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a b s t r a c t

A simple and novel speciation method for the determination of volatile organic compounds of
selenium (dimethylselenide (DMSe) and dimethyldiselenide (DMDSe) has been developed using a
headspace hollow fiber protected liquid-phase microextraction (HS-HF-LPME) combined with capil-
lary gas chromatography–mass spectrometry (GC–MS). The organic solvent impregnated in the pores
and filled inside the porous hollow fiber membrane was used as an extraction interface in the HS-
HF-LPME of the compounds. The effect of different variables on the extraction efficiency was studied
simultaneously using an experimental design. The variables of interest in the HS-HF-LPME were sample
volume, extraction time, temperature of sample solution, ionic strength, stirring rate and dwelling time.
elenium
ead space
as chromatography
C

A Plackett–Burman design was performed for screening in order to determine the significant variables
affecting the extraction efficiency. Then, the significant factors were optimized by a Box–Behnken design
(BBD) and the response surface equations were derived. Under optimum conditions, preconcentration
factors up to 1250 and 1170 were achieved for DMSe and DMDSe respectively. The detection limit and
relative standard deviation (RSD) (n = 5, c = 50 �g L−1) for DMSe were 65 ng L−1 and 4.8%, respectively.
They were also obtained for DMDSe as 57 ng L−1 and 3.9%, respectively. The developed technique was

spike
found to be applicable to

. Introduction

In recent years, the development of fast, precise, accurate
nd sensitive methodologies for pretreatment and extraction of
nalytes has become an important issue. Many extraction pro-
edures are available including liquid–liquid extraction (LLE)
1], solid-phase extraction (SPE) [2,3], solid phase microex-
raction [2], molecularly imprinted solid phase microextraction
4], liquid–liquid microextraction [5], dispersive [5,6] and hol-
ow fiber liquid phase microextraction [5,7,8], continuous flow

icroextraction [5], and head space extraction techniques

9,10].

Among these, headspace extraction has been used for volatile
nd semi-volatile compounds in different environmental, phar-
aceutical and biological samples without matrix interference
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niversity of Eastern Finland, Patteristonkatu 1, FIN-50100 Mikkeli, Finland.
el.: +358 40 020 5215; fax: +358 15 336 013.
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d environmental and biological samples.
© 2010 Elsevier B.V. All rights reserved.

because there is no direct contact with the sample matrix [9–11].
Headspace solid phase microextraction (HS-SPME) and head space
single drop microextraction (HS-SDME) techniques are a conve-
nient and solvent-free extraction method that is suitable for trace
analysis of volatile analytes. The main drawbacks of SPME are rel-
atively limited amount of stationary phases available, high cost of
fibers and limited lifetime of fibers associated with the pollution
during the extraction and eventually degradation [12,13]. On the
other hand, the disadvantages of HS-SDME include the fact that it
is not very robust and that the droplets may be lost or fall from
the needle tip of the microsyringe during extraction [14]. In addi-
tion, the surface area of the organic solvent is limited; therefore,
the low interfacial contact area between sample and solvent of HS-
SDME may decrease the extraction efficiency. In order to overcome
these drawbacks, the developed hollow fiber protected headspace
liquid-phase microextraction (HS-HF-LPME) technique in which

the hollow fiber protects and holds the extractant droplet was
developed [15,16]. In this condition, the surface area of the extrac-
tion phase in contact with the headspace is increased dramatically.
Furthermore, due to the simplicity and low cost of the extraction
device, the hollow fiber can be discarded after each extraction to

dx.doi.org/10.1016/j.chroma.2010.12.005
http://www.sciencedirect.com/science/journal/00219673
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void carryover and cross-contamination. This serves to maintain
igh reproducibility and repeatability.

