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ABSTRACT

This study propose a new analytical protocol for the determination of benzene, xylene, toluene and styrene in water samples using
homogeneous liquid-liquid microextraction via flotation assistance (HLLME-FA) technique followed by gas chromatography-mass
spectrometry (GC-MS). In this research, a special extraction cell was designed to facilitate collection of the low-density solvent ex-
traction. No centrifugation was required in this procedure. The water sample solution was added into the extraction cell which con-
tained an appropriate mixture of extraction and homogeneous solvents. By using air flotation, the organic solvent was collected at the
conical part of the designed cell. The effects of different variables on the efficiency of the extraction were studied simultaneously us-
ing experimental design. Response surface methodology was applied to investigation the optimum conditions of each variable. Using
optimized variables in the extraction process, for all target analytes, the detection limits, the precisions and the linearity of the meth-
od were found in the range of 0.8-8.2 ng mL"!, 3.09-7.96% (RSD, n=4) and 1-100 ng mL"!, respectively. The headspace method was
used for the accuracy of comparison. The performance of the method was evaluated for extraction and determination of analytes in
water samples and satisfactory results were obtained (RSD <10.06 %).

KEYWORDS: Homogeneous liquid-liquid microextraction; Flotation assistance; BTEX; Gas chromatography; Mass spectrometry; Water samples.

1. INTRODUCTION

Mono-ring aromatic hydrocarbons are widely distribut-
ed in the environment and can also be present in foods
either naturally or as contaminants. Amongst them,
BTEXs [benzene, toluene, ethyl benzene, the three xy-
lene isomers (ortho, meta and para) and styrene (also
called vinyl benzene)] are a subclass of volatile organic
compounds (VOCs) with boiling points between 80
and 150 °C. This group of VOCs is found in petroleum
derivatives, such as gasoline and diesel fuel. These
compounds enter the environment from different
sources such as combustion products of wood and fuel,
industrial paints, adhesives, degreasing agents and aer-
osols. BTEX can cause adverse health effects such as
chromosome aberrations, cancer and damage to the liv-
er, kidneys, eyes and central nervous system [1]. Due
to the toxic properties of these compounds, develop-
ment of specific analytical procedure for the analysis of
these compounds in the various matrices is of great im-
portance. Analysis of BTEX compounds is usually car-
ried out by gas chromatography-flame ionization detec-
tion system (GC-FID). Since the matrices of environ-

mental samples are often complex, sample preparation
plays an important role in the determination of these
species [2-9]. The purpose of the sample preparation
step is extraction of analyte from the matrix sample in-
to a form that is pre-purified, concentrated and compat-
ible with the analytical system. There is several sample
preparation techniques described in the literatures for
the determination of these contaminants. These tech-
niques include solid-phase microextraction (SPME)
[10], ultrasound-assisted dispersive liquid-liquid mi-
croextraction (DLLME) [11] and headspace-gas chro-
matography/mass spectrometry [12]. However, SPME
is also expensive, its fiber is fragile and has limited life
time and sample carry-over can be a problem. Also, the
main disadvantage of DLLME is that the extraction
solvent is generally limited to solvents of density high-
er than water in order to be sedimented by centrifuga-
tion.

In the previous study [13], we developed the homoge-
neous liquid-liquid microextraction via flotation assis-
tance (HLLME-FA) method for the determination of
polycyclic aromatic hydrocarbons (PAHs) in soil sam-
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ples. In this work, HLLME-FA was developed for the
fast, simple and efficient determination of benzene,
toluene, xylene and styrene in water samples followed
by gas chromatography-mass spectrometry detector
(GC/MYS). In this procedure, similar to dispersive lig-
uid-liquid microextraction (DLLME) [14-17] and ho-
mogeneous liquid-liquid extraction (HLLE) [18-21] a
mixture of extraction solvent and disperser-
homogeneous solvent is injected into an aqueous sam-
ple to form in the initial state a homogeneous solution
and then form an emulsion consisting of fine droplets
of the extraction solvent, dispersive solvent and water.
The main disadvantage of HLLE and DLLME is that
the extraction solvent is generally limited to the solvent
with a density higher than that of water in order to be
sedimented by centrifugation; typically chlorinated
solvents such as chlorobenzene, chloroform and carbon
tetrachloride, all of which are potentially toxic to hu-
man and environment. In addition, the use of high den-
sity solvents as extractants restricts wider applicability
of DLLME and HLLE due to more limited choices
since the number of low-density solvents is more avail-
able than high-density ones. In recent years, to over-
come this limitation, in several studies, the application
of low density solvents in DLLME has been reported
[22-25]. Here, a special extraction cell was designed to
facilitate collection of the low-density solvent extrac-
tion. No centrifugation was required in this procedure.
By using air flotation, the organic solvent was collected
at the conical part of the designed cell. The most effec-
tive variables on the HLLME-FA could be considered
as homogeneous solvent volume, ionic strength, type
and volume of extractant solvent and time of extrac-
tion. The selected variables were optimized by central
composite design (CCD).

