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Abstract
In this study, a simple and fast method was developed for the analysis of benzene in beverage samples
using headspace solid-phase microextraction coupled to gas chromatography (HS-SPME-GC). The
influence of factors such as extraction temperature, extraction time and addition of sodium chloride on
extraction yield was studied through a multivariate experimental design. Satisfactory recoveries (≥73%)
and precision, calculated as relative standard deviations (RSD ≤ 9.1%), were obtained. The limit of
detection (LOD) of 0.2 µg L–1 was achieved for benzene along with a wide linear range of concentration.
The applicability of the proposed method was demonstrated for real samples including soft-drink, juice
and tea samples. Since no matrix effects were observed, quantification could readily be carried out by
external calibration with standards prepared in deionized water.
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Determinação de benzeno em bebidas por microextração
em fase sólida e cromatografia gasosa
Resumo
Neste estudo, foi desenvolvido um método simples e rápido para a determinação de benzeno em amostras
de bebidas, utilizando a microextração em fase sólida no modo headspace e cromatografia gasosa
(HS‑SPME-GC). Otimização multivariada foi utilizada para determinar a influência da temperatura de
extração, tempo de extração e adição de cloreto de sódio sobre o rendimento da extração. Recuperações
satisfatórias (≥73%) e precisão, calculado como desvio padrão relativo (RSD ≤ 9,1%), foram obtidas.
Limite de detecção (LOD) de 0,2 µg L–1 foi obtido para benzeno, bem como uma ampla faixa linear de
concentração. O método desenvolvido foi aplicado em amostras reais de refrigerantes, sucos e chás.
Como não foi observado efeito de matriz, a quantificação foi realizada por calibração externa utilizando
soluções padrão preparadas em água deionizada.
Palavras-chave
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1 Introduction
Benzene is carcinogenic to humans and
has been reported to cause leukemia and other
blood-related disorders. The several possibilities for the intake of benzene include drinking
water and food, both through contaminations
from the environment[1]. Beverages, especially
those containing benzoate salts and ascorbic
acid, are potential sources of contamination with
benzene due to the decarboxylation of benzoate
by a hydroxyl radical. These reactions are catalyzed by trace levels of metal ions that reduce
oxygen via reactions involving ascorbic acid to
form hydroxyl radicals[2]. However, there are no
legal limits for the contamination of beverages
with benzene, and the maximum contaminant
level established for drinking water can be used.
The World Health Organization[1] and the US
Environmental Protection Agency[3] established
the limit for benzene in drinking water at 10 and
5 µg L–1, respectively. A more rigorous guideline is that of the European Council, which has
fixed the limit for benzene in drinking water at
1 µg L–1 [4].
According to the maximum contaminant
level for benzene in drinking water established
by several agencies, it is expected that benzene
exists in trace levels in beverages, thus an extraction/preconcentration technique is required.
Techniques to quantify benzene in beverages
make use of some form of headspace gas chromatography. Purge and trap[5,6] and static headspace[2,7-9] approaches have been reported for
extraction of benzene from several types of
beverages. Fabietti et al.[6], using the purge and
trap technique, showed levels of benzene ranging from 1.1 to 2.6 µg L–1 in a cola-based softdrink and from 2.4 to 3.6 µg L–1 in juice samples.
Cao et al.[7] used a static headspace approach
resulting in a detection limit of 0.26 µg L–1, and
the analysis of 124 soft-drink samples showed
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that only 6 samples had benzene concentrations
over 5 µg L–1. On the other hand, solid-phase
microextraction (SPME) which offers appropriate characteristics such as a sample preparation
technique[10], has been very little explored for
the determination of benzene in beverages. Only
one study to determine benzene in beverages
conducted by a private laboratory used SPME
in headspace mode (CAR/PDMS fiber) and gas
chromatography - mass spectrometry (GC-MS)
to monitor benzene in beverage samples[11].
The main aim of this study was to explore
the potential of the SPME technique for quantification of benzene in several kinds of beverage
matrices. To reach this goal a full factorial design
and a Doehlert matrix were used to optimize
some variables involved in the HS-SPME procedure. The optimized method validation included
determination of the limits of detection and
quantification of the proposed method, linearity, repeatability, accuracy and linear range. To
the best of our knowledge, this is the first time
that HS-SPME procedure to determine benzene
in beverage samples was conducted with diligent approach. Additionally, multivariate techniques were applied to optimize the proposed
HS-SPME.

