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The applicability of headspace liquid-phase microextraction and
gas chromatography is evaluated for the expeditious and reliable
screening of tap and drinking water samples for selected volatile
organic compounds (viz., benzene, toluene, ethylbenzene, and
xylene isomers, BTEX). The method uses 3.5 pL of n-hexadecane as
extraction solvent, 10 min extraction time with stirring at 1250
rpm, at 20°C and 0.38 g/mL salt addition. The enrichment factors
of this method are from 135 to 213. Limits of detection are in the
range of 4.1-23.5 ng/L. The relative standard deviations at 0.05,
50, 200, and 400 pg/L of spiking levels are in the range of
0.61%-4.01%. Recoveries of six BTEX from drinking water at these
spiking levels are between 95.4% and 104.4%.

Introduction

Aromatic hydrocarbons are ubiquitous environmental con-
taminants arising from a variety of sources, including fossil fuel
combustion, oil spills, and some industrial processes (1).
Benzene, toluene, ethylbenzene, m-, p-, and o-xylene (BTEX) are
important industrial chemicals, the contamination sources of
which in water include the massive use of petroleum and its
derivatives, and that of solvents. The BTEX content in a standard
gasoline blend is approximately 18% (w/w); benzene, which is
the most toxic compound in BTEX, accounts for 11% of the total
BTEX fraction in gasoline (26% toluene, 11% ethylbenzene, and
52% total xylenes) (2). The US Environmental Protection Agency
has included BTEX compounds on the list of National Primary
Drinking Water Standards (3) and established a maximum con-
taminant level (MCL) of 5.0 pg/L for benzene and values over the
range 0.7-10.0 mg/L for the other BTEX (4). Also, the European
Union has included benzene in the list of 33 priority pollutants
in waters (5,6), and established an MCL of 1.0 pg/L for benzene
in drinking water (7).

Sensitive, accurate analytical methods have been developed to
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detect volatile organic compound concentrations below the
maximum permitted levels. Techniques such as purge-and-trap
(8,9), membrane extraction (10), stir bar sorptive extraction (11),
and solid-phase microextraction (SPME) (12) are excellent ana-
Iytical techniques that are successfully employed to achieve this
goal; however, they each require a specialized apparatus with
some type of solid or polymeric sorbent to collect the analyte
(13). For example, the main drawbacks of SPME are that its
fibers are expensive and have a limited lifetime, as they tend to
degrade with increased usage. The partial loss of stationary phase
results in peaks that may co-elute with the target analytes, thus
affecting precision (14). In addition, when SPME is coupled to
gas chromatography (GC), sample carry-over between runs has
been reported for some analytes and is hard to be eliminated
even at elevated temperatures (15,16).

A recent advance in organic compound analysis is the use of
liquid-phase microextraction (LPME). In this technique, devel-
oped by Cantwell and co-workers (17), the analytes are dis-
tributed between the bulk aqueous phase and a microdrop of
organic solvent, suspended directly at the tip of a microsyringe
needle that is either immersed or placed in the headspace (HS)
of a stirred aqueous sample solution. After a certain time, when
sufficient amounts of analytes are transferred into the organic
extractor, the microdrop is retracted into the microsyringe, and
subsequently part or all of the organic solvent is injected into the
chromatographic system (18). An important additional feature of
LPME is the integration of extraction and injection in a microsy-
ringe, making it possible to employ this miniaturized medium
for extraction and an injection device for the GC (19-22). It is
fast, inexpensive, and, due to the need for small volumes of sol-
vent, there is minimal exposure to toxic organic solvents.
Moreover, because of a wide choice of polar extraction solvents,
headspace LPME seems to be even a more attractive technique.
In this technique, which has gained increasing attention
(23-25), the extracting solvents need not even be water immis-
cible, as in direct LPME from aqueous solutions (26). A variety of
LPME methods, including static and dynamic HS (27), inside
needle capillary adsorption trap (28), and automated HS-LPME
(29) have been reported for the preconcentration of BTEX from
different samples. Theis et al. (13) studied the kinetic (mass
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transfer) phenomena in HSME. They used 1-octanol as a solvent
and BTEX as model compounds. They proved that mass transfer
either in aqueous phase or a microdrop could be the rate deter-
mination step for the process. However, the authors reported
neither the optimization of the experimental procedure for
BTEX extraction, nor any real sample analyses. Mohammadi and
Alizadeh (30) investigated the applicability of dynamic HS
organic solvent film microextraction to the determination of
BTEX in aqueous matrices. They studied the effect of several fac-
tors on the method performance; however, a relatively sophisti-
cated computer driven laboratory-made stirring motor was used
to repetitively pull and push the plunger within the glass barrel
of the microsyringe.

