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Introduction

The activities of chemists and chemical engineers, 
both in industry and in laboratories, can adversely affect 
the quality of the natural environment. Growing public 
concern over protecting our environment obligates chem-
ists to change their attitude towards activities so that they 
will be conducted in an environmentally friendly manner. 
In 1991 the concept of Green Chemistry [1], commonly 
presented through the Twelve Principles [2], was intro-
duced to implement such an idea into everyday life. Since 
that time, university teams, independent research groups, 
industry, scientific societies and governmental agencies, 
frequently cooperating together, presented different ap-
proaches to decrease pollution in order to reduce threats 
to health and the environment.

The irony is that the analytical methods used to as-
sess the state of environmental pollution and analytical 
chemists in laboratories, through uncontrolled disposal 
of reagents and solvents or chemical waste, may in fact 
be the source of emission of a great amount of pollutants 

that negatively influence the environment. This is con-
nected with the necessity of using considerable amounts 
of chemical compounds in successive steps of applied 
analytical procedures. Sampling and especially prepara-
tion for their final determination is frequently connected 
with the formation of large amounts of pollutants (vapors, 
wastes of reagents and solvents, solid waste). Therefore, it 
is necessary to introduce the rules of green chemistry into 
chemical laboratories on a large scale.

Considering the Twelve Principles of Green Chemis-
try it is easy to indicate the directions that may decide 
about the “green” character of analytical chemistry [3]. 
The following issues should be treated as priorities:
	–	 eliminating or minimizing the use of chemical re-

agents, particularly organic solvents, from analytical 
methods,

	–	 eliminating from analytical procedures chemicals with 
high toxicity and ecotoxicity,

	–	 reducing steps that demand much labor and energy, in 
particular analytical methods (per single analyte),

	–	 reducing the impact of chemicals on human health.
Our paper focuses on the role of so-called solventless 

techniques of sample preparation in contemporary envi-
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ronmental analysis. The great interest in this approach is 
due to both ecotoxicological and economic aspects: emis-
sion of sometimes toxic solvents into the environment is 
avoided; solvents of high purity are expensive and so are 
costs of recycling, e.g. by distillation.

The discussion considers the principal features and 
advantages of the techniques currently in use. Examples 
of application of each method are also given.

Reduction of Solvents from Analytical 
Procedures (Solventless Sample Preparation)

There is an urgent necessity to evaluate employed 
analytical procedures not only in respect to the reagents, 
instrumental costs and analytical parameters but also on 
the basis of their negative influence on the environment. 
A good tool for such an evaluation may be a Life Cycle 
Assessment (LCA). The constant development of a new 
solventless technique is a good example of the activities 
in this field. The following direct analytical techniques (a 
sample preparation step is not necessary) may be treated as 
a typical example of procedures that are more friendly for 
the environment: X-ray fluorescence [4], surface acous-
tic wave (SAW) [5] used for the determination of volatile 
organic compounds (VOCs) and immunoassay [6]. Also, 
other techniques in which the amount of reagents and 
solvents is eliminated or minimized (calculated per one 
analytical cycle) belong to environmentally benign pro-
cedures, e.g.:
	–	 solid phase extraction (SPE) [7],
	–	 accelerated solvent extraction (ASE) [8],
	–	 solid phase microextraction (SPME) [9],
	–	 stir bar sorptive extraction (SBSE) [10],
	–	 thin-film microextraction [11],
	–	 single drop microextraction (SDME) [12]
	–	 liquid phase microextraction (LPME) [13],
	–	 supercritical fluid extraction (SFE) [14]
	–	 extraction in automated Soxhlet apparatus [15]
	–	 vacuum distillation of volatile organic compounds 

[16]
	–	 mass spectrometry with membrane interface (MIMS) 

[17].
Techniques that reduce solvent consumption during 

sample preparation also are becoming popular, e.g. mi-
crowave accelerated extraction (MAE), supercritical fluid 
extraction (SFE) and pressurized hot water extraction 
(PHWE). SFE, when only pure carbon dioxide is applied, 
is also considered a solventless technique, but in many 
applications a small volume of organic solvent is needed 
in the trapping step or during elution from the trap. Fur-
thermore, other applications require a modifier in the ex-
traction step.

