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Abstract

A simple and environmentally friendly methodology for headspace solid-phase microextraction (HS-SPME) using a new fiber coated with
polydimethylsiloxane—poly(vinyl alcohol) (PDMS/PVA) is reported for the trace determination of organochlorine (OCP) and organophospho-
rus (OPP) pesticides in herbal infusiongaksifloral. by GC-ECD. The capacity of the PDMS/PVA coating for the pesticides was compared
to that of commercial PDMS fibers, with advantageous results. The effects of parameters such as the sample ionic strength, dilution of the
infusion, extraction temperature and time were investigated. The optimized conditions for the determination of OCP andaSstfona
L. infusions were extraction time and temperature, respectively, of 38 min and@®7ABth 5 min of sample/headspace equilibration time.

The analytical curves for the range between 0.04 nghtt 6 ng mL~* of each compound presented a good quality (correlation coefficients

of 0.921 or better). The detection limits for the OCP and OPP in these matrices varied from 0.01'n(Breindosulfan) to 1.5 ng mi!
(malathion). The sensitivity of studied methodology was adequate, as well as its accuracy (78.7-91.5%) and precision (R.S.D. = 1.2-14.2%).
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction applicationg5]. For example, fibers coated with alternative
materials can be successfully prepared using sol-gel syn-
Solid-phase microextraction (SPME) is a relatively re- thetic routes, resulting in many advantages such as the strong
cent technique that has been used for the extraction and preadhesion of the prepared coatings to the fused silica substrate
concentration of a wide range of analytes in a variety of ma- due to chemical bonding, high thermal stability, porous struc-
trices[1]. SPME is based on the equilibrium of target analytes ture and large surface arf&7]. In this way, a novel sol-gel
between a fused silica fiber coated with a thin film of sorbent PDMS/poly(vinyl alcohol) (PDMS/PVA) coating fiber was
and the sample matrii2,3]. A number of sorbents is avail-  recently developed and proved to be highly efficient to ex-
able commercially as coatings for SPME fibers but some an- tract non-polar compounds from aqueous samj@gs
alytical methodologies might demand specific properties for  The PDMS/PVA fiber was applied to isolate different non-
extraction of selected compounds, i.e., special coatings thatpolar and polar pesticides from a complex sample—infusions
have a particular volume and a selectivity towards particular of PassifloraL. These infusions have been extensively used
analyteg4]. In addition to the most common liquid polymeric  as phytomedicines and studied in our research gfgup2].
coatings such as polydimethylsiloxane (PDMS), some exper- Some species dPassifloraare employed in folk medicine
imental coatings have been prepared and studied for severatiue to their anxiolytic, hypnotic, antispasmodic and anodynic
properties Passiflora incarnatdl. is the official species in
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logical effects ofP. alataleaves are reported in the Brazilian P. alata P. edulisandP. incarnataleaves were obtained
Pharmacopoeia, this species is often replace®dssiflora from cultivated specimens grown in the cities of RiBeir
edulisSims, which is more commonly available owing to its Preto and Botucatu (State di&Paulo, Brazil). The plant ma-
extensive use in the fruit juice industry and the fresh fruit terial was dried at 35C for 24 h, powdered, sieved (1-2 mm)
market[10]. Plant infusions are complex samples, contain- and stored in sealed glass flasks protected from humidity,
ing several endogenous compounds extracted from the leavefieat and light. Infusions for each different specimen were
by the hot water during their preparation. Also, it is possi- prepared in the same day of use by suspending-.0@5 g
ble to find a wide range of different pesticide residues on of dried leaves in 100 mL of boiling water for 5 min; the in-
these infusions, depending on the procedence of a particularfusions were filtered before use.
sample; when present, these analytes are usually found on The pesticides studied were selected according a prelim-
extremely low levels (g L~! or less). Therefore, the pro- inary field survey, which revealed the most common com-
cedures for the chromatographic detection and quantitationpounds used iRassifloracultivation: chlorothalonil, methyl
of organochlorine (OCP) and organophosphorus (OPP) onparathion, malathiony-endosulfan an@-endosulfan. Indi-
Passiflorainfusions must incorporate selective, robust and vidual 0.1 g L= stock solutions of the OCP and the OPP were
effective clean-up and extraction stgp5]. prepared in methanol from the corresponding pu@9%6)