The main purpose of the present study is to re-evaluate the
HS-LPME-GC method for the determination of BTEX in water
samples, and to investigate the feasibility and limitations of this
technique. The method is inexpensive, precise, and applicable to
the determination of trace levels of BTEX (ng/mL).

Experimental

Chemicals

Methanol, 1-octanol, mesitylene, n-decane, undecane, n-dode-
cane, cyclohexane (Merck, Darmstadt, Germany), benzyl alcohol,
benzene, toluene, ethylbenzene, xylene isomers (Fluka, Buchs,
Switzerland), and n-hexadecane (Aldrich, Milwaukee, WI) were
all of reagent grade and used as received. Sodium chloride
(Merck) was of the highest purity available and used without any
further purification.

Apparatus
Chromatographic analysis

Analysis of BTEX was performed on a Thermo Onix GC (New
York, NY), model PyeUnicam Pro*, equipped with a flame ioniza-
tion detector (FID). The GC was fitted with a Petrocol capillary
column (50 m x 0.20 mm i.d., 0.25 pm phase thickness) from
Supelco (Milwaukee, WI). The following temperature program
was employed: 45°C for 4.5 min; 30°C/min to 80°C, held for 5
min; then 60°C/min to 15°C, held for 3.5 min; finally, 100°C/min
to 250°C, held for 13 min. The injector temperature was 250°C,
and all injections were made in the splitless mode. The detector
temperature was set at 300°C. Helium (99.999%, Sabalan Gas
Co., Tehran, Iran) was used as carrier gas with a constant flow of
1.2 mL/min.

HS-LPME

The HS-LPME device is illustrated in one of our previous
works (26). HS-LPME was carried out in conventional 11-mL
sample vials with screw tops/silicone septa (Chromacol,
Trumbull, CT). A conventional 10-uL microsyringe (Hamilton,
Texas) designed for GC was adopted. The absence of air bubbles
was ensured by washing the syringe several times with organic
solvent. The precision of the method was improved by posi-
tioning the needle in an aqueous sample at a fixed length with
stands and clamps. After each extraction, the syringe was washed
several times with extractant containing internal standard.
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The extraction consisted of the following steps: (/) One micro-
liter of organic solvent was withdrawn into the microsyringe. (i)
The microsyringe needle was passed through the HS sample vial
septum and the needle was kept suspended over the liquid
sample. (if) The plunger was pressed so that the extracting
organic phase was suspended very close to the surface of the
sample, and held for 10 min. () After extraction, the plunger
was withdrawn and the microdrop was retracted into the
microsyringe. The syringe was then removed from the top of the
sample vial. Finally, the syringe needle was removed from the
vial and the BTEX-enriched organic solvent was injected into the
GC for analysis. The same process was repeated at least 3 times.
During extraction, the samples were stirred using a MR Hei-Tec
stirrer purchased from Heidolph (Kelheim, Germany) with a
Teflon-coated magnetic stir bar.

