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ABSTRACT 
The establishment of simple, fast, low cost, sensitive and selective analytical methods to 

determine the preserii nf po!!ofant~ In the environment Ls m e  of &e maln rew& !ines in 
the environmental chemistry field. Because of the complexity of these natural sarnples, the 
analytical melhodologies to be applied require several separationlextraction steps prior to the 
analysis, which normally becomes long and tedious. 

Normally, these previous steps are carried out by using organic solvenls as extractants, 
either alone (liquid-liquid extraction in liquid sarnplcs) or assisted by microwaves (solid 
sarnples). In rectnt studies, it has been dernonstmted that micellar systems (surfactant 
solutions) constitute a real altemative to the organic.solvents in order to be used as emctants 
of organic pollutants in liquid and solid environmental samples . 

Thesc rnicellar media may be used to the extraction and preconcentration of different 
analytes in liquid environmental samples, using the so called Cloud Point Extraction (CPE) 
methodology. In this methodolo~y srnall volurnes of the surfactant-Ach phase allows the 
preconcentration and extraction of the analytes in one step. 

In other hand, the cornbination of the use of surfactants as extractants and the Microwave 
Assisted Extraction has led to a new and efficient methodology to the extraction oí' different 
compounds in solid sampes: Microwave Assisted Micellar Extraction (MAME). In this work 
we present a auciy of the appiication o í  CPE and MAME methodoiogies to the 
estraction/preconcentration and detenninati'on of organic pollutants like Polychlorinated 
Biphenyls, Polychlorinated Dibenzofurans. Polychlorinated Dibenzo-p-Diorins and Phenolic 
derivatives in natural, waste and sea water samples as well as in rnarine sediments and rnarine 
organisms samples. The obtained results are compared with those found using conventional 
estraction tcchniques likc liquid-liquid estraction and soshlet extraction. These studies show 
i h c  advanlages oi ihae optimised methodologies respect lo the rradiiional rechniques. 

INTRODUCTION 
In recent decades the development of extraction and preconcentration steps to be 
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considerable depth. 
Cominonly used methods for extraction and preconcentration in  water samples, are 

liquid-liquid extraction (LLE) and solid-phase ehtraction (sPE)'". Solvent extractton methods 
have the disadvantage of poor recovcries, which van> frorn cornpound 10 compound. and there 
is therefore a trend to replace solvenr extiaction procedure in order to minimised rample 
manipulation. analyie looses and the use of toxic solvents '. Nevertheles~ there is an 
increasing tendency to replace LLE by solid-phase extraction (SPE). SPE have certain 
disadvaniages for water analysis: the cross-sectional area is srnall, sample processing rata are 
slow, the tolerance to blockage by particles and adsorbcd matris cornponents is low and 
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channelling reduces the capacity to retain analytes. Another drawback in SPE, which is the 
same for LLE, is the considerable arnount of time needed and manual operations involved j. 

Other methodologies have been developul in with a view to eliminating or, at least, 
minimising the use of organic solvents. The use of extraction and preconcentration steps 
based on phase separation by the cloud point methodology offers a convenient altemative to 
more conventional exmction systems. Aqueous solutions of some surfactants have been used 
in cloud point cstraction (CPE) of different species prior to their detemination by several 
techniquesb9. From the analytical point of view, m e  of the rnost important properties of these 
organised structures is their good capacity to solubilise solutes of different rypes and nature. 

The small volume of the surfactant-rich phase allows us to pre-concentrate and extract the 
analytes in one step, prior to gas or liquid ~hromato~gaphic analysis. Moreover, this 
methodology has the advantages of safety, low cost and no toxicological effects due to their 
biodegradability. 

The extraction of organic pollutants from soil sarnples rquires the use of organic solvent. 
which compete in the release of the analytes retained owing to the high activity of the matris. 
Tradirional methods ernploy large volumes of solvents under agyessive shaking andlor 
temperarure conditions. The most frequently used method for the extraction of organic 
compound fiom soils is Soshlet extraction or the use of an ultrasonic bath. Soxhlet extraction. 
[he most conventional off al1 methods, is particularly suitable for organic pollutanrs ctrongly 
adsorbed in soil matrices but requires long extraction times and the use of large volumes of 
frequently toxic organic solvenis.'@". 