Concerning the presence of toxic compounds in medicinal substances (ChemsService, Westchester, PA). A methanolic
plants such as pesticides, some of the most recent Pharmaworking solution with adequate concentrations for each an-
copoeias, such as the Briti$h6], American[17], and Eu- alyte (from 0.2ngmkt? for endosulfan to 6 ngmt! for
ropean onefl3], included methods for the determination of malathion) was used to spike infusion samples for method
these compounds in herbal drugs. However, most of the of- optimization and validation. For all extractions, 16 mL glass
ficial analytical methodologies proposed by pharmaceutical vials capped with Teflon/silicone septa (Pierce, Rockford,
codes are based on traditional liquid—liquid or liquid—solid 1L, USA) were used. During the extractions, the vials were
extraction, being time-consuming, costly and requiring larger thermostatized using in water from a heated circulating bath
samples and greater volumes of hazardous solvents. More{Polystat, USA).
over, PassifloralL. is extensively consumed mainly in the
form of infusions of their dried leaves and alternative ana-
lytical methodologies for the determination of pesticides in
agueous matrices have not been established by such codes.
Actually, there are only few studies based on modern sample
preparation methods as SPME, SBSE (stirring bar sorptive
extraction) and SFE (supercritical fluid extraction) focusing
on the determination of pesticides in phytomedicines (herbal
drugs, infusions, tinctures, dried extracts, €tt1)12,18,19]

Nowadays, the trend in analytical technologies is the
miniaturization, automation, hyphenation, simplification and
reduction of processing time and consumption of toxic sol-
vents. So, in this work a simple and environmentally friendly
methodology for the determination of OCP and OPP residues
in Passiflorainfusions . alata P. edulisandP. incarnatg, 2.3. Method development
using headspace SPME with a new PDMS/PVA fiber cou-
pled to gas chromatography with electron capture detection  The operational conditions forthe HS-SPME method were
(GC-ECD) is presented. studied usindPassiflorainfusions spiked with 0.5 ng mt! of

chlorothalonil, 1.5 ng mt? of methyl parathion, 3 ng mt!
of malathion, 0.1 ng mt! of a-endosulfan and 0.1 ng mtt

2.2. Chromatographic analysis

The chromatographic analysis were performed using an
AutoSystem XL GC (Perkin—Elmer, Norwalk, CT) equipped
with an electron capture detector and fitted with a HP-1 col-
umn (30mx 0.32mmx 0.25um), in the splitless mode.
Injector and detector temperature: 2&8and 320C, respec-
tively. The GC-ECD conditions were: oven temperature pro-
gram: from 140°C (1 min) to 200°C at 8°C min~1 (2 min),
then to 280°C at 15°C min~! (1 min). Helium (UP grade)
was used as carrier gas at a flow rate of 1.3 mLThin

2. Experimental of B-endosulfan. The parameters investigated were the ionic
strength of the samples, the diluting matrix factor, the tem-
2.1. Materials perature and time of extraction. In the general procedure

adopted through all experiments, 5mL of sample spiked

The PDMS/PVA fibersds ~ 5 um) used inthisworkwere  with pesticides were enclosed in the vials and magnetically
prepared according to Lopes and Auguh Commercial stirred (1200 rpm) for 5 min for sample/headspace equilibra-
SPME fibers coated with 30m PDMS (P30) and fitted inan  tion. Then, the PDMS/PVA fiber was exposed to the sample
appropriate holder (Supelco Inc., Bellefont, PA, USA) were headspace for an adequate period of time. The extracted ana-
also used. Prior use, the fibers were conditioned at 2g0r lytes were immediately desorbed at 2&and the fiber was
approximately 6 h in a GC injection port under flow of the keptin the GC injector for 15 min, which was enough to en-
carrier gas (He); the PDMS fibers were conditioned according sure total desorption and no memory effects. All extractions
to the supplier’s instructions. were performed in triplicate.
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The effect of ionic strength was assessed using as sample

infusions containing varied concentrations of NaCl (up to 4.0 —Jraw infusion

saturation). The effect of infusion dilution on the extraction gg:_%g

efficiency was studied using as samples infusion previously 77 2525

saturated with NaCl and diluted with aqueous saturated NaCl § %

solution in the proportions 75:25, 50:50, and 25:75 (v/v in- 5 3.01 %

fusion: aqueous saturated NaCl). z - -
The optimization of extraction timésy;, and temperature, ¢

T, was performed simultaneously through a multivariate ap-
proach (2 factorial designs). The upper and lower levels for
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the variables in the initial experiments were“&8and 70°C

(T) and 20 min and 40 mirtdy;). After the initial factorial de-
sign, five additional experiments usifiganging from 57C

to 78°C andtey; ranging from 17 min to 38 min were per-
formed. The results were fitted to a proper response surface
which was employed to find values ®fandtey Where the Analyte
extraction efficiency was maximized.
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Fig. 1. Normalized peak areas as function of sample dilution; error bars
represent the R.S.D. of the data< 3). Analytes: CT, chlorothalonil; MP,
methyl parathion; MA, malathion; Aks-endosulfan and BEB-endosulfan.