2. EXPERIMENTAL

2.1. Reagents and materials

Benzene, toluene, xylene and styrene were purchased
from Merck (Darmstadt, Germany). Stock solution of
compounds (10 pg mL") was prepared by dissolving
calculated amounts of each in methanol. Stock solution
was stored at 4 °C in the refrigerator. For the calibra-
tion curves standard aqueous samples containing 1.55
mol L! NaCl were prepared from dilution of stock so-
lution in the range of 1-100 pug L' in the doubly dis-
tilled water. All other chemicals and solvents were ana-
lytical grade or better. All the solvent and real samples
were filtered through 0.45 pm membrane to eliminate
particulate matter before analysis. All experiments
were carried out at room temperature (25+ 0.5 °C).

2.2. Instrumentation

2.2.1. GC-MS

The determination process of compounds took place by
using a gas chromatograph (GC, Agilent 78090N, Ag-
ilent Technologies, Palo Alto, CA, USA) equipped
with MS (Agilent 7890N, Agilent Technologies, Palo
Alto, CA, USA) equipped with MS (Agilent 5975, Ag-
ilent Technologies, Foster City, CA, USA). The fea-

tures and operating conditions of GC-MS system were
as follows: GC, equipped with split/splitless injector
with split ratio 20:1 and 200 °C temperature, DB-5 MS
5% phenylmethyl siloxane fused silica capillary colum
(30m length, 0.25 mm i.d. and 0.25 pm film thickness)
and helium (purity 99.999%) as carrier gas at constant
flow-rate of 1 mL min!. The temperature of the ion
source and MS transfer line were adjusted at 230 and
280 °C, respectively. The GC oven temperature was as
follows: initial temperature 40 °C for 6 min, 3 °C min"!
to 90 °C for 5 min, 10 °C min™' to 140 °C, hold at 140
°C for 1 min. The sample (0.5 pL) were injected by
means of a 5 pL micro-syringe (Hamilton, Reno, NV)
in split mode. Electron impact ionization (EIS) source
was operated at 70 ev. A filament current of 50 pA and
multiplier voltage of 1450 v were used. The mass spec-
trometer was calibrated as needed with perfluorotribu-
tylamine (PFTBA). Chemstation software (G1701EA
Ver. E.02.01.1177) was employed for automated anal-
ysis and data acquisition. Specific SIM ions were rec-
orded for each compound analyzed (the ion at m/z 78,
91, 104 and 106 was selected as the ion fragment for
benzene, toluene, styrene and xylene).

2.2.2. HS-GC-MS determination of compounds in real
samples

The real samples initially were filtered through a 0.45
pm membrane to eliminate particulate matter before
analysis. 5 ml from the real samples were injected into
a 20 mL Head Space (HS) glass vial with a PTFE- en-
capsulated magnetic stirring bar and was immediately
sealed with a PTFE- silicone septum. The HS vial con-
taining the sample was placed in the CombiPal au-
tosampler furnished with a heating module for auto-
mated unattended heating by stirring (700 rpm) for 10
min at 80 °C in order to ensure the equilibration be-
tween the gas phase and the sample. An aliquot of the
gas phase above the sample (1 mL) was automatically
injected into the GC-MS system. During GC-MS anal-
ysis, specific SIM ions were recorded for each target
compound.

