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A comparative study is made of the application of liquid-liquid (LLE) and liquid-solid (LSE)
extraction techniques with a new sorbent with trifunctional bonding chemistry (tC18) for environ-
mental sampling and trace enrichment. The experimental conditions of the LLE and LSE methods
were evaluated for the determination of 22 organochlorine and 2 organophosphorus pesticides, 2
triazines, and 7 polychlorinated biphenyls (PCBs), which were analyzed by gas chromatography
with a capillary column and electron-capture detector (ECD). Mean recovery yields were found to
be higher with the LLE method, although LSE for most of the 33 analytes assayed surpassed 70%.
The detection limits for both techniques were lower than 5 ng L-1, except for the pesticides parathion
(7 ng L-1), methoxychlor (8 ng L-1), atrazine (35 ng L-1), and simazine (95 ng L-1). The absolute
standard deviations and the variation coefficients of both techniques were slightly higher in LSE
and ranged from 0.5 to 2.6 ng L-1 and 7 to 24%, respectively. The method was applied to the analysis
of raw and finished drinking water from four towns with different water sources and qualities.

Keywords: Liquid-solid extraction; GC/ECD of pesticides in water; pesticide enrichment; tC18
cartridges

INTRODUCTION

The determination of organic micropollutants in water
samples is often performed by application of the gas
chromatography technique (GC). However, only in
certain determinations is it possible to inject the aque-
ous sample directly into the column (Gurka et al., 1992).
Generally, organic analytes are isolated and, sometimes,
preconcentrated prior to injection into the chromato-
graph (Namiesnik et al., 1990).
Many applications of the following general methods

for the extraction of organic compounds from water can
be found in literature: liquid-liquid extraction using
either n-pentane (Oliver and Dothen, 1980; Stachel et
al., 1981; Garcı́a et al., 1992), methylene chloride
(Goldberg and Weiner, 1980; Peters, 1982; López-Avila
et al., 1990; Gregory et al., 1991; Kenneth et al., 1992),
n-hexane (Melcher and Morabito, 1990; Potter et al.,
1991), or ethyl acetate (Ballesteros et al., 1990; Kim et
al., 1991); gas extraction for volatile organic compounds
using either the head-space (Croll et al., 1986; Freiria-
Gándara et al., 1990) or the purge-and-trap techniques
(Caron and Kramer, 1989; Tomkins et al., 1989; Lépine
and Archambault, 1992; Philippaerts et al., 1992; Lin
and Falkenberg, 1993); the new hollow fiber membrane
technique (LaPack and Tou, 1991; Pratt and Pawliszyn,
1992; Yang and Pawliszyn, 1993); and liquid-solid
extraction, generally using cartridges containing pre-
packed reverse-phase octadecyl (C18)-bonded silica ma-
terials, either only for organochlorine pesticides (López-
Avila et al., 1989; Bruce et al., 1992; Guan, 1992; Tan,
1992) and polychlorinated biphenyl compounds (Moltó
et al., 1992) or for several groups of pesticides together
(the former and organophosphorus, phthalates, and
triazines) (Johnson et al., 1991; Donald et al., 1990;
López-Avila and Milanes, 1991; Huang, 1989; Matthew
et al., 1989; Nash, 1990; Warren et al., 1991), as well
as for other groups of micropollutants (polycyclic aro-
matic hydrocarbons and phenols).

Finally, two official methods were established several
years ago: the liquid-liquid extraction recommended
by APHA-AWWA-WPCF (1989) and the liquid-solid
extraction EPA method 525, Revision 2.1 (1988).
The present work reports on a comparative study of

the application of LLE and LSE procedures to the
determination of 33 analytes (organochlorine and orga-
nophosphorus pesticides, triazines, and PCBs) in surface
raw and finished drinking waters. These 33 compounds
have been selected as a group commonly searched and
found in these samples, usually in very low levels and
for which the ECD method reaches lower detection
limits as compared to that using MS quantitation.
The aim of this paper was to assess the validity of a

new sorbent, slightly different from the C18, with
trifunctional bonding chemistry (tC18), and a smaller
particle size, however, with similar pore size. This
sorbent, according to the manufacturer’s specifications,
can be submitted to prolonged exposures of acidic
solutions without the risk of releasing the C18 functional
group; this might be particularly interesting when there
is a need to process large volumes of water for measur-
ing parts per trillion levels of contaminants and/or when
the extracts are due to be kept for a certain time before
eluting them.
As indicated above, many studies have been per-

formed for the C18 cartridges; however, nothing has been
found in the literature about the tC18.

