephadex-SP C-25, Sephadex-
tained for a sample containing 100 ngrhlof 1-NAA. A CM C-25) all of them with a grain size 80-1a0n were
concentration 0.15mott of thallium nitrate was selected investigated for the RTP detection of 100 ngbf 1-NAA
for further experiments. using the proposed procedure. The analytical signals ob-
Sodium sulphite was selected as chemical oxygen scav-tained when using anionic supports were negligible. Con-
engelf20] andFig. 3(b) shows the effect of the concentration cerning the non ionic and the cationic supports, best results
of sulphite ions. As can be seen, no RTP emission signalswere achieved for those with a highly hydrophilic nature.
were observed in the absence of sulphite and a concentratiorfig. 4(a) shows the results obtained for those non-ionic sup-
of 6 mmol -1 sulphite was selected.

—_

= 125

3.2. Selection of the solid support and the eluent L
>

In the search of a proper solid phase, anionic sup- g 81

ports (Dowex 1x 2, Dowex 1x 4, Dowex 1x 8, Sephadex- £ 504

QAE A-25, Sephadex-DAE A-25), non-ionic supports (Sil- E 25 1

ica Davisil, Silica gel merck, Amberlite XAD-4 and Amber- 3 ﬁ
c T T T T

S.Merck S.Davisii XAD-7 Sephadex Sephadex-
CMC-25 SP C-25

100 —
(@) non ionic supports cationic supports
Elai -~
o 3
= <
%‘* 80 ; 100
5 ‘g 80 I T
< 401 8 60 : T
£ 40 T
o
20+ e 2
E O T T T T 1
(]
; : - : . c 126-160 80-120 63-80 40-63
400 450 500 550 600 () grain size (um)

Wavelength (nm)

Fig. 4. Effect of the solid support (packed on the flow cell) on the RTP signal
Fig. 2. Room temperature phosphorescence emission spectrum of 1-NAA of 100 ng mi-* of 1-NAA. (a) Solid supports with 80-130m grain size. (b)
immobilized onto Amberlite XAD-7 (axc=292 nm). Grain size of the Amberlite XAD-7.
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ports and cationic supports which provided higher analytical conditions. Calibration graphs were prepared from the re-
signals. The Amberlite XAD-7 resin (a cross-linked polymer sults of triplicate measurements of the RTP emission from
of methylmethacrylate) was selected for further experiments. 1-NAA standard water solutions of increasing concentration.
Fig. 4(b) shows the effect of the resin particles size on the Results showed to be linear at least up to 500 rigtrof an-
1-NAA analytical signal. For further experiments the parti- alyte (maximum concentration assayed). The DL, calculated
cles 80-12@.m were selected because they gave rise to the as the concentration of 1-NAA which produced an analytical
higher signals and, on the other hand, backpressure problemsignal three times the standard deviation of 10 injections of
were not observed. a blank, turned out to be 1.2 ngndlof 1-NAA. The DL re-
After each analysis, the solid phase was efficiently regen- ported with a method based on micelle-stabilized RTH
erated by injecting in the flow 1 ml of a 1:1 mixture ace- was 21.1ngmi!, while the DL reported by the HAI-RTP

tone:water (v/v). methodology [15] was 14.6 ng m}. Therefore, the approach
proposed in the present work, based on the combination of
3.3. Effect of the flow rate and the sample loop HAI-RTP and solid-phase sensing, allows to noticeably im-

prove the detection limit obtained for 1-NAA by RTP mea-

Fig. 5(a) shows the influence of the flow rate on the net surements. The precision of the proposed method, evaluated
RTP intensity of a 100 ng mt1-NAA standard solution. As  as the relative standard deviation for five replicates of a sam-
can be seen, higher net RTP emission signals were obtainegle containing 50 ng mi* of 1-NAA, resulted to bet3%.
at lower flow rates. Aiming at minimizing the analysis time Following the general procedure, the effect on the 1-
but maintaining a good sensitivity, a flow rate of 0.8 ml min NAA RTP signal of common inorganic cations (calcium and
was selected. magnesium), common anions (chloride, sulphate, nitrate, ac-