The next important challenge of green analytical 
chemistry is in-process monitoring. Developing and us-
ing in-line or on-line analyzers allows us to determine 
analytes in real time, enabling us to detect disturbances 
in the course of a process in the initial steps. Such a mean 

of analysis gives rapid information and provides a chance 
for proper reaction – stopping the technological process 
or changing the operational parameters, and improves 
overall efficiency.

The application of green chemistry rules while design-
ing greener analytical methods is the key toward dimin-
ishing the negative effect of analytical chemistry on the 
environment. The same ingeniousness and novelty ap-
plied earlier to obtain excellent sensitivity, precision and 
accuracy is now used to abate or eliminate the application 
of hazardous substances in analytics. Below, some mod-
ern analytical techniques are presented.

Accelerated Solvent Extraction (ASE)

Recently developed accelerated solvent extraction 
(ASE) – also referred to as pressurized fluid extraction 
(PFE) – offers an order of magnitude of additional reduc-
tions in solvent use with faster sample processing time, 
and with the potential of automated unattended extraction 
of multiple samples. Briefly, using ASE a solid sample is 
enclosed in a sample cell that is filled with an extraction 
solvent; after the cell is sealed, the sample is permeated 
by the extracting solvent under elevated temperatures and 
pressure for short periods (5 to 10 min) (Fig. 1). Typi-
cally, the samples are extracted under static conditions, 
where the fluid is held in the cell for controlled time pe-
riods to allow sufficient contact between the solvent and 
the solid for efficient extraction. Alternatively, dynamic or 
flow‑through techniques can be used. Compressed gas is 
used to purge a sample extract from the cell into a collec-
tion vessel. The ASE technique achieves rapid extraction 
with small volumes of conventional organic solvents by 
using high temperatures (up to 200°C) and high pressures 
(up to 20 MPa) to maintain the solvent in a liquid state. 
The use of liquid solvents at elevated temperatures and 
pressures enhances efficiency compared with extractions 

Fig. 1. Schematic diagram of accelerated solvent extraction sys-
tem.
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at or near room temperature and atmospheric pressure 
because of enhanced solubility and mass-transfer effects 
and the disruption of surface equilibrium. In a very short 
period of time some review papers with a very detailed 
description and evaluation of this technique of sample 
pretreatment have been published [18]. ASE has been 
used to extract various hydrophobic organic compounds 
from different environmental samples [19]. Some studies 
have carried out comparisons between ASE and conven-
tional techniques, such as supercritical fluid extraction 
(SFE) and Soxhlet extraction. In the studies where tech-
nique comparisons were made, the performance of ASE 
was consistently equivalent to or better than conventional 
technique, such as Soxhlet and sonication extraction.

Solid Phase Microextraction (SPME)

SPME is a fast, universal, sensitive, solventless and 
economical method of sample preparation for analysis 
using gas chromatography (GC) or high performance 
liquid chromatography (HPLC) (Fig. 2). This technique 
allows one to reach detection limits at a level of 5-50 ppt 
for volatile, semivolatile and nonvolatile compounds. The 
approximate time of sample preparation using SPME is 
usually in the range 2-15 min. [20].

The effectiveness of analyte preconcentration using 
SPME depends on many parameters, such as: type of fiber, 
stirring of sample, time of extraction, ionic strength, etc.

The sensitivity of the technique depends mainly on the 
value of the partition coefficient of analytes partitioned 
between a sample and a stationary phase of a fiber. The 
efficiency of preconcentration depends not only on type 

of fiber used but also on its thickness (amount). The type 
of fiber affects the amount and character of sorbed spe-
cies [21]. The general rule “like dissolves like”, i.e. polar 
compounds are sorbed on polar fibers and nonpolar on 
nonpolar ones. A broad range of standard fibers are avail-
able on the market.

