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Sistemi eterogenei 
Estrazioni di analiti

da un liquido a un solido



Metodi di estrazione con trasferimento 

dell’analita dalla fase liquida alla fase solida:

SPE - solid phase extraction

SPME - solid phase micro extraction

SBSE - stir bar sorptive extraction





Un parametro importante che viene usato molto spess o per descrivere la 
velocità di migrazione dell’analita lungo la colonn a è il fattore di capacità, k’. 

Si dimostra che k ’ può essere ricavato dai parametri del cromatogramma :

Due sostanze saranno separabili se presentano valor i diversi di k ’.
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Fundamentals of Sample Preparation

Extraction for SVOC and Non-VOC from Liquid or Solid Samples

Solid Phase Extraction (SPE)

• SPE uses a cartridge or disc

• May be performed a one time use syringe or a multiple cartridge unit



Fundamentals of Sample Preparation 
for Environmental Analysis

Extraction for SVOC and Non-VOC from Liquid or Solid Samples

Solid Phase Extraction (SPE)

• SPE retains analyte from a flowing liquid sample on solid sorbent, analyte is recovered via elution 

from the sorbent

• Phase types:

– Reverse phase

– Normal phase

– Ion exchange

– Adsorption







Fundamentals of Sample Preparation 
for Environmental Analysis

Extraction for SVOC and Non-VOC from Liquid or Solid Samples
Solid Phase Extraction (SPE)

• Nonpolar:

– Reverse phase C18 (octadecyl bonded 

silica) and C8 (octyl bonded silica) are

most commonly used for hydrophobic 

analytes

• Polar:

– Normal phase SPE uses cyanopropyl

bonded, diol bonded, or amino propyl 

bonded silica (used for polar analytes

such as cationic compounds and organic 

acids)

• Electrostatic:

– Ionic Exchange SPE is based on 

electrostatics uses quaternary amine, 

sulfonic acid, or carboxylic acid bonded silica

• Adsorption type SPE uses unmodified materials such as alumina, Florosil, resins











Fundamentals of Sample Preparation 
for Environmental Analysis

Extraction for SVOC and Non-VOC from Liquid or Solid Samples

Solid Phase Extraction (SPE)

• SPE uses a cartridge or disc

• May be performed a one time use syringe or a multiple cartridge unit



SPME - Microestrazione in fase 
solida

SBSE - estrazione per assorbimento 
basata su ancoretta agitatrice

Altri metodi di estrazione basati 
sull’assorbimento





Chi ha scoperto la SPME?

• La Solid Phase Microextraction è stata inventata nel 1990 da Dr. Janusz Pawliszyn e 
dai suoi colleghi dell’Università di Waterloo in Canada.

• Ha inventato questa tecnica per “soddisfare la richiesta di un metodo di preparazione 
del campione veloce, “solvent-free”, impiegabile sul campo”, che per l’industria 
significa più veloce e più efficiente. 

http://www.spme.uwaterloo.ca/



Cos’è una SPME?

• SI appoggia sull’uso di fibre rivestite  per isolare e concentrare analiti su un diversi materiali di 
rivestimento, che possono esser opportunamente selezionati. 

• Dopo l’estrazione, le fibre sono trasferite a uno strumento analitico per la separazione e la 
quantificazione degli analiti investigati (target analytes).

• Ciò è possibile grazie all’impiego di un dispositivo simile a una siringa, il quale protegge il campione 
durante il trasferimento fino allo strumento. 

• Il dispositivo a forma di siringa protegge la fibra durante la conservazione dell’estratto.

• SPME è una tecnica di 
adsorbimento/desorbimento o 
partizione “solvent-free” .



Di più a proposito della SPME
• La SPME è anche una tecnica di microestrazione che, comparata a volume del campione, 

contiene un quantitativo di solvente di estrazione molto piccolo. 

• La SPME permette di raggiungere un equilibrio tra la matrice da campionare e la fase estraente, 
piuttosto che perseguire una rimozione esaustiva/completa degli analiti verso la fase estraente. 

– La fase estraente è attaccata in modo permanente al supporto/fibra che può esser fatto di 
diversi materiali (silice, metallo).

• Il quantitativo di analita adsorbito dalla fibra dipende dallo spessore del rivestimento (“coating”) e 
dalla costante di distribuzione dell’analita tra campione e “coating”.

