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0.52 and 1.73  μg  kg−1, respectively. Enrichment factor 
and extraction recovery were 333 and 89 %, respectively. 
The method precision was evaluated at a concentration of 
25 μg  kg−1 and relative standard deviation was less than 
6.9  % for intra-day (n =  6) and inter-day (n =  4) preci-
sions. Finally, the proposed method has been successfully 
applied in analysis of 1,4-dioxane in different shampoo 
samples.
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Abbreviations
DHS-LPME	� Dynamic headspace-liquid phase 

microextraction
DMSO	� Dimethyl sulfoxide
EF	� Enrichment factor
ER	� Extraction recovery
FID	� Flame ionization detection
GC	� Gas chromatography
LLE	� Liquid–liquid extraction
LOD	� Limit of detection
LOQ	� Limit of quantification
RSD	� Relative standard deviation
SPE	� Solid phase extraction
SPME	� Solid phase microextraction

Introduction

Sodium lauryl ether sulfate (SLES) is an anionic surfactant 
which is used in production of cosmetics, dish washing 
and autocare [1]. During the production of polyethoxylated 
detergents by the reaction of fatty alcohols with ethylene 

Abstract  In the present study, a new, simple, rapid, and 
environmentally friendly headspace-liquid phase microex-
traction method followed by gas chromatography–flame 
ionization detection has been developed for the extrac-
tion/preconcentration and determination of 1,4-dioxane 
from shampoo. The developed procedure is performed in 
a home-made extraction vessel, connected to a glass vial 
containing sample and extraction solvent. In this method, 
an aliquot weight of shampoo is mixed with a binary mix-
ture of n-hexane and dichloromethane (50:50, v/v) as the 
extractant and the target analyte is extracted during a liq-
uid–liquid extraction procedure. Then a home-made extrac-
tion vessel containing a few microliters of a collection/
extraction solvent is contacted to a glass vial containing 
the organic phase obtained from the previous step. By heat-
ing 1,4-dioxane is vaporized and enriched in a μL volume 
of the collection/extraction solvent. Then an aliquot vol-
ume of the collected phase is injected into the separation 
system. The effect of several factors which may influence 
performance of the method, including kind and volume of 
the extraction solvents used in both steps, extraction tem-
perature, extraction time, and salt addition were evaluated. 
Under the optimum extraction conditions, limits of detec-
tion and quantification for the target analyte were obtained 
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oxide, a portion of ethylene oxide is polymerized to form 
1,4-dioxane [2]. 1,4-Dioxane is a cyclic ether which is used 
as a solvent in chemical reactions, a fluid for scintillation 
and a dehydrating agent in the preparation of tissue sec-
tion for histology. Also, it is used as a component of paint 
and varnish removers, and a wetting and dispersion agent in 
textile industry [3]. In many consumer products, e.g., clean-
ing products, cosmetics, shampoos, and lotion formulations 
1,4-dioxane is present as a byproduct. 1,4-Dioxane is a mod-
erately volatile, colorless and water miscible solvent, with a 
mild and ethereal odour. Exposure from occupational as well 
as environmental sources may occur by all routes; inhalation, 
ingestion and dermal contact, that absorption is rapid follow-
ing inhalation and oral administration, whereas penetration 
through skin is slow [4–6]. Several reports have described 
adverse health effects due to chronic dioxane exposure 
[7]. It is toxic for liver, lungs, kidneys and central nervous 
system [8–13]. Due to adverse effects of 1,4-dioxane, US 
Department of Health and Human Services has determined 
less than 20  mg  L−1 as its maximum residue limit (MRL) 
in detergents and hygienes [14]. Hence level of 1,4-dioxane 
in commercial cosmetic products is of direct concern to con-
sumers. The assay of this substance in cosmetics products 
has been carried out by several analytical methods such as 
gas chromatography–mass spectrometry (GC–MS) [15–22], 
reversed phase-high performance liquid chromatography 
(RP-HPLC) [23], and headspace-gas chromatography–mass 
spectrometry (HS-GC/MS) [24]. Although these methods 
are selective and sensitive, sample preparation is essential 
due to trace level of 1,4-dioxane present in the samples and 
potential interferences of the matrices. Liquid–liquid extrac-
tion (LLE) [25] and solid phase extraction (SPE) [26–28] 
have been used for sample preparation prior to 1,4-dioxane 
analysis. However, these conventional pretreatment methods 
need large amounts of sample and organic solvents, are time-
consuming and expensive, and the materials used are not 
reusable. Recent researches have been oriented toward the 
development of efficient, economical, and miniaturized sam-
ple preparation methods. As a result, analysis of 1,4-dioxane 
in cosmetics was performed using headspace-solid phase 
micro-extraction (HS-SPME) coupled with GC–MS analy-
sis [29, 30]. This technique has advantages of high purity 
of the extract, avoiding organic solvents consumption and 
simplicity. Its disadvantages are the memory effect, chro-
matographic peak broadening and the high price of the fiber 
used [31–34]. Unfortunately only one report (the above men-
tioned paper) has been published in the literature regarding 
application of microextraction techniques in sample prepara-
tion of 1,4-dioxane in different samples [29].

