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GC–IT-MS	� Gas chromatography-ion trap-mass 
spectrometry

GC–MS	� Gas chromatography-mass spectrometry
GFAAS	� Graphite furnace atomic absorption 

spectrometry
HF-LPME	� Hollow fiber liquid-phase microextraction
HPLC	� High performance liquid chromatography
IL	� Ionic liquid
IL-DMME	� Ionic liquid-linked dual magnetic 

microextraction
LDS	� Low density solvent
LDS-VSLLME	� Low density solvent-vortex-assisted 

surfactant-enhanced-emulsification 
liquid–liquid microextraction

LMF-DMMLE	� Low-density magneto fluid dispersive 
liquid–liquid microextraction

LPME	� Liquid-phase microextraction
2-ME	� 2-Mercaptoethanol
MEEKC	� Microemulsion electrokinetic 

chromatography
MNPs	� Magnetic nanoparticles
MS	� Mass spectrometry
NP	� Nonylphenol
OCPs	� Organochlorine pesticides
OP	� Octylphenol
OPA	� o-Phthalaldehyde
OPPs	� Organophosphate pesticides
PAHs	� Polycyclic aromatic hydrocarbons
PCBs	� Polychlorinated biphenyls
PEs	� Phthalate esthers
PFOS	� Perfluorooctane sulfonate
SDME	� Single drop microextraction
SFODME	� Solidified floating organic drop 

microextraction
SPE	� Solid phase extraction

Abstract  Recently, a new and fast equilibrium-based 
solvent microextraction technique termed vortex-assisted 
liquid–liquid microextraction was developed. In this tech-
nique, the dispersion of the extraction solvent is enhanced 
by vortex mixing. The aim of the present review is to dis-
cuss the applications of vortex agitation in solvent-micro-
extraction procedures.

Keywords V ortex-assisted · Liquid–liquid 
microextraction · HPLC · GC · Organic and inorganic 
compounds
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DLLME	� Dispersive liquid–liquid microextraction
DNSUAME	� Dispersive nano-solid material-ultra-
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FPD	� Flame photometric detection
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GC-FPD	� Gas chromatography-flame photometric 

detection
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UFLC	� Ultra-fast liquid chromatography
US	� Ultrasound
USAEME	� Ultrasound assisted emulsification 

microextraction
USVADLLME	� Ultrasound-vortex-assisted dispersive 

liquid–liquid microextraction
US-VALLME	� Ultrasound-vortex assisted liquid–liquid 

microextraction
VA	�V ortex-assisted
VAE	�V ortex-assisted extraction
VALLME	�V ortex-assisted liquid–liquid 

microextraction
VSLLME	�V ortex-assisted surfactant-enhanced-emul-

sification liquid–liquid microextraction

Introduction

Modern trends in analytical chemistry are toward the sim-
plification and miniaturization of sample preparation pro-
cedures, as well as the minimization of solvent and reagent 
consumption. The sample preparation step, which leads to 
the enrichment and purification of the analytes, is one of 
the most important steps of any chemical analysis proce-
dure. Traditional extraction techniques are laborious and 
consume a large amount of organic solvent. In the last two 
decades, miniaturized solvent extraction procedures, also 
called liquid-phase microextraction (LPME), have attracted 
much attention by many researchers. The principle of 
LPME protocols is based on the traditional liquid–liquid 
extraction, whereby the organic phase is substantially 
reduced.

From the introduction of the first works on LPME in 
1996 [1, 2], different approaches of LPME such as SDME 
[3, 4], HF-LPME [5], DLLME [6] and SFODME [7], 
among others, were developed.

In particular, DLLME is a very simple and rapid extrac-
tion method, based on the use of a ternary component 
solvent system, which has been applied to the extrac-
tion and preconcentration of both organic and inorganic 
compounds from aqueous samples. DLLME has attracted 
more and more attention, due to its superior advantages of 
high enrichment factor, high recovery, and high extraction 
speed, low cost and easy operation [8, 9].

Basically, DLLME is based on the fast injection of a 
mixture of extracting and disperser solvents into the aque-
ous solution to form a cloudy ternary component solvent 
(aqueous solution/extracting solvent/disperser solvent) sys-
tem; after centrifugation, the enriched analyte in the sedi-
mented phase is withdrawn and determined generally by 
chromatography or spectrometry methods.