2.3. HLLME-FA

Fig. 1 shows the schematic procedure of the proposed
method. A mixture of 0.5 mL methanol (homogeneous
solvent) and 150 uL dodecane (extraction solvent)
were added to the home-designed microextraction cell
(Fig. 1-1). A volume of 22 mL of saline aqueous sam-
ple solution was injected into the microextraction cell
by syringe, rapidly (Fig. 1-2). In this step, in the initial
state of injection, a homogeneous solution was formed
and then with the continuation of injection an emulsion
consisting of fine droplets of the extraction solvent
were formed (Fig. 1-3). After about 10 min, by using
air flotation, the organic solvent was collected on the
top of the solution (Fig. 1-4). After separation of the
two phases, a few volumes of distilled water were add-
ed into the glass tube on the side of the cell (Fig. 1-5).
The floated organic solvent was raised into the conical
part of the cell. 0.5 uL of the collected organic solvent
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was injected into GC-MS instrument.
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Fig. 1. Schematic of HLLME-FA procedure.
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2.4. Optimization strategy

There are several factors such as homogeneous solvent
volume, extraction solvent volume, ionic strength and
extraction time which may affect the extraction pro-
cess. In order to find the optimum conditions of
HLLME-FA in extraction of benzene, toluene, xylene
and styrene from water samples and also to investigate
the probable interaction between variables, response
surface methodology (RSM), based on rotatable face
center-central composite design (FCCD) was used. The
design was build up of four factors at 3 levels (Table 1)
with 8 axial points (0=1).

Table 1. The experimental variables and levels of the FCCD.

in which Y is the predicted response. Response here is
the peak area (PE) of analyte. X, X», X3 and X4 are the
independent variables or the experimental factors. The
linear coefficients a;—a4 express the linear effect of
each variable; the a1, ax, ass and ass coefficients ex-
press the quadratic effects; aijo>—ais, ars—ax and as4, co-
efficients express interactive effects between the varia-
bles and ay is a constant corresponding to the central
point of experimental variables. The statistical design,
data analysis and various plots were obtained by using
Minitab statistical software.

Dodecane has the highest extraction efficiency.

Table 2. Design table showing the randomized run order of
the experiment, and the uncoded values of the different vari-
ables in the experimental design for determination of the
modeled response (Eq. 1).

level
Factor

Low Center High

A: Sodium Chlorid Concentration 01 1.55 3

(mol/L)

B: Volume of Methanol (ml) 0.5 1.5 2.5
C: Volume of Dodecan (ul) 50 150 250
D: Time of extraction (min) 1 5.5 10

In order to obtain an estimation of the experimental er-
ror, 6 replica at the center point was applied. The de-
sign was rotatable; this mean that the design had points
which were equidistant from the center. This procedure
led to 30 experiments (Table 2), where the experi-
mental response data were analyzed by a regression
procedure based on the RSM [26]. Composit design is
well known as a useful method to describe the curva-
ture dependency of a typical response to its variables,
which is needed to explain a non-linear variation be-
havior. The model which can be fitted to a composite
design is an empirical function, determined from the
statistical correlation suitability of the observed re-
sponses and the experimental factors. For this purpose,
a second-order polynominal model equation is usually
used [27, 28]:

Y= ap + a;x; + axxy + azxs + azxq4 + anx? + anx)? +
a33x3” + auxe? T apXiXy + anxiXs + auXixs + anxox; +
QA24X2X4 T A34X3X4 (Eq 1)

Salt Volume Volume .
Number Concentration of of Tlrpe
(mol L) Methanol Dodecan  (min)
(mD) (uh)