2 Experimental
2.1 Instrumentation
Chromatographic analysis for optimization and validation studies were performed
on a Shimadzu GC-14B gas chromatograph
(Kyoto, Japan), equipped with a split/splitless injector and a flame ionization detector.
Chromatographic separations were carried out
in an OV-5 capillary column (5% phenyl-95%
polydimethylsiloxane, 30 m × 0.25 mm, 0.25 µm
film thickness (OV Specialty Chemical, Marietta,
Scientia Chromatographica 2012; 4(3):209-216
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OH, USA). Ultrapure nitrogen was used as the
carrier and make-up gas at initial flow-rate of 1.0
and 35 mL min–1, respectively. The initial column
oven temperature was 40 °C (1 minute); subsequently increasing 10 °C min–1 to 100 °C and
15 °C min–1 to 180 °C. The injector temperature
was fixed at 300 °C, except when the CW-DVB
fiber was used because the manufacturer recommends a maximum temperature of 260 °C. The
detector temperature was fixed at 280 °C.
For the samples which could be quantified in
gas chromatography – flame ionization detector
(GC-FID) instrument, the identity of benzene
was confirmed using a GC coupled with a mass
spectrometer (Shimadzu GC-MS 2010 Plus). A
Restek Rtx-5MS (5% diphenyl-95% dimethylpolysiloxane) capillary column (30 m × 0.25 mm ×
0.25 µm) was used for the GC separation
(Bellefonte, PA). Helium was used as the carrier
gas at a flow rate of 1 mL min–1. The oven temperature program and the injector temperature
were the same as described previously under the
GC section. The quadrupole mass detector was
operated at 200 °C in the electron impact mode
at 70 eV. The ion source temperature was set at
200 °C, and the transfer line was set at 280 °C.
The mass acquisition range was 40-100 m/z.
The benzene peak was identified on the basis of
its fragmentation pattern using the NIST Mass
Spectral Search Program 05 (NIST, Washington,
D.C., USA).
A Microquímica MQAMA 301 stirrer (Santa
Catarina, Brazil) was used to stir the solutions
and a Microquímica MQBTC 99-20 bath system
was used to control the temperature.
2.2 Chemicals and materials
The standard stock solution of 100 mg L–1
benzene (Sigma–Aldrich, Milwaukee, WI, USA)
was prepared in HPLC-grade methanol (Tedia,
Fairfield, OH, USA). A working standard soluScientia Chromatographica 2012; 4(3):209-216
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tion of 50 µg L–1 was prepared in home-made
orange juice to optimize the extraction procedure. Water obtained from a Milli-Q system
(Millipore, Bedford, MA, USA) was used to prepare the standard solutions to construct external
calibration curves. Sodium chloride (Vetec, Rio
de Janeiro, Brazil) was used for the modification
of the ionic strength of the samples.
The fibers investigated were polydimethylsiloxane (PDMS, 100 µm), divinylbenzenepolydimethylsiloxane (DVB-PDMS, 65 µm),
carboxen-polydimethylsiloxane (CAR-PDMS,
75 µm), carbowax-divinylbenzene (CW-DVB, 65
µm) and divinylbenzene-carboxen-polydimethylsiloxane (DVB-CAR-PDMS, 50/30 µm), all
purchased from Supelco (Bellefonte, PA, USA).
2.3 Solid-phase microextraction
procedures
Firstly, each investigated SPME fiber was
conditioned in the injector port of the GC according to the manufacturer’s specifications. For the
optimization step, as well as for validation of the
method, 10 mL portions of spiked orange juice
were hermetically sealed in 20 mL clear vials. In
accordance with the experimental optimization
design, NaCl was added to the spiked orange
juice for the extractions. The samples were equilibrated during the incubation time of 5 minutes
in a bath device at the appropriate temperature
(selected according to the experimental design
optimization procedure, described below). The
fiber was immediately inserted into the GC injector and the analytes were thermally desorbed
from the fiber for 5 minutes. No memory effects
were observed.
2.4 Optimization strategy
The choice of the SPME fiber was carried
out through univariate procedures obtained in
triplicate. Each available fiber was used to extract
211
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benzene at 50 µg L–1 from 10 mL of orange juice
containing 2.0 g NaCl for 10 minutes at a temperature of 5 °C.
After the selection of the best SPME fiber,
a full factorial design with one center point,
including the variables ionic strength (1.0 and
3.0 g NaCl in 10 mL of sample), temperature (2
and 10 °C) and extraction time (10 and 20 minutes), was performed to evaluate the best experimental condition to extract benzene.
According to the results obtained in the
experimental design, the extraction temperature
and NaCl addition were the significant factors. A
Doehlert matrix was used for optimization of the
extraction temperature (0; 2 and 4 °C) and ionic
strength (1.5; 2.0; 2.5; 3.0 and 3.5 g per 10 mL of
sample), fixing the extraction time at 15 minutes.
The experimental data were processed using the
Statsoft Statistica 6.0 software.

