ANALYTICA
CHIMICA
ACTA

LSEVIER Analytica Chimica Acta 414 (2000) 25-32

www.elsevier.com/locate/aca

Selective determination of carbaryl and benomyl
by fluorescence polarization

F. Gargéa Sanchez A. Navas Daz, M.C. Torijas
Department of Analytical Chemistry. Faculty of Sciences, University of Malaga, 29071-Malaga, Spain

Received 7 September 1999; received in revised form 21 January 2000; accepted 9 February 2000

Abstract

The potential of fluorescence polarization for fluorescence mixture resolution was assessed and compared with liquid
chromatography (LC). Careful selection of excitation wavelengths and the use of an appropriate viscous medium (glycerine)
allows significant differences in polarization to be obtained. For two component mixtures, information about fluorescence
polarization and the total intensity of the samples is sufficient to calculate the relative contributions when the polarization
of the two pure components are known. The results obtained for benomyl and carbaryl show detectioK Ifgits) (of
11.4ngmt?! and 1.2 ng mtt, mid-range relative standard deviations of 0.8% and (9% and recoveries between 104 and
113% and 91 and 107%, respectively. © 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction wide profiles of its excitation and emission spectra. To
avoid these impediments, modifications such (as syn-
Fluorescence spectroscopy has been applied widelychronous, derivative or variable angle spectra) or sig-
in quantitative analysis because of its inherent sensi- nal processing by mathematical algorithms (principal
tivity. Fluorescence as a quantitative tool is not lim- component regression, partial least square regression,
ited to native fluorescent compound determination. rank annihilation methods, etc) have been used.
The use of fluorescent molecules as labels, probes, Other fluorescence parameters can also be used to
and tracers has extended the applicability of fluorime- resolve fluorophore mixtures and obtain the bene-
try to include determinations of species that cannot fits of the high sensitivity of fluorescence. Selective
be directly determined fluorimetrically. Selectivity in  quenching, fluorescence polarization and fluorescence
fluorimetric determinations is most commonly based lifetimes are examples of such parameters.
on excitation and emission wavelengths. However, se-  Polarization is a result of the photoselection of flu-
lectivity of measurements based solely on selection orophores according to their orientation relative to the
of such wavelengths is generally poor because of the direction of the polarized excitation. Rotational dif-
fusion of fluorophores is a common cause of depolar-
"+ Corresponding author. Teks 34-52-131-972; ization. Diffusive motion_ depends upon the vis_cosi_ty
fax: +34-52-131-884. of the solvent and the size and shape of the diffusing
E-mail addressf_garcia@uma.es (F.G.a8chez) species. So, to get significant polarizations for small
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molecules, it is necessary that they have either short benomyl and carbaryl. These compounds have simi-
fluorescence lifetimes or long rotational relaxation lar excitation-emission profiles and their polarization
times which require high viscosity. Fluorescence po- difference allows us to resolve the binary mixture.
larization measurements have been used to probe The advantages of this methodology are related to
membrane structure and fluidity [1], to determinate the use of a fluorescence-based parameter, anisotropy
the mobility of solutes at interfaces [2], to quantify the or polarization, with a different dependence on an-
mean distance between donors and acceptors [3], toalyte properties in relation to fluorescence intensity,
develop homogeneous immunoassays [4,5], to follow allowing incremental selectivity parameters in the
the aging of inorganic glass composites [6], and to resolution of a given mixture. The use of disposable
investigate molecular-level interactions in supercrit- polymethacrylate cuvettes simplifies the operating
ical fluids [7]. Polarization is a non-concentrational procedures, and losses in sensitivity by the use of
parameter. However, homogeneous immunoassayspolarizers is not a problem because fluorescence is an
based on polarization measurements have been widelyintrinsically sensitive technique.

developed. Some previous attempts have been made to

resolve binary fluorophore mixtures with overlapping

spectra using fluorescence polarization measurements2. Theory

[8-10].