In the present study, a new sample preparation technique 
is proposed based on μL level of a safe solvent. In fact, 
this technique is a dynamic headspace-liquid phase micro-
extraction (DHS-LPME) method which is reported for the 

first time and used in the extraction and preconcentration 
of 1,4-dioxane from different shampoo samples. Determi-
nation of the analyte is carried out using gas chromatogra-
phy–flame ionization detection (GC–FID). Effect of experi-
mental parameters including type of extraction solvent and 
its volume, extraction time, salt addition, and temperature 
are studied and optimized in details. Analytical perfor-
mance of the proposed method in real samples is explored.

Experimental

Chemicals and reagents

1,4-Dioxane (99.5 %) was purchased from Merck (Darm-
sadt, Germany). Solvents including n-hexane, dichlo-
romethane, dimethyl sulfoxide (DMSO), n-octanol, n-hex-
anol, and n-pentadecane tested as the extraction solvents 
were supplied from Merck. A stock solution of 1,4-diox-
ane in de-ionized water was prepared at a concentration 
of 500 mg L−1. Working standard solutions were prepared 
daily by appropriate dilutions of the stock solution with 
de-ionized water. A standard solution of 1,4-dioxane and 
toluene (internal standard) (IS) was prepared in n-octanol 
(500  mg  L−1 of each) and injected into GC–FID system 
directly (three times in a day) for quality control of the 
separation system and the obtained peak areas were used in 
calculation of enrichment factor (EF) and extraction recov-
ery (ER).

Samples

Eight shampoo samples including Baby (Johnson, Milvaki, 
USA), Sehat (Cedr, Tehran, Iran), Darugar (Super, Teh-
ran, Iran), Parzhak (Garlic, Kerman, Iran), Fulica (Anti-
dandruff, Tehran, Iran), Ave (Pro-Vitamin, Alborz, Iran), 
Clear (Cool Sport, Alborz, Iran), and Corea (Antidandruff 
and Scalp Care, Seoul, Korea) from various producers 
were purchased from local pharmacies (Tabriz, Iran). All 
samples were used without any pretreatment. A portion of 
baby shampoo was transferred into a 250-mL Erlenmeyer 
and nitrogen gas was passed through its headspace for 1 h 
for removing the analyte. Then the sample was analyzed 
by headspace GC–MS and no peak was observed in the 
retention time of the analyte. It was used as a matrix (blank 
shampoo) and all optimizations were performed using this 
shampoo spiked with known amounts of the analyte.

Instrumentation

Chromatographic analysis of the samples was performed 
on a Shimadzu 2014 gas chromatograph (Kyoto, Japan) 
equipped with a split/splitless injector used in a splitless 
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mode (sampling time 0.5 min and split ratio 1:10) and an 
FID. Helium (99.999 %, Gulf Cryo, United Arabic Emir-
ates) was used as the carrier gas at a constant linear veloc-
ity of 30 cm s−1 and make up gas (40 mL min−1). Injector 
and FID temperatures were maintained at 200 °C. Chroma-
tographic separation was performed on an HP-1 capillary 
column (100 % poly dimethyl siloxane, 30 m × 0.25 mm 
ID and 0.5 µm film thickness) (Agilent Technologies, CA, 
USA). The column oven temperature was initially held at 
40  °C for 8 min, then ramped at 20  °C min−1 to 200 °C, 
and held at 200  °C for 5  min. Hydrogen gas was gener-
ated with a hydrogen generator (OPGU-1500 S, Shimadzu, 
Japan) for FID at a flow rate of 30 mL min−1. Air flow rate 
for FID was 300 mL min−1. GC–MS analysis was carried 
out on an Agilent 7890A gas chromatograph with a 5975C 
mass selective detector (Agilent Technologies, CA, USA). 
MS operational conditions were: electron ionization (EI), 
70 eV; ionic source temperature, 250 °C; transfer line tem-
perature, 260 °C; mass range, m/z 20–100; acquisition rate, 
20  Hz; and detector voltage, −1700 V. Library searching 
was performed using the commercial NIST library. The 
carrier gas was helium at a flow rate of 1.0 mL min−1. The 
column oven temperature programming and capillary col-
umn kind used in GC–MS were the same as used in GC–
FID analysis mentioned above. The Hettich centrifuge, 
model D-7200 (Germany) was used for accelerating phase 
separation.