3 Results and discussion
3.1 Choice of fiber
Initially, the values for the efficiency of benzene extraction from orange juice using five
commercially available SPME fibers (PDMS,
CAR-PDMS, DVB-CAR-PDMS, DVB-PDMS
and CW-DVB) were compared. The experimental parameters fixed for this study were: extraction time of 10 minutes, extraction temperature
of 5 °C, 2 g of NaCl in 10 mL sample and 50 µg L–1
of benzene. CAR-PDMS gave the best extraction
efficiency with the highest chromatographic area
for benzene; it was therefore selected to continue with the optimization. This results show
that combining the absorption properties of the
liquid polymer (PDMS) with the adsorption
properties of porous particles (carboxen) in the
extract phase promotes a high retention capacity.
212
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3.2 Optimization of extraction
conditions
A total of 11 experiments were carried out,
including the three replicates at the central point,
to determine the significance of each variable,
as well as the influence of their interactions on
the preconcentration procedure using the CARPDMS fiber, as shown in the Pareto chart in
Figure 1.
As can be seen from the Pareto chart, the
factors extraction temperature and NaCl addition are statistically significant at the 95% confidence level. The results obtained indicate that
by increasing the NaCl amount and decreasing
the sample temperature the recovery efficiency
will improve. An increase in the extraction temperature increases the diffusion of the analytes
through the fiber coating. However, as the sorption step is an exothermic process, an increase in
the extraction temperature leads to a reduction
in the partition coefficient, consequently reducing the amount of analyte extracted at equilibrium. Therefore, the extraction temperature has
an antagonistic effect, and generally an optimum extraction temperature can be observed.
Since benzene is a very volatile compound, a low
sample temperature does not affect its volatility.
Thus, a significant increase in the amount of benzene extracted was observed even at low sample
temperature. Therefore, the thermodynamic
effect was found to be more significant than the
kinetic effect for the benzene extraction. On the
other hand, the positive value obtained for the
effect of salt addition indicates that the analytical
response increases when the level changes from
minimum to maximum. The addition of salt to
the aqueous samples increases the ionic strength
of the solutions and reduces the solubility of the
analytes, as the aqueous media lowers its capacity of dissolving organic compounds, favoring
Scientia Chromatographica 2012; 4(3):209-216

Benzene in beverages by SPME-GC

Sanchez AB, Budziak D, Martendal E, Carasek E

Figure 1 Pareto chart of standardized effects for the variables of the SPME procedure using the peak area as the
analytical response. (1) extraction temperature, (2) NaCl addition, (3) extraction time, (1 by 2) interaction between
extraction temperature and NaCl addition, (1 by 3) extraction temperature and time (2 by 3) extraction time and
NaCl addition.

their partitioning between the sample and fiber
coating .
[12]

In contrast, by considering the conditions
set within the experimental domain, neither the
extraction time nor the interaction between the

Figure 2 shows the response surface built for
the extraction temperature and NaCl addition,
maintaining an extraction time of 15 minutes. By
analyzing the response surface, the set of SPME
conditions, within the experimental domain,

variables were significant, and thus the extrac-

that generated the best extraction recovery for

tion time was fixed at 15 minutes for all experi-

benzene, was visually determined. These condi-

ments (central point value).

tions correspond to an extraction temperature of
0 °C and addition of 3.0 g of NaCl. Experimental

3.3 Doehlert design
It was observed from the results of the
factorial design that the variables extraction
temperature and salt addition required a final
optimization. Therefore, a Doehlert matrix was

limitations did not allow lower extraction temperatures and the higher amount of NaCl added
was close to the saturation of the solution.
3.4 Validation of the method

constructed with these variables. Seven experi-

Table 1 shows the limits of detection (LOD)

ments were carried out with levels of 0, 2 and

and quantification (LOQ), linear range, relative

4 °C and 1.5; 2.0; 2.5; 3.0 and 3.5 g of NaCl for

standard deviation (RSD) and correlation coeffi-

the extraction temperature and salt addition,

cient (R) for the analysis of benzene in the orange

respectively.

juice matrix with the CAR-PDMS fiber under

Scientia Chromatographica 2012; 4(3):209-216

213

Sanchez AB, Budziak D, Martendal E, Carasek E

Benzene in beverages by SPME-GC

the optimized HS-SPME conditions. The limits

3.5 Application of the methodology to
beverage samples

of detection and quantification were calculated
as three and ten times the standard deviation

The developed method was applied in the
analysis of 9 commercial beverage samples purchased in Florianópolis – Brazil. All samples
contained ascorbic acid and benzoic acid in their
compositions, which could form benzene. These
samples included soft-drinks, juices and teas
ready for consumption, and concentrated juices.
The concentrated juices were prepared in accordance with the information obtained from the
product label before analysis. Benzene was quan-

of the linear coefficient of the calibration curve
divided by the slope of the calibration function,
respectively. Good correlation coefficients (R)
were obtained, higher than 0.999. The method
showed an excellent precision, calculated as the
relative standard deviation (n = 6) using a natural orange juice spiked with 5 and 20 µg L–1 of
benzene (Table 1).