A great number of compounds can be determined us-
ing this technique. It enables the isolation of pesticides 
from different matrices [22], solvent residues [23] and an 
analysis of such complex mixtures as aroma compounds 
[24].

The exposure of a fiber may be realized in two modes, 
by direct immersing the SPME fiber into the liquid sample 
analyzed (direct immersion SPME) or by exposing the fi-
ber to the headspace (HS-SPME). In the second approach, 
the fiber is inserted into the headspace, above a liquid or 
solid sample.

The sampling of volatile analytes from samples pos-
sessing complex matrices is usually realized in HS-SPME 
mode. The second variant gives decidedly better results 
in the determination of aroma components [25] and other 
volatile components [26]. The HS-SPME technique pro-
longs the life of the fiber used, because it is not in direct 
contact with the sample. On the other hand, the extraction 
of less volatile compounds is also possible directly from 
the solution – DI-SPME. But in this case, the fiber deteri-
orates quicker, increasing the cost of analysis. Therefore, 
when possible, headspace sampling is employed.

A 100 µm polydimetylosiloxane (PDMS) [27] and 
DVB-PDMS [28] are undoubtedly the most frequent 
and most universal fibers. The preferred final method of 
analysis of enriched compounds is usually gas chroma-
tography coupled with mass spectrometry (GC-MS) [29]. 
Sometimes, as an alternative method, high performance 
liquid chromatography (HPLC) is used [30].

Stir Bar Sorptive Extraction (SBSE)

In 1999 a new technique of sorptive extraction called 
stir bar sorptive extraction (SBSE) was introduced into 
analytical practice [31]. This technique was developed 
to extract organic analytes from liquid samples and is 
based on the sorption of analytes onto a thick film of 
polydimethylsiloxane (PDMS) coated on an iron stir bar 

Fig. 2. Schematic diagram of solid phase microextraction sys-
tem (SPME).

Fig. 3. Schematic diagram of stir bar sorptive extraction 
(SBSE).
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[32] (Fig. 3). First, the stir bars were prepared by remov-
ing the Teflon® coating of existing stir bars, reducing the 
outer diameter of the magnet, and enveloping the magnet 
with a glass tube to give a 1.2 mm o.d. Silicone tubing 
with an internal diameter and an outer diameter of 3 mm 
was slid over the magnetic glass tube. However, as a stir 
plate is itself magnetic, the use of a magnetic stir bar is not 
required. Nonmagnetic stir bars were prepared from stain-
less steel rods with an o.d. of 0.8 mm and a length of 40 
mm. The total amount of PDMS material present on the 
10 – and 40 mm stir bars were 75.7 and 300.9 mg, respec-
tively, which converts with a density of 0.825 g/ml to vol-
umes of 92 and 365 µl, as the PDMS tubing contains ca. 
40% (v/v) of fumed silica as filling material (determined 
with solid state NMR and TGA) the effective volumes of 
PDMS are 55 and 219 µl, respectively. The stir bar is in-
serted into an aqueous sample, and extraction takes place 
during stirring. Because of the low phase ratio (volume of 
the water phase divided by the volume of PDMS phase), 
very high recoveries were obtained, especially for volatile 
compounds. The efficiency of SBSE has been compared 
with other sorptive techniques [33]. This technique has 
been applied for the extraction of different types of organ-
ic compounds in aqueous solutions [34], wine [35] and in 
fruits and vegetables [36]. Combined with thermodesorp-
tion-GC-MS [37], it enables a low detection limit. As an 
alternative, the analytes from the stir bar can be desorbed 
by liquid extraction and the extract injected into the LC 
system [38].