Standard and spiking solutions

Stock standard solutions (5000 mg/L) were separately pre-
pared in methyl alcohol by accurately transferring the proper
amount of the analyte into 10-mL volumetric flasks and diluting
to volume. Intermediate mix standard solutions were prepared
by diluting the stock standard solutions in methanol. Stock and
intermediate standard solutions of the internal standard, methyl
cyclohexane, were prepared in the same way as when extracting
solvents. The final concentration of internal standard was kept at
0.2%. Water samples were spiked at a concentration of 10-500
pg/L with standard solutions of analytes and were used for the
extraction experiments. To avoid the loss of analytes, stock and
intermediate solutions were stored in a refrigerator. Working
solutions were prepared freshly every day by sequentially
diluting the intermediate solutions.

Results and Discussion

Selection of the extracting solvent

Organic liquids for LPME should be of appropriate solvent
volatility, selectivity, and viscosity. The former criterion is impor-
tant in order not to lose the organic phase during extraction,
while the other criteria are important in order to obtain high
extraction recoveries. Based on these considerations, and with
focus on “green” organic liquids, it was decided to test several
solvents differing in polarity and water solubility, screened on
the basis of the principle of “like dissolves like”. The final choice
of solvent was based on extraction efficiency, rate of drop evapo-
ration, and excellent gas chromatographic behavior. Solvent
selection was performed by extraction of the spiked water sample
(5.0 mL at 1 mg/L) with the organic solvent drop (1 pL). Two
series of experiments were performed. In the first experiment,
de-ionized water was spiked with the desired analytes and
extracted with single solvents, such as 1-octanol, benzyl alcohol,
mesitylene, n-decane, undecane, n-dodecane, and n-hexadecane.
In the second set, extraction was done with 3 different mixtures
of the undecane and n-dodecane solvents (which were shown
to have better extracting capability after n-hexadecane) in ratios
of 2:1, 1:1, and 1:2 v/v. Spiked water samples were extracted
at room temperature (25°C) for 10 min with stirring at 400 rpm.
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Averages of the ratios of the peak areas of the analytes versus the
internal standard for each solvent system are shown in Figure 1.
As is evident from the figure, higher extraction efficiencies were
achieved with n-hexadecane. On the basis of this, C;gHjg
was chosen as the extracting solvent in further experiments.
It should be noted that 1-octanol and mesitylene have some
overlaps with the analytes’ peaks, and hence their results are not
included in the figure.
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Figure 1. Extraction efficiency of organic solvents: single solvents (A) and
three different mixtures of undecane and n-dodecane (B).

Optimization of agitation

Agitation of the sample reduces time to reach thermodynamic
equilibrium and increases extraction efficiencies. To evaluate the
effect of sample stirring, water samples (spiked at 1 mg/L with
analytes) were extracted in triplicate with C;gHzg at 10 min time
intervals with varying stirring rates (up to 1250 rpm). Stirring
rates above 1250 rpm were not evaluated because they destabi-
lized the drop. The typical results are shown in Figure 2. At 1250
rpm, a maximum amount of analyte was extracted with the
fastest attainment of equilibrium. This stirring rate, therefore,
was fixed for further microextractions.

Effect of temperature

It was reported that a higher temperature allowed an increase
in the extraction efficiency (16); however, for volatile analytes, the
extraction temperature has a double impact on HS-LPME. At a
higher temperature, the diffusion coefficients in both sample and
HS are higher and the extraction time may be shorter, but the
partition coefficients for the analytes between the organic solvent
and gaseous phase are lower (31). The temperature of the sample
influences the evaporation of BTEX into the HS. It was expected
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Figure 3. Extraction efficiencies obtained at various extraction temperatures.
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Figure 2. The effect of the rate of stirring on BTEX extraction.
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Figure 4. Effect of extraction time on the extraction of BTEX.
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that an increase in sample temperature would result in improved
extraction efficiency, because of the increased evaporation of the
analyte and the analyte concentration in the HS. The effect of
sample temperature on the extraction efficiency was studied by
exposing an n-hexadecane-extracting drop for 10 min in the HS
while changing the sample temperature from 10°C to 40°C.
Figure 3 shows that the amounts of the analytes extracted into
the n-hexadecane drop, and sensitivity of the method increases
with an increase in the temperature up to 20°C. This can be
explained by the fact that at higher temperatures, the vapor pres-
sure of the analytes and their concentrations in HS increase.
Above the temperature mentioned, the amount of the analytes
extracted decreases, probably because the partition coefficients to
the extraction phase decrease. Hence, the optimum sampling
temperature for a fixed extraction time of 10 min was 20°C.