The main drawbacks associated with DLLME have been 
the difficulty to automate and the necessity of using a third 

component (disperser solvent), which commonly decreases 
the partition coefficient of analytes into the extractant 
solvent.

Recently, in the year 2010, Yiantzi et al. [10] introduced 
a new microextraction method termed vortex-assisted liq-
uid–liquid microextraction (VALLME), whereby disper-
sion of low density extraction solvent into water is obtained 
through using vortex mixing, a mild emulsification proce-
dure. The fine droplets can rapidly extract target analytes 
from water because of the shorter diffusion distance and 
larger interfacial area. After centrifugation, the floating 
extractant phase restores its initial single-drop shape for the 
following instrumental analysis.

Recently, Andruch et al. presented an interesting review 
where the authors principally discuss the application of 
ultrasonic irradiation, and in minor extension, the applica-
tion of vortex agitation in solvent microextraction proce-
dures [11].

This paper reviews the applications of this new proce-
dure for sample preparation based on the vortex agitation. 
We present a compilation of these applications and sum-
marize the principal characteristics of newly developed 
methods.

Applications

Table  1 gives a list of various VALLME procedures that 
have been reported in the literature, and Table 2 shows the 
characteristics of the corresponding methods of analysis.

Organic Compounds

Liquid Chromatography

For the first time, dispersion of the extractant phase into the 
aqueous was achieved using vortex mixing, a mild emul-
sification procedure [10]. The method was successfully 
applied to the determination of BPA, OP and NP at trace 
levels in water samples. The fine droplets formed could 
extract target analytes towards equilibrium faster because 
of the shorter diffusion distance and larger specific surface 
area. The single microdrop could easily be collected with 
the help of a microsyringe and used for HPLC analysis.

Vortex-assisted extraction combined with DLLME was 
applied by Leng et  al. [12] for the extraction of PAHs in 
sediment samples prior to analysis by HPLC with FLD. 
This procedure extends and improves the application of 
DLLME to solid samples. This method gives a comparable 
detection limit with other previous studies, and provides 
good linearity and repeatability, as well as good extrac-
tion efficiency. Also, the extraction and preconcentration of 
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PAHs in sediment samples could be achieved within 3 min, 
which indicated that the method was much simpler and 
rapid compared with previous study.

A one-step method based on VALLME and OPA/2-ME 
derivatization combined with HPLC–FLD for the determi-
nation of eight primary amines in high-amino acid-contain-
ing water samples was developed by Chang et al. [13]. In 
addition to shortening the pretreatment time and concen-
trating analytes, this method has two major advantages: the 
excellent stabilization of OPA derivatives of amines and the 
elimination of amino acid interference.

In a work realized by Wang et al. [16], a new and easy 
one-step in-syringe device for VALLME was proposed and 
applied for the analysis of three fungicides in real aqueous 
samples. This research uses a 5-mL syringe as the extrac-
tion vessel to carry out extraction, separation, preconcen-
tration and injection procedures in one step, without the 
need for any offline processes such as centrifugation to col-
lect the recovered extractant, thus expanding the level of 
automation of VALLME.

Trtic-Petrovic and Dimitrijevic investigate the first 
application of the binary ionic liquid (IL)-VALLME 
technique, and combine it with HPLC for determination 
of the selected pesticides in the pesticide manufactur-
ing wastewater sample [18]. The benefits of this method 
are rapidity, simplicity, easy of the operation, low con-
sumption of IL, simultaneous extraction of the low polar 
and more polar compounds, direct injection in HPLC, 
and the environmentally friendly aspect of the method. 
This work shows that IL-VALLME technique can be 
treated as a promising alternative to the other extrac-
tion techniques as the sample pretreatment before HPLC 
determination.

The same research group that proposed VALLME for 
first time developed a simple and fast analytical method for 
trace level determination of perfluorosulfonates in water 
samples, based on VALLME and coupled to HPLC–single 
quadrupole MS [21]. For this study, PFOS anion was cho-
sen by the authors as the model analyte, as it is the most 
commonly occurring contaminant. This analytical proce-
dure does not require the use of certain sample preparation 
apparatus, which has been repeatedly reported to act as a 
source of procedural contamination or uncertainty.