In the last few years. the number o'f procedures using extraction of organic compounds 
from environmental matrices by microwave energy has in~reased'~-". Microwave assisted 
esrraciion í M C i  shüws severdi advaniares süeh as redüced edraction time aiid süiverct . , 

c ~ n s u m ~ t i o n ' ~ ~ ' ~ .  This methodology has &en ap lied to the extraction of different organic 
comooundr SUCO as organaehlohe inseclicidesl! polynuckar amrnaiic hydmca&oni."~l: 
arochlorsIb, etc. with good results. In al1 thesc s&dies the cstractant h& always bcen an 
organic solvent. 

A new possibility for the application of MAE is the use of micellar media as extractants. 
The micellar media can be applied to the solubilisation. extraction and preconcentration of 
sey:ral compounds present in different environments such as water ~ a r n ~ l e s ' ~ ' ~ .  soils2"' 
sir. etc.. always with the benefits of low cost, easy handling and reduced tosic effects. 

The aim of this work is to present the analytical possibilities of the micellar systems in 
the estraction and preconcentration oí' differents organic compounds: polychlorinated 
biphenyls (PCBs), polychlorinated dibenzofurans (PCDFs). polychlorinated diosins (PCDDs) 
and phenolic derivatives in differents matrices. using cloud point methodology and 
niicrowave assisted micellar extraction. 

Tlie organochlorinatcd compounds above mentioned are considered hazardous pollutants. 
due to their widespread. persisrence in the environment. and adverse effects in human 
hm!:h2'-". zfia!y~ir nf t h s ~  ~cmpc:n.& i~ ~ n m p ! I ~ r t ~ d  d ~ e  !heir e>:@'eme!y !c\+f !we!~ o!. 
concentration in the natural sam les Therefore severa! clcan-up steps are required prior to the 

W? . analysis of these compounds- . 
Phenolic compounds are also widely spread in the environment and have high toñici 'S 3.50 

Effom have been devoted to quantitating phenolic compounds from natural sarnples' , 
usually determined by !quid chromatograph;y with different detcction systcms such as UV 
and diode array dctector'l-". electrochemical" or fluorescencc'*. 



RESULTS AND DISCUSSION 

Cloud Point Extraction (CPE) 
It is weli known that surfactants, or surface active agents, are amphiphilic molecules, one 

of whose parts, the head is polar or hydrophilic in nature, and the other, the mil. hydrophobic. 
This laner part is generally a hydrocarbon chain with different number of carbon atoms and 
may be linear or branched, and also coniain aromatic rings. 

One of the most important properties of these organised structures is their good capacity 
to solubilise solutes of different character and nature, how to allow that sparingly-soluble or 
non-water-soluble materials, can be solubilized in water due to iheir binding to the micelles in 
solution. These solutes may interact electrostatically, hydrophobically or by a combination of 
both effects. This capacity of micelles to solubilize different cornpound has been used for ihe 
development in the extraction and preconcentration of organic compounds that owing to their 
high analytical interest continue to be the objetive of many investigations. 

When a micellar solution of a non-ionic surfactant is heate4 become iurbid over a narrow 
ternperature range, which is r e f e d  to as its cloud p ~ i n t " ' ~ ~ .  Above the cloud point 
t e z p x t t m ,  SU& s~!stian: :epxate k to  hvc isotrnpic $ases. %en the sys!em wl!! ro~mln a 
surfactant-rich phase with a small arnount of water, surfactant phase. which is separated from 
the bulk aqueous solution, andan aqueous phase, ín which the surfactant concentration will be 
approsimately equal to the~ritical micelle concentration of the non-ionic surfactant present. 

The cloud point tempemture depends on the structure of the surfactant and on its 
concentration. It has been determined the cloud point temperature of two non-ionic 
surfactants, Genapol X-O80 and Brij 56 to be 75-80°C and 85-90°C respectively". This 
ternperature can be modified by the presence of salts, alkalis. acids, polyrners. urea and other 
surfactantsJ6. It has been shown ihat for Genapol X-080 the cloud point temperaFre obtained 
when NaCl is added in a 5% w/v concentration, is less than the temperatuce obtained when 
workinj without this saltJs. ..., 

1 nereforr, íhe soiuDiiiz&ion o í  üigariic material iñ rniixlks aiid sübscqücnt cloüd poiiit 
estraction technique offcrs a convenient alternative to conventional liquid-liquid extraction 
that uses organic solvents. The use of CPE for the exhaction and preconcentation of orsanic 
compounds prior to their analysis by gas or liquid cbomatography is relatively recent6.". x. 
In CPE. it is necessq  to carry out esbaction under conditions in which the preconcentration 
factor will be maximum or ihe extraction yield will be 100%. The preconcentration factor is 
defined by the expression Fc= Cs/Cni, where C, is the concentration of analyte in the 
surfactant-rich phase after phase separation, and C," is the concentration of a n a l p  in the 
initial solution, before the preconcentration step. This depends on the phase relationship. on 
the distriburion constant of the analytc behveen the phase and on the surfactant concentration 
used. 