Selenium is well known as an essential trace element with
nly a small difference between essential and toxic levels and it
s released from both natural and anthropogenic sources [17,18].
everal inorganic and organic selenium compounds have been
dentified, while the toxicity of selenium is depending on the
hemical form in which it is present. Organoselenium compounds
re used as herbicides, fungicides and bactericides in agricul-
ure [19]. Moreover, biomethylation process of selenium caused
y animal exhalation, selenoprotein degradation by bacteria and
icro-organisms, and the conversion process of inorganic sele-

ium species to volatile organoselenium compounds in plants, are
s important pathways of selenium metabolism [20–22]. Organic
pecies of selenium have a different toxicity than inorganic ones
uch that volatile methylated species are considered to be 500 times
ess toxic than selenite [23,24]. However, in spite of lower toxicity
f volatile organoselenium compounds, they have more solubil-
ty in lipids and can accumulate in different tissue. The volatile
imethylselenide (DMSe) and dimethyldiselenide (DMDSe) have
een identified as major metabolite excreted that could be released

nto the atmosphere [25]. Therefore, there has been increasing
nterest in speciation of volatile organoselenium compounds in
nvironmental and biological samples [25,26].

Analysis of these volatile compounds can be conducted by using
as chromatography (GC) coupled with different detectors such
s flame ionization detection (FID) [27], photoionization detection
28], atomic emission detection (AED) [28–30], as well as plasma
nd mass spectroscopy [20,31–33]. However, the concentration of
he analytes in biological and environmental samples is normally
t a low level, mostly close or below the detection limit of many
odern instrumental techniques. For this purpose, several new

echniques have been developed for the separation and precon-
entration of volatile organic selenium compounds in the various
amples such as, solid phase extraction (SPE) [32], solid phase
icroextraction (SPME) [28,29,33], purge-and-trap (PT) without

he cryogenic module [30], and stir bar sorptive extraction (SBSE)
31].

The aim of this study was to develop a simple and highly sen-
itive method for the speciation and preconcentration of volatile
rganic selenium species in environmental and biological samples.
herefore, the HS-HF-LPME followed by GC–MS was applied for this
urpose.

The experimental variables such as ionic strength, sample vol-
me, stirring rate, dwelling time, extraction temperature and time
ere optimized by a multivariate strategy based on an experi-
ental design using a Plackett–Burman design for screening and
central composite design for optimizing of the significant fac-

ors. The optimized procedure was applied to determine DMSe and
MDSe in some biological and environmental samples.

. Experimental

.1. Reagents and materials

All chemicals were analytical reagent grade unless oth-
rwise stated. Reagent grade water was collected from a
illi-Q water purification system (Millipore, Bedford, MA,
SA).Dimethylselenide [(CH3)2Se, DMSe; 99% purity] and
imethyldiselenide [(CH3)2Se2, DMDSe; 98% purity] were obtained

rom Fluka (Buchs, Switzerland) and Aldrich (Steinheim, Germany),
espectively. Stock solutions of the organoselenium species of
000 mg L−1 were prepared by appropriate diluting with methanol
nd stored at 4 ◦C. Lower concentration stock solutions of the
rganic compounds were prepared daily in methanol and stored
. A 1218 (2011) 380–386 381

in the refrigerator. Aqueous working solutions were prepared
immediately before use by diluting with water. The extracting
solvents 1-octanol, 1-decanol, 1-hexanol, nonane, and o-xylene
were purchased from Fluka (analytical-grade). A Q 3/2 Accurel
Polypropylene hollow-fiber membrane (600 �m I.D., 200 �m
wall thickness, 0.2 �m pore size) was purchased from Membrana
GmbH (Wuppertal, Germany). The hollow fiber was cut into 1.5 cm
segments and was cleaned in acetone and dried before use.

2.2. Instrumentation

Agilent Technologies 6890N gas chromatograph coupled with
5975 mass spectrometer (Wilmington, DE) containing electron
impact ionization (70 eV) and quadrupole analyzer was used for
analysis. GC was equipped with DB-624 fused silica capillary col-
umn (60 m × 0.25 mm i.d. × 1.40 �m film thickness). Injection was
done by splitless and injection volume of 1 �L. Injector temperature
was 250 ◦C. The column oven was initially held at 50 ◦C for 5 min,
rising to 150 ◦C at a rate of 10 ◦C min−1 and holding for 5 min and
finally rising to 250 ◦C at 10 ◦C min−1 and maintaining for 5 min.
GC–MS interface temperature was 150 ◦C, MS source temperature
250 ◦C and MS quadrupole temperature 150 ◦C, respectively. Scan
m/z range was 30–300. Carrier gas was helium and its flow rate was
1.2 mL min−1. The extractions and injections were carried out using
a 10 �L microsyringe (SGE, Sydney, Australia) with a cone needle
tip. Stirring of the solutions was carried out by a Heidolph MR3001
magnetic stirrer (Schwabach, Germany). A water bath was used for
controlling the sample temperature.