Extraction/preconcentration procedure

LLE procedure

To 3 g blank shampoo, 1.00 g NaCl was added and spiked 
with 1,4-dioxane at a concentration of 500  µg  kg−1 into 
a 50-mL separatory funnel. Then, 5  mL n-hexane and 

dichloromethane mixture (50: 50, v/v) was transferred into 
the funnel. After manually shaking (2 min) the mixture was 
transferred into a 10-mL centrifuge tube. After centrifuging 
at 7000 rpm for 5 min, the upper phase was removed and 
used in the following microextraction procedure.

DHS‑LPME procedure

The extract (5  mL) obtained from the previous LLE step 
was transferred into a 10-mL glass vial and it was sealed 
by a PTFF-silicon septum. Then the taper end of the home-
made extraction vessel (GC liner shaped) (Scheme 1) was 
passed through the septum and inserted in the headspace 
of solution. Then 2.5 μL n-octanol containing 500 mg L−1 
toluene (IS) was added to wide section of the extraction 
vessel, and vial was placed into a water bath thermostated 
at 35  °C. After 8  min, the vessel was disconnected and 
1 μL of the organic phase placed within the narrow sec-
tion of the vessel was removed using a 1-μL microsyringe 
and injected into the separation system. The extraction 
procedure is shown schematically in Scheme 1. It is noted 
that during DHS-LPME procedure, the analyte was trans-
ferred to headspace of the solution placed into the vial and 
then passed through the extraction vessel. During passing 
the vessel, 1,4-dioxane was dissolved into n-octanol and 
concentrated. The narrow section of the vessel avoided n-
octanol to pour into the vial. Indeed in the period of the 
extraction (8 min) many bubbles were produced in narrow 
section of the vessel and moved-up. When they reached to 
wide section of the vessel, the bubbles were cracked up and 
n-octanol re-collected in narrow section of the vessel. This 
action was repeated for many times during 8  min extrac-
tion time. The procedure is a dynamic method because the 
analyte is passed through the extraction vessel continu-
ously. In spite of single drop micro-extraction in which one 

Scheme 1   Extraction procedure
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equilibrium is established and low ER is achievable, in this 
method many equilibriums are occurred and an exhaustive 
extraction can be obtainable (see Sect. 3.3 for ER of 89 %).

Calculation of EF and ER

Two main parameters, namely EF and ER, have been used 
for evaluation of the proposed procedure. The EF is defined 
as a ratio of the analyte concentration in the final organic 
phase into the extraction vessel (Cf) to its initial concentra-
tion (C0) within the sample.

Cf is obtained by comparison of peak area of the analyte 
obtained by direct injection of a standard solution (three 
times in a day) prepared in the extraction solvent. The ER 
is defined as the percentage of the total analyte amount (n0) 
which is extracted into the final organic phase (nf):

where Vf, ds, and Ms are volume of the final organic phase 
into the extraction vessel, sample density, and sample 
weight, respectively.

Results and discussion

In the present study 1,4-dioxane is extracted into an organic 
phase from shampoo during an LLE procedure. Then a 
new dynamic micro-extraction method is performed for the 
preconcentration of the analyte prior to its injection into 
GC–FID. In this procedure, a home-made extraction ves-
sel is used and all parameters that can affect the extraction 
efficiency including type and volume of extraction sol-
vent, extraction time, temperature, and ionic strength are 
investigated.

