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Abstract

A solid-phase microextraction (SPME) procedure using three commercialised fibers (Carbowax—divinylbenzene,
Carboxen—polydimethylsiloxane and divinylbenzene—Carboxen—polydimethylsiloxane) is presented for the determination of
a selected group of organochlorine compounds in water samples. The extraction performances of these compounds were
compared using fibers with two and three coatings. The optimal experimental procedures for the adsorption and desorption of
pesticides were determined. The limits of detection with the divinylbenzene—Carboxen—polydimethylsiloxane fiber at levels
below ng I'* were similar or lower than values presented in the literature for several of these compounds using
polydimethylsiloxane fiber. The advantages of using this fiber, such as no salt addition, are discussed. Finally, the optimised
procedures were applied successfully for the determination of these compounds in polluted ground water san0e€z
Elsevier Science BV. All rights reserved.
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1. Introduction health. Several compounds, including organochlorine
pesticides, are receiving much attention in the Euro-
Pesticides have played an important role in in- pean Union and are included in the lists published to
creasing agricultural productivity. Thus, about maintain water quality [3].
5-10° kg are currently used world-wide, 50—-60% The determination of pesticide residues has in-
being herbicides, 20—-30% insecticides and 10—20% creased in the last few decades, as evidenced by the
fungicides. They have been widely applied in ag- large numbers of papers published. Most determi-
riculture, either directly to soil or sprayed over crop nations of organochlorine pesticides are based on
fields. Pesticides can enter ground water as con- chromatographic methods, with mainly flame ioniza-
taminants via filtration through the soil, by deposi- tion detection (FID) [4], gas chromatographic analy-
tion or by surface run-off [1]. Organochlorine pest- sis with mass spectrometric (MS) detection [5-10],
icides have very low solubilities in water, are fat and electron-capture detection (ECD) [4,8—14]. The
soluble, and are resistant to metabolism. Further- qualitative and quantitative determination of pest-
more, because of this, they are considered to be icides in water samples is usually performed with a
environmental hazards [2] and are a threat to human previously prepared sample involving liquid—liquid

extraction (LLE), preferably with dichloromethane

*Corresponding author. Tel+ 34-922-318-036; fax:+ 34-922- or n'hexane [1’15_18_]’ or solid-phase eXtraCt_lon
318-003. (SPE) with G, cartridges or Empore extraction
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sample preparation are well known [4,21,22]. The stirring, extraction time, salt addition, pH, tempera-

most widely used technique is LLE [23,24]. How- ture of desorption and time of desorption. Finally,

ever, this procedure, which requires large amounts of the optimised SPME procedures were applied by

toxic and expensive solvents that can be harmful to employing GC with ECD to the determination of

the operator and to the environment, is time consum- organochlorine compounds in polluted ground water

ing and tedious since it also requires pre-concen- samples, identifying all compounds in real samples

tration of the extract and it is at this stage that the using a mass detector.

potential for loss of analytes or contamination of

samples is greatest. SPE is an alternative for sample

preparation [1,24-32], because it requires smaller 2. Experimental

amounts of solvent and is less labour intensive.

However, disadvantages include background interfer- 2.1. Reagents

ences, poor reproducibility between cartridges and

high economic cost, since the cartridges are usually Standards of organochlorine pesticides, lindane

disposed of after each extraction [33]. (1), heptachlor (2), aldrin (3), triadimefon (4), 24
Solid-phase microextraction (SPME) is a sample DDE (5), a-endosulfan (6), dieldrin (7), 4,49DDE

preparation technique, introduced by Pawliszyn and (8), endrin (9),3-endosulfan (10), 2/4DDT (11)

co-workers [34—36], that has received increasing and 4,4-DDT (12), were obtained from Riedel-de

attention, and is now widely accepted as a reliable Haen {Seelze-Hannover, Germany) with purity

technique. Thus, SPME has been applied to the >96%. A stock standard solution containing all the

determination of polychlorinated biphenyls (PCBs), analytes (50Qug |~ *) was prepared by dissolution in

polynuclear aromatic hydrocarbons (PAHs) [37], methanol and stored at4°C. Diluted solutions

benzene, toluene, ethylbenzene and xylenes (BTEX) were prepared from this solution by diluting with