2.3. Procedure

The hollow fiber membrane was cut manually and carefully into
1.5 cm lengths. In order to prevent the memory effect each portion
of fiber was used once for each treatment. The hollow fibers were
sonicated for 5 min in acetone to remove any possible contamina-
tion. Then they were removed from acetone and the solvent was
allowed to evaporate. A fixed concentration (2 mg L−1) of ethyl ben-
zene, as internal standard, was prepared in 1-decanol, as extracting
solvent. After the uptake of 3 �L of the extractant solvent, the
needle of the syringe was inserted into the internal tube of the
two-compartment cell above the extraction vial, pierced the vial
septum and then was clamped. The volume of the aqueous solu-
tion was 15 mL in a 20 mL vial. The needle tip was inserted into the
1.5 cm hollow fiber membrane, then the 3 �L organic solvent inside
the syringe is injected into the hollow fiber. After that, the fiber
together with the syringe was fixed on the retort stand. The syringe
pump was pre-programmed to dispose and withdraw 3 �L of the
organic phase in a continuous mode at a speed of 20 �L min−1 in
order to perform a fresh surface in each cycle for maximum absorp-
tion of the volatile analytes onto the 3 �L of the organic solvent in
the HF. The cooling system was set at 0 ◦C. The solution was then
stirred at 1000 rpm at 30 ◦C for 5 min. After extraction, the plunger
was withdrawn and the acceptor solution was retracted back into
the syringe. The needle was removed from the headspace and the
1 �L of extract was then injected into the GC–MS for analysis. Fig. 1
shows the apparatus used for the HS-HF-LPME.

2.4. Preparation of real samples

2.4.1. Environmental water and soil samples
Well, river and Caspian Sea water from the north of Iran, tap
water, waste water and soil agricultural samples were analyzed by
HS-HF-LPME combined with GC–MS for speciation and determina-
tion of volatile organic compound of selenium.

All samples were stored at 4 ◦C in the darkness until analysis. The
storage period was kept as short as possible. To carry out the extrac-
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Fig. 2. Effect of different extraction solvents on preconcentration factors of DMSe
and DMDSe.

Table 1
The experimental variables and levels of the Plackett–Burman design.

Variable Level

Low High

Sample volume (mL) 13 17
Extraction time (min) 5 15
Temperature of solution (◦C) 30 60

effective parameters. The analysis of the results is visualized using
standardized main effect Pareto charts (P = 95%) as shown in Fig. 3.
The results illustrated in Fig. 3 also confirm that the factors of, A,
B and C are most effective factors on HS-HF-LPME of DMSe and
ig. 1. Schematic diagram of headspace hollow fiber liquid phase microextraction
pparatus.

ions, 15 mL of water samples or 2.0 g of soil were placed into a
0 mL glass vial. For soil samples, 15 mL distilled water were added,
nd the vial was then placed under magnetic stirring (1300 rpm)
or 30 min for homogenization. The analytical method developed
as directly applied for determination of volatile organoselenium

ompounds in water samples.

.4.2. Biological samples
Different samples of milk, milk powder, yoghurt beer, apple and

rape juices were purchased from local supermarket (Tehran, Iran).
–2 g of milk powder or 5–10 mL of milk, beer and juices were put

nto 20 mL glass vials. Then, each sample was diluted to 15 mL with
ltrapure water. The two urine samples obtained from two volun-
eers were also analyzed. For preparation of human urine, 5.0 mL of
he urine sample was transferred into a 20 mL vial and then diluted
o 15 mL with ultrapure water.