Moreover the ratio bemeen the volume of aqueous solution to be preconcentrated and the 
volume of surfacrant-rich phase ( V o s ) .  increases with the decrease in the concentration of 
surfactani. This shows that the smallcr is the conceniration of surfactant, the higher is thc 
preconcentration factor. but when the volume of surfactant-rich phase is small, the enraction 
process become more dificult, and the accuracy and reproducibility probably suffer"'. 
'Y.&y,vever. sinric ?he t:~!ijme ~f ?he ~crfzck~t-rich :hase mmt he manageable a compromisr 
must be reached so that the surfactant concentmtion will allow a high phace ratio and a 
manageable surfactant-rich phase. 

The estraction process can be altered by different factors such as equilibration time, pH, 
concentration of surfactant and addition of saltw. Therefore the effect of these factors on the 
percentage estraclion of studied Galyies needs to be established. 
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The extraction and preconcentration of  PCBs and PCDFs using several non-ionic 
surfactants was applied to sarnples o f  sea water prior to Iiquid chromatographic analysis with 
fluorescence d e t e ~ t i o n ~ ' ~ ~ . ~ ~ .  The results shown in Tables 1 and 2 indicate satisfactory data. 

Table1.- Determination of  PCBs in sea water samples. 
1 I l 1 1 l I 1 Arinaga 1 Brij 30 Brij 97 1 1 Brij 30 1 Bnj 97 \ 

Table2.- Detennination of  PCDFs in sea water samples. 
l 

The detection limits obtained for the different compounds are in the ranging from 0.7 to 
3.6 ng.ml" for PCBs. and from O,5 to 27,j ng.mlq' for PCDFs 

The non-ionic surfactant Polyoxyethylene 10 lauryl ether (POLE) was used for the 
estraction and preconcentmtion of  PCDDs in various aqueous samples and following 
dctcrmination by liquid chrornatographic with UV detection". Recovev perccntages between 
70-105% were obtainrd for the majority of  conipounds (Table 3). Moreover. thest: resulls 
show the applicabilit)! ofthe rnethods to aqueous samples with different levels ofsalinity. 

Tablr 3. Detennination of PCDDs in different aqueous samples. 

Fresh water Brackih water S u  water 

Analyie Purified Drinking 

79,- 

72.4 
99.4 
100.4 
100,l 
101.1 
66,; 

Dibcnzo-p- 
dioxin (DD)' 
1 Chlorc-DD' 
2Chloro-DD 
3¿ñioro-üÜ 

9071 

77.2 
101 ,: 
97.9 

Low salinity 

94.4 

77.6 
103.5 
94,O 
98.5 
86.9 
73,4 

.- 4Chloro-DD 7B,9 
SChloro-DD 89.3 
6Chloro-DD 56.2 . - --- - 

High salinity 

90.2 

71.5 
98.6 
l Ü l , 5  
105.0 
103.1 
73.2 

Aldca 

9;.1 

81.4 
100.1 
80.0 
102.6 
91.9 
68.1 

Veneguera 

90.4 

77.4 
99s 
luóg 
. A - -  

101.7 
92,8 
66.5 
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~C,¡O~WDD 1 64,3 1 72.4 1 76.5 1 81,4 1 92,s 1 98,7 
8Chloro-DD 1 94,l / 98.6 1 95.4 1 101.4 1 90.2 1 95.3 

* Valucs obrained using a preconceniration of 5 times. 

The determination of phenols in water samples has also been investigated using CPE. The 
use of  Genapol X-080X combined with liquid chrornatography was applied to the analysis 
of those compounds in &vo kinds of water samples, sea water and depurated waste waterI8. 
The results shown in Table 4 indicate very satisfactory rccoveries for al1 phenolic compounds 
present in the sample. 