Figure 2 Response surface for optimization of extraction temperature and salt addition obtained from the
Doehlert matrix.
Table 1 Linear range, correlation coefficients, and detection and quantification limits obtained for the proposed
method.
Linear range /µg L-1

R

LODa /µg L-1

LOQb /µg L–1

RSD% (n = 6)

0.5-50

0.999

0.2

0.6

9.1 (5 µg L–1)
5.7 (20 µg L–1)

LOD; limit of detection. LOQ; limit of quantification.

a
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tified using the optimized procedure. To study
possible interference effects, the slopes for an
external analytical curve and a standard addition
curve for each sample were compared, and the
relative sensitivity was calculated. This procedure
shows adequate relative sensitivities for all the
samples (recoveries between 73 and 99%), indicating that the sample matrix has little influence
on the SPME method. Therefore, an external calibration curve can be used successfully for quantitative analysis, making the proposed method
simpler and faster. The results can be observed in
Table 2. In all the samples which benzene could
be quantified, we performed a confirmatory
study using the proposed method except we used
a GC-MS instrument. All the samples analysed
in GC-MS gave a positive identification of benzene, all with a similarity between obtained spectra and that from the library higher than 90%.
It should be also mentioned that for none of the
samples analysed a coelution ocurred between
flavor compounds and benzene peak, showing a
satisfactory selectivity of the method.
As seen in Table 2, seven samples (78%) contained quantifiable concentrations of benzene,
of which 5 were above the European limit for
benzene in drinking water of 1 µg L–1 and 4 samples were above the 5 µg L–1 US Environmental

Protection Agency maximum contaminant level
for drinking water. Three of the samples even had
a concentration higher than 10 µg L–1, thereby
exceeding the action limit for benzene in drinking water of 10 µg L–1 proposed by the World
Health Organization[1].
Gardner & Lawrence[2] showed that hydroxyl
radicals, generated by the metal catalyzed reduction of O2 and H2O2 by ascorbic acid, can attack
benzoic acid to produce benzene. Under the
experimental conditions that they obtained
(reaction time of 15 minutes, reaction temperature of 25 °C, sample pH of 3.0, and benzoic acid,
ascorbic acid, H2O2, and Cu2+ concentrations of
760, 1400, 360 and 16 mg L–1, respectively) the
benzene concentration was found to be around
2.0 µg L–1. To verify the formation of benzene in
beverages, we carried out an experiment using
natural orange juice and adding benzoic acid
and ascorbic acid in a concentration much closer
to the real quantities found in commercial products. The natural orange juice was spiked with
benzoic acid at a concentration of 100 mg L–1,
ascorbic acid at a concentration of 20 mg L–1 and
Cu2+ at a concentration of 100 µg L–1. H2O2 was
not added (as this substance is not added to any
commercial beverage) and the sample pH was 3.
The prepared orange juice was storage at room

Table 2 Concentration and recovery values using standard addition and external calibration curve methods.
Sample

Mean concentration ± SD/µg L–1

Recovery (%)

0.8 ± 0.2

81.0

<LODa

82.4

Lemon juice

0.8 ± 0.3

99.5

Isotonic juice

1.2 ± 0.7

73.2

Tea 1

15.2 ± 1.1

94.0

Tea 2

12.6 ± 1.5

86.5

11.4 ± 0.5

77.3

Concentrated juice 1

6.9 ± 0.6

92.3

Concentrated juice 2a

<LODb

Cola-based soft drink
Citrus fruit juice

Tea 3
a

86.6

prepared in accordance with the information obtained from the product label before analysis. LOD; limit of detection.

a
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temperature and two portions of 10 mL were
analyzed after: 30 minutes and 45 days. As in the
case of Gardner & Lawrence[2], in the first analysis of this study no benzene was detected, but in
the second analysis we detected a benzene concentration of 7.2 µg L–1, demonstrating the formation of benzene under real conditions found
in industrialized beverages and confirming that
the source of benzene found in the samples we
analysed can be the decarboxylation of benzoic
acid used in beverage fabrication.
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4 Conclusions
The optimization of the variables using full
factorial design and response surface methodologies was applied with success in the determination of benzene in beverages samples. The
proposed method achieved excellent detection
limits, relative standard deviation and accuracy.
The results of this study demonstrate the applicability of the proposed method for determination of benzene concentrations below 1 µg L–1,
that is, the ability to quantify benzene even for
the European Council, which establishes the
most rigorous guidelines for benzene in drinking water.
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