.5. Optimization strategy of HS-HF-LPME

There are several factors like sample volume, dwelling time,
onic strength, stirring rate, extraction time and solution temper-
ture that affect the extraction process. In order to obtain the
ptimum conditions of HS-HP-LPME for extraction of DMSe and
MDSe from different samples, a Plackett–Burman design was
pplied for screening of the variables. After choosing the significant
ariables, in order to investigate the interaction between variables,
Box–Behnken design (BBD) was performed and a response sur-

ace equation was derived. The experimental design matrix and
ata analyses were performed using the STATGRAPHICS plus 5.1
oftware.

. Results and discussion

A crucial step in hollow-fiber LPME is choosing the most proper
xtracting solvent. The extracting solvent should have special
roperties such as high solubility for the target analytes, com-
atibility with the polypropylene hollow-fiber, high boiling point
nd low vapor pressure. For these purposes, different organic sol-
ents including: 1-octanol, 1-decanol, 1-hexanol, nonane, o-xylene
nd toluene were investigated for the extraction of DMSe and
MDSe. N-decanol show the highest preconcentration factor, as it

s illustrated in the results shown in Fig. 2, possibly due to its high
oiling point, low vapor pressure (232.9 ◦C, 1.1 Pa at 25 ◦C) which
esulted in decreasing the solvent loss during the extraction, and
lso stronger interaction between this solvent and the species.
.1. Screening design

In order to obtain a high preconcentration factor, the effects
f different parameters having impact on extraction efficiency
Ionic strength 0 20
Stirring rate (rpm) 600 1200
Dwelling time (s) 5 15

were optimized. In the present work, based on the preliminary
experiments, at least six factors might affect the experimental
response. Therefore, six factors of sample volume (A), stirring rate
(B), dwelling time (C), extraction time (D), ionic strength (E) and
temperature of sample solution (F), at two levels were selected.
The low and high values were selected from the results of previous
experiments (Table 1).

In order to select the variables that have main effect on the HS-
HF-LPME, Plackett–Burman design was used as a screening method.
The total design matrix showed 15 runs (12 + 3 centerpoints) to be
carried out randomly in order to eliminate the effects of extraneous
or nuisance variables. The ANOVA results were evaluated for deter-
mining the main effects. The results of 15 experiments by using
a Plackett–Burman design for estimating the effects of the above
factors at two selected levels for each parameters, show that the
sample volume (A), Stirring rate (B) and dwelling time (C) are most
Fig. 3. Standardized (P = 0.05) Pareto chart, representing the estimated effects of
parameters obtained from the Plackett–Burman design for volatile organic selenium
compounds.
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Fig. 4. Pareto charts of the main effects in the Box–Behnken design for DMSe and
E. Ghasemi et al. / J. Chrom

MDSe. A parameter is considered as significant when its value is
igher than ±t. All other variables are not significant factors in the
tudied range.

According to Fig. 3, in this study, the stirring rate and dwelling
ime were the most significant variables having a positive effect on
he extraction efficiency of the analytes. Sample volume was the
ext most significant variable that also having the positive effect
n the extraction efficiency.

Fig. 3 reveals that the extraction time has a negative effect on
he extraction efficiency. For HS-HF-LPME, the extraction does not
ttain equilibrium. It is due to the fact that it is not practicable
o maintain an extraction time long enough for equilibrium to be
stablished. In addition, the problem of solvent depletion should
lso be considered. The longer the extraction, the more solvent will
e depleted. Thus, a short extraction time was seemed to be suitable
or this experiment.

Fig. 3 also shows that the salt addition has a negative effect on
he extraction efficiency. This can be explained by the fact that in
he presence of salt, interaction may take place between the analyte
nd the salt, so that tend to restrict the movement of analyte from
he source phase to the headspace. So, all subsequent experiments
ere performed in the absence of salt.

For the extraction temperature, because the process of ana-
yte absorption in the hollow fiber-supported organic solvent
s exothermic, the amount of analytes partitioned increase

hen the extraction temperature is reduced. Nevertheless,
ery low extraction temperature can decrease extraction rate,
ecause for higher boiling compounds, the distribution con-
tants between the headspace and sample matrix should be large
nough to enable sufficient amount of analytes to be extracted
34].