[38], and pesticide residue analysis, such as or- pesticide-free ground water.

ganophosphorous pesticides [39], nitrogen-contain- The methanol used to dissolve standards was

ing pesticides [6,10], and organochlorine pesticides HPLC grade from Panreac (Montplet and Esteban,

[4,39-43]. Most works concerning the determination Barcelona, Spain). The nitric acid and sodium hy-

of organochlorine pesticides are performed using droxide used for pH adjustment were from Merck.

manual SPME, polydimethylsiloxane (PDMS) fiber, Ultrapure water from a Milli-Q system (Millipore,

direct immersion, and ECD or MS detection. The Bedford, MA, USA) with conductivity 18 M) was

limit of detection has been reported to range between used in all cases.

0.06 ng | (4,4-DDD) and 4.7 ug |~* (endrin

aldehyde) [4]; 1ug | * (endosulfan ether) and 20g 2.2. Equipment

I~* (3-hexachlorocyclohexan&-HCH) [39]; 0.005

png |7 (@-HCH) and 0.032ug |+ (B-HCH) [41]; A class A volumetric flask, Gilson pipetmans

and 0.005pg |I™* (chlordane) and 0.02ug |I* regularly verified for precision and accuracy, a
(benzene hexachloride (BHC)) [43]; and the preci- precision balance (Sartorius BP 210-S), and a PHM
sion was less than 20% in all cases. SPME is used as 64 pH meter from Radiometer (Copenhagen, Den-
a prior sample preparation stage, not only in gas mark) with a previously calibrated glass calomel
chromatography, but in liquid chromatography [44] combination electrode were used to prepare solu-
and capillary electrophoresis [45]. tions.

The present study was carried out to evaluate three
different fibers, two partially crosslinked with two 2.3. SPME fibers
mixed phase coatings and one highly crosslinked
with three mixed phases, in the extraction of 12 Three different SPME fibers, Carbowax—di-
organochlorine pesticides in ground water using vinylbenzene (CW-DVB) with a film thickness of
automatic SPME. The extraction efficiencies were 6B, Carboxen (CAR)-PDMS of 75um and
optimised by adjusting the following parameters: DVB-CAR-PDMS of 50{30, were purchased
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from Supelco (Bellefonte, PA, USA). The tempera- pA, and the electron multiplier offset at 100 V. The

ture programs for conditioning the SPME fibers in solvent delay time was 9 min. Helium was the carrier
the injector were CW-DVB for 30 min at 25C, gas at a flow-rate of 1 ml mit . The injection
CAR-PDMS for 30 min at 280C, and DVB—CAR- volume was ful.

PDMS for 240 min at 270C.
2.5. Solid-phase microextraction procedure
2.4. Instrumentation
All extractions were performed in 2 ml dark glass
A Varian (Walnut Creek, CA, USA) 3400 gas vials at room temperature, using 1.2 ml of liquid

chromatograph equipped with®a  Ni electron-capture phase, with fibers immersed in the liquid phase. 600
detector, a 1075 split/splitless injector operated in pl of a stock solution of 0.2 ng mi* made up to a
the splittess mode, a Varian 8300 autosampler total volume of 1.2 ml with pesticide-free ground
equipped with automatic SPME, and a fused-silica water was used in the optimization processes; vari-
capillary SPB-5 chromatographic column (30Xm  able volumes of concentrated stock solutions made
0.32 mm I.D., 0.25.m film thickness) from Supelco up to a total volume of 1.2 ml with pesticide-free
were employed. Varian Star 4.51 chromatographic ground water were used in calibration and applica-
workstation software was used for instrument control tion to real samples. The ionic strength was adjusted
and data treatment. using sodium sulphate (0% saturated) or sodium