• Il tempo di estrazione dipende dalla lunghezza del tempo richiesto per ottenere estrazioni precise 
per gli analiti “target” con le costanti di distribuzione più sfavorevoli.

• La selettività può essere modificata, alterando il tipo di fibra 
impiegata per rispondere alle caratteristiche degli analiti di interesse. 

– I composti volatili richiedono un rivestimento (“coating”) spesso e 
gli analiti semivolatili un rivestimento sottile.



Come funziona la SPME?
• First, you draw the fiber into the needle.

• The needle is then passed through the septum that 

seals the vial.

• You then depress the plunger to expose the fiber to 

your sample or headspace above the sample.

• Organic analytes are then adsorbed to the coating on 

the fiber.

• After adsorption equilibrium is attained, which can be 

anywhere from 2 minutes to 1.5 hours, the fiber is 

drawn back into the needle and is withdrawn from the 

sample vial.

• Finally, the needle is introduced into the GC injector 

or SPME/HPLC interface, where adsorbed analytes 

are thermally desorbed and delivered to the 

instruments column.



Estrazione per immersione o in spazio di testa



Raggiungere l’equilibrio
L’estrazione è considerata completa quando raggiunge l’equilibrio e le condizioni
possono essere descritte dalla segente equazione in cui :

• Questa equazione mostra la relazione tra la concentrazione dell’analita nel campione
e il quantitativo estratto dalla fibra rivestita.

• Se il quantitativo di analita estratto sulla fibra è una porzione insignificante di quello
presente nel campione (in pratica se Vs >>Vf), questa equazione si semplifica a 
n=KfsVfC0 , in cui il quantitativo di analita estratto è indipendente dal volume di 
campione.

• Ciò significa che:

• Non c’è bisogno di raccogliere un quantitativo definito di campione prima 
dell’analisi. La fibra può essere esposta alla matrice che si deve analizzare e 

• Il quantitativo di analita estratto corrisponderà direttamente alla sua
concentrazione nella matrice. 

• Ciò consente di evitare gli errori associati alla perdita di analita per decomposizione
o per assorbimento sulle pareti del contenitore di campionamento. 

n=massa dell’analita assorbito sul rivestimento
C0=concentrazione iniziale dell’analita
Kfs= coefficiente di partizione per l’analita tra il      

rivestimento e la matrice del campione
Vf= volume del rivestimento

Vs= volume del campione



Components of a Manual 
SPME Holder

Plain Hub

The O ring

Adjustable 
needle 

guide/depth 
gauge

Plunger

Plunger 
retaining 

Screw

“holder” 
manuale 

per SPME

Septum 
piercing 
needle

Where fiber is 
exposed in 

headspace/liquid 
sample



Other SPME holders available
SPME Portable Field Sampler

• Contains an internal septum that stores your fiber after 
sampling by sealing it.

• Great for field work

• Comes with

– a PDMS/Carbowax fiber for trace-level volatile analysis 

– Or a PDMS fiber for concentrating polar analytes

• This holder is used with an autosampler or an 
SPME/HPLC interface…requires an upgrade kit for 
autosampler use.

• Contains a needle that moves freely for control by an 
automated system, and for depth regulation in the 
interface desorption chamber.



Fibre SPME disponibili
Rivestimenti disponibili per le fibre:

– PDMS

– PDMS/DVB

– Poliacrilato

– CAR/PDMS

– CW/DVB

– CW/TPR

– StableFlex DVB/CAR/PDMS

• Diverse Fasi disponibili:
– Non-legate

• Stabili con acqua e alcuni solventi 
organici miscibili con acqua

• Può verificarsi un moderato 
rigonfiamento

• Non usare MAI con solventi organici non 
polari

– Legate
• Stabili con TUTTI i solventi organici
• Può verificarsi un moderato 

rigonfiamento con solventi non polari

– Parzialmente Crosslinked (con 
legami a ponte)

• Stabili con la maggior parte dei solventi 
organici miscibili con acqua

• Può esser stabile in alcuni solventi non 
polari, ma si può aver rigonfiamento

– Altamente Crosslinked



Fibre StableFlex
• These type of fibers are coated on a flexible fused silica core

instead of the standard fused silica core used on the other fibers.

• This coating partially bonds to the flexible core which results in:
– a more stable coating

– a more durable and longer lasting fiber

• These special coated fibers are for GC use only .