1 0.1 0.5 50 1

2 3 2.5 50 1

3 1.55 2.5 150 5.5
4 0.1 0.5 250 1

5 0.1 0.5 50 10
6 0.1 2.5 50 10
7 3 0.5 50 1

8 3 0.5 250 1

9 1.55 1.5 150 5.5
10 1.55 1.5 150 55
11 1.55 1.5 150 5.5
12 0.1 2.5 50 1
13 3 2.5 250 1
14 0.1 2.5 250 1
15 3 2.5 250 10
16 1.55 1.5 150 5.5
17 1.55 1.5 150 10
18 3 1.5 150 5.5
19 1.55 1.5 50 55
20 1.55 1.5 150 5.5
21 1.55 1.5 150 1
22 1.55 0.5 150 5.5
23 3 2.5 50 10
24 3 0.5 50 10
25 1.55 1.5 250 5.5
26 3 0.5 250 10
27 1.55 1.5 150 5.5
28 0.1 0.5 250 10
29 0.1 2.5 250 10
30 0.1 1.5 150 5.5
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3. RESULT AND DISCUSSION

3.1. Selection of extraction and homogeneous solvent
Selection of an appropriate extraction solvent is of
great importance to optimize the HLLME-FA. Three
different low density solvents (n-hexane, n-decane and
dodecane) were tested for this purpose.

Miscibility of homogeneous solvent in the extraction
solvent and aqueous phase is the main point for selec-
tion of a homogeneous solvent. Therefore, methanol
was selected for this purpose.

3.2. Response surface methodology

In order to obtain a high recovery and enrichment fac-
tor, the effect of different parameters such as the vol-
ume of extraction and homogeneous solvents, salt
amount and extraction time were analyzed. Response
surface methodology including face-center central
composite approach was utilized to find the optimum
values of effective variables involved in the system.
Since all analytes showed similar results, thus only the
result of styrene was selected as a representative exam-
ple of the analyte responses. The peak area (PE) of
benzene, toluene, xylene, styrene and the randomized
experimental design (RED) is presented in Table 3.
The coefficients of the empirical model equation (1)
and their statistical characteristics were evaluated (Ta-
ble 4).

The results show that the factors affect the response in
the following order: volume of methanol > amount of
salt in aqueous solution > time of extraction > volume
of dodecane. Concentration of salt in water sample has
a positive effect but time of extraction, volume of do-
decane and volume of methanol has negative effects. It
can be seen that by increasing of concentration of
NaCl, the efficiency of extraction increases which is
because of salting out effect [29]. In these experiments,
extraction time is the interval between beginning of the
dispersion and its end just before air flotation. The re-
sults show that the extraction time has a negative effect
on the extraction efficiency of analytes. By increasing
the volume of dodecane, the concentration of analyte in
the extraction phase is decreased which can be related
to the increasing volume of collected organic solvent
consequently increasing in the volume of dodecane has
a negative effect. With increasing of homogeneous sol-
vent volume (methanol) the responses are decreased,
that is because of the increasing lipophilic characteris-
tic in aqueous sample solution and decreasing distribu-
tion constant.

The estimated value of the determination coefficient
(R?), expressed as a percentage, indicates that the mod-
el fits 93.1% of the experimental raw data. The quality
of the regression, estimated by the analysis of variance
(ANOVA) is shown in Table 5. If the model is a good
predictor of the experimental data, the computed F-
value would be higher. Generally, the P value in
ANOVA table is an appropriate tool to check the sig-
nificance of each variable. This information is neces-
sary to explain the correlation of the mutual interaction
between the factors. The smaller the magnitude of the

P, the more significant is the corresponding coefficient.
The P-values in Table 5 reveal that some of the linear
and square and interaction terms in model (equation 1)
at the 95% confidence level of significant (P-
value<0.05). Table 5 also shows that, in the model, the
resulting ‘lack of fit F-value’ (=0.525) is also not very
significant.

Table 3. Design table showing the randomized run order of
the experiment and responses of experiments. Concentration
of BTXs in water samples 50 pg L.