EXPERIMENTAL PROCEDURES

Apparatus. A Zymark Turbovap concentrator was used
for concentrating the sample extracts.
The gas chromatograph used was a Hewlett-Packard 5890

Series II fitted with a 63Ni ECD and connected to a Hewlett-
Packard 3395 integrator for peak-area determination. A 5 µL
manual glass syringe was used to inject 1 µL samples into a
PAS-5 fused-silica capillary column (25 m × 0.32 mm inside
diameter, 0.52 µm film thickness). The confirmation column
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was a PAS-1701 fused-silica capillay column (25 m × 0.32 mm
inside diameter, 0.25 µm film thickness). The gas chromato-
graphic conditions were as follows: N-55 flow rate, 1 mLmin-1;
“make-up” N-55 flow rate, 60 mL min-1; detector temperature,
300 °C; injector temperature, 250 °C; oven program temper-
ature, 80 °C for 1 min, increased at 8 °C min-1 to 190 °C, held
for 2 min, then increased at 0.8 °C min-1 to 210 °C, held for 1
min, then increased at 0.6 °C min-1 to 230 °C, and held for 10
min; and sample size, 1 µL (splitless).
Liquid-solid extraction was performed with a Sep-pak

cartridge, with trifunctional bonding chemistry tC18 (1000 mg
of C18-bonded porous silica), obtained from Waters.
A Gilson Minipuls 3 peristaltic pump was used to assist in

passing the water samples.
Reagents. The use of high-purity reagents and solvents

helped to minimize interference problems. The solvents used,
methylene chloride, n-hexane, and isooctane, were obtained
from Carlo Erba and were of RS grade for the analysis of
pesticide residues.
Anhydrous sodium sulfate, sodium thiosulfate, and hydro-

chloric acid were of RPE grade and were supplied by Carlo
Erba.
Ultra High Quality water from Elgastat was used as reagent

water.
Standard solutions of organochlorine pesticides and poly-

chlorinated biphenyl compounds were from the laboratory of
Dr. Ehrenstorfer, supplied by Delta Cientı́fica at a concentra-
tion of 10 mg L-1 in isooctane. Atrazine, simazine, parathion,
and methyl-parathion were more than 97% pure and were
supplied by Riedel-de-Häen. Working solutions used for
qualitative and quantitative analyses were prepared by suit-
able dilution of standards with isooctane.
Procedure. Water samples were collected in 2500 mL

amber glass bottles, previously washed with Mucasol (Merz
+ Co) and rinsed with methylene chloride. Raw water samples
were filtered through glass wool, and 75 mg L-1 Na2S2O3 was
added to the treated water samples as a dechlorinating agent.
Raw and treated water samples were acidified to pH 2 with
HCl before the extraction procedure.
Liquid-Liquid Extraction. It was performed according to

the method recommended by APHA-AWWA-WPCF (1989).
All glassware in this procedure was washed with the

extraction solvent.
A sample of 1000 mL was extracted successively with 3

volumes of 60 mL of a solution containing 15% hexane in
methylene chloride. The extract was collected, passed through
anhydrous Na2SO4, and concentrated in the Turbovap con-
centrator to 0.5 mL.

Liquid-Solid Extraction. Sep-pak tC18 cartridges were
preactivated with methylene chloride, methanol, and reagent
water at pH 2. The sample, 1000 mL, was passed with the
help of a peristaltic pump at a flow rate of 6-8 mL min-1.
Analytes were then eluted with 15 mL of methylene chloride,
and the extract was passed through anhydrous Na2SO4 and
concentrated to 0.5 mL with the Turbovap concentrator.
Extraction efficiency in LLE and LSE was calculated by

comparison of the areas of the analyte peaks in the chromato-
gram of the extract with those in the chromatogram of a
standard solution.