Table 4.- Recoveries of  phenolic compounds in sea water and depurated waste water. 
h , / Sea Depumted 1 Dcpurated Compound i water wastewater waste water wa+a- 

; 7 3 1 7  6 5 i 7  1 4-Chloro-?.S- 7-Nitrophenol Dirnethylphenol / 1061 1 3 1 1 0 4 f  13 
---- 

2-Chlorophenol 1 74 A 7 70 + 7 2,4,&Trichlorophenol 1 107 + 6 102 f 6 
- - -- - - - - - - - -- 
2.4-Dimethylphenol 87 t 1 1 ' 74 t 1 I Pentachlorophenol 1 10 + 5 104 .c 5 

hlicrowavc Assisted Extraction in the orcscncc of miccllar media 
In  he last few years the use of  microwave technology for sample preparadon has been 

widely accepted. The reasons for the large diffusion of microwave-assisted estraction (MAE) 
relate to its clear advaniages over more traditional technology: a shorter digestion time. a 
supposed better recovery of  volatile elements and compounds, lower contamination levels. 
minimal volumcs of  reasent are rcquireb more. reproducible procedures and a beacr working 
environmeni. 

Ganzler and ~oworkers ' '~- '~ were the first researchers ever to use a microwave oven to 
esrract organic compounds from a contarninated soil. Since then rnicrowave digestion 
niethods have becn developed for differenr qpes of matrices to estract organic contaminan&. 
such as PAHs. PCBs. pesticides, phenols. ctc. using an organic solvent as extractant. 

It has been reponed that the combination of MAE with micellar media as exrractants 
allows the ezrtraction of different organic compounds from solid samples. There are different 
parameters that can influence on rhe estraction process when MAE is used. The parameters 
most commonly studied are: solvent composition and volume. extraction temperature or 
estraction power and radiation time. 

A correct choice of solvent is fundamental for obtaining an opiimal extraction process. 
When selecting solvenL consideration should be given to the interaction of the solvent with 
thc matrix. and the analyte solubility in thc solvent. Another important aspect is the 
cornpatibility of the estraction solvent with the analytical method used for the final analysis 

- 
step. -1he non-ionic surfactant solutions should be effective in desorbing and estracting 
organic compounds froni solid matrices due to their power of solubilisation. N e s ~ ,  the 
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solution is filtered to remove the solid sample. Additionally, the surfactant phase is 
compatible with the hydro-organic mobile phases usually empioyed in HPLC. 

The amount of solvent needed for a single sample is often in the range of 10-30 ml . In 
some m e s .  solvent volume may be an imporrant parameter for eficient extxaction. Thc 
solvent volume must be sufíícient to ensure that the entire sample is immersed. especially 
when having a matrix that will swell during the extraction process. M e n  use the surfactants 
solutions as extractant, only mal1 volumes of surfactant are required to obtain good results4'- 
49 

The most investigated parameter in MAE is the extraction temperature or extraction 
power. because an increase in the power involves a wrresponding increase in heat. The 
temperamre is M irnportant factor contributing to increased recoveries, not only for MAE, but 
for al1 exmction techniques. When MAE is conducted in closed vessels, the remperanue may 
reach well above the boiling point of the solvent These elevated temperature rcsuit in 
improved extraction eficiencies, since desertion of analytes from actives sites in the maaix 
will increase. However. thc effects of the temperature depend on the type of analytc as well as 
the typc of soil. Gencrally, the optimal temperature depended on the polarity of the analyte, 
but temperatures behveen 80-100°C gave acceptable recoveries". In other cases. the 
eiqraction temperature hfiucnced the extraction efficiencies to a very small extent as 
demonstrared for several organic pollutants from standard reference soil and sediments". 

* r  in nther extrzction techniques, timc is aonther pam~ctcr  whosc inP.'iefice n d s  t~ be 
taken in account. Exmction times in MAE are very short compared to conventional 
techniques where exi-ction procedure requirc as much as 24 h. Often 30 min ate sufficient to 
obtained good results in MAE. This can mainly be anributed to the differe.nnce in heating 
performance by the microwave technique and the conventional heating. In conventional 
hcating a finite period of time is needed to heat the vessel before the heat is lransferred to the 
solution. while microwave heat the solution directly. In the estraction of PCBs in marine 
sediments using micellar media, it w s  observed that the bea recovery percentages were 
obtained for low exmction power with a long conditioning period (45 min)", while no 
irnprovement in the ex~raction efficiency was observed applying longer irradiation time. For 
the extraction of PCBs and PCDFs in marine organisms, with the use of non-ionic surfactan~ 
polyoxyethylene 10 lauryl ether as exbactant. at a constant microwave power, the recovery 
percentaps decrease with the increasing in earaction time. Similar behaviour was observed 
for al1 analytes5'. 