RED Benzene Toluene Xylene Styrene
(PA) (PA) (PA) (PA)
1 1537065 2954506 5335423 3707022
2 2171506 3901676 6754901 5505576
3 1708086 3021739 5608612 3866007
4 1117789 1820028 3246144 2236480
5 1878754 3068933 6362265 3361683
6 902472 1657416 3636351 1730432
7 882615 1769279 3310175 2948777
8 847038 1777461 2909286 2312298
9 2518221 3887127 1875165 1670899
10 2321870 3876926 2180653 2177061
11 2410202 3583017 1970717 1872031
12 1920453 4000781 6204351 4293170
13 1921322 4196697 7058427 5811754
14 1913349 3060081 4454551 3316663
15 1670576 2283545 3256359 2472310
16 1940374 3475816 3661849 2831424
17 1513296 2263004 3247073 2339028
18 1574275 2228469 2968589 2580510
19 1159992 1983836 3169924 2568862
20 2177205 3147318 2709620 2288476
21 1881171 3416213 5266383 4194822
22 1720841 2728150 3964367 2975420
23 1205549 1814527 2884246 2305518
24 1456111 2151747 3057574 2715223
25 1673993 2313159 3100613 2397324
26 1311130 1637935 2122368 1819245
27 1782455 2695801 2847671 2278283
28 958732 1365783 1896303 1459662
29 1651173 1414803 1704693 1387903
30 1614252 2504120 2002186 1510513

Fig. 2 (a-f) shows the various three-dimensional plots
of the response surface model. These plots are useful to
visualize the generated response surface by the model.
A point of maximum response could visually be deter-
mined from Fig.2 (a-f). As can be seen, the maximum
point on the response surfaces has been located in the
following values of variables: volume of dodecane =
150 pL, volume of methanol=0.5 mL, time of extrac-
tion=10 min and concentration of NaCl=1.55 mol L.
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Fig. 2. a-f Different three-dimensional response surface plots. The units used in these figures are pL for volume of dodecan, mL for
volume of methanol, mine for time of extraction, mol L™! for concentration of salt (NaCl).
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Term Coef SE Coef T P
Constant 4859173 611339 7.948 0.000
Salt 561510 411338 1.365 0.192
Methanol -1980136 788461 -2.511 0.024
Dodecan -3995 7885 -0.507 0.620
Time -290415 147417 -1.970 0.068
Salt*Salt -293379 118975 -2.466 0.026
Methanol*Methanol 758373 250145 3.032 0.008
Dodecan*Dodecan -18 25 -0.717 0.485
Time*Time 29856 12353 2.417 0.029
Salt*Methanol 273116 69421 3.934 0.001
Salt*Dodecan 1566 694 2.255 0.039
Salt*Time -15828 15427 -1.026 0.321
Methanol*Dodecan 2537 1007 2.520 0.024
Methanol*Time -127531 22369 -5.701 0.000
Dodecan*Time -27 224 -0.122 0.905
S =402641 R-Sq=93.1 % R-Sq(adj) =86.6 %
Table 5. Analysis of variance for the quadratic response (Eq. (1)).
Source DF Seq SS Adj SS Adj MS F P
Regression 14 3.27E+13 3.27E+13 2.34E+12 1441 0.000
Linear 4 1.85E+13 2.81E+12 7.03E+11 4.34 0.016
Square 4 4.38E+12 4.38E+12 1.09E+12 6.75 0.003
Interaction 6 9.81E+12 9.81E+12 1.63E+12 10.08 0.000
Residual Error 15 2.43E+12 2.43E+12 1.62E+11
Lack-of-Fit 10 1.63E+12 1.63E+12 1.63E+11 1.02 0.525
Pure Error 5 8.00E+11 8.00E+11 1.60E+11
Total 29 3.51E+13
Table 6. The characteristic of calibration curves and preconcentration of factors for BTEX
LOD DLR

Analyte Slope Intercept (ue L) 2 (ug L) PFs

Benzene 4055.8 16882 8.09 0.997 10-100 138

Toluene 9223.3 69366 6.96 0.998 10-100 125

Xylene 18185 -3773 8.23 0.998 10-100 207

Styrene 10185 13504 8.32 0.999 10-100 134

3.3. Evaluation of the method performance

Using optimum values of variables, regression equa-
tion, correlation of determination (r?), dynamic linear
ranges (DLRs), limit of detections (LODs) and precon-
centrations factors (PFs) were calculated and summa-
rized in Table 6. The LODs were calculated as the ana-
lytes concentration equal to three times of the standard
deviation of the blank signal divided by the slope of the
calibration curve. The reproducibility in peak response
was investigated on three replicate experiments under
optimized conditions. The PFs were calculated as the
ratio of the final concentration of the analyte in the or-
ganic phase and its concentration in the original solu-
tion concentration 50 ug L' of each analyte under op-
timum conditions. A comparison between the proposed
method and other methods for the extraction of BTEX
are presented in Table 7. The RSD% for the proposed
method is comparable with those of both SPME [10]
and DLLME [11] methods and better than headspace