Figure 1. (I) Gas chromatograph of methylene chloride. (II) Gas chromatograph of 33 pesticide standards at 25 µg L-1 each,
except methyl-parathion, parathion (50 µg L-1), atrazine (250 µg L-1), and simazine (600 µg L-1): (1) R-HCH, (2) HCB, (3) simazine,
(4) atrazine, (5) â-HCH, (6) γ-HCH, (7) PCB 28, (8) methyl-parathion, (9) heptachlor, (10) R-chlordene, (11) PCB 52, (12) aldrin,
(13) parathion, (14) cis-heptachlor epoxide, (15) trans-heptachlor epoxide, (16) γ-chlordane, (17) o,p′-DDE, (18) PCB 101, (19)
R-endosulfan, (20) R-chlordane, (21) trans-nonachlor, (22) p,p′-DDE, (23) dieldrin, (24) o,p′-DDD, (25) endrin, (26) â-endosulfan,
(27) PCB 118, (28) p,p′-DDD, (29) o,p′-DDT, (30) PCB 153, (31) p,p′-DDT, (32) PCB 138, (33) methoxychlor, and (34) PCB 180.

Table 1. Recovery of Pesticide Standards in Reagent
Water

compound LLE (%) LSE (%)

HCB 108 ( 8a 90 ( 7
R-HCH 104 ( 12 91 ( 11
â-HCH 95 ( 13 73 ( 8
γ-HCH 101 ( 8 94 ( 12
heptachlor 106 ( 15 86 ( 11
R-chlordene 116 ( 11 83 ( 10
aldrin 98 ( 12 85 ( 11
cis-heptachlor epoxide 95 ( 6 78 ( 8
γ-chlordane 97 ( 21 83 ( 14
o,p′-DDE 92 ( 5 84 ( 9
R-endosulfan 94 ( 10 76 ( 8
R-chlordane 96 ( 8 86 ( 16
trans-nonachlor 92 ( 10 84 ( 12
p,p′-DDE 95 ( 14 82 ( 13
dieldrin 92 ( 9 84 ( 10
o,p′-DDD 94 ( 11 75 ( 8
endrin 96 ( 14 80 ( 14
â-endosulfan 93 ( 16 75 ( 9
p,p′-DDD 89 ( 7 74 ( 11
o,p′-DDT 88 ( 11 77 ( 10
p,p′-DDT 114 ( 19 82 ( 12
methoxychlor 111 ( 15 67 ( 8
methyl-parathion 105 ( 14 78 ( 11
parathion 96 ( 10 83 ( 15
atrazine 91 ( 9 79 ( 8
simazine 85 ( 14 81 ( 10
PCB 28 92 ( 8 87 ( 18
PCB 52 94 ( 14 83 ( 11
PCB 101 91 ( 13 76 ( 8
PCB 118 104 ( 11 73 ( 9
PCB 153 93 ( 8 74 ( 14
PCB 138 98 ( 15 78 ( 10
PCB 180 87 ( 10 69 ( 12

a n ) 3. Mean recovery ( SD (%).
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Quantification. Analyte concentrations were determined by
the addition to samples of trans-heptachlor epoxide as internal
standard before LLE or LSE at a concentration at which the

height of the peak was similar to that of the analytes present
in the samples.
To 4 volumes of 1 L of reagent water were added amounts

of a concentrated multicompound solution of the 33 analytes
to be investigated so as to reach concentrations of 6.25, 12.5,
25.0, and 50.0 ng L-1, with the exception of the compounds
methoxychlor, methyl-parathion, and parathion (12.5, 25.0,
50.0, and 100.0 ng L-1), atrazine (62.5, 125.0, 250.0, and 500.0
ng L-1), and simazine (150.0, 300.0, 600.0, and 1200.0 ng L-1).
Each of these four volumes was added to 25.0 ng L-1 internal
standard. To these solutions was applied the above-indicated
LLE technique.
The same procedure was performed for the LSE technique

to be tested.
One microliter of each extract was injected in the chromato-

graph in order to build up the calibration curves for each
extraction technique.
For control of the results, periodic calibration graphs were

obtained of the compounds identified in the samples within
the working concentration range.

RESULTS AND DISCUSSION

The gas chromatogram of a mixture of 33 pesticide
standards is shown in Figure 1. All 33 compounds could
be resolved and eluted in a reasonable time by employ-
ing the GC conditions stipulated above. Also shown is
the gas chromatogram of the solvent, methylene chlo-
ride, concentrated to the same level as that used in the
sample analysis; it may be seen that no response to the
ECD is remarkable during the time of elution of the
analytes.
Extraction Efficiency. Liquid-Liquid Extraction.