Separation conditions were as follows: initial chloride (0% saturated). The pH was adjusted with
column temperature 8@ (4 min), increased to 0.M sodium hydroxide or 0.IM nitric acid by
215°C at 15°C min ' (hold 0.5 min), increased to measuring in a digital pH meter. After extraction, the
230°C at 2°C min * (hold 3 min) and, finally, analytes were desorbed into the hot injector of the
increased to 260C at 5°C min " (hold 2 min). The gas chromatograph by thermal desorption. The in-
detector temperature was maintained at 310The jection was splitless for 15 min and then the split
carrier gas was UHP helium (99.5% purity) at a valve was opened for the remainder of the analytical
flow-rate of 1 ml min* and the make-up gas was runs. The SPME fibers were kept in the hot injector
UHP nitrogen (99.5% purity) at a flow-rate of 50 ml for a further 5 min with the split valve open to purge
min~*, the injection volume being ! in all cases. any component not completely desorbed from the

A Varian 3400 with a Saturn 2000 ion trap mass fiber during the splitless step. After desorption, fibers
spectrometer detector from Varian Instruments were washed by stirring for 5 min in Milli-Q water,
(Sunnyvale, CA, USA) equipped with an 8200 and dried at Z6@or 4 min. A blank solution was
autosampler and a 1077 split/splitless programmed run every three samples. All studies were carried out
temperature injector operating in the splitless mode in triplicate and average values calculated.

was used to confirm the identity of compounds in the

quantification of real samples. A fused-silica capil-

lary SPB-5 chromatographic column (30x0.32 3. Results and discussion
mm 1.D., 0.25um film thickness) from Supelco was

used with the following temperature program: initial To develop a SPME procedure for the determi-
column temperature 7C (3 min), increased to nation of pesticides using the fibers CW-DVB,
180°C at 25°C min " (hold 1 min) and, finally, CAR-PDMS and DVB-CAR-PDMS, optimisation
increased to 300C at 5°C min~* (hold 10 min). The of several variables related to the extraction and
injector port was set at 25C. desorption steps is required—stirring, extraction
The mass spectrometer operating in the electron time, ionic strength, pH, as well as the time and
impact ionization (El) mode was used for pesticide temperature of desorption—in order to achieve maxi-
confirmation with the following conditions: transfer mum efficiency of extraction of the compounds
line at 280°C, trap at 200C and manifold at 80C. studied and to elucidate the selectivity of the differ-
Mass spectra were obtained in the scan range ent coatings versus other components present in the

85-420. The filament emission current was set at 20 matrix.



98 J.P. Pérez-Trujillo et al. / J. Chromatogr. A 963 (2002) 95-105

3.1. Optimisation of the SPME conditions consequently depends on the stirring and extraction
time. Therefore, a study of the extraction efficiencies

Since SPME is a process dependent on the equilib- of the analytes (all ap.C") under static

rium process involving partitioning of the analytes conditions and with stirring at different extraction

from the liquid sample into the stationary phase, the times (1-50 min) was performed under the following

amount of analyte extracted depends on the mass conditions: no salt addition and no pH adjustment,

transfer of the analyte through the aqueous phase and desorption temperatt@z @60 desorption time

Table 1

Chromatographic responses, expressed as area counts, for the different analytesgdf .4s a function of extraction time for the fibers
CW-DVB, CAR-PDMS and DVB-CAR-PDMS. Desorption temperature Z50desorption time 10 min

Compound Area countX10°)