A novel VALLME method combined with UFLC was 
established by Sun et al. for the preconcentration and deter-
mination of three aromatic amines in water samples [22]. 
Compared with other microextraction techniques, this 
method provided satisfactory performance, such as low 
detection limits, short extraction time and good repeat-
ability values. This is a low organic solvent consumption 
method in which 1-hexyl-3-methylimidazolium hexafluo-
rophosphate [C6MIM][PF6] was used as the extraction sol-
vent without any other organic solvent.

A new extraction method, based on dispersive nano-
solid material-ultrasound assisted microextraction, was 
used by Khodadoust et  al. for the preconcentration of the 
bendiocarb and promecarb pesticides in the water samples 
prior to HPLC [24]. The authors used NiZnS nanoparti-
cles, loaded on activated carbon (NiZnS-AC), as the new 
adsorbent for extraction of analytes in aqueous media. In 
this method, nano-particles are dispersed in aqueous media 
by vortex and ultrasonic device for adsorption of target 
analyte, then adsorbed analyte is eluted and determined by 
HPLC–UV.

Gas Chromatography

In a study presented by Jia et al. [25], the purpose was to 
introduce a new solvent microextraction method for the 
extraction of pesticides in water samples using the volu-
metric flask as the extraction vessel. The dispersion sys-
tem formed under vortex assistance is thermodynamically 
unstable, and cleared into two phases quickly in the volu-
metric flask after the extraction process. In order to effi-
ciently collect the small volumes of extraction solvent float-
ing on the surface of water, a pipet tip (diameter: 7 mm) is 
adhered on the neck of the volumetric flask. By using this 
simple home-designed device, the application of low-den-
sity solvents in other DLLME methods is also possible.

A new micro-extraction technique, named low-density 
magneto fluid dispersive liquid–liquid microextraction, has 
been developed by Shen et al.; it permits a wider range of 
solvents and can be combined with various detection meth-
ods [26]. Compared with the existing low-density solvents 
micro-extraction methods, no special devices and compli-
cated operations were required during the whole extraction 
process. Dispersion of the low-density magneto fluid into 
the aqueous sample was achieved by using vortex mixing, 
so disperser solvent was unnecessary. The extraction sol-
vent was collected conveniently with an external magnetic 
field placed outside the extraction container after dispers-
ing. Then, the magnetic nanoparticles were easily removed 
by adding precipitation reagent under the magnetic field.

Very recently, Wu et al. [27] develop a temperature-con-
trolled ultrasound-assisted and vortex-assisted liquid–liquid 
microextraction as a fast and efficient approach for the 
extraction of nine OPPs followed by GC-FPD. The goal of 
this study was to develop a rapid and effective microextrac-
tion method that overcomes the drawbacks of ultrasound-
assisted emulsification-microextraction and VALLME and 
that combines the advantages of these methods. Temper-
ature-controlled ultrasound-assisted and vortex-assisted 
liquid–liquid microextraction was developed by the authors 
and employs ultrasonication and vortex agitation.

Ozcan [29] developed a VALLME procedure fol-
lowed by GC–MS for the determination of OCPs. After the 
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determination of the most suitable extraction solvent and rota-
tional speed of the vortex, parameters such as vortex extrac-
tion time, solvent volume and ionic strength of the sample 
were optimized by using a 23 factorial experimental design.

The scope of the work carried out by Zacharis et al. [30] 
was to extend the applicability of the VALLME by deter-
mining 12 OPPs in environmental water and wine samples 
using GC–MS by using a low density organic solvent. From 
the green analytical chemistry point of view, the usage of 
lighter-than-water organic solvents is preferable to chlorin-
ated ones, while additional dispersing reagents are avoided.

In a study described by Ozcan [31], the VALLE 
method combined with GC–MS for the determination of 
seven PCBs at trace levels in environmental samples was 
developed. Under optimized extraction conditions, the 
VALLME method provides high recovery and repeatabil-
ity. Compared to the other methods, this method requires 
only a small volume of sample and consumption of toxic 
organic solvent, and a shorter extraction time. In addition, 
the developed method is viable, rapid, and easy to use for 
the qualitative and quantitative analyses of PCBs in waters. 
Additionally, minimum organic solvent consumption in the 
developed method diminishes environmental pollution and 
extra operational costs for waste treatment.