• They also have the same temperature, conditioning, and cleaning 
requirements as the other fiber of its same coating and thickness.

• These are available in every coating EXCEPT for PDMS, Polyacrylate, 
and CW/TPR.



Polydimethylsiloxane (PDMS)
Film 

Thickness Description
Hub

Description
Recommened 

use

100μm Non-bonded Red
Volatiles on
GC/HPLC

30μm Non-bonded Yellow
Nonpolar 

semivolatiles on
GC/HPLC

7μm Bonded Green
Moderately polar 

to nonpolar 
semivolatiles on

GC/HPLC





Polydimethylsiloxane/Divinylbenzene 
(PDMS/DVB)

* This fiber is more durable due to it not containing any epoxy

Film 
Thickness Description

Hub
Description

Recommened 
use

65μm
Partially 

crosslinked Blue
Polar volatiles on

GC

60μm*
Partially 

crosslinked Brown
General purpose 

on
HPLC

StableFlex Fiber
65μm

Highly 
crosslinked Pink GC



Polyacrylate
Film 

Thickness Description
Hub

Description
Recommened 

use

85μm
Partially 

crosslinked white
Polar 

semivolatiles on
GC/HPLC



Carboxen/Polydimethylsiloxan
e (CAR/PDMS)

Film 
Thickness Description

Hub
Description

Recommened 
use

75μm
Partially 

Crosslinked Black
Trace-level 
volatiles on

GC

StableFlex Fiber
85μm

Highly 
crosslinked Lt.Blue GC



Carbowax/Divinylbenzene 
(CW/DVB)

Film 
Thickness Description

Hub
Description

Recommened 
use

65μm
Partially 

crosslinked Orange
Polar analytes 

on
GC



Carbowax/Templated Resin 
(CW/TPR)

Film 
Thickness Description

Hub
Description

Recommened 
use

50μm*
Partially 

crosslinked Purple
Surfactants on

HPLC

* This fiber is more durable due to it not containing any epoxy



StableFlex 
Divinylbenzene/Carboxen/PDMS

(DVB/CAR/PDMS)

Film 
Thickness Description

Hub
Description

Recommened 
use

50/30μm
Highly 

crosslinked Gray GC



Recommended Temperature and 
Conditioning for GC Use

Maximum       Operating      Conditioning    Time

Phase Thickness Temperature Temperature Temperature (Hrs.)

PDMS                     100μm 280°C       200°C-270°C        250°C           1

30μm             280°C       200°C-270°C        250°C           1

7μm             340°C       220°C-320°C        320°C         2-4

PDMS/DVB                65μm             270°C       200°C-270°C        260°C         0.5

Polyacrylate               85μm            320°C       220°C-310°C         300°C          2

CAR/PDMS                75μm             320°C       240°C-300°C         280°C        0.5

CW/DVB                   65μm             265°C       200°C-260°C         250°C         0.5

DVB/CAR/PDMS      50/30μm           270°C       230°C-270°C         270°C          4

Note that the Polyacrylate, or white fiber, will turn brown as a 
result of condition and will not hurt the performance of the fiber.



Maintenance on SPME 
• Chlorinated solvents my dissolve the epoxy that holds the fiber so DO NOT USE 

CHLORINATED SOLVENTS EVER.

• Use caution when handling PDMS/DVB and CW/DVB fibers because the coating can 
be inadvertently stripped off.

• Cleaning your fiber depends on the fiber phase coating:

– Bonded can be taken to maximum temperature and thermally cleaned for 1 hour to 
overnight, or can be rinsed in an organic solvent and then thermally cleaned.

– Non-bonded can only be thermally cleaned and can be taken to the maximum temperature 
for 1 to 2 hours or baked overnight at 10-20 degrees under the maximum temperature.

• If not clean after this treatment, thermally treat it for 30 minutes at 20 degrees above the maximum 
temperature. 

– Partially bonded fibers can be rinsed in water-miscible organic solvents.



Sampling with SPME
• Consistent sampling time, temperature, and fiber immersion depth are crucial 

to this technique when it comes to high accuracy and precision.

• Equilibrium is attained more rapidly in headspace than in immersion because 

the analytes can diffuse more rapidly to the coating on the fiber.

• The thicker the fiber coating, the more analytes that are extracted, which is proven 

in the figure below. 