2.4. Headspace SPME procedure

After the experiments above described, the optimized ing peak areas for undiluted samples (normalized area = peak
method (50:50 diluted infusion saturated with NaCl as sam- area for diluted sample/peak area for undiluted sample). For
ple, texx = 38 min andT = 67.5°C) was applied to es-  chlorotalonil, methyl parathion and malathion, the extraction
timate analytical curves for the studied OCP and OPP efficiencies increase with infusion dilutions to 50:50. As for
(0.04-6.0ng mE). a- andB-endosulfan, the increment was observed even for
25:75 infusion dilution, but there is also a significant de-
crease on the precision of the data, as indicated by the larger
R.S.D. values. This effect was already been observed and dis-
cussed in the literatuf@0] and it was attributed to the bind-
3.1.1. Effect of ionic strength and infusion dilution on ing of the pesticides to matrix components such as pectin and
extraction efficiency flavonoid compounds. Most of the pesticides presentin the in-

fusions are bound to these heavy substances present in the in-

We choose to perform the extraction of the target ana- fusions. When the sample is diluted, the corresponding bind-
lytes using the headspace mode, instead of direct immersioning equilibrium is affected and bound pesticides are released,
of the fiber in the infusion samples, to avoid contamination increasing the concentration of free extractable species and
of the fiber surface by non-volatile matrix components, pre- the headspace extraction efficiency. For the continuing exper-
serve its integrity and to minimize introduction of possible iments, a 50:50 dilution of the sample was adopted as being
intererferents in the chromatographic system. Previous stud-the best compromise between extraction efficiency and over-
ies [20,21] already pointed the feasibility of application of all precision for all analytes.
headspace instead of direct immersion extraction for SPME
determinations of OPP and OCP in similar samples.

In the study of the effect of ionic strength, it was observed
that the addition of NaCl enhanced considerably the extrac- The multivariate approaches here employed were adopted
tion efficiency. The best results for were obtained with addi- to minimize the number of assays necessary to find out the
tion of NaCl to the infusions until their saturation. In practice, best working values for these variables. Also, these proce-
the control of NaCl concentration was used to enhance extrac-dures allow the optimization of the variables even when their
tion based on a similar principle employed for solvent extrac- effect on the response is interdependent and not merely ad-
tion methods, i.e., the presence of dissociated ions in the teadictive [22]. The values foiT andtex: determined for max-
solutions decreases the solubility of the OCP and OPP, whichimization of the extraction efficiency after the multivariate
then partition more rapidly into the headspace. Considering experiments were, respectively, 67Gand 38 min.
these observations, all further experiments were conducted
using infusions saturated with NaCl. 3.2. Comparison of PDMS/PVA and PDMS fibers

The effect of the sample dilution on the extraction effi-
ciency can be seen dfig. 1 To facilitate the interpretation According to Lopes and August@®], the morphology
of the data, the peak areas for all analytes extracted from di-of the sol-gel PDMS/PVA fiber was investigated by the
luted samples were normalized in relation to the correspond- scanning electron microscopy technique, suggesting that the

3. Results and discussion

3.1.2. Optimization of extraction time and temperature
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PDMS/PVA fiber was recorded to be used for more than 300

i 4 extractions during a time range of more than 5 months before
1 3 degradation of the coating.
\\J\J M Fig. 2 shows chromatograms from extractions of undi-
J 5 (C) luted, unsalted?. alata infusions spiked with the analytes