Benomyl is a systemic fungicide used for the In a fluorescence polarization experiment, one
pre-harvest treatment of fruits and vegetables, mainly excites the sample with polarized electromagnetic
to prevent botrytis. It is also used in post-harvest radiation and monitors the parallel and perpendicular
treatments of seed fruits to avoid rotting during stor- components of the fluorescence. The polarizat®n,
age under refrigeration [11]. Analytical methods for is given by the ratio:
benomyl are mainly performed by liquid chromatog-
raphy (LC) with fluorimetric [12] or ultraviolet-visible —p — = "= 1)
(spectrophotometric) [13-15] detection. Because of Luy+1y

the fluorescent character of benomyl and its main \yhere Iy and |, are the measured intensities with
degradation product carbendazim, several fluorimet- the excitation polarizer aligned vertically while the
ric methods have been described [16-18]. Gas-liquid emissjon polarizer is oriented first verticall§j;) and
chromatography for determining cabendazim has then horizontally . ).

been described [19-22]. Detection and identification  \we will assume a mixture of two components which
of benzimidazole fungicides by thin layer chromatog- gitfer in polarization and their concentrations are in
raphy and enzyme immunoassay have also beeng range where fluorescence intensity is directly pro-

investigated [23,24]. N _ portional to concentration. The polarization for each
Among the carbamate pesticides, carbaryl is one of component is:

the most widely used under, the trade name of Sevin,

as an agricultural and forest spray. Recently, several p _ lua — 11 )
immunoassay methods [25-27] and biosensors [28,29] Lua + 1A

have been developed for carbaryl quantification. An- 17 ations of both fluorophores can be measured.
alytical methods for carbaryl are performed by LC 1o hjarization of the pure compounds is invari-
[30] and combined with mass spectrometry [31]. FIUO- ot ¢ 5 fixed excitation wavelength, independently of
rescence detection [32], ultraviolet-visible (UV-VIS) s concentrations. As has been described previously
spegtrophotometric methods [33,34] _and p.hosphori- [36,37], in a defined range of wavelengths within the
metric methods [35] have also been investigated for o ;ation excitation spectrum, the observed polar-
carbaryl determination. ization or anisotropy from a sample containing more

An alt_ernatl\_/e approac_h to analyze blnary MiX- {han one fluorescent species is given by
tures using, differences in fluorophore polarization

is discussed in the present work. This approach has p — Zpl.fi (3)
been applied to resolve a mixture of two pesticides, ;

I —1;
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whereP; andf; are the emission polarization of species 3. Experimental
i and its fractional contribution to the total intensity,
respectively. 3.1. Instrumentation

The polarization of a binary mixture gives an in-
termediate value, and this intermediate polarization Two Spectroﬂuorometers have been used to make
value depends on the ratio of the two fluorophores in the polarization measurements. A Perkin—-Elmer LS50
the mixture. If the total fluorescence intensities of the spectrofluorometer (Beaconsfield, UK) equipped
mixtures are constant, the fraction of each fluorophore with film polarizers is used where the polarization
in the mixture can be calculated, by only measuring accessory is operated from the PC. An Aminco
the polarization of the mixture. The fractional contri-  48000S spectrofluorometer (Urbana, IL) equipped
butions of each fluorophore is representedfoyand  with Glan-Thompson polarizers was also employed.
fs, and their values can be calculated by applying the The polarizers in the Aminco spectrofluorometer are
following equations: rotated manually using wheels projecting from the

top of the optical module. Both spectrofluorometers
Pn—Pu fB comprise two polarizing elements. One polarizer is
Pu—"Ps  Ia fa + fa =cte (4) located in the excitation beam between the excitation
monochromator and the sample and the other po-
larizer is located in the emission beam between the
sample and the emission monochromator.

A Merck-Hitachi liquid chromatograph (Darm-
stadt, Germany) was used. This chromatograph con-
! -MHG - N, sists of an L-6200 pump, an AS-4000 autosampler, a
Fig. 1. If there is difference in polarization the term of 5 5500 interface and F-1080 fluorescence detector.
the first_equation equals zero and this approach cannotypqo compounds were analysed using a Lichrosper
be applied. 100RP-8 analytical column (25 cxd.6 mm; 10um
particle size) from Merck. The injected volume was
5wl for both standard and sample solutions; the flow
rate was 1 mlmint. Mobile phase composition was
acetonitrile/methanol/water (70:20:10).

wherePa andPg are the polarization of the two flu-
orophoresPy is the polarization of the mixture and
Pa andPg are the fraction of each fluorophore in the
mixture. The equation deduction is shown clearly in

700

600 -

] 3.2. Chemicals and solutions
500 -
] Carbaryl (1-Naphthyl-N-methylcarbamate) were

400 - provided by Riedel de Haen and benomyl [methyl

] 1-(butylcarbamoyl)benzimidazol-2-yl carbamate by

E 300 7 Dr. S. Ehrenstofer. Both pesticide stock solutions
1 were prepared in methanol. Methanol and glycerine