Extraction time

LPME is a process dependent on equilibrium rather than
exhaustive extraction. In most LPME applications, the efficiency
of extraction increased with the extraction time. The extraction
of the seven analytes into the organic drop was carried out at 2,
4,6,8,10, and 12 min (Figure 4). The amount of BTEX extracted
by HS-LPME increased when exposure time was increased from
2 to 12 min. Although equilibrium could not be attained within
this interval, 10 min was chosen as the sampling time for subse-
quent experiments, because a long extraction time may result in
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Figure 5. Effect of ionic strength on the extraction of BTEX.
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organic drop vaporization, and consequently lead to poor sensi-
tivity and precision.

Optimization of salt addition on extraction

It was of interest to examine the influence of salt addition on
the efficiency of extraction. For this purpose, the ionic strength
of solutions was modified by addition of sodium chloride. In
order to investigate the effect of ionic strength, a series of spiked
samples with various concentrations of NaCl (0-10%) were pre-
pared by adding of calculated weight of NaCl into a 5 mL volume
of sample solution. Plots of relative peak area versus ionic

Table I. Linearity Data, LOD (ng/L), and Enrichment
Factors (EF) of HS-LPME of BTEX in GC-FID System

Linear Correlation
Compound range (pg/L)  coefficient ~ LOD (ng/L)  EF (%)
Benzene 10-500 0.9996 23.48 135
Toluene 10-500 0.9989 11.10 197
Ethylbenzene 10-500 0.9993 9.26 188
m-, p-Xylene 10-500 0.9995 4.10 185
o-Xylene 10-500 0.9992 7.00 213

Table Il. Relative Recoveries and Precision of HS-LPME
in Three Water Samples Spiked with BTEX.

Relative

Precision (RSD %) recoveries (%)

Concentration ~ Tap  Drinking Tap  Drinking
Analyte  added (mg/L)  Water ~ Water Water ~ Water

Benzene
50x104 3.58 3.96 96.27 95.18
0.05 2.97 3.67 102.12 99.20
0.20 0.85 0.61 101.60 97.60
0.40 313 2.03 10318 101.10
Toluene
5.0x 10+ 3.88 3.75 97.32 98.53
0.05 3.02 3.68 104.27  102.05
0.20 0.85 0.63 103.81 98.69
0.40 3.12 2.00 10439 102.83
Ethylbenzene
5.0x 10 3.65 4.01 98.00 96.24
0.05 3.02 3.63 102.75 99.18
0.20 0.84 0.63 101.90 97.70
0.40 3.12 2.00 103.62  100.90
m-, p-Xylene
50x 104 3.72 3.69 95.38 96.89
0.05 3.02 3.63 98.68 97.50
0.20 0.85 0.63 98.50 96.96
0.40 3.12 1.99 98.71 98.00
o0-Xylene
50x 10+ 3.44 3.77 95.64 97.00
0.05 3.02 3.63 98.80 98.61
0.20 0.85 0.63 98.73 97.00
0.40 3.12 1.99 101.15 98.68
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Figure 7. GC-FID chromatograms for tap water sample. Benzene, 1; methyl-
cyclohexan (internal standard), 2; toluene, 3; ethylbenzene, 4; m-, p-xylene,
5; o-xylene, 6; n-hexadecane (solvent), 7.