Extraction efficiency was determined by the addition to
1000 mL of reagent water, acidified to pH 2 with HCl,
of the 33 analytes at three different concentrations, 12.5,
25.0, and 50.0 ng L-1, with the exception of the
compounds methoxychlor, methyl-parathion, and par-

Table 2. Detection Limits of Pesticide Analyzed

detection limits (ng L-1)

compound LLE LSE

HCB 1.6 2.6
R-HCH 2.5 2.3
â-HCH 3.2 4.4
γ-HCH 2.1 2.3
heptachlor 3.6 3.2
R-chlordene 2.4 3.4
aldrin 3.0 3.6
cis-heptachlor epoxide 2.8 4.4
γ-chlordane 3.1 2.1
o,p′-DDE 1.8 3.1
R-endosulfan 2.5 2.8
R-chlordane 1.8 3.2
trans-nonachlor 2.5 2.0
p,p′-DDE 3.2 3.4
dieldrin 1.9 2.6
o,p′-DDD 2.6 4.1
endrin 3.6 4.5
â-endosulfan 3.5 4.2
p,p′-DDD 3.1 3.8
o,p′-DDT 4.1 5.3
p,p′-DDT 4.4 3.9
methoxychlor 7.7 9.2
methyl-parathion 5.1 6.6
parathion 6.5 7.3
atrazine 33.2 36.0
simazine 104.1 89.0
PCB 28 2.8 3.3
PCB 52 2.4 2.9
PCB 101 2.6 2.8
PCB 118 2.8 4.1
PCB 153 2.5 3.6
PCB 138 2.3 3.8
PCB 180 3.5 4.7

Table 3. Recovery of Pesticide Standards Added to Raw Water Using Liquid-Liquid Extraction

compound added (ng L-1) present (ng L-1) found (ng L-1) recoverya (%) mean recoveryb (%)

HCB 12.0 - 11.6 97 102 ( 13
R-HCH 12.0 5.1 16.3 95 98 ( 8
â-HCH 12.0 - 10.2 85 92 ( 11
γ-HCH 12.0 4.5 16.8 102 105 ( 12
heptachlor 12.0 - 14.0 117 111 ( 18
R-chlordene 12.0 6.2 18.4 101 94 ( 10
aldrin 12.0 - 10.6 88 87 ( 11
cis-heptachlor epoxide 12.0 - 10.7 89 92 ( 9
γ-chlordane 12.0 7.8 19.0 96 90 ( 12
o,p′-DDE 12.0 - 10.3 86 92 ( 9
R-endosulfan 12.0 - 10.6 88 94 ( 12
R-chlordane 12.0 - 11.9 99 97 ( 7
trans-nonachlor 12.0 - 11.4 95 94 ( 12
p,p′-DDE 12.0 5.8 16.0 90 94 ( 10
dieldrin 12.0 - 11.0 92 95 ( 11
o,p′-DDD 12.0 - 11.3 94 89 ( 13
endrin 12.0 - 10.2 85 90 ( 9
â-endosulfan 12.0 - 11.5 96 94 ( 15
p,p′-DDD 12.0 - 9.9 83 86 ( 14
o,p′-DDT 12.0 - 10.4 87 91 ( 16
p,p′-DDT 12.0 - 14.3 119 108 ( 21
methoxychlor 25.0 - 22.7 91 87 ( 10
methyl-parathion 25.0 - 22.0 88 92 ( 10
parathion 25.0 - 22.8 91 86 ( 14
atrazine 125.0 51 167.0 95 92 ( 11
simazine 300.0 - 273.0 91 94 ( 10
PCB 28 12.0 - 11.0 92 96 ( 9
PCB 52 12.0 - 10.3 86 93 ( 12
PCB 101 12.0 - 9.6 80 91 ( 13
PCB 118 12.0 - 11.3 94 92 ( 9
PCB 153 12.0 - 10.9 91 94 ( 10
PCB 138 12.0 - 11.0 92 86 ( 11
PCB 180 12.0 - 10.1 84 88 ( 13
a Recovery of intermediate concentration level. b Mean recovery (%) ( SD of the three concentration levels of added pesticides.
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athion (25.0, 50.0, and 100.0 ng L-1), atrazine (125.0,
250.0, and 500.0 ng L-1), and simazine (300.0, 600.0,
and 1200.0 ng L-1). The extraction solvent was 15%
hexane in methylene chloride, and the successive ex-
tractions were made with a volume of 60 mL of solvent
for each. Shaking time was 120 s and standing time
10 min. The extract, 180 mL, was passed through
anhydrous Na2SO4 and concentrated to 0.5 mL in the
Turbovap concentrator. The extraction process was
repeated three times for each of the three concentration
levels.
Table 1 shows the results obtained on the efficiency