200 7 were obtained from Merck. Mixtures of benomyl and
100 ] carbaryl in glycerine were prepared by appropriately

] diluting stock solutions of each pesticide and shaking
0 to obtain a homogeneous solutions. The measure-

Py ments were carried out in quartz cuvettes.
e
220 230 240 250 260 270 280 290 300 310
Wavelength, nm

3.3. Procedure

Fig. 1. Polarization spectra of two fluorophords;and fg, frac- The appropriate volumes of glycerine, methanol,
tional contributions deduced from Eq. (4). benomyl and carbaryl solutions were placed in a quartz
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700

cuvette to obtain a final 50% (v:v) glycerine propor-
tion. The cuvettes were covered by film and shaken.
The polarization of the pure compounds was mea-
sured in the same way using a pure solution of each
compound. From Eg. (4) fractional contributions of
each compound can be calculated and its value plotted ;|
against concentration. The standard calibration graph

is then used as a reference to calculate the sample con-% 39 |

600 —e— Carbaryl

—4a— Benomyl
500 -

centration.
200
4. Results and discussion 100 -
Rotational diffusion of fluorophores is a dominant 0 1
cause of fluorescence depolarization. The rotational
correlation time depends directly on the viscosity of 220 230 240 250 260 270 280 290 300 310

the solution. To minimize the depolarization of the
molecules in the solution and so to obtain good mea-
surements of polarization a highly viscous medium Fig. 2. Polarization spectra of benomyl and carbaryl.
was employed. The high viscosity of glycerine mini-
mizes the depolarization of fluorescence due to molec-
ular rotation during the lifetime of the excited state. = observe which is the polarization change, a reduction
Polarization varies with the excitation wavelength. of glycerine proportion in the solution has been made
To observe the true polarization spectrum the solution (Fig. 3A). A reduction of glycerine proportion impli-
must be sufficiently diluted so that energy transfer or cates a smaller solution viscosity and a polarization
reabsorption of fluorescence does not occur. Gener-decrease of benomyl. Thus, when the viscosity of the
ally, the polarization is independent of the emission solution decreases, the depolarization increases and
wavelength so only excitation polarization spectra the polarization difference becomes smaller.
are reported (Fig. 2). The polarization spectra show Another parameter that has to be studied is the
a high polarization difference between benomyl and temperature. The rotational correlation time is also
carbaryl through all the studied wavelengths. To de- governed by the temperature. In consequence, the
velop this approach and obtain good results a suitable polarization can be affected by temperature changes.
polarization difference between the two compounds A polarization decrease of benomyl can be observed
must be measured. The selected excitation wavelengthin Fig. 3B due to an increase of temperature which
to carry out the benomyl and carbaryl assay was produces a greater depolarization. Room temperature
280 nm. This wavelength corresponds to the maxi- was selected to develop the assay because the polar-
mum excitation wavelength for both pesticides and ization decrease with temperature is not dramatic and
gives a good polarization differencByenomy~=0.386 good polarization differences remain over the studied
and Pcarbary=0.043). The emission wavelength was range of studied temperatures.
fixed at 440 nm which corresponds to the maximum  The polarization was measured in two different
emission wavelength for the two pesticides. spectrofluorometers, one equipped with film polar-
The viscosity of the medium is responsible for the izers and another equipped with Glan-Thompson
molecular rotation during the lifetime of the excited polarizers. The two instruments give similar results
state and hence of the polarization measurements.(Table 1). The subsequent polarizations were mea-
When the solution viscosity decreases, the fluo- sured in the spectrofluorometer with film polarizers
rescence depolarization of the molecules increases.for several reasons: the measurements were faster be-
Then a change in the solution viscosity produces a cause the polarization accessory is operated from the
variation in the polarization of the fluorophores. To PC and so polarization was measured automatically.

Wavelength, nm



F.G. Sanchez et al./Analytica Chimica Acta 414 (2000) 25-32 29

500 400
350 A
400 | Tr——
300 B
250 1
300 - 200
% % —&— Benomyl
200 A 1507 . Carbaryl
—e— Benomyl 100 1
100 4 —a— Carbaryl 50 1
L e . .
A 4 N / 01
0 T T T T T — T . T T
0 20 40 60 80 100 0O 5 10 15 20 25 30 35
% glycerin Temperature, °C

Fig. 3. Dependence of benomyl and carbaryl polarization against (A) glycerine ratio and (B) temperature.