Thin-Film Microextraction

To obtain a higher volume of the extraction phase 
the surface area of the polymer is extended, which has 
been done by using membranes instead of fiber coatings. 
The use of a thin membrane has the advantage that en-
hanced extraction efficiency and hence high sensitivity 
can be achieved without suffering from elevated equi-
librium times, as happens when using thick phase coated 
stir bars. A cross-linked commercial PDMS membrane 
[11] was successfully evaluated for extraction of PAH 
in headspace mode. An in-house prepared membrane of 
poly(dimethylsiloxane) [39] was applied to both non po-
lar PAH extraction and to polar phenolic compounds. A 
commercial porous polysulphone hollow fiber membrane 
coated with a variety of hydroxylated polymethacrylate 
compounds [40], has increased swelling tendency when 
used in water. This is an advantage over classical SPME 
for extraction of alkyl-substituted phenols in seawater 
samples. One of the drawbacks of the system is the neces-
sity of a thermal desorption system or high volume GC 
injector.

Single Drop Microextraction (SDME)

In 1997 Jeannot and Cantwell [41] and He and Lee 

[42] independently introduced a simple kind of microex-
traction in which an organic drop hangs from the tip of 
a GC syringe needle (Fig. 4). SDME is a simple method 
of reducing solvent consumption. However, the small 
amounts of solvent used in SDME are an advantage of this 
extraction. Pure solvents or mixtures can be used for se-
lective extraction of different organic species. Therefore, 
this technique represents a cheap and attractive alternative 
to SPME requiring a standard GC syringe only. SPME 
does not give a solvent peak in GC but analyte desorption 
from the polymer in a hot injector is significantly slower 
than solvent evaporation, resulting in peaks with a ten-
dency to tail. Alternatively, stirring the sample increases 
extraction efficiency by SPME, but stirring or sonification 
of samples in SDME experiments caused damage to the 
organic drop. Consequently, these two methods cannot be 
applied together with SDME. Adequate precision, linear-
ity and repeatability indicate that this virtually solventless 
extraction is a reliable method for routine analysis.

A review of SDME including 27 references [12], re-
sumes the investigation carried out in this nowadays fast 
growing field until 2002. In a more recent work, a benzyl 
alcohol microdrop was found to be the optimum solvent for 
the extraction of solvent residuals from vegetable oils [44]. 
Octanol provided optimum extraction efficiency for a va-
riety of short chain alcohols [45] from water samples. The 
field of applications has even been extended to the deter-
mination of metal-organic compounds, such as tributyltin 
[46], which was extracted into a decane microdrop. Using 
hexane as a solvent, volatile halohydrocarbons could be ex-
tracted in this way from aqueous samples [47], with LOD’s 
as low as 0.001 µg dm-3 for CCl4 using GC with electron 
capture detection. An ionic liquid (l-octyl-3-methylimiazo-

Fig 4. Schematic diagram of single drop microextraction 
(SDME).
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lium hexafluorophosphate) as extraction solvent was found 
to be suitable for the extraction of substituted phenols [48] 
and for formaldehyde in mushrooms [49], after derivatiza-
tion with 2.4-dinitrophenylhydrazine. In spite of being a 
virtually solventless, inexpensive, fast and simple method 
for analyte extraction and/or preconcentration, frequent 
problems with drop stability and lack of sensitivity have 
been reported. A further development trying to overcome 
these limitations is microliter-size liquid membrane in be-
tween sample and microdrop (Fig 5). The former consists 
of octane and the latter of water, a simultaneous extraction/
back extraction process was reported [50].