of extraction of the 33 compounds analyzed for the
intermediate concentration level. The results obtained
for the lower and upper limits of each compound studied
do not differ significantly from those observed for the
intermediate level.
Mean recovery yields were above 80%, and standard

deviations ranged from 5 to 21%, which are acceptable
values to obtain reproducible results in quantitative
analysis.
Liquid-Solid Extraction. Extraction efficiency with

the liquid-solid method was determined by passing
through conditioned Sep-pak tC18 cartridges 1000 mL
of reagent water, to pH 2, containing the 33 analytes
at the same concentration levels as those used in LLE.
The analytes were eluted with 15 mL of methylene
chloride and the extracts concentrated to 0.5 mL with
the Turbovap concentrator. The extraction process was
repeated three times for each of the concentration levels.
The results obtained regarding the extraction ef-

ficiency of the 33 analytes for the intermediate concen-
tration level are shown in Table 1. The results obtained
for the other two levels do not differ significantly from
those obtained for the intermediate concentration level.

The mean recovery yields by LSE are lower than those
obtained with the LLE method, although the standard
deviations (between 7 and 18%) are similar to those
obtained with the LLE method.
The mean yields of the LSE method are above 70%

with the exception of the pesticides methoxychlor and
PCB 180, for which yield was about 60%. Accordingly,
these are also acceptable values for obtaining reproduc-
ible results in application to quantitative analysis.
Performance Characteristics of the Method De-

veloped. Detection Limit. In order to determine the
detection limits (DL) of the 33 analytes studied, the LLE
and the SPE methods were applied to reagent solutions
whose concentration in each of the analytes was from 2
to 5 times the estimated DL. Seven determinations
were performed, and the DL values were calculated
according to the expression of Glaser et al. (1981):

where 3.707 is the Student’s t for 6 degrees of freedom
and 99% probability and Sc is the standard deviation
of the seven determinations.
The values obtained are shown in Table 2. For the

same analyte, no significant differences are seen be-
tween the DL calculated by the LLE and the LSE
methods. With respect to the individual values, the DL
values for the LSE technique are below 5.3 ng L-1,
except for the pesticides parathion (7.3 ng L-1), meth-
oxychlor (9.2 ng L-1), atrazine (36.0 ng L-1), and
simazine (89.0 ng L-1).
Precision. The LLE and the LSE methods were

applied to five synthetic samples prepared in an identi-
cal way and containing 10.0 ng L-1 of each pesticide
with the exception of methoxychlor, methyl-parathion,

Table 4. Recovery of Pesticide Standards Added to Raw Water Using Liquid-Solid Extraction

compound added (ng L-1) present (ng L-1) found (ng L-1) recoverya (%) mean recoveryb (%)

HCB 12.0 - 9.8 82 87 ( 10
R-HCH 12.0 5.2 14.8 86 94 ( 12
â-HCH 12.0 - 8.5 71 78 ( 13
γ-HCH 12.0 3.6 14.4 92 96 ( 15
heptachlor 12.0 - 10.4 87 84 ( 11
R-chlordene 12.0 5.4 14.1 81 85 ( 9
aldrin 12.0 - 9.1 76 82 ( 15
cis-heptachlor epoxide 12.0 - 9.5 79 76 ( 12
γ-chlordane 12.0 7.0 15.4 81 83 ( 13
o,p′-DDE 12.0 - 8.9 74 80 ( 12
R-endosulfan 12.0 - 9.8 82 78 ( 10
R-chlordane 12.0 - 9.4 78 81 ( 11
trans-nonachlor 12.0 - 9.1 76 83 ( 17
p,p′-DDE 12.0 5.1 14.4 84 80 ( 10
dieldrin 12.0 - 10.6 88 84 ( 22
o,p′-DDD 12.0 - 9.8 82 76 ( 8
endrin 12.0 - 9.6 80 77 ( 12
â-endosulfan 12.0 - 9.2 77 73 ( 10
p,p′-DDD 12.0 - 8.2 68 76 ( 9
o,p′-DDT 12.0 - 8.5 71 72 ( 12
p,p′-DDT 12.0 - 9.3 78 83 ( 17
methoxychlor 25.0 - 16.1 64 68 ( 8
methyl-parathion 25.0 - 20.3 81 84 ( 15
parathion 25.0 - 19.1 76 73 ( 11
atrazine 125.0 59.0 158.0 86 89 ( 13
simazine 300.0 - 249.0 83 78 ( 11
PCB 28 12.0 - 9.1 76 84 ( 12
PCB 52 12.0 - 9.7 81 76 ( 14
PCB 101 12.0 - 9.0 75 82 ( 11
PCB 118 12.0 - 8.6 72 77 ( 13
PCB 153 12.0 - 9.1 76 72 ( 10
PCB 138 12.0 - 8.6 72 75 ( 8
PCB 180 12.0 - 8.0 67 73 ( 11
a Recovery of intermediate concentration level. b Mean recovery (%) ( SD of the three concentration levels of added pesticides.