Optimization of parameters in LLE procedure

Selection of extraction solvent

As mentioned above in this study, the target analyte is 
extracted from shampoo sample by an LLE method and 
the extracted analyte is preconcentrated in the following 
microextraction step. In LLE, selection of an appropriate 
extraction solvent has an important role on performance 
of the developed method. The extraction solvent should 
have good extraction capability for the target analyte from 

(1)

(

EF =

Cf

C0

)

(2)

ER =

nf

n0
× 100 =

cf × vf

c0 × (Ms/ds)

× 100 = EF ×

vf

(Ms/ds)
× 100

relatively complex matrix, e.g., shampoo, is immiscible 
with the sample, and has sufficient volatility due to this 
fact that, the extracted phase will be used in the following 
micro-extraction method. It assists to transfer of the ana-
lyte to headspace in DHS-LPME step. According to these 
requirements three extraction solvents including acetone, 
n-hexane, and dichloromethane (individual or binary mix-
tures of them) were selected for this purpose. In all experi-
ments, 3  g blank shampoo spiked with 500  µg  kg−1 of 
1,4-dioxane along with 5 mL of each extraction solvent or 
binary mixture (50:50, v/v) of them were subjected to the 
same LLE procedure in a 50-mL separatory funnel. After 
manually shaking for 2 min, transferring into a 10-mL tube 
and centrifuging at 7000 rpm for 5 min, 1 μL of the upper 
phase was injected into GC. According to the obtained 
results (Fig. 1) the better analytical signal is observed in the 
binary mixture of dichloromethane: n-hexane (50:50, v/v). 
Therefore, it was selected for the further experiments.

Study of dichloromethane/n‑hexane volume ratio

Dichloromethane and n-hexane mixtures with different vol-
ume ratios have various polarities and can affect distribu-
tion coefficient of the target analyte between the sample 
and extractive phase. Therefore, selection of dichlorometh-
ane and n-hexane volume ratio is important. For this pur-
pose, a series of extractive phases was prepared by mixing 
different volumes of dichloromethane and n-hexane while 
total volume was kept constant (5 mL). The obtained results 
showed that the high extraction efficiency was obtained at 
a ratio of 50:50 (v/v) dichloromethane:n-hexane. It seems 
that in the case of 50:50 (v/v) dichloromethane:n-hexane 
distribution coefficient of the analyte between sample and 
the mentioned extraction solvents mixture is high due to 
their polarities matching. Subsequently, it was selected as 
an extractant for the further experiments.

Optimization of extractant volume

The effect of extractant volume in LLE step was examined 
using a series of experiments using different volumes of 
dichloromethane: n-hexane (50:50, v/v) mixture including 
3, 4, 5, 6, and 7 mL according to the extraction procedure 
described above. The results indicated that ER increased 
from 3 to 5  mL and then remained constant. It is plausi-
ble that at low volumes of the extractant, extraction of 
1,4-dioxane is incomplete and at volumes more than 5 mL 
dilution of the extracted analyte in the extractive phase can 
be occurred. This can be concluded from decreasing peak 
area of the analyte at high volumes of extractive phase 
used. Therefore, 5 mL was selected as the optimum volume 
for the extractant.
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Study of salt addition

Salting-out effect is observed in most LLE methods. Addi-
tion of a salt decreases solubility of analyte in an aque-
ous phase and increases its partitioning into an organic 
phase. In the present study, addition of salt may increase 
extraction efficiency of 1,4-dioxane from shampoo into 
the extractant, and assists two-phase system formation. 
Therefore, effect of salt addition was investigated by add-
ing NaCl in the range of 0–1.50 g into 3 g blank shampoo 
sample spiked with the target analyte at a concentration 
of 500  mg  kg−1. The obtained results indicated that ana-
lytical signal increased up to 1.0 g and then decreased. It 
should be noted that volume of the collected organic phase 
increased from 5 to 6 mL by adding NaCl in the range of 
0.0–1.50 g. Increasing the collected organic phase volume 
has no evil effect on ER of the analyte at 1.25 and 1.50 g 
with respect to 1.00 g NaCl. So, NaCl (1.00 g) was selected 
as a salting out agent for the further studies.

Optimization of parameters in DHS‑LPME step

Selection of extraction/preconcentration solvent

Selection of extraction solvent is very important in all 
LPME methods as well as in this study in which a DHS-
LPME is used. DHS-LPME was proposed in this work 
mainly to preconcentrate the analyte from the extract 
obtained in LLE step. Extraction/preconcentration sol-
vent was added to the home-made extraction vessel at 
μL level to dissolve analyte released to headspace of the 
LLE extractant. In this study a dynamic mode of head-
space extraction was used to have an exhaustive extraction. 