1 min 5 min 10 min 15 min 20 min 30 min 50 min
CW-DVB
Lindane 5.49 7.59 9.88 9.53 8.70 8.49 8.01
Heptachlor 6.37 7.38 7.60 7.99 8.10 8.69 8.89
Aldrin 9.32 13.33 19.75 19.60 18.84 17.14 17.48
Triadimefon 7.98 12.51 19.49 18.94 18.34 18.66 18.79
2,4-DDE 10.20 12.75 18.79 18.59 18.01 17.89 18.76
«-Endosulfan 1.44 12.66 15.91 14.26 14.53 13.12 13.30
4,4-DDE 8.30 14.35 18.43 25.42 24.89 25.84 25.98
Dieldrin 9.34 16.24 21.82 27.18 27.68 28.55 28.25
Endrin 12.86 18.23 21.92 24.94 25.26 25.52 25.60
B-Endosulfan 12.33 14.71 15.75 16.90 16.08 16.32 16.94
2,4-DDT 8.73 14.57 17.55 19.70 19.35 19.55 19.71
4,4-DDT 9.47 9.84 11.38 17.71 17.12 19.95 19.48
CAR-PDMS
Lindane 1.50 5.44 9.79 14.48 17.06 27.31 27.22
Heptachlor 1.02 1.62 8.20 11.93 18.60 23.01 21.07
Aldrin 4.27 29.02 37.57 47.14 49.48 56.58 52.01
Triadimefon 23.94 34.62 47.12 44.04 46.22 45.79 44.25
2,4-DDE 3.57 4.75 12.98 20.96 22.06 49.95 48.43
a-Endosulfan 2.83 11.32 20.87 33.42 35.72 41.45 41.24
4,4-DDE 4.49 6.02 7.69 12.87 23.89 26.71 26.92
Dieldrin 5.93 15.18 26.50 40.26 42.30 52.91 52.62
Endrin 2.40 8.19 14.97 24.78 28.44 41.85 41.03
B-Endosulfan 2.29 8.10 14.86 23.55 25.61 35.91 36.02
2,4-DDT 3.52 9.89 17.09 27.67 27.74 55.00 55.51
4,4-DDT 2.30 5.82 10.16 16.38 16.32 36.74 36.30
DVB-CAR-PDMS
Lindane 6.21 9.09 16.62 21.72 26.63 32.63 32.32
Heptachlor 5.35 7.34 9.37 9.98 11.53 14.56 14.85
Aldrin 3.52 20.91 23.50 25.24 30.76 39.36 37.05
Triadimefon 1.45 2.47 5.16 6.59 9.06 11.08 11.39
2,4-DDE 3.79 5.86 8.54 10.48 14.18 15.80 15.49
a-Endosulfan 4.61 12.12 28.25 37.18 39.81 45.90 45.03
4,4-DDE 7.06 13.62 33.74 39.54 43.84 45.52 45.62
Dieldrin 2.74 4.80 5.80 7.16 9.91 14.11 14.69
Endrin 2.64 6.04 14.26 18.74 20.20 26.50 21.85
B-Endosulfan 3.39 7.46 19.71 26.73 31.03 35.34 34.58
2,4-DDT 2.30 2.72 9.44 10.76 14.15 13.39 12.24

4,4-DDT 1.77 1.99 8.15 10.49 11.25 11.25 11.23
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10 min. It was observed that the peak areas for each
analyte were higher after stirring than when static, so
stirring was selected for the remainder of the experi-
ments. Table 1 shows the chromatographic response
of the organochlorine compounds for each fiber
under stirring at different extraction times. As can be
seen, the extraction time depends on the type of
stationary phase used. Thus, the chromatographic
response of these compounds using the CW-DVB
fiber increased as the extraction time increased to 15
min, the signal diminishing for several of the com-
pounds when longer times were employed. In the
case of CAR-PDMS and DVB-CAR-PDMS the
optimum extraction time was 30 min and no signifi-
cant improvement in the extraction was obtained at
longer times. In subsequent studies, 15 min for
CW-DVB, 30 min for CAR—PDMS, and 30 min for
DVB-CAR-PDMS were selected as the extraction
time. It can also be seen from Table 1 that the
chromatographic response varies depending on the
fiber, the best results being obtained for most of the
compounds with the CAR—PDMS fiber, which can
be explained not only by the nature of the fiber, but
by the slightly larger volume of this fiber with
respect to the others and hence the slightly larger
capacity for the analytes.

The following step in the optimisation process was
to select the optimum desorption conditions, which
were determined by testing different temperatures

Table 2

99

and different times, considering the optimum values
to be those obtained when all analytes were desorbed
from the fiber coating with minimal carryover to the
following analysis. This study was carried out under
the following conditions: no salt and no pH adjust-
ment. For the DVB—-CAR-PDMS fiber, desorption
temperatures ranged between 230 #DdtR&0
optimum temperature befi@) R6CAR—-PDMS
from 240 td@Pethe optimum being 28TC; and
for CW—-DVB between 200 afd, 2608 optimum
being 260 The time of desorption was also
optimised, varying between 1 and 30 min for each
fiber, 15 min being the most appropriate value. These
values of temperature and desorption time for each
fiber were selected for subsequent studies.
The effect of ionic strength, of great importance in