DL ) 3.707Sc
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and parathion (20.0 ng L-1 of each), atrazine (100.0 ng
L-1), simazine (240.0 ng L-1), and, as internal standard,
trans-heptachlor epoxide (25.0 ng L-1). The standard
deviations and variation coefficients (VC) are slightly
higher with the SPE technique and range from 0.5 to
1.6 ng L-1 and from 7 to 24%, respectively; these values
are acceptable according to the VC criterion predicted
by Horwitz (1982).
Recovery. Recovery was studied by applying the LLE

and the LSE techniques to surface raw water used by
the city of Salamanca (Spain) for later purification for
drinking purposes. Six samples were filtered through
glass wool and acidified with HCl to pH 2, and the 33
analytes were added to each sample. LLE was applied
to three samples and LSE to the other three. Tables 3
and 4 show the results obtained in recovery of the 33
analytes for the intermediate concentration level and
the mean recovery values for the three concentration
levels.
Recovery yields by LLE and LSE for the intermediate

concentration level and the mean yields for the three
concentration levels did not differ significantly from
those obtained when both techniques were applied in
reagent water. The mean recovery yields with LLE
surpassed 80%, and the standard deviations ranged
from 7 to 21%. The mean recovery yields with LSE
surpassed 70% except for the pesticide methoxychlor
(68%), and the standard deviations ranged from 8 to
22%.
Application of the Method. The LLE and the LSE

methods were applied to the determination of spiked
(26 pesticides and 7 PCBs) and nonspiked natural water
samples. Both raw and finished drinking waters from
four selected towns with different mineralization (con-
ductivity) and organic matter (DQO) values (see Table
5) were assayed. With the exception of methoxychlor,
methyl-parathion, and parathion (12.0 ng L-1), atrazine
(62.0 ng L-1), and simazine (150.0 ng L-1), 6.0 ng L-1

of each analyte was spiked to eight water samples (both
raw and finished waters from four towns). The results
showed no significant influence for the efficiency of the
LLE and LSE methods regarding the different nature
of the waters assayed.
From the results obtained in duplicate analysis of the

nonspiked raw water (Table 5), it may be deduced that
of the 33 analytes studied only 11 were found: R-HCH,
γ-HCH, R-chlordene, and γ-chlordane in all four samples;
atrazine in three; heptachlor and PCB 28 in two; and
HCB, R-endosulfan, p,p′-DDE, and dieldrin in one
sample.

In the nonspiked finished water samples, only four
pesticides were found: γ-HCH in three samples and
R-HCH, R-chlordene, and γ-chlordane in one sample.
The levels were found to be close to the DL of the
method.
The levels found when both LLE and LSE methods

were applied do not differ to a significant extent.
In the samples studied, the number of analytes found

and their concentrations are directly related to the
values of mineralization and organic matter content of
the raw water samples. However, the concentration
levels of the pesticides are lower than the limits recom-
mended by the report Revision of the WHO guidelines
for drinking water quality (1992).
Conclusion. This study reveals that the new sorbent

tC18 tested for LSE as well as the use of the ECD for
GC quantitation lowers the DL for the analytes studied
as compared to those of the EPA Method 525, Revision
2.1 (1988). The results obtained with this proposed LSE
method do not differ significantly from those obtained
with the LLE method. In addition, it is suitable for
automation and employs much lower amounts of usually
toxic organic solvents.
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