Liquid Phase Microextraction (LPME)

This technique can be considered as a further develop-
ment of SDME. Illustratively the organic phase is inside the 
lumen of the fiber. The principle of the disposable LPME 
device is illustrated in Fig 6. The sample solution is filled 
into a vial with a screw top/silicone septum. Two conven-
tional medical syringe needles (guiding needles) were in-
serted through the silicon septum in the screw top and the 
two ends were connected to each other by a piece of Q3/2 
Accurel KM polypropylene hollow fiber. The latter served 
to contain the microliter volume of extracting solution. For 
extraction in combination with GC the hollow fibre was 
filled with n-octanol. For extraction in combination with 
CE or HPLC the hollow fiber mounted on the guiding nee-
dles was first dipped for 5 s into n-octanol to immobilize 
the solvent in pores. Following this, the fiber was placed in 
the sample and extraction was performed. After extraction 
the acceptor solution was collected in microvials by appli-

cation of small head pressure on one of the guiding steel 
needles for automated analysis by GC or CE.

The disposable nature of the hollow fiber eliminates 
the possibility of carry-over effects and cross-contamina-
tion, thus providing enhanced reproducibility. Further, 
the small pore size prevents large molecules and particles 
present in the donor solution from entering the accep-
tor phase, providing effective matrix/analyte separation. 
Details on hollow fiber configurations, LPME sampling 
modes and different parameters to be taken into account 
during method optimization were reviewed in 2003 by 
Psillakis et al. [51], another review focuses on the use of 
LPME for drug analysis [52]. An insight in basic extrac-
tion principles, technical set-up, recovery, enrichment, ex-
traction speed, selectivity and applications can be found in 
a review given by Rasmussen et al. [53]. A disadvantage 
of LPME is a lack of precision, which may be caused by 
the completely manual operation, from fiber preparation 
and conditioning to the handling of extract.

Fig. 5. Schematic diagram of single drop microextraction 
(SDME) with a microliter size liquid membrane.

Fig. 6. Schematic diagram of a liquid phase microextraction 
(LPME) unit.

Fig 7. Schematic diagram of supercritical fluid extraction ap-
paratus (SFE).
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Supercritical Fluid Extraction (SFE)

The superior solvation qualities of supercritical flu-
ids over liquids have been known for more than a cen-
tury when, in 1879, Hannay and Hogarth investigated 
the solubility of different inorganic salts in supercritical 
ethanol. It was not until the late 1960s that the potential 
of extraction with supercritical fluids was recognized.

Several liquids or gases can be brought into the super-
critical phase. Different solvents, as an extraction medium 
for the use in analytical-scale SFE, can be selected. Car-
bon dioxide is most commonly used as an SFE medium 
because of its desirable properties and easy handling. CO2 

is relatively inexpensive and commercially available at a 
purity grade acceptable for most analytical applications. 
Another advantage of carbon dioxide is that the polarity 
can easily be adjusted by adding modifiers, for example 
methanol, to the supercritical fluid or the extraction ves-
sel.

Supercritical fluid extraction is superior to traditional 
extraction and clean up for organic compounds in sam-
ples in every aspect: solvent use is reduced to a minimum, 
analysis time is reduced to 2-3 hours, large sample put 
through is possible by using automated systems (Fig 7), 
the repeatability is better than the traditional analysis, 
optimization for different compound classes is possible, 

Table 1. Recent applications of SFE to isolate different types of organic analytes from environmental samples.

No 
[Ref.] Matrix Analytes

Mode of extraction Analytical 
techniqueStatic Dynamic Off-line On-line Automated

1 [60] SPE cartridge Organic pollutants of inter-
mediate polarity (in sewage) + + GC, GC-

MS

2 [61] Activated carbon car-
tridge m-xylene + +

3 [62] SPE cartridge (Florisil)
Polycyclic aromatic hydro-
carbons and polychlorinated 

biphenyls (in air)
+ + GC-ITMS

4 [63] Biological samples Polychlorinated biphenyls + +

5 [64] Human adipose tissue Polychlorinated biphenyls + + GC-MS

6 [65] White pine needles Polycyclic aromatic hydro-
carbons + + + GC-M

7 [66] Airborne particulates Polycyclic aromatic hydro-
carbons + +

8 [67] Fly ash Dioxins + + HRGC-
HRMS

10 [68] Dust Pesticides (carbosulfon and 
imidacloprid) LC-UV

11 [69] Urban dust, marine 
sediment Organic compounds + + GC-MS

12 [69] River sediments Acidic herbicides + + GC-ECD, 
GC-MS

13 [70] Marine sediments
Hydrocarbons, polycyclic 

aromatic hydrocarbons, poly-
chlorinated biphenyls

+ + +
GC-FID
GC-ECD
GC-MS

14 [71]