strength are shown in Figure 5. According to the curves, it is
clear that the addition of ionic strength enhances the transport
of the analytes to the extracting drop, especially for xylene iso-
mers. This can be explained by the fact that water molecules
form hydration spheres around the salt ions. These hydration
spheres reduce the concentration of available water to dissolve
analyte molecules; hence, it was expected that this would drive
additional analytes into the extraction phase. However, at NaCl
concentrations above 0.4 g/mL, the extraction efficiency did not
change any further. This can be explained by the fact that the sol-
ubility of NaCl at 20°C is < 0.4 g/mL. Based on this considera-
tion, all remaining extraction experiments were performed at
saturated salt conditions.

Solvent drop volume

The rise of the analytes’ extraction with increasing drop size
has been observed by several workers (32-35). To increase the
sensitivity of the HS-LPME method, the solvent drop volume was
optimized. For this purpose, extractions were performed from
spiked water solutions containing 1 pg/L of the analytes by
increasing the drop volume from 0.5 to 3.5 pL. As expected, peak
areas of BTEX increased with drop volume (data in Figure 6).
However, using high drop volumes of organic solvent can result
in the loss of the organic drop. Thus, a 3.5 uL drop volume was
used for further experiments in order to avoid these losses.

Quantitative analysis

Under optimal extraction conditions, enrichment factor, the lin-
earity, and limits of detection were determined. As shown in Table
I, the six BTEX could be preconcentrated up to 213-fold. By plot-
ting peak areas versus concentrations of analytes in the sample
solution, calibration curves were obtained, which showed that
coefficients of correlation (r) were all above 0.9989. The limits of
detection (LODs at S/N = 3) ranged from 4.1 to 23.48 ng/L.

Recoveries from natural water samples

The feasibility of using this method for BTEX screening in tap
and drinking water samples was then tested at spiked concentra-
tion levels of 0.05, 50, 200, and 400 pg/L (no target analytes
could be detected in the sample). The optimized extraction pro-

tocol was applied to these samples and the recoveries were cal-
culated as the ratio of the concentrations found in natural and
deionized water samples, spiked with the same amount of ana-
lytes. For each sample, at each concentration, the extraction was
repeated six times. Relative recoveries and precision were calcu-
lated and are listed in Table II. As can been seen, acceptable
recoveries (95.38-104.39%) were obtained for all analytes in the
tested water samples and the relative standard deviations (RSD)
were lower than 4.01% for all the six analytes. The higher recov-
eries that were observed for the analytes in tap water samples
may be due to the higher content of organic matter and the pres-
ence of suspended solids in these types of water samples. A chro-
matogram of analytes after solvent microextraction in a spiked
river water sample (1 pg/L) with a 3.5 pL drop of n-hexadecane is
shown in Figure 7.

Conclusion

In the present work, an HS-LPME method was developed and
applied to extract BTEX hydrocarbons from aqueous solutions.
Several parameters of the extraction procedure were studied and
optimized (such as types of extracting solvent, extraction tem-
perature, extraction time, microdrop volume, and ionic
strength). Using methyl cyclohexane as the internal standard,
the method was successfully applied to the analysis of BTEX in
tap and drinking water samples.

Compared to other microextraction methods, HS-LPME pro-
vides a satisfactory precision (ranging from 0.61 to 4.01%) and
was similar to the values obtained previously for SPME, static
HS, and HS-SPME (36,37). It yields lower detection limits for the
tested analytes in water samples (varied between 4.1-23.5 ng/L),
compared to 0.08-0.6 ng/mL obtained by HS-SPME for BTEX
determination in aqueous samples (37). The method shows good
linearity over the concentration range 10-500 ng/L. HS-LPME
has also numerous advantages, such as: simplicity, low cost, ease
of operation, high sensitivity, no possibility of sample carry-over,
extremely low consumption of toxic solvents, and short analysis
time. However, this technique requires more elaborate manual
operations because of drop loss and dislodgment.
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