Injecting and Running a Sample 
on GC

This is where you 
inject your SPME 

needle on the GC-MS



Advantages of SPME
• During desorbtion of the analyte, the polymeric 

phase is cleaned and ready for reuse.

• Absence of solvent makes SPME

– environmentally friendly 

– separation is faster

– throughput increases and allows for use of 
simpler instruments

• Small in size 

– great for field work. 

– Amount of extracting phase is small and 
equilibrium of system is not disturbed 

– Very small objects can be studied

• High sensitivity and limit of determination

• All extracted analytes are transferred to the 
analytical instrument

• Can sample directly into a sample or the 
headspace above sample.

• Range of analytes that can be 
analyzed include volatile, 
semivolatile, nonvolatile, and 
inorganic species.

• coupled with other instruments 
besides GC like CE, LC, and MS.

• When compared to similar 
extraction methods, SPME has a 
better detection limit, precision, 
cost, time, solvent use, and 
simplicity, which is shown in the 
table below.



Disadvantages of SPME
• Can get relatively expensive if one is not careful with fibers due to the cost being 

roughly 90€ per fiber.

• Polymer coating is fragile, easily broken, and have limited lifetime.

• Also a monopoly with Supelco being the only suppliers of the fibers so cost 

continuously increases.

• Its main limitation is its reduced concentration capability due to the small volume of 

polymer coating on the fiber, which is being addressed and researched further by 

Dr. Pawliszyn. 



Why SPME?

• It can be used to analyze various types of analytes from gaseous, liquid, and 

solid samples instead of specializing in just one type like LLE or Headspace.

• Very cheap compared to other extraction methods.

• Reduces sample preparation times and disposal costs due to being solvent-

free, also a bonus for the environment.

• Improves detection limits.

• A very simple methods that almost anyone could perform.



Different fields using SPME  

• Applications SPME is applied to include:

– Food and drug 

– Environmental

– Clinical/Forensics



Choosing Best Sample 
Preparation Technique

• Sample preparation constitutes for over 80% of your total analysis time so an effective 
sample is desired, especially by the food and drug industry where time is money. 

• The following is desired in sample preparation of pharmaceuticals:

– Loss of very little sample

– Good yield recovery of analyte of interest

– Coexisting compounds removed efficiently

– Procedure can be performed conveniently and quickly

– Cost of analysis is kept to a minimum 



Comparing Extraction Methods 
for Pharmaceutical Analysis

SPE and LLE in drug analysis:

• Both complicated and time-consuming, which limits the number of samples

• Prone to sample loss due to being multi-step

• Require large sample amount 

• Require an organic solvent

• Difficult in automating these procedures

• Additional cost for waste treatment

SPME, as we have heard in previous slides, prevents all of these common drawbacks 

listed for SPE and LLE.



Similar Microextraction 
Techniques used for 

Pharmaceutical Analysis
• Stir Bar Sorptive Extraction (SBSE) 

• Fiber SPME-main focus of this presentation

• In-Tube SPME

• Solid Phase Dynamic Extraction (SPDE)



SBSE
• Stir bar sorptive extraction, or SBSE, is a very similar technique to SPME.

• It is a technique that is used for the analysis on both volatile and semivolatile organic 
compounds in aqueous environmental samples.

• When compared to SPME, SBSE has higher recoveries and higher sensitivity. 

• The extraction is performed by placing the stir bar in the sample for 30-120 minutes.

– After extraction, stir bar is placed in a glass thermal desorption tube that is placed in a 
thermal or liquid desorption unit to be thermally desorbed and analyzed.



SBSE (Twister TM)

Ancoretta 
magnetica

Rivestimento in 
vetro

PDMS

Desorbimento Cromatografia

Stir Bar Sorbtive Extraction

- Preparativa: circa 2’ a campione

- Volume richiesto: da 10 a 100 ml

- Assenza di manipolazioni



Analisi SVOC (alta produttività)

Twister; TDU; MPS2



Rapporti S/N; 
standard da 0,50 ng/l 

PAHs in water



Applicazione routinaria

Elevata frammentazione di massa

Polarità considerevole (log(Ko/w) = 2.4)



Solid-Phase Dynamic Extraction 
(SPDE)

Trapped analytes are then recovered by heat desorption directly into a GC injector body, which 

was shown to you in a previous slide.