Recently, diverse protocols based on the use of different 
combination of VA with DLLME and other extraction sys-
tems have been proposed. In this sense, a vortex-assisted 
μ-solid phase extraction (μ-SPE) combined with low den-
sity solvent-based DLLME (VA-μ-SPE-LDS-DLLME) was 
developed for the GC–MS determination of PEs in environ-
mental water samples [33]. The objective of the combined 
approach developed by Guo and Lee was to improve overall 
extraction time and analyte preconcentration, and simultane-
ously, to enable extraction from more complex aqueous sam-
ples. In the first step, with the assistance of vortex, the time 
required for μ-SPE was only several minutes, and was rela-
tively much faster than the conventional μ-SPE procedure, 
which involves stirring and usually takes 20–40 min. In the 
second step, the analytes were further concentrated by LDS-
DLLME. High extraction efficiency was obtained. In another 
study, an ultrasound-vortex-assisted dispersive liquid–liquid 
microextraction (USVADLLME) procedure coupled with 
GC-FID or GC–IT/MS was proposed for rapid analysis of 
six phthalate esters [34]. The results obtained using this ana-
lytical procedure based on USVADLLME and GC-FID or 
GC–IT/MS analysis allows for investigating PEs in matrices 
with large alcohol content.

Metal Ions

At this moment, the application of VALLME for the pre-
concentration of inorganic ions is being investigated very 

little. In this way, Chamsaz et al. employed VALLME for 
the determination of trace amounts of cadmium by FAAS 
[39] and GFAAS [40]. In these works, IL, 1-hexyl-3-meth-
ylimidazolium hexafluorophosphate ([Hmim][PF6]), was 
used as an extractant solvent. Cd2+ was complexed with 
APDC, and then entered into fine IL droplets by the assis-
tance of vortex agitator system. These determinations of 
cadmium by the VALLME method have better dynamic 
range, less toxicity (using IL as extraction solvent) and 
simplicity, compared to some reported methods in the lit-
erature. The same investigation group reported another 
determination of cadmium by FAAS, where cadmium 
preconcentration was mediated by chelation with the 
8-hydroxyquinoline (oxine) reagent and an IL, 1-octyl-
3-methylimidazolium hexafluorophosphate ([Omim][PF6]) 
was chosen as the extraction solvent to extract the hydro-
phobic complex [41].

In other research, Leng et al. [43] developed an analyti-
cal method for trace level determination of mercury spe-
cies (methylmercury MeHg+, ethylmercury EtHg+ and 
inorganic mercury Hg2+) in sediment samples based on 
VALLME and coupled to HPLC-CVAFS. Using l-Cysteine 
as extraction solvent, this method is sensitive, simple and 
rapid, as well as environmentally friendly.

A novel and simple ionic liquid-linked dual magnetic 
microextraction was developed by Yilmaz and Soylak 
[45] for fast and effective determination of lead com-
bined with FAAS. In this report, [C4mim][PF6] was used 
to extract complex of Pb with pyrrolidine dithiocarbamate 
in the DLLME step without organic solvents.In the D-μ-
SPE step of the microextraction method, Fe3O4 magnetic 
nanoparticles were used to extraction of the IL and com-
plex. Because of using MNPs and IL in the IL- DMME, 
the procedure can be described as environmentally friendly. 
No specific equipment, or time-consuming and complex 
processes other than conventional preconcentration meth-
ods are required. The main advantage of the method is that 
it can be applied to water, plant and hair samples without 
matrix interferences.