Besides, a lower relative standard deviation (RSD) were been selected (90, 75 and 50%) to develop the
was obtained. pesticides determination and the results obtained have
In general an increase in viscosity promotes been compared. Equal analytical parameters are found
enhancement of rotational relaxation times and polar- when 90 and 75% glycerine is employed. However, a
ization. Regarding the structure and configuration, an better detection limit (DL), defined by IUPAC d§
increase in viscosity promotes more or less an increaseSg/m whereK is a numerical factorSs is the blank
in polarization. Thus, a compound having some chro- signal andm is the slope of the calibration graph,
mophores with free rotation in a non-viscous medium and RSD and a lower linear range are found by using
will show more dependence on the viscosity. In the 50% glycerine (Table 1). A high glycerine proportion
case of benomyl and carbaryl, the more branched gives a plot of fluorescence intensity pesticide con-
configuration of benomyl gives some support to the centrations with a smaller slope than when a lower
different polarization behaviour. proportion of glycerine is used. Besides, in 90% and
A good polarization difference was observed be- 75% glycerine, benomyl concentrations 37 ngl
tween benomyl and carbaryl up to 50% glycerine give the same fluorescence intensities; there is no lin-
(Fig. 3A). Three different proportions of glycerine ear range below this concentration. The linear range

Table 1
Analytical parameters for benomyl and carbaryl determination

Benomyl Carbaryl

Linear range,  Regression DL RSD Linear range  Regression DL RSD

ngmit coefficient ()2 ngmlt (n=3), (%) (hgml?) coefficient ()2 ngmi!  (n=3) (%)
90% glyceriné 1.4-10.7 0.993 167 1.6 0.2-14 0.992 20.5 1.6
90% glyceriné  1.4-10.7 0.990 199 2.8 0.2-14 0.990 245 3.2
75% glyceriné  1.4-10.7 0.992 197 1.1 0.2-14 0.992 24.0 1.3
50% glycerin€  0.4-3.0 0.9992 114 0.8 0.04-0.3 0.9992 1.2 0.9
Method [8] 0.5-3.0 0.998 330 8.2 0.04-0.3 0.997 51 9.7
LC 3.0-10.0 0.997 552 2.7 0.6-4.0 0.991 217 2.0

an=6.
b Film polarizers.
¢Glan-Thompson polarizers.



Table 2

Recovery assay of synthetic mixtures
Polarization® Polarization” LC
Taken Found Polari- Recovery R+ Op_1 Taken Found [y I Recovery R+ Op_1 Taken Found Recovery R+ On_1
(ppm)  (ppm) zation (%) (ppm)  (ppm) (%) (ppm)  (ppm) (%)

Benomyl 0.684  0.713 0.084 104.2 1.11 1.22 1359 183.7 109.9 3.5 4.57 130.5
0.684 0.699  0.083 102.2 106.0+£5.0 1.11 1.08 131.9 181.9 97.3 105.1+£6.8 3.5 4.64 132.5 128.5+£5.4
0.684 0.766  0.088 112.0 1.11 1.20 137.9 187.8 108.1 3.5 4.28 122.3
1.32 1.54 0.145 116.0 1.57 1.60 1552 2024 1019 5.5 6.27 114.0
1.32 1.39 0.134 105.3 113.1+6.0 1.57 1.63 157.5 2053 103.8 99.7+5.4 5.5 6.16 112.0 114.5+2.8
1.32 1.56 0.147 118.1 1.57 1.47 1539 205.1 93.6 5.5 6.47 117.6
2.72 2.88 0.244 105.8 2.59 2.55 196.6  237.8 98.5 9.0 9.80 108.8
2.72 2.85 0.242 104.7 104.7+1.1  2.59 2.43 201.4 2502 98.8 97.6+£3.4 9.0 9.77 108.5 108.5+0.3
2.72 2.82 0.240 103.6 2.59 2.60 207.4 2543 100.4 9.0 9.74 108.2