On the other hand, sample injection loops of 0.5, 1, 2 etate), and organic species which can be also used as plant
and 4ml were assayed for a 100 ngThg-NAA standard growth regulators (NAD, IPA, IBA) were investigated. Poten-
solution and results are collectedkig. 5(b). As expected, tial interferences were added to a standard 1-NAA solution
results showed that the higher the sample loop the highercontaining 50 ngmit of the analyte. The maximum con-
the analytical signal. In order to not lengthen too much the centrations assayed for such species (Edgde 1) did not
analysis time, a sample loop of 2 ml was selected for further produce significant interference on the determination of 1-
experiments. In any case, when higher sensitivity is required, NAA. Di-sodium hydrogen phosphate was used in the pre-
it can be used of the 4 ml sample volume loop (or even higher treatment of the apple samples. In our study of interferences,

volumes). no effect was observed for phosphate up to a concentration
of 200 mg 1. However, concentrations of phosphate in the
3.4. Analytical performance characteristics interval 200-4000 mg 1! (maximum assayed) gave rise to

a decrease about 20% of the net RTP analytical signals for
The analytical performance characteristics of the proposed1-NAA, and so matching of phosphate concentration above
RTP method were evaluated under optimum experimental 200 mg ! is recommended.

3 3.5. Analysis of apple and water samples
i 60
£ 50 ‘\‘\‘_’\‘ The usefulness of the proposed method for the deter-
8 ;‘g mination of traces of 1-NAA in natural waters (river and
(=
= 20
& 10 Table 1
E 0 - . . ) Species and maximum concentrations assayed for interfefdnthe anal-
g 05 1 15 ysis of 50ug 1=t of 1-NAA

@) flow rate (ml min™) Species assayed Maximum
—_ concentration
3 &0 assayed (mgtt)
2 50 Chloride 50
@ 40 Sulphate 50
2 30 Nitrate 50
[=
a 20 Acetate 50
= 10 Magnesium 50
2 0~ T T T T 1 Calcium 50
c 0 1 2 3 4 5 NAD (1-naphthaleneacetamide) 2

(b) sample loop (ml) IPA (indole-3-propionic acid) 2

IBA (indole-3-butyric acid) 2

Fig. 5. Influence of the carrier flow rate and the volume of the sample loop 2 The presence of the potential interferent up to this concentration level
onthe RTP signal of 100 ng mt of 1-NAA. (a) Carrier flow rate. (b) Sample (maximum assayed) results in deviations of the phosphorescence signal
loop. lower than 3%.
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Table 2
Results of the analysis of 1-NAA in river water, fountain water and apples (each result corresponds to the mean of five replicates)
Sample [1-NAA] added (pg t1) [1-NAA] measured (ugt) Recovery (%)
@
Moral river “1” 167 180+ 24 108
Moral river “2” 333 352+ 16 106
Bendicion river “1” 500 488+ 24 98
Bendicion river “2” 667 649+ 24 97
Tiroco fountain“1” 167 164+ 17 98
Tiroco fountain “2” 333 360+ 21 108
Sample [1-NAA] added (ngg?) [1-NAA] measured (nggt) Recovery (%)
(b)
Apples “1” 250 250+ 9 100
Apples “2” 125 128+4 102
Table 3
Comparison of the analytical performance of published RTP methods for the determination of 1-NAA
References RTP methodology DL (ngl~?1) R.S.D. (%) Linear range (ugtl)
[13] B-Cyclodextrin Not given 10 900-9000
[12] SDS micelled 21 2.4 up to 500
[15] HAI 15 4 up to 300
This work Solid phase-HAI 1.2 3 up to 500 (max. concentration assayed)

2 SDS: sodium dodecyl sulphate.

fountain water) and in apples was evaluated. Water samplesfor the proposed method compare favourably, in overall
were analysed after filtration through a g#n filter without terms, with other RTP methodologies published for 1-NAA
any other sample pre-treatment. The analysis of apples wasletermination.
carried out following the pre-treatment procedure detailed  The practical utility of the method has been demonstrated
in the Sectior?. by determining this phytohormone in apples (1-NAA con-
None of the analysed samples contained detectable 1-tents below the limit given by EPA regulations). For possi-
NAA and, therefore, they were spiked in the laboratory with ble environmental contamination monitoring, low levels of
1-NAA at different concentrations (in the case of the apples 1-NAA in river and fountain waters were satisfactory deter-
the spikes were added right after liquidizing the fruit with mined.
a domestic blenderYable 2collects the results for the RTP
determinations of 1-NAA. As can be seen, good recoveries
in the interval investigated (167-6fg 1~1) were obtained