after extractions with the PDMS/PVA and with a commer-
cial 30pm PDMS fiber, obtained during preliminary ex-
2 ploratory experiments. A chromatogram for a blank run of
1 the PDMS/PVA fiber obtained in the same conditions is also
N\,ﬁ shown. Larger amounts af-endosulfan and chlorotalonil
w . S ®) were extracted by the 30m PDMS (as reflected by the
slightly larger peaks); PDMS/PVA was more effective for
(A) methyl parathion and malathion, and f@rendosulfan the
- extracted amounts were similar. However, it should be con-
B L S S A S UAL S sidered that the PDMS/PVA fiber has a coating thickness
Time/min of approximately fum, which leads to a volume of extract-
ing phase of+46um?3, almost 1/3 of the coating volume of
Fig. 2. Chromatograms for 30 min HS-SPME at room temperature from the 30Mm PDMS commercial, 13,2m3 [8] Therefore, the
raw P. alatai_nfusion spiked with the_OPP e O(_IP: (A) blank run for the  ppMS/PVA coating has a larger affinity towards the analytes
PDMS/PVA fiber; (B) 3Qum commercial PDMS fiber and (C) PDMS/PVA .
fiber. Peak identification: (1) chlorothalonil (0.5ngml); (2) methyl th_an regular PDMS. The fiber here employed was _Coated
parathion (1.5ngmtl): (3) malathion (3ngmtL): (4) a-endosulfan with three layers of sol-gel PDMS/PVA polymer. Thicker
(0.1ngmL=1) and (5)B-endosulfan (0.1 ngmt?). The bump observed for ~ PDMS/PVA fibers can be easily prepared increasing the num-
t=10.5min corresponds to a software-programmed increase on the signalber of coating layers, if a fiber with higher absolute extraction
attenuation. capacity is necessary. However, one of the most attractive fea-
tures of sol-gel coatings for SPME is the thickness of the coat-
coating is a highly porous structure with an estimated aver- ings: it is possible to obtain extremely thin films of sorbents
age film thickness of pm. This porous structure provided with large extractive powdP3], such as for the PDSM/PVA
high surface area, allowing very fast and effective extraction. here presented. Such thinner coatings allows faster extrac-
Also, the thermogravimetric data for the PDMS/PVA coating tions and easier thermal desorption when compared to con-
showed that this material is more stable towards heating thanventionally coated fibers.
conventional PDMS, supporting temperatures higher than  Other interesting aspect &fg. 2is related to the section
300°C without appreciable decompositon. As a result, the of the chromatograms up to 7 min. Several large peaks ap-
PDMS/PVA fibers have a remarkable long lifetime—a single pear in this region of the chromatogram for the PDMS/PVA

Signal

ponho b ool b b b b b b b b i

Table 1

Concentration range in ng mt, slopesSin 108 area counts ngt mL~1, intercepts in 10~ area counts and correlation coefficient®r the analytical
curves, limits of detection LD and of quantitation LQ in ngmi,_and R.S.D. for OCP and OPP in tRassiflorainfusions using the optimized HS-SPME
method with the PDMS/PVA fiber

Species Analyte Range S | r LD? LQP RSCF
P. alata ctd 0.2-1.0 1.3t0.1 6 0.983 a3 0.45 121
MP 0.6-3.0 1.16:0.04 2 0.995 @3 0.77 28
MA 1.2-6.0 0.41-0.04 7 0.974 00 3.36 37
AE 0.04-0.2 334 22 0.954 5 0.15 13
BE 0.04-0.2 4.&0.2 4 0.994 1 0.05 14
P. edulis CT 0.2-1.0 1.30.1 5 0.979 as 0.50 12
MP 0.6-3.0 0.530.08 33 0.980 35 2.83 39
MA 1.2-6.0 0.43t0.06 3 0.993 B0 5.10 14
AE 0.04-0.2 3&6 10 0.921 w6 0.20 15
BE 0.04-0.2 9.40.9 4 0.975 ®3 0.11 47
P. incarnata CT 0.2-1.0 1.50.2 3 0.969 @0 0.69 3
MP 0.6-3.0 1.20.1 3 0.978 o7 1.50 9
MA 1.2-6.0 0.44+ 0.05 1 0.967 no 3.90 15
AE 0.04-0.2 47 6 0.975 006 0.20 13
BE 0.04-0.2 10.%0.8 0 0.988 ®m3 0.09 83
21LD=30/S
bLQ=1m/S

¢ R.S.D. measured at the highest concentration level of the analytical carze) (
d CT: chlorothalonil; MP: methyl parathion; MA: malathion; Ak:endosulfan and BEB-endosulfan.
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ical chromatograms of spikee alatg P. edulis andP. in-
carnata samples obtained with the PDMS/PVA fiber. The
1 increase on the overall extraction efficiency is easily noticed
when comparing the chromatogramskigs. 2 and 3which
are plotted using the same signal scale. The peak&pRA,
3 corresponding to extractions Bf alatainfusions under opti-
mized conditions are much more intense than tho§egn2,
corresponding to the same sample extracted before the mul-
k W 5 (€) tivariate optimization of the SPME procedure—even consid-
M ering that the spiked concentration ofBig. 2is larger (e.g.,
4 0.5ngmL~1 versus 0.2 ng mt? for chlorotalonil).