Based on the results of the first screening study, to continue the
ptimization, three insignificant variables were fixed at appropri-
te amounts (extraction time: 5 min; extraction temperature: 30 ◦C
nd ionic strength: 0).

.2. Optimization design

The Box–Behnken design (BBD) for the three significant factors
f sample volume, stirring rate and dwelling time was per-
ormed to evaluate the optimum condition for the performance
f HS-HF-LPME. The Box–Behnken design has been carried out
n fifteen randomized runs (2 × 3(3-1) + 3 centerpoints), using
he STATGRAPHICS software. For predicting the optimal point,

second-order polynomial model was fitted to correlate rela-
ionship between independent variables and response (relative
rea).

The quality of fit of the polynomial model equation was
xpressed by the coefficient of determination R2. This equation has
determination coefficient (R2) of 96.3%, indicating that only 3.7%
f the total variations were not explained by the model. The data
btained were evaluated by ANOVA test and the effects of variables
n the extraction efficiency are shown by using Pareto chart in Fig. 4.
s Fig. 4 shows, the entire three factors of dwelling time, stirring
ate and sample volume have positive significant effect upon the
xtraction.

The dwelling time is an important factor that defined as a wait-
ng time after the complete pull down the plunger to flushing of
olvent. Generally, HS-HF-LPME efficiencies were increased by the
umber of extraction cycle. But, without or in too short dwelling
ime, the contact time between the headspace gas phase and the

rganic solvent inside the hollow fiber becomes very short which
esulted in decreasing the extraction efficiency.

Stirring rate was another important factor that has a significant
ositive effect on the extraction efficiency. Increasing the speed
f sample stirring is expected to enhance the rate of extraction
DMDSe. AA, BB and CC are the quadratic effects of sample volume, stirring rate and
dwelling time, respectively. AB, BC and AC are the interaction effects between sam-
ple volume and stirring rate, between stirring rate and dwelling time, and between
sample volume and dwelling time, respectively.

of all target analytes because the equilibrium between the aque-
ous and vapor phases can be achieved more rapidly and enhances
the diffusion of the analytes towards the microfilm of organic sol-
vent.

Fig. 4 also shows that the sample volume has a significant pos-
itive effect upon the extraction efficiency. In fact, by increasing
the sample volume at the fixed concentration of the analytes, the
amount of analytes will increase. On the other hand, an increase in
sample volume and, consequently, a decrease in headspace volume
enhance the extracted amount of the analyte, which improves the
sensitivity.

Fig. 5 shows the response surface plots and their related coun-
ters for the relative areas. Accordingly, the plots given in Fig. 5 were
used for interpreting graphically the variation of the relative areas
as a function of each pair of the independent variables. Estimated
response surface for the sample volume versus the dwelling time
is shown in Fig. 5a. As can be seen, the analytical signals increase
quickly to sample volume of 15 mL. After it, the plots flatter out
because with the increase of the sample volume, the convection
in the matrix and also mass transfer into the microfilm from the
sample matrix decreased, resulting in less extraction.

Fig. 5b shows the response surface obtained by plotting the stir-
ring rate versus the dwelling time. As it was shown, increasing the
dwelling time up to 10 s causes to increase the extraction efficiency.
But, in further incensement of dwelling time, lower frequency of
the plunger movement and consequently fewer number of extrac-
tion cycles, cause to decrease the extraction efficiency. Also, as
can be seen in this figure, the extraction efficiency increased with
increasing stirring rate up to 1000 rpm. However, when the stir-
ring rate exceeded 1000 rpm, the stirring bar in the sample solution
could not move steadily, and consequently lowered the extraction
efficiency. Fig. 5c also shows the response surface of the sample
volume versus the stirring rate. According to the overall result
of the optimization study, the following experimental conditions
were chosen: sample volume, 15 mL; stirring rate, 1000 rpm and
dwelling time of 10 s.