A great advantage of this technique over SPME is the robustness of the capillary and the fact 

that it is nearly impossible to damage this mechanically.

This has been used to analyze volatile compounds, pesticides, and some drugs successfully.

The only drawback to this technique is that it tends to have carryover because the analytes tend 

to remain in the inside needle wall after heat desorption.

This technique is for vapor and liquid 

samples.

Dynamic sampling is performed by 

passing the headspace through the 

tube using a syringe.

The analytes are then concentrated 

onto PDMS and activated carbon, 

which are coated onto the inside wall 

of the needle.

This technique permits operation 
under dynamic conditions while 
keeping the headspace volume 
constant.



Applications of drug analysis using SPME 
and related microextraction techniques



Applications of drug analysis using SPME 
and related microextraction techniques 

cont’d



Results from Pharmaceutical 
Studies with SPME-Hair Samples



More Results from 
Pharmaceutical Studies with 

SPME-Urine treated with drugs



Clinical/Forensic Application

• This figure was an on-fiber derivitization for 
determination of fluoroacetic acid from blood. 

• Pyrenyldiazomethane (PDAM) was loaded onto the 
fiber from n-hexane solution in the washing station 
of the sample.

• During headspace extraction, acid was on-fiber-
transformed into pyrenylmethyl fluoroacetate, which 
was then measured by GC-MS with high sensitivity.

• Used for the detection and quantitative determinati on of illicit and therapeutic 
drugs, pesticides, solvents, and other poisons from  blood, urine, hair, and 
human tissue.

• Samples were brought into a homogeneous aqueous sol ution by pretreatment 
of homogenization, protein precipitation, or centrif ugation.

• Hair is first digested by NaOH or extracted with a suitable solvent.
• SPME conditions were determined by structure and pr operties of the analyte.



List of Forensic Toxicology 
Applications



List of Forensic Toxicology 
Applications cont’d



List of Forensic Toxicology 
Applications cont’d



List of Forensic Toxicology 
Applications cont’d



Gadgets used in Forensics that are 
associated with SPME
TuffSyringe TS100
This device preserves sample and prevents contamination of SPME 
fiber as well as inadvertent operation. 
Cost of this device is $245.

SafePorter SP200/SP201
This transports/stores SPME holders and is constructed of machined 
aluminum that allows for the sample/holder to remain safe even if 
run over by a car. 
It also contains a dual o-ring that creats a hermetic seal to preserve 
and protect SPME holder/sample.
Cost of  the SP200 (comes with a septum) is $145 and the SP201 
(without septum) is $135. 

Conditioner 1X
This precisely measure and controls temperature from 0° to 350 °
and can clean other needles/syringes in addition to SPME fibers.
Cost of this device is $1875.



Environmental Application
• Air sample

– Analytes are extracted by the fiber wither by direct exposure or by use of the headspace method.

– Most applications involve the use of a commercial SPME fiber, but a dialuminum trioxide-coated fiber has been used for VOC sampling.

– On-site air sampling can be performed by the equilibrium methods or by the non-equalibrium method, with quantification by use of calibration plots 
from a standard gas generating system of standard gas mixture as opposed to using equations.

– rapid air sampling can be performed with controlled air-flow rate

• Water samples

– Can be performed by direct immerion (DI), headspace (HS), or in-tube method.

– The air inside needle must be completely replaced by water and effects of extracted analytes on the external wall of the needle should be avoided. 

– The in-tube SPME has been used for analysis of BTEX, PAH, pesticides, and herbicides in aqueous samples.

– The fibers have also been used to analyze environmental pollutants in aqueous samples and have been accompanied by ultrasounds or microwaves.

– Traditional calibration methods have been used for most applications.

• Soil and sediment samples

– Performed by HS or DI methods and applications have been assisted by sonication, microwaves or by heater or cooling fiber.

– Traditional calibrations but some exhaustive calibration methods have been used in quantification of BTEX in soil samples.

– A hollow-fiber membrane-protected SPME has also been used for determination of herbicides in sewage-sludge samples.



List of Environmental Applications -gas



List of Environmental Applications-aqueous



List of Environmental Applications-soil/sediment



Conclusion 

• SPME is a solvent-free microextraction technique that 

is:

– Cost efficient

– Simple to understand and use

– High sensitivity

– Low detection limits

– Can be used to sample analytes of many types

– Used in many areas of industry
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