SPME procedures, was tested using two electrolytes

(NaCl and, Ng SO ). The optimization was per-
formed with no pH adjustment. The NaCl and
>, Na SO contents ranged from 0% to saturated. Table
2 shows the effect of sodium chloride (NaCl) on the
extraction efficiency of the three fibers. It can be
seen that the optimum percentage of salt depends on

the type of fiber and the solute analysed. For the

CAR-PDMS fiber the optimum values ranged be-

tween 0 and 30% depending on the compound, and

no addition of salt was selected to achieve a faster
preparation of the samples. For the CW-DVB and
DVB-CAR-PDMS fibers, no addition of NaCl gave

Chromatographic responses, expressed as area counts, for the different analytgsgakt ®.4s a function of NaCl content for the fibers
CW-DVB, CAR-PDMS and DVB-CAR-PDMS. Chromatographic conditions are given in the Experimental section

Compound Area countX10°)

CwW-DVB CAR-PDMS DVB-CAR-PDMS

0 20% 30% Saturated 0 20% 30% Saturated 0 20% 30% Saturated
Lindane 5.44 4,99 5.08 5.14 2297 2474 20.42 18.79 17.29 19.16 15.94 16.65
Heptachlor 5.25 6.35 4,98 5.28 10.14  10.37 9.31 6.37 11.19 4.67 6.31 5.13
Aldrin 1291 10.61 11.74 11.60 8.91 8.51 8.58 5.41 21.66  18.99 20.93 16.35
Triadimefon 6.74 7.71 6.28 7.83 12.33  18.69 13.21 10.95 935 1259 11.50 8.59
2,4-DDE 6.98 6.03 6.35 6.50 8.67 9.49 11.77 8.50 5.96 2.26 2.30 1.89
a-Endosulfan 5.46 5.42 5.72 511 11.19  10.02 11.86 8.43 2245  20.39 17.03 11.24
4,4-DDE 9.59 7.85 8.53 8.58 5.44 6.10 6.22 5.42 2238 1835 17.22 13.21
Dieldrin 1228 1034 11.65 11.34 10.78 8.00 9.31 4.96 7.92 3.72 3.29 2.32
Endrin 14.05 13.84 15.00 14.00 10.17 7.55 7.63 7.33 16.69  11.45 8.83 6.37
B-Endosulfan 8.25 9.16 8.41 8.37 13.63 1441 12.17 5.32 14.03 15.04 12.85 9.76
2,4-DDT 8.36 7.65 8.30 8.28 5.78 4.93 5.94 5.03 431 1.53 2.57 1.22
4,4-DDT 9.75 8.89 9.16 9.54 5.88 3.77 5.11 3.67 7.72 2.75 5.00 2.31
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a higher extraction for the majority of solutes
analysed. The effect of sodium sulphate {(Na,SO )
on the extraction efficiency was also studied by
varying the salt percentage between 0% and satu-
rated solution, but no improvement in the extraction Cw-ovB
efficiency was obtained. The response of some
solutes in the triple coated fiber diminished drastical-
ly as the salt content of the solution increased. This
behaviour has been described previously [11], and
can be explained by the triple coating on this fiber
and the lower polarity of the coating, which makes a
high salt content unnecessary to increase the mass
transfer of the solutes. No salt addition was used in
subsequent studies. Although the influence of pH

0.8

Chromatographic response (V)

was studied by varying it with nitric acid or sodium 10 11 12 13 14 15 15 17 18 19 20 21 22
hydroxide, it was not necessary to make adjustments time (min)

in subsequent analyses because its influence on the

extraction efficiency was minimal. CAR-PDMS

Fig. 1 shows chromatograms of a mixture of the
selected pesticides spiked at Quf |~ in ground
water samples obtained using the optimum con-
ditions previously established. As can be seen, the
relative response depends on the type of fiber and
compound. In relative terms, the best results were
obtained using the CAR—PDMS fiber for most of the
compounds with the exception efendosulfan (6),
dieldrin (7) and B-endosulfan (10), which had a
higher response with the DVB-CAR-PDMS fiber.