The nature ot" the matris in which the analytes of interest are bound can have a strong 
effect on the recoveries of the compounds. MAE procedure using rnicellar media was applied 
to the determination of PCBs in two sediment sample?' of different characteristics. sand and 
clay. spiked with the anal~tes of interest in frcsh samplcs and agcd samplcs (samples 
conditioncd for ten weeks). Table 5 shows the result obtained in both types olsamples. In al1 
cases. higher recovenes were obtained from the fresh samples. mhile the effects of aging 
shoned a clear decrease for many of contaminants. Decreasing recoveries resulting from 
aging of matrices is a well-known phenomenon. and can be explained by a more strongly 
Wund io ine matrix, due to ionger contact rime. 



CHEMICAL INDUSTRY AND ENVIRONMENT IV 

Table5.- Detemination of PCBs in rnarine sediments: freshly spiked and aged samples. 
t 1 I I i 

Canteras 24 h 1 Canteras 10 weeki 1 Taliarte 24h 1 Taliarte I D  weeks 
I I , 

Other eaamplcs of the influence of nature of matrix is the detemination of PCBs and 
PCDFs using micellar medium in differenr matrices oibivalve rnolluscs (mussels, cockles and 
clams) previously spiked with different concentration of these compoundss2, The results 
obtained showed diffcrcnces betwcen the recovery percentases found for the various samples 
studied. The best results were obtained for the PCDFs in blue mussel samples with recoven; 
perccntagcs highcr than 80%. For cockles, percentages of 70430% wcrc obtaincd. in rnost 
cases and finally, values between 5OMPh were obtained for clams. The sarne trend was 
observed for the PCBs. Recovery percenrages of behveen 65-80% were obtained for blue 
niussels. 60-80% for cockles and 47-75% for the clams. 

The differences observed W e e n  the different species could be essentially due to the 
fact Lhat they have difierent compositions and physiological characteristics. The analytes 
under study are compounds of a lipophilic nature, so the greatesl interaction will occur with 
fatty rissue. In fact it would appear that the strongest inceraction is produced witli 
triacylglyerol. as indicated by some authors", and it is known that mussels contain a higher 
concentration of  lipidsq than cocklesSS and clamsx. However. there are numerous studies 
which show thar this composirion also has a seasonal variation related fundamentally to the 
reproductive cyclcs and feed raies5' This variation is common in al1 thc bivalve rnolluscs 
srudied. even though rhese reproductive cycles are out of phase'g. Thus, the lipid content aill 
b t  different in the various organisms dependin; on the period of the year thar thr srimples 
%.,ara ,"l..." 
"CIL  UIRLI,. 

In view of the results obtained. it can be accepted that the existing different composition 
between mussels. cockles and clams has favored a stronger interaction of PCBs and PCDFs i n  
[he latter two sprcies. This would in tum help explain the lower recovery percentages, 
especially íñthe case ofclams. 

CONCLUSIONS 
Tlic results obtaincd with thc proposed methods indicate that the CPE methodology is a 

good alternative estraction technique and offers a series of highly interesting advantages from 
an anal!.rical point of view. such as the possibility of extract and preconcentrate the analyres 
of differcnt polarities in only one step: the preconcentration factor can be optimised by 
modi-ing [he type and concentmtion of surfactant as well as the experimental conditions 
under which extraction and phase separation are carried out: surfactants are less toxic and 
clieaper than the estractants used in liquid-liquid estraction. The most commonly used 
surfactants are commercially available and since it is not necessary to evaporate off the 



solvcnts, no analytc is lost duc to this process; thc expcnmcntal opcrations involvcd in this 
methodology are vcry simple and the súrfadant-rich phase are compaciic with thc mobile 
phases used in WLC. 

In anothcr hand wc may conclude that MAE proccdure in prrsence of micellar media 
offcn several advantages over traditional exhaction techniqucs applied to solid samples. The 
major benefits are: a reduction in &on time (Spically 10-30 min) and in solvent 
consumption (around 25-50 ml, nduced by 5-10 fold m p d  to traditional extractions) as 
well as thc opportunity to perfonn multiple extractions. The technique is msy to use and thc 
systems are chcaper compared to o k  modcm techniquec. Funhmnm, thc nsc of micellar 
mcdium reduced exposun to solvent vapors and lower solvent wasta. 
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