The analyte released gradually from the solution to head-
space and passed through the extraction vessel containing 
extraction/preconcentration solvent. 1,4-Dioxane was dis-
solved into μL level of the solvent and preconcentrated. 
The extraction/preconcentration solvent should have a low 
volatility to avoid its loss during extraction period. Also, it 
must properly dissolve/preconcentrate the analyte and its 
chromatographic peak is well separated from the analyte 
peak in the chromatogram. Several organic solvents includ-
ing n-hexanol, DMSO, n-octanol, and n-pentadecane were 
investigated for this purpose. It should be noted that to pro-
vide an acceptable precision the use of an internal standard 
in this step is necessary. For this purpose, toluene was used 
as an internal standard and it was added to each of the stud-
ied solvents at a concentration of 500 mg L−1. In the fol-
lowing experiments, 1,4-dioxane was spiked at a concentra-
tion of 0.5 mg kg−1 to blank shampoo. Figure 2 depicts the 
ratio of peak area of analyte to peak area of toluene versus 
extraction solvent kind. According to the obtained results, 
the best analytical signal is observed using n-octanol and it 
was selected as the extraction/preconcentration solvent in 
the subsequent studies.

Optimization of n‑octanol volume

In a micro-extraction method, the volume of extraction 
solvent should be optimized because this factor can affect 
the extraction efficiency. To evaluate the effect of extrac-
tion/preconcentration solvent volume, different volumes 
of n-octanol (0.5, 1.0, 1.5, 2.5, 5.0, 7.5, and 10 μL) were 
subjected into the same micro-extraction procedures. The 
obtained results showed that the peak areas ratio increased 
until 2.5 μL due to increase in extraction efficiency of the 

Fig. 1   Selection of extraction 
solvent in LLE step. Extraction 
conditions: sample 3 g blank 
shampoo spiked with the ana-
lyte (500 µg kg−1); extraction 
solvent 5 mL of each solvent or 
binary mixture (50:50, v/v) of 
them; temperature 35 °C; centri-
fuging rate 7000 rpm; and cen-
trifuging time 5 min. The error 
bars indicate the minimum and 
maximum of three independent 
determinations
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method and then decreased at volumes 2.5–10 μL prob-
ably due to dilution of the extracted analyte into the organic 
phase which in turn led to decrease in EF and analytical 
signal. So, 2.5 μL n-octanol was chosen as the optimum 
volume for the extraction/preconcentration solvent.

Influence of extraction temperature

Temperature has a significant effect on the kinetic and 
thermo dynamic of an extraction process. Mass trans-
fer (rate and amount) of the analyte from the sample to 
headspace and then from the headspace to the extraction/
preconcentration solvent depends on temperature. High 
temperature leads to increased vapour pressure of the ana-
lyte and hence its high concentration in headspace. On the 
other hand, distribution coefficient of the analyte between 
the headspace and extraction/preconcentration solvent 
decreases at high temperatures. Also at high temperatures, 
vaporization of the extraction/preconcentration solvent is 
a problem. Therefore, temperature should be optimized in 
this study. The effect of temperature was evaluated in the 
range of 25–45 °C. The obtained results are shown in Fig. 3 
which reveal that extraction efficiency of the proposed 
method increases up to 35 °C due to increasing distribution 
coefficient of the analyte between solution (LLE extract) 
and headspace and then decreases. Decreasing in extraction 
efficiency at temperatures higher than 35 °C can be attrib-
uted to decrease in distribution coefficient of 1,4-dioxane 
between headspace and the extraction/preconcentration sol-
vent. Therefore, 35 °C was selected as the optimum extrac-
tion temperature.

Heating/extraction time study

In this study, a DHS-LPME method was developed in 
which heating/extraction time has an important effect on 
performance of the developed method. This parameter 
was studied in the range of 0.5–10 min. The obtained data 
showed that the peak areas ratio and ER increase up to 
8 min and then remained constant. It can be concluded that 
in heating/extraction time of 8  min the analyte removed 
quantitatively from the solution and dissolved in the extrac-
tion/preconcentration solvent placed into the extraction 
vessel. The ER near to 100 % at the times of 8–10 min is 
another reason for this subject. So, 8 min was selected as 
the optimum time for heating/extraction in the following 
experiments.