Chromatographic response (V)

20 21 22
We can also see from Fig. 1 the selectivity of the time (min)
separation change as a function of the nature of the
fiber. Drastic changes were observed in the retention 184 CAR-DVB-PDMS
times of the different compounds, even though the < ]
reversal migration time of several of them depended qg")’ 141 1 9
of the fiber type, which can be very useful for & .. . 10
identification purposes when no sophisticated de- g 104 7
tection systems (i.e. mass detector) or columns of § ]
different polarity are available in the laboratory. g 061 4
§ o4l IMEIR
3.2. Analytical parameters 5 ..l 2
0.0 T T - T T . . . r . . —
The calibration graphs for all fibers were produced 11 12 13 14 15 16 17 18 19 20 21 22
from results obtained by injecting extracted standard time (min)

solutions in the range 1.0-1000 ng'l in pesticide- Fig. 1. Comparison between the different fibers in the extraction
free water samples. Blank samples were analysed toof a spiked sample with organochlorine compounds at theug.1
test the correct desorption of the analytes from the ! 'evel. Peaks: lindane (1), heptachlor (2), aldrin (3), tri-

. . . . adimefon (4), 2,4DDE (5), a-endosulfan (6), dieldrin (7), 44
fiber. Each point of the calibration graph corres- - (8), endrin (9), p-endosulfan (10), 2/4DDT (11) and

ponded to the mean value obtained from three 44.ppT (12). Chromatographics conditions are described in the
independent area measurements, and no statisticallyExperimental section.
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significant lack of fit was found. The corresponding «-gndosulfan) for the CW-DVB fiber, between
linear dynamic range, linear correlation coefficient, 0.8%efdosulfan) and 5.4% (24DDT) for the
repeatability, reproducibility and limit of detection CAR-PDMS fiber and between 2.0% (aldrin) and
for the three fibers are shown in Table 3. The limits 6.4% '(PBE) for the DVB—CAR-PDMS fiber.

of detection (LODs) were calculated from the signal- The inter-day results show that, for most of the
to-noise ratio of the individual peaks, assuming a compounds, the lowest RSDs were obtained using
minimum detectable signal-to-noise level of 3. These the CW-DVB fiber, with the exception of endrin,

LODs varied between 0.6 ng't (24DE) and a-endosulfan andg3-endosulfan, which show lower
10.2 ng ' (2,4-DDT) for the CW-DVB fiber, RSDs with the CAR-PDMS fiber. The precision
between 0.5 ng1* (aldrin) and 11.6 ng'l (24 obtained £10%) was better than those obtained
DDT) for the CAR—PDMS fiber and between 0.4 ng using manual SPME with PDMS fibe20%)
I~* (aldrin) and 7.4 ng T* (triadimefon) for the [46].

DVB-CAR-PDMS fiber, the lowest LOD values

being obtained in general terms with the triple 3.3. Application to real samples

coating fiber DVB—CAR—-PDMS. However, depend-

ing on the type of solute, each of the fibers tested The optimised SPME methods for each fiber were
provided LODs similar to, or lower than, typical applied successfully to the analysis of polluted
fibers with PDMS coating [4,39,41,43]. ground water samples. The levels of pesticides in the

In order to evaluate the repeatability and repro- samples were low. However, they could be quan-
ducibility, the optimised SPME methods were ap- tified with all fibers of different sensitivity depending
plied to solutions of 0.1ug |™* of each pesticide on the type of compound. Confirmation of the peaks
spiked in a ground water matrix five times each day was realised using a MS detector, comparing the
over five different days, and the results are shown in spectra of each compound with the standard and
Table 3. These results are acceptable and vary confirming the retention time for each fiber. Fig. 2
depending on the type of fiber and compound. It can shows the chromatogram and spectra of a polluted
be seen that the intra-day relative standard deviation sample extracted with the DVB—CAR—-PDMS fiber.
(RSD) varied between 0.7% (lindane) and 4.7% However, as stated above, the selectivity of sepa-
Table 3
Figures of merit for the SPME procedure
Compound CW-DVB CAR-PDMS DVB-CAR-PDMS

Linear rang& r® RYr ¢ Lob*® Linear range r R/t LOD Linear range  r R LOD
(g 1™ (g™ (g™