The analytical curves were constructed with six concen-
tration levels for each analyte and, in general, they presented
fair to good precisionr(from 0.921 to 0.995). Detection and

3 guantification limits (LD and LQ, respectively) were deter-
mined correlating the residual standard deviation of the inter-
\ cepts of regression lines and the slope of the analytical curves
(9 [24] and ranged from 0.01 ngmi! (B-endosulfan) to
1.5ng mL=1 (malathion), which are considered satisfactory
for the analytical purposdd1]. The slopes of the analyti-
cal curves for some analytes are different for eBaksiflora
species: e.g., fop-endosulfan, the slope of the curve ob-
tained fromP. incarnatainfusion is approximately 2.5 times
greater than the corresponding parameter from the analytical
curve for the same pesticide falata This is an indication
of strong matrix effect in these samples, which is different
for each studied species as reported befbdé.
To evaluate the repeatability and reproducibility of the
measurements, analyses of fassiflorasamples used for
O S e calibrati.on curves were consi.d.ered. 'I_'he R.S.D. d_ata on
12 14 16 Table lillustrates the repeatability obtained for the highest
Time/min concentration levels studied for the pesticides in all samples.
Fig. 3. Chromatograms of (AP. alata (8) P. edulisand (C) P. in- The relative standard_devia_tions (R.S.D.) of the peak areas
camata spiked samples. (1) Chiorothalonil (0.2ng ), (2) methyl found for all _analytes ifPassiflorasamples were fror_n 0.1%
parathion (0.6 ngmt?), (3) malathion (1.2 ngmtY), (4) a-endosulfan to 14.2%, with 13 out of the 15 R.S.D. values minor than

N

Signal

v bl b b B b B b b B B B B B B B B B s B B B B B v v Bees

(0.04 ng mL=Y), (5) B-endosulfan (0.04 ng mitl) obtained with the opti- 5.0%. Itis important to emphasize that the results found after
mized HS-SPME method and the PDMS/PVA fiber. See text for experimen- 1 month were very similar to the data obtained previous|y,
tal conditions. which show a good reproducibility for the proposed method-

i . ) - i ology (R.S.D. < 19.3%).

fiber, which either are not visible or are considerably smaller |, addition, accuracy of the method was determined calcu-
on the PDMS chromatograms. Also, the chromatogram for |a(ing the recovery in the extraction Bf alatasamplesif =

the PDMS/PVA fiber blank obtained in the same conditions 3y gpiked at the same concentration level used for the repeat-
shows only a clean baseline, precluding fiber bleeding as thegpjity study. Mean recoveries were 78.7% for chlorothalonil
source of these peaks. These chromatograms indicate tha{R.S.D. = 5.4), 89.6% for methyl parathion (R.S.D. = 4.4),
the PDMS/PVA can extract efficiently compounds covering g1 204 for malathion (R.S.D.=12.1), 89.5% foendosulfan

a wider range of physico-chemical, properties than PDMS, (R.S.D. = 2.0) and 91.5% fdg-endosulfan (R.S.D. = 4.8).
specially more volatile (and less retained) analytes. This is These results indicate that quantitative analysiasfsiflora

a very desirable and interesting feature for a SPME coat- samples in the 0.04—6 ng mk range of OCP and OPP is

ing, since can potentially allow detection and quantitation of possible using external standardization, showing the applica-
larger number species with varied characteristics using theyyjjity of this methodology for routine analysis.

same fiber.

3.3. Analytical method validation 4. Conclusions

The Table 1summarizes the results of method validation A novel SPME fiber coated with PDMS/PVA co-polymer
for the analytes in thPassiflorainfusions;Fig. 3shows typ- was successfully employed to determine residues of OCP
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and OPP irPassiflorainfusions by HS-SPME and GC-ECD.  [5] D. Djozan, L. Abdollahi, Chromatographia 57 (2003) 799.
The resulting procedure was shown to be a good alterna- [6] T.P. Gbatu, K.L. Sutton, J.A. Caruso, Anal. Chim. Acta 402 (1999)

tive methodology for the determination of selected OCP and 67. .
. h . . . [7] J. Yu, L. Dong, C. Wu, L. Wu, J. Xing, J. Chromatogr. A 978 (2002)
OPP residues iRassiflorasamples, being a simple, fast, re- 37
producible, effective and also an environmentally friendly (g] A.L. Lopes, F. Augusto, J. Chromatogr. A 1056 (2004) 13.
analytical method. [9] N.G. Bisset, Herbal Drugs and Phytopharmaceuticals: A Hand-
book for Practice on a Scientific Basis, CRC Press, London, 1994,
p. 364,
K led [10] V.G. Zuin, J.H. Yariwake, F.M. Laras, J. Braz. Chem. Soc. 14
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