3.3. Analytical performance

Under the optimized conditions, the analytical performance
of the developed method was evaluated and summarized in

Table 2. The LOD were calculated as the concentration of the
analytes equal to three times of the standard deviation of the
blank signal divided by the slope of calibration curve (3Sb/m).
In order to calculate the preconcentration factor of each analyte,
five replicate extractions were performed under optimal con-
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Fig. 5. Estimated response surface by plotting relative area versus (a) sample vol-
u
d

d
a
b
a
d
d
D

Fig. 6. GC–MS chromatogram of a 30 �g L−1 of DMSe and DMDSe spiked tap water
sample solution after HS-HF-LPME at optimum conditions. Column temperature

other reported method. Finally, it is concluded that this method

T
T

me and dwelling time, (b) sample volume and stirring rate, (c) stirring rate and
welling time, with related contours.

itions from the aqueous solution containing 50 �g L−1 of the
nalytes. The preconcentration factor was calculated as the ratio
etween the slopes of the calibration curves obtained before and
fter applying the microextraction procedure. Relative standard

eviation (intra-day, n = 5, c = 50 �g L−1) was determined on five
ifferent days (inter-day, n = 5) for the HS-HF-LPME of DMSe and
MDSe.

able 2
he limit of detections, correlation of determinations, dynamic linear ranges, preconcent

Analytes LOD (�g L−1)a R2b DRL (�g L−1)c

DMSe 0.065 0.98 0.5-590
DMDSe 0.057 0.99 0.4-480

a Limit of detection.
b Correlation of determination.
c Dynamic linear ranges.
d Relative standard deviation.
programming: 50 ◦C for 5 min, then increased to 150 ◦C at 10 ◦C min−1 and held for
5 min, followed by a second ramp (10 ◦C min−1) to a final temperature of 250 ◦C and
held for 5 min. (1) Dimethylselenide (DMSe); (2) ethyl benzene; (3) dimethyldise-
lenide (DMDSe).

3.4. Analysis of environmental and biological samples

Under the optimized conditions, the developed HS-HF-LPME-
GC–MS technique was applied to speciation and determination of
DMSe and DMDSe in some environmental and biological samples.
In order to validate the proposed method, recovery experiments
were also carried out by spiking the samples with different amounts
of DMSe and DMDSe. The recoveries for the spiked samples var-
ied from 88.0% to 108.6% for DMSe and from 88.7% to 107.0% for
DMDSe. Table 3 shows that results of five replicate analysis of each
samples obtained by the proposed method and the added amount
of DMSe and DMDSe are in satisfactory agreement. Since the exam-
ined real samples include the salts, alcohols and some acids, it
can be concluded that many interference problems are eliminated
because the fiber is not in contact with the samples. On the other
hand, it seems that the short extraction time (5 min) in solution
temperature of 30 ◦C can also reduce the effect of the matrices inter-
ference. A chromatogram of tap water sample spiked with DMSe
and DMDse after the HS-HF-LPME with a 3 �L of 1-decanol con-
taining 2 mg L−1 ethyl benzene as internal standard is shown in
Fig. 6.

A comparison of the represented method with other approaches
reported in the literature for speciation of volatile organic com-
pounds of selenium in environmental and biological samples by
different techniques is given in Table 4. As can be seen, the
LODs of this method are lower than that obtained in Refs [28,29],
while a derivazation step was used to improve the sensitivity
of determination in Ref. [32]. The developed method has less
sensitivity compared with that reported in Refs. of [30,31], how-
ever, these methods are more expensive to purchase and use,
and the instrumentation is also not available in most laborato-
ries. However, it should be noted that the LODs of the proposed
method could be improved remarkably if a large volume injec-
tion was used. In addition, due to the simplicity and low cost
of the extraction device, the hollow fiber can be discarded after
each extraction to avoid carryover and cross-contamination. Also,
in comparison of extraction time, this method is faster than the
is an effective technique for the speciation and determination
of DMSe and DMDSe in different biological and environmental
samples.

ration factors, intra- and inter-day precision for HS-HF-LPME.