River sedimnt, marine 
sediment, harbour 

sediment, industrial soil, 
fresh water sediment

Polychlorinated biphenyls + + GC-MS

15 [72] Surfactant suspension 
soil extract Polychlorinated biphenyls + + GC-FID

GC-MS
16 [73] Water Oil + + FTIR

17 [74] Sludge Bisphenol A + + + GC-MS

18 [75] Metal complexes + + FAAS

19 [76] Soil Metals + + + AAS

20 [77] Marine sediment

Polycyclic aromatic hydro-
carbons, organochlorine 

pesticides, polychlorinated 
biphenyls

+ + + SFC-CT-
GC-MS
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simultaneous analyses of many different organic com-
pounds in one sample is possible.

The considerable reduction in analysis time and cost 
open the possibility of performing large monitoring stud-
ies that include many different compunds.

There are review articles [54] treating the different 
aspects of introduction of supercritical fluid extraction 
into analytical practice. More detailed information con-
nected with recent applications of the SFE technique to 
isolate analytes from various matrices are collected in 
Table 1.

Studies on the new solutions in SFE and on the new 
application of this efficient extraction technique continue. 
Special attention should be paid to:
	–	 restrictor plugging in off-line SFE [55],
	–	 new analyte collection method for off-line SFE based 

on mixing expanding supercritical effluent with over-
heated organic solvent vapor [56],

	–	 studies of collection capacity of a solid phase trap in 
SFE [57],

	 –	 design of SFE-GC system with quantitative transfer of 
extraction effluent to a megabore capillary column [58],

Table 2. Contribution of the Analytical Chemistry Department of Gdańsk University of Technology to the popularization of green 
chemistry ideas.

No 
[Ref.] Title of publication

Populariza-
tion of Green 

Chemistry 
idea

Reviews 
concerning 
reduction of 
solvents in 

sample prepa-
ration

Papers 
present-

ing original 
research and 
development

1 [78] Application of solid-phase microextraction for determination of organic 
vapours in gaseous matrices +

2 [79] Solventless sample preparation techniques in environmental analysis +

3 [80] Studies on the use of commercial capillary gas chromatographic columns 
as diffusion denuders +

4 [81] Solid-phase microextraction – a convenient tool for the determination of 
organic pollutants in environmental matrices +

5 [82] Comparison of extraction techniques for gas chromatographic determina-
tion of volatile carbonyl compounds in alcohols +

6 [83] Green analytical chemistry – some remarks +

7 [84] Optimisation of operational parameters of extraction solid samples using 
accelerated solvent extraction (ASE) +

8 [85] Studies on extraction efficiency of new SPME fibres with respect to typi-
cal air organic pollutants +

9 [86] Some remarks on gas chromatographic challenges in the context of green 
analytical chemistry +

10 [87] Modern techniques of extraction of organic analytes from environmental 
matrices +

11 [88] Evaluation of headspace solid-phase microextraction for the analysis of 
volatile carbonyl compounds in spirits and alcoholic beverages +

12 [89] Determination of volatile aliphatic amines in air by solid-phase microex-
traction coupled with gas chromatography with flame ionization detection +

13 [90]
Applicability of glass fiber as a support material for generation of gaseous 
standard mixtures using thermal decomposition of the surface compound. 