Carbaryl  0.042  0.046  0.248 109.5 0.048 0.072 1249 155.7 1511 0.75 0.66 88.0
0.042  0.050 0.245 119.0 107.1+£13  0.048  0.057 121.7 1484 1183 137.1+17 0.75 0.69 92.0 87.1+5.4
0.042 0.039 0.253 92.9 0.048  0.068 119.5 148.6 1419 0.75 0.61 81.3
0.211  0.188  0.145 89.1 0.213  0.166 169.8 228.0 77.8 1.5 1.37 91.3
0.211  0.203 0.134 96.2 91.0+4.5 0.213  0.234 1724 2471 110.1 95.5+164 1.5 1.27 84.7 92.7+8.7
0.211  0.185 0.147 87.7 0.213  0.209 176.7 246.1 98.5 1.5 1.53 102.0
0.276  0.272  0.084 98.5 0.259  0.278 190.2 2774 1074 3.5 3.62 103.4
0.276  0.274  0.083 99.3 98.2+1.3 0.259  0.227 192.5 268.0 87.7 100.8+11 3.5 3.63 103.7 104.1+£0.9
0.276  0.267  0.088 96.7 0.259  0.278 181.0 267.1 107.4 3.5 3.68 105.1

* Methodology described in this work.
b Methodology described previously [8].
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Fig. 4. Calibration plots for benomyl and carbaryl determination.

is greater in 50% glycerine and at low concentra- better than those obtained by the other approach. As
tions of benomyl the fluorescence intensity decreaseswell, an important reduction of the RSD was achieved
as the benomyl concentration decreases. Thus, theby the approach described here.
calibration graph for benomyl and carbaryl were es-  Validation of these methods by LC for benomyl and
tablished 50% glycerine. The mixtures were prepared carbaryl was carried out. The mobile phase and flow
and the polarizations were measured. These polar-rate were optimized for good resolution of benomyl
ization values were analysed in Eq. (4) and the frac- and carbaryl with a RP8 reversed phase column. The
tional contributions were calculated. The calibration retention times for benomyl and carbaryl were 2.79
graphs were obtained by plotting the fractional con- and 3.25 min, respectively. The main analytical param-
tributions against the concentration of each pesticide eters, viz. linear range, DL and RSD, are related in
(Fig. 4). The precision of the method was assessed Table 1.
by measuring three replicates of each mixture at five To test the accuracy of the approach based on
concentration levels, as shown in Fig. 4. polarization measurements we assayed ‘unknown’
This approach has been compared with previous samples and a recovery assay in drinking water for
methodology based on polarization to resolve binary both the pesticides was made. The recovery assay was
mixtures [8]. To apply this previous method, the com- applied to the three methodologies. The results are
pounds must have different polarizations. This ap- summarized in Table 2, where it can be seen that good
proach makes it possible to observe polarization that is recoveries and RSDs were obtained in every case for
directly proportional to the concentration of one com- the polarization methodology described in this paper.
ponent of the mixture and independent of the concen-
tration of the other component. Benomyl and carbaryl
assay has been developed using this methodology. Theb. Conclusions
methodologies have been compared and the results
obtained are shown in Table 1. To apply the method- An approach for use of polarization measure-
ology described in this paper, polarization values are ments to resolve binary mixtures of fluorophores
measured. To apply the methodology described in pre- with overlapping spectra has been developed. A
vious work the components of the emission which are non-concentrational parameter has been useful for a
parallel and perpendicular to the plane of polarization quantification of the two compounds. This methodol-
of the excitation radiation/(; and/,) are measured. ogy can be applied with good results when the fluo-
The detection limits obtained for benomyl and car- rophores have a suitable polarization difference. This
baryl with the described methodology in this paper are approach has been used for benomyl and carbaryl
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determination and compared with previous method-
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[13] M. Chiba, R.P. Singh, J. Agric. Food Chem. 34 (1986) 108.

ology based on the measurement of the Components[14] M. Chiba, D.F. Veres, J. Assoc. Off. Anal. Chem. 63 (1980)

of the emission which are parallel and perpendicular

to the plane of polarization of the excitation radia-
tion. A comparative study of both methodologies, for

1291.

[15] G. Zweig, R. Gao, Anal. Chem. 55 (1983) 1448.

[16] H.L. Pease, J.A. Gardiner, J. Agric. Food Chem. 17 (1969)
267.

these pesticides, shows better DLS and RSDs for the[17] H.L. Pease, R.F. Holt, J. Assoc. Off. Anal. Chem. 54 (1971)

methodology described in this paper. The instrumen-

1339.

tation is not expensive, the procedure is quick and the [18] F. Garéa Sanchez, A. Aguilar Gallardo, Mikrochim. Acta.

measurements are easy to obtain.
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