for the water samples, thus indicating the applicability of ) _ i
the proposed RTP method. Besides, very good recoveries ' nancial support from the projects PPQ2000-1291-C02

were obtained for the analysis of apples at the 1-NAA &nd MCT-03-BQU-04671 (Feder programme and Ministe-

concentrations investigated (0.125 and 0.25@ 1) which rio de Ciencia y Tecnoldg, Spain) is gratefully acknowl-
were lower than the tolerances established in apples for this€d9€d: Maria Teresa Femdez-Argielles acknowledges a

plant growth regulator according to EPA regulations (the g_rant (BPOA'_'OAfO) from the Co_nsejeria de Eduoagi Cien-
limit fixed for 1-NAA in apples is Jug g~b). cia of the Principado de Asturias.

Acknowledgements

References
4. Conclusions
[1] R. Sigrist, A. Temperli, J. Hunter, J. Agric. Food Chem. 22 (1974)

. . . 568.
The proposed on-line RTP method offers Interesting ad- [2] B. Maiti, S.R. Desai, T.S. Krishnamoorthy, Analyst 113 (1988) 667.

vantages for a selective determination of 1-NAA in real sam- [3] . zweig, D.L. Gutnick, R. Gulli, T.E. Archer, H.T. Hartmann, J.

ples, including simplicity of the methodology, low-cost, large Agric. Food. Chem. 12 (1964) 59.

separation between the wavelengths for excitation and emis- [4] C. Bache, L. Edgerton, D. Lisk, J. Agric. Food Chem. 10 (1962)
sion (about 200 nm), and a good detection limit (1.2 ngiml 365. _ o N _

for 2ml sample injections). Besides, the Sensitivity can be [5] (éLflma] Methods of_ Analysis of the Association of Official Analytical

. ” . ; emists, K. Helrich, 15th ed., 1990, VA, USA.

improved by using higher sample volumes. As can be seenin (] F. Garda Sanchez, C. Cruces Blanco, Mikrochim. Acta Il (1989)

Table 3, the analytical performance characteristics achieved 49.



702

[7] A. Muhoz de la PRa, F. Salinas, M.J. @nez, M.l. Acedo, M.
Sanchez Pia, J. Incl. Phenom. 15 (1993) 131.

[8] A. Navalon, R. Blanc, J.L. Vilchez, Mikrochim. Acta 126 (1997) 33.

[9] J.L. Vilchez, R. Blanc, A. Navain, Talanta 45 (1997) 105.

[10] J. Kuijt, F. Ariese, U.A.T. Brinkman, C. Gooijer, Anal. Chim. Acta
488 (2003) 135.

[11] J. Diaz Garta, M. Jo®, N. Costa, I. Bordel, J. Alvarez, M. Carlos
Campo, A. Angel Brez, Sanz-Medel, Appl. Spectrosc. 56 (2002)
947.

[12] A. Segura Carretero, C. Cruces Blanco, F.ed\lBarrero, A.
Ferrandez Gugrrez, J. Agric. Food Chem. 46 (1998) 561.

[13] A. Munoz de la Pena, F. Salinas, M.J. Gomez, M. Sanchez-Pena, I.

Duran-Meras, Talanta 40 (1993) 1657.

M.T. Fernandez-Argiielles et al. / Talanta 66 (2005) 696—702

[14] A. Segura Carretero, C. Cruces Blanco, B.h&ate Daz, A.
Ferrandez Guérrez, Anal. Chim. Acta 361 (1998) 217.

[15] A. Segura-Carretero, C. Cruces-Blanco, B.f@aate-Diaz, J.F.
Ferrandez-&nchez, A. Ferandez-Guérrez, Anal. Chim. Acta 417
(2000) 19.

[16] M. Valcarcel, M.D. Luque de Castro, Flow Through (Bio)chemical
Sensors, Elsevier, Amsterdam, 1994.

[17] A. Sanz-Medel, Anal. Chim. Acta 283 (1993) 367.

[18] J. Diaz-Garta, J.M. Costa-Feandez, N. Bordel, R. Pereiro, A.
Sanz-Medel, Anal. Chim. Acta 486 (2003) 1.

[19] J.M. Traviesa-Alvarez, J.M. Costa-Famdez, R. Pereiro, A. Sanz-
Medel, Talanta 62 (2004) 827.

[20] M.E. Diaz Garcia, A. Sanz-Medel, Anal. Chem. 58 (1986) 1436.