Calibration of analytical equipment
+

14 [91] Extraction of acid herbicides from soil by means of accelerated solvent 
extraction +

15 [92] A review of theoretical and practical aspects of solid-phase microextrac-
tion in food analysis + +

16 [93]
Determination of organo-tin compounds in biological samples using 

accelerated solvent extraction, sodium tetraethylborate ethylation, and 
multicapillary gas chromatography-flame photometric detection

+

17 [94] New techniques of sample preparation for determination of organic com-
pounds using Gas Chromatography +

18 [95] Green Chemistry +

19 [96] Challenges of Green Chemistry in monitoring and air protection +
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	–	 application of SFE in physico-chemical studies (e.g., 
determination of partition coefficients) [59],

Conclusions

Green Chemistry is not a new branch of science. It 
is a new philosophical approach that through its appli-
cation and extension of principles can contribute to sus-
tainable development. It is easy to find many interesting 
examples of the use of green chemistry rules. Also in 
chemical laboratories new analytical methodologies are 
still being developed which may be realized according to 
green chemistry standards. They are useful in conducting 
chemical processes and in the evaluation of their effects 
on the environment. In Table 2, exemplary publications 
from our department are presented. More information can 
be found on: http://www.pg.gda.pl/chem/Katedry/Anali-
tyczna/analit.htm.

The techniques of sample preparation, extraction (iso-
lation) and/or preconcentration of analytes are usually 
used in the analysis of trace components of gaseous, liq-
uid, and solid samples. During this operation the transport 
of analytes from primary matrices (donor) to the second-
ary matrix (acceptor) takes place. Nevertheless, it should 
not be forgotten that the extraction and preconcentration 
steps can be a source of environmental pollution. Tech-
niques of sample preparation introduced in the article 
have the following advantages:
	–	 they are solvent free or virtually solvent free – solvent 

usage per one analysis is reduced to a minimum,
	–	 the transport of analytes to the matrix is characterized 

by simplicity of composition compared with primary 
matrices and more suitable and compatible with the 
analytical technique used at the step of final determi-
nations,

	–	 removal or at least reduction of interferences as a re-
sult of selective transfer of sample components to the 
acceptor matrices,

	–	 increase of the concentration of analytes in the accep-
tor matrix to the level over the limit of quantitation of 
the chosen analytical technique.
SPME with commercially available fibers is the most 

popular technique, where for a limited number of coatings, 
a high number of applications are reported. Additionally 
other SPME related techniques have been introduced as 
an analytical toolkit.

Techniques that are reducing solvent consumption dur-
ing sample preparation also have gained popularity, e.g. 
pressurized hot water extraction (PHWE). This technique 
has replaced conventional organic solvents in a variety of 
extraction processes [97.98]. Because PWWE employs 
water as an environmentally benign solvent it can also 
be classified as a “solventless” technique. Selective ex-
traction can be achieved by temperature tuning. Usually 
temperatures below the critical value of water, but usu-
ally above 100°C are employed. In work in liquid phase, 
pressure must be enough to prevent the water from vapor-

izing. In vapour phase some pressure is generally needed 
for effective transportation of the water. High temperature 
increases the initial desorption of the compounds from the 
sample particles. In addition, fast diffusion, low viscosity 
and low surface tension are achieved at higher tempera-
tures. On the other hand, thermally labile compounds may 
be destroyed and the amount of coextracted compounds 
may be greater than at lower temperatures.

The increased popularity of the above-mentioned tech-
niques for isolation and enrichment procedures is not only 
due to their proecological character but also to the fact 
that they provide the required sensitivity (up to ppt level). 
Furthermore, most of these techniques can be automated 
and quite easily coupled with “green” final methods of 
analysis, i.e. gas chromatography. Some efforts are still 
being undertaken to decrease sample preparation time in 
order to gain compatibility of the given preparation meth-
od with high speed chromatography.

Introducing these technique to everyday practice into 
laboratories is an important step in diminishing the nega-
tive effects of analytical chemistry on the environment.
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