Lindane 1.0-1000 09960 07/20 10 1.1-500 09923 29/30 1Ll 0.5-200 09995 25/45 05
Heptachlor 4.1-500 0.9839 2.6/2.9 41 4.4-700 0.9997 1.3/45 4.4 1.2-900 0.9940 4.6/5.0 1.2
Aldrin 0.8-200 09903 22/38 08 0.5-500 09794 49/67 05 0.4-700 09999 20/7.1 04
Triadimefon ~ 7.6-1000 09884 12/36 7.6 7.6-1000 09772 14/116 76 7.4-1000 09743  43/189 74
2,4-DDE 0.6-1000 0.9989 3.7/48 0.6 1.0-1000 0.9951 3.9/5.6 1.0 1.4-1000 0.9972 6.4/75 14
a-Endosulfan  1.3-300 09999 47/57 13 0.8-1000 09994 0821 08 1.5-800 09894 30/51 15
Dieldrin 4.7-300 09941 36/48 47 0.9-300 09997 37/89 09 1.5-400 09946 33/66 15
4,4-DDE 1.6-700 0.9828 1.9/2.0 1.6 1.4-400 0.9784 1.3/2.6 14 1.2-600 0.9946 3.1/4.3 1.2
Endrin 6.2-500 09839 19/35 6.2 1.1-400 09919 30/31 11 0.6-800 09999 26/78 06
p-Endosulfan  8.9-600 09880 40/59 89 1.6-800 09995 18/20 16 0.8-1000 09999 31/32 08
2,4-DDT 10.2-800 0.9937 3.7/7.3 10.2 11.6-600 0.9979 5.4/10.1 116 2.8-900 0.9979 5.7/8.2 2.8
4,4-DDT 4.3-400 09988 20/28 43 1.4-700 09943 21/66 14 1.4-800 09881  43/7.6 14

?Linear dynamic range.

® Linear correlation coefficient.
° Repeatability (RSD, %).

“ Reproducibility (RSD, %).
®Limit of detection (ng T*).
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CAR-DVB-PMDS
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Fig. 2. Chromatogram of a polluted ground water sample and spectra of aldrin drdDE4extracted with the DVB—-CAR-PDMS fiber.



Table 4
Determination of organochlorine compounds in polluted ground water samples
Compound ~ S1 S2 S3 S4 S5 S6 S7
CW-  CAR- DVB-CAR CW- CAR- DVB-CAR CW- CAR- DVB-CAR CW- CAR- DVB-CAR CW- CAR- DVB-CAR CW- CAR- DVB-CAR CW- CAR- DVB-CAl
DVB PDMS -PDMS DVB PDMS -PDMS DVB PDMS -PDMS DVB PDMS -PDMS DVB PDMS -PDMS DVB PDMS -PDMS DVB PDMS -PDMS
Lindane 2.4 27 25 <LOD <LOD 1.3 29 23 29 <LOD <LOD <LOD 511 533 542 <LOD <LOD <LOD <LOD <LOD <LOD
Heptachlor <LOD® <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
Aldrin 183 186 182 <LOD <LOD <LOD 57 58 58 68 62 68 <LOD <LOD <LOD 15 11 11 31 34 35
Triadimefon <LOD <LOD <LOD 132 157 141 <LOD <LOD <LOD <LOD <LOD <LOD 614 616 603 <LOD <LOD <LOD <LOD <LOD <LOD
24-DDE  <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 102 97 108 <LOD <LOD <LOD <LOD <LOD <LOD
a-Endosulfan <LOD <LOD <LOD 187 183 193 <LOD <LOD <LOD <LOD <LOD <LOD 224 201 196 <LOD <LOD <LOD <LOD <LOD <LOD
Dieldrin <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
4,4-DDE 33 31 34 35 35 38 33 36 35 23 29 28 41 42 45 19 20 18 <LOD <LOD 1.8
Endrin <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
B-Endosulfan <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD
24-DDT  <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 121 125 <LOD <LOD <LOD <LOD <LOD <LOD
44-DDT  <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD <LOD 25 26 <LOD <LOD <LOD <LOD <LOD <LOD

#Number of samples (average of three analyses).
® Minor limit of detection.
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