method [12]. The quantitative results of HLLME-FA is
comparable with SPME method and better than those
of both DLLME and headspace methods. The compari-
son indicates that this proposed method needs very
short extraction time comparing to the SPME and
headspace methods. Also, the main advantages of the
proposed method are this novel method does not need
centrifugation to separate the organic phase and it is
possible to the usage of low-density extraction sol-
vents. The practical suitability of the developed
HLLME-FA-GC-MS method was confirmed by the de-
termination of the BTEX in industrial waste water
samples collected from tow locations in an oil industri-
al media. Each sample were divided into three aliquots
and analyzed. The results are summarized in Table 8.
To determine the relative recoveries of the method, the
water samples were spiked with 20 and 40 ug L' from
the BTEX. Fig. 3 shows the chromatogram of the ex-
tract BTEX from sample spiking with 20 ug L™ of the
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BTEX. For comparison and validation of the obtained
results from HLLME-FA-GC-MS, after spiking in the
real samples, those were also analyzed with head
space-gas chromatography-mass spectrometry (HS-
GC-MS). Table 8 shows that the results are in satisfac-

tory agreement.

4. CONCLUSION

In this study HLLME-FA-GC-MS as a simple and fast
method has been developed for the determination of

BTEX in the water samples for first time. The devel-
oped method was convenient for the usage of low-
density extraction solvents. The new procedure of
HLLME-FA is preferred to normal HLLME method
which requires centrifugation to separate the organic
phase. Air flotation was used to breakup organic sol-
vent in water emulsion and to finish the extraction pro-
cess.

Table 7. Comparison of the proposed method with other extraction methods for determination of the BTEX in water samples.

Dynamic  linear Limit .Of Extraction time
Methods R.8.D.% 1 detection . Ref.
rnge (ugL) (min)
SPME-GC-MS 6.5-11.5 0.3-10 0.07-0.30 30 [8]
Ultrasound-assisted-DLLME-GC-FID ~ 1.9-5.7 5.0-2500 0.2-0.3 2 [9]
Headspace-GC-MS 5.2-14.2 10-500 0.4-7.4 30 [10]
HLLME-FA-GC-MS 3.0-7.9 1.0-100 0.8-8.2 10 This work

Table 8. Determination BTEX in industrial waste water samples by HLLME-FA-GC-MS and HS-GC-MS.

HLLME- FA- GC-MS HS- GC- MS
Sample Analyte Cadded (ug L) Cround RSD (n=3) Error % Cround
Sample 1 Benzene -- 36.50 3.09 -- n. A?
20 49.57 2.04 -12.3 56
Toluene - n. db - - n. A.
20 23.87 6.7 19.35 23
Xylene -- 21.61 7.9 -- n. A.
20 43.16 2.7 3.7 37
Styrene -- n. d. -- -- n. A.
20 25.12 10.1 25.6 25
Sample 2 Benzene -- 42.05 7.84 -- n. A.
40 85.78 5.98 4.54 82
Toluene -- n. d. -- -- n. A.
40 45.96 8.25 14.9 53
Xylene -- 32.58 6.45 -- n. A.
40 78.28 9.82 7.85 85
Styrene -- n. d. -- -- n. A.
40 49.7 4.65 24.25 54
®non_analysed
®non_detected or below LOD
20000)
35000/
f £
300001 =
25000} .
200001 g
.;00005 E 3 ¢
15000} = =
10000} i |
5000]
Teme—> 050 150 150 260 250 300 350 400 450 500 550 800 650 700 750 860 550 800 950

Fig. 3. Chromatogram of the extracted BTEX from spiked (20 pgL') real sample. Extraction conditions: homogeneous solvent
(methanol) volume, 0.5 mL; extraction solvent (dodecane) volume, 150 pL; concentration of NaCl, 1.55 M; time of extraction,

10min.
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