Vortex‑Assisted Surfactant‑Enhanced‑Emulsification 
Liquid–Liquid Microextraction

A novel sample pretreatment technique, based on vortex-
assisted surfactant-enhanced-emulsification liquid–liq-
uid microextraction (VSLLME), followed by GC-FPD, 
was developed by Yang et  al. [47] for the determina-
tion of seven OPPs. The addition of a surfactant, which 
was used as an emulsifier, could enhance the speed of 
the mass-transfer from aqueous samples to the extrac-
tion solvent. The developed VSLLME overcomes sev-
eral disadvantages of the former LPME methods, while 
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maintaining their advantages. Its main disadvantage was 
that the extraction solvent must have a higher density than 
water in order to be sedimented by centrifugation; typi-
cally chlorinated solvents such as chlorobenzene, which 
was potentially toxic to human health and the environ-
ment, were used. For this reason, the same investigation 
group, in two later studies, used a disposable polyethylene 
pipette as the extraction device in a new VSLLME method 
that permitted the use of light solvent such as toluene, as 
the extraction solvent [48, 49]. Low-density and nonch-
lorine solvents could be used as extraction solvent in this 
procedure, which overcame the main disadvantage of the 
former VSLLME method.

In another recent study, LDS–VSLLME with GC–MS was 
applied for the first time to the fast determination of six PEs 
in bottled water samples [50]. In this procedure, toluene was 
employed as the extraction solvent, and CTAB was used as 
an emulsifier to facilitate the dispersion of organic solvent in 
the aqueous sample. After a 30 s extraction assisted by vor-
tex agitation, phase separation was achieved by centrifuga-
tion. The supernatant (extraction solvent) was collected at the 
conical bottom of the tube after removing the aqueous sample 
by a syringe. This method avoids the necessity of a special 
homemade device for the collection of low-density organic 
solvents, it being tedious and troublesome to fabricate.

Vichapong et  al. [52] have explored and developed an 
efficient LDS-VSLLME method coupled to HPLC with 
photodiode array detection for the extraction, preconcentra-
tion and analysis of neonicotinoid pesticide residues in sur-
face water and fruit juice samples. This method has poten-
tial to be used as an alternative green extraction method 
for the determination of neonicotinoids in various sample 
matrices, with good recovery in the range of 85–105 %.

A novel method based on the combination of MEEKC 
and VSLLME was developed by Li et al. for the determina-
tion of five triazine herbicides (simazine, atrazine, ametryn, 
prometryn, and terbutryn) in water samples [53]. For the 
first time, MEEKC was combined with VSLLME, and the 
results indicated that the combination could improve the 

detection sensitivity of MEEKC, while keeping high sepa-
ration efficiency. Meanwhile, in the developed VSLLME 
technique, a surfactant was used as an emulsifier to enhance 
the dispersion of extraction solvent into aqueous sample 
caused by vortex mixing without any hazardous dispersant 
solvents.

Conclusions

The VALLME technique, in which the dispersion of the 
extraction solvent is enhanced by vortex mixing instead of 
ultrasound irradiation, was devised [10]. The advantages of 
this approach are that employing VALLME overcomes the 
difficulties of DLLME, namely the necessity of using a dis-
perser solvent and the problem of possible analyte degra-
dation resulting from the high temperatures and pressures, 
as well as the free radicals that are generated when using 
ultrasound; using a vortex for mixing is more cost-effec-
tive than an ultrasonic bath and a great deal less expensive 
than using an ultrasonic probe, and the dispersion formed 
under vortex-mixing is thermodynamically unstable, which 
means the extraction phase that contains the target analyte 
can be easily separated [21].

The initial VALLME [10] was improved by employ-
ing a surfactant, so VSLLME was developed [47]. Using 
a surfactant in this method as an emulsifier enhanced the 
extraction efficiency and enabled the extraction time to be 
decreased.

This new and fast sample preparation method termed 
VALLME has the inherent advantage of achieving equilib-
rium conditions within only a few minutes. VALLME has 
thus far proven to be efficient for the rapid extraction of 
trace amounts of organic pollutants with both high enrich-
ment factors and low detection limits. As can be seen from 
Fig. 1, the highest number of applications of the VALLME 
procedure has been in aqueous samples.

The main disadvantage of VALLME has to do with the 
tested low-density extractants, such as decane, 1-octanol, 

Fig. 1   Applications of 
VALLME procedure in real 
samples
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n-hexane, toluene, and octane. Only 1-octanol can restore 
its initial single-drop shape after centrifugation and can 
therefore be effectively collected for analysis. Other tested 
solvents are left dispersed on the surface of the water and 
are thus hard to collect.
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