Preconcentration factor RSD%d

Intra-day Inter-day

1250 4.8 5.3
1170 3.9 5.0



E. Ghasemi et al. / J. Chromatogr. A 1218 (2011) 380–386 385

Table 3
The results of speciation and recoveries of DMSe and DMDSe in various environmental and biological samples (n = 5).

Sample Added (�g L−1) Found (�g L−1) Recovery (%)

DMSe DMDSe DMSe DMDSe DMSe DMDSe

Well water 0 0 0 0 – –
15 15 15.5 14.5 103.3 96.6
30 30 28.9 31.0 96.3 103.3

River water 0 0 0 0 – –
15 15 13.8 14.8 92.0 98.6
30 30 29.5 29.1 98.3 97.0

Caspian sea water 0 0 0 0 – –
15 15 14.3 13.9 95.3 92.6
30 30 30.9 27.9 103.0 93.0

Tap water 0 0 0 0 – –
15 15 16.3 13.5 108.6 90.0
30 30 29.9 32.1 99.6 107.0

Waste water 0 0 15 8 – –
15 15 28.9 21.3 92.6 88.7
30 30 44.2 38.9 97.3 103.0

Soila 0 0 0 0 – –
15 15 13.2 14.1 88.0 94.0
30 30 27.9 31.3 93.0 104.3

Milk 0 0 0 0 – –
15 15 15.9 14.4 106.0 96.0
30 30 29.9 28.4 99.6 94.7

Milk powdera 0 0 0 0 – –
15 15 13.8 15.2 92.0 101.3
30 30 30.1 29.3 100.3 97.7

Yogurt 0 0 0 0 – –
15 15 15.2 14.3 101.3 95.3
30 30 27.6 30.8 92.0 102.6

Alcoholic beer 0 0 5 1 – –
15 15 19.2 15.5 94.7 96.7
30 30 33.9 30.8 96.3 99.3

Apple juice 0 0 0 0 – –
15 15 15.9 14.3 106.0 95.3
30 30 29.7 29.1 99.0 97.0

Grape juice 0 0 0 0 – –
15 15 13.9 14.9 92.7 99.3
30 30 29.6 28.8 98.7 96.0

Urine 1 0 0 0 0 – –
15 15 14.4 15.8 96.0 105.3
30 30 29.6 29.3 98.7 97.7

Urine 2 0 0 0 0 – –
15 15 14.1 13.9 94.0 92.7
30 30 29.2 30.8 97.3 102.7

a The concentrations for solid samples are as �g kg−1.

Table 4
Characteristic performance data obtained by using HS-HF-LPME and other techniques in speciation of DMSe and DMDSe in environmental and biological samples.

Method LODa (ng L−1) Preconcentration factor Time (min) Reference

DMSe DMDSe DMSe DMDSe

SPME-GC-AED 70 170 – – 6 [28]
SPME-GC-ICP-MS 760 1330 – –

35 [29]SPME-GC-MIP-AES 570 190
SPME-GC-AFS 880 1330
bPT-GC-AED 0.8 1.1 – – >20 [30]
cHSSE-GC-ICP-MS 33 7.1 – – 20 [31]
SPE-GC-MS 400 0.6 500 500 >20 [32]
HS-HF-LPME-GC–MS 65 57 1250 1170 5 This work

t

4

h
t

a Limit of detection.
b Purge-and-trap gas chromatography atomic emission detection.
c Headspace stir bar sorptive extraction.

This methodology is a reproducible, simple, fast and low cost
echnique and with no requirement for further instrumentation.
. Conclusion

In the present study, a simple, environmentally friendly and
igh-preconcentration sample preparation method, based on
he head space hollow fiber liquid phase microextraction was
developed to extract volatile organoselenium compounds from
environmental and biological samples. The experimental param-
eters of HS-HF-LPME were optimized using a Box–Behnken design

after a Plackett–Burman screening design. The developed method
proved to be a simple, fast, effective, sensitive and inexpen-
sive method with high reproducibility and repeatability, and also
applicable to the analysis of volatile organoselenium species in
environmental and biological samples.
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