Analytical parameters

Under the optimum conditions, quantitative characteristics 
of the developed method including linear range (LR), coef-
ficient of determination (R2), limit of detection (LOD), limit 
of quantification (LOQ), EF, and ER were obtained. A cali-
bration curve was obtained with LR of 1.7–10,000 μg kg−1 
with a regression equation of A = 14.96C + 4.3 (A = peak 
area and C  =  concentration, μg  kg−1) and coefficient 
of determination of 0.992. The LOD and LOQ, calcu-
lated for a signal-to-noise ratio of 3 and 10, were 0.52 and 
1.7 μg  kg−1, respectively. Repeatability of the developed 
method, expressed as relative standard deviation (RSD %), 
was evaluated by performing the method on six repeated 
experiments (for intra-day) and four repeated experi-
ments (for inter-day) at a concentration of 25 μg kg−1 and 

Fig. 2   Selection of extraction/preconcentration solvent volume in 
DHS-LPME. Extraction conditions: the same as used in Fig. 1, except 
n-octanol was used as the extraction/preconcentration solvent. The 
error bars indicate the minimum and maximum of three independent 
determinations

Fig. 3   Effect of temperature on the extraction efficiency. Extrac-
tion conditions: the same as used in Fig. 2, except 2.5 μL n-octanol 
containing 500 mg L−1 toluene was used. The error bars indicate the 
minimum and maximum of three independent determinations
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they were obtained 5.9 and 6.9  %, respectively. The EF 
and ER values of the proposed method were 333 ± 7 and 
89 ± 2 %, respectively, for three repeated experiments per-
formed on the blank shampoo spiked with a concentration 
of 25 μg kg−1.

Real samples analysis

Applicability of the developed method to real samples was 
investigated by determining 1,4-dioxane in different sham-
poo samples. Figure  4 depicts typical GC–FID chroma-
tograms of shampoo Sehat before and after spiking with 
100 μg kg−1 of 1,4-dioxane along with chromatogram of 
a standard solution. Considering the chromatograms, there 
is a suspected peak (indicated by an asterisk) in unspiked 
shampoo chromatogram eluated in the retention time of 
1,4-dioxane. To identify this compound, the sample was 
injected into GC–MS after performing the developed 
method. The presence of 1,4-dioxane was verified by com-
parison of mass data for scan 524 (retention time 5.23 min) 
with those of 1,4-dioxane (Fig. 5). 1,4-Dioxane content of 
the studied shampoos (8 samples) was determined using 
standard addition method at three concentration levels of 
50, 250, and 500 μg  kg−1 by the proposed DHS-LPME–
GC–FID method and it was obtained in the range of 9.40–
1030 μg kg−1 which are lower than MRL value proposed 
by US Department of Health and Human Services. The 
obtained concentrations are summarized in Table  1. To 
evaluate matrix effect in different samples, the added-found 
method was used. The samples were spiked with the target 
analyte at three concentrations (50, 250, and 500 μg kg−1) 
and the proposed method was applied to them (three times 
for each concentration). The relative recovery values for 
the target analyte are summarized in Table 1. Considering 

relative recoveries (>88  %), it can be concluded that the 
matrices of the studied samples are less effective in perfor-
mance of the developed method.

Fig. 4   GC–FID chromatograms 
of: a standard solution of the 
analyte and toluene prepared 
in n-octanol (500 mg L−1 of 
each), b shampoo Sehat, and 
c shampoo Sehat spiked with 
(50 μg kg−1 of analyte). In all 
cases, except chromatogram (a), 
the proposed method was per-
formed on them and 1 μL of the 
final organic phase was injected 
into the separation system

Fig. 5   a GC-total ions current-MS chromatogram of shampoo Sehat, 
b mass spectrum of 1,4-dioxane, and c mass spectrum of the com-
pound eluated in retention time of 5.23 min
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Comparison of the developed method with other 
approaches

Table 2 indicates the values of LOD, LR, and RSD of other 
methods and the proposed method for the extraction and 
determination of 1,4-dioxane from different samples. The 
repeatability of method is good and RSD for the proposed 
method is lower than those of most mentioned methods. In 
comparison with other microextraction methods, the pre-
sented method provides lower or comparable LOD and 
wider LR. These results reveal that the proposed method 
is a sensitive and repeatable technique that can be used for 
the preconcentration and determination of 1,4-dioxane in 
shampoo samples.

Conclusion

In this study, for the first time, a new microextraction 
method based on DHS-LPME has been developed for 
the extraction and preconcentration of 1,4-dioxane in 
shampoo. The method was combined with GC–FID for 

quantitative analysis of 1,4-dioxane in different shampoo 
samples. The experimental results show that this technique 
exhibits many merits such as high ER and EF, low LOD 
and LOQ, low cost, short extraction time and good repeat-
ability. Excellent performance of the method in analysis 
of 1,4-dioxane in shampoo samples shows that it can be 
successfully applied to relatively complex matrices. In the 
light of these advantages, the developed method can be 
considered as an efficient, simple and rapid technique for 
the determination of 1,4-dioxane in shampoo samples.
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