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This Lecture Program 

1- An Advanced and Relevant Technology: 
“ SPME for Pesticide Analysis in Environmental Matrices”

2- Few Applications:
*  “ In Water or Aqueous Solutions”  
*  “ In Aqueous Soil Suspensions”
*  “ In Food”
*  “ In Air Samples”

3- One Exercice:
“ The amount of analytes extracted by SPME”



Part 1

SPME Main Features



Introduction:

The whole Wor ld Society is now concerned by 
the quality of the Environment that cannot any 
more be considered as unlimited compared to the 
dimension of human activity. For  example, the 
extensive use of pesticides as well for  a modern 
agr iculture management as for  maintaining our  
environmental sites, has induced the contamination 
of all the par ts of the Environment with residues : 
one can find them in waters, in soils, in food, in the 
atmosphere and even where they were not supposed 
to be: in the ice of Ear th Poles.



In order  to control and minimise this type of 
pollution, there is an urgent need of analysis data to 
give to users and Author ities  a clear  and objective 
statement of the problem. Actually, analysis methods 
do exist, but they are often too expensive to be run at 
the scale that should be necessary.

As a consequence, there is is a crucial need of 
rapid and cheap analysis methods for  assessing the 
concentration of pesticide residues in all the matr ices 
that can be found in the Environment, and this is an 
fundamental challenge for  Analytical Chemistry!



A general overview of the usual methodology used for  this 
purpose, shows that chromatographic techniques (gas or  liquid) are 
the most often used for  the separation and quantification steps of the 
analysis. Among these techniques, the coupling of gas 
chromatography and mass spectrometry (GC/MS) is par ticular ly 
valuable, because it affords by the same time, character isation and 
quantification of the analytes.
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So far , most of these analysis are per formed by using the 
liquid / liquid extraction mode (LLE). According to this 
traditional method, as much as possible of the target analytes
contained in the natural aqueous sample, must be collected in 
an organic solvent from which a few microliter aliquot will be 
injected into the chromatographic system.

Traditional L iquid / L iquid Extraction Step

Natural aqueous
sample Extraction  step Concentration and

injection



Direct immersion in 
the natural sample

In the ear ly nineties, Janush Pawlistzyn and his 
group at the University of Water loo, Ontar io, 
Canada, proposed and developed a new concept 
for  extracting organic analytes from water  
solutions. This idea was not proper ly a 
fundamental revolution, but revealed a new 
approach according which analytescould 
naturally be adsorbed onto an organic polymer 
probe, directly exposed in the aqueous medium. 
And this suggestion had never  be done before. 

At least, two main advantages are enlighten out 
in this approach:

*  par tition of each analyse between the 
probe and the solution is thermodynamically 
controlled as long as equilibr ium is reached

* organic solvent are useless as long as 
the extracted analytes can be directly transferred 
from the natural sample into the injector  of the 
chromatographic system.



In the solution,
analytes are par titioned 
between the aqueous 
solution and the polymer ic 
coating of a silica fibre 
which constitutes the 
probe. Then, this probe 
can be directly introduced  
into the inlet tube of a 
chromatographic injector  
as long as the adsorbed 
amount of analytes is  
judged sufficient:

*once  the thermodynamic 
equilibr ium is reached 

*or  before, if the probe is 
sensitive  enough.



Main features of the SPME technology:

*  The adsorption medium

* The desorption step

*  The external  calibration.

*  The accumulation of analytesonto the probe.

*  The automation procedure



SPME from 
Gaseous Samples

First developed in water  and aqueous media, the technique 
has also been extended to samples in gas phase. In this 
case, the equilibr ium is usually reached faster  due to a 
faster  diffusion of the analytes in this phase.  



SPME can also be per formed in the headspace mode (HS-SPME). 
The extracting fibre is immersed into the atmosphere surrounding
the sample and analytes are extracted through a double equilibr ium 
between the sample, its atmosphere and the polymer coating. This
mode has been mainly used for  volatile compounds (VOC) such as 
aroma and flavour  constituents.



split/splitless
injector

insert heating body

thermal desorption under  He sweeping

SPME: The Desorption Step (GC)

For  GC analysis, the probe that is  protected inside the 
needle, is directly introduced through the septum, into the 
injection por t of the chromatograph. The fibre is then pushed out 
of the needle and exposed in the inlet tube to be thermally swept 
out by the Helium flux which transpor ts the analytes into the 
column.



Another  character istic is 
that exactly the same extraction 
procedure can be per formed and 
coupled with a liquid 
chromatography analysis.  This 
extension enlarges considerably 
the scope of analytes that can be 
determined by this method, 
those thermolabile, for  example. 

An equipment supplier  
has developed an inter face that 
allows the injection of the extract 
into the calibrated desorption
chamber located in the loop of 
the injection valve. 



As a direct consequence, it is clear  that the most convenient way 
for  quantifying pesticide concentrations in a natural matr ix, is to 
operate an external calibration by using blank samples spiked 
with pesticide standards at different concentrations. Especially
when PDMS fibres are used, it’ s not rare to observe a large 
linear ity range on several orders of magnitude.



The organic polymer phase acts 
as an aspirating collector  until 
the equilibr ium is reached. The 
accumulation coefficient gggg is 
defined as the ratio Cf/C0 of the 
concentration of the fibre at 
equilibr ium compared to the 
initial concentration of the 
analysed solution.

According to this, K appears as 
the maximum value of ggggand so, 
the sample volume Vs is 
optimised as long as the ratio 
Vs / Vf allows ggggto approach 
this value; usually, few 
mililiters are enough for  Vs.



Let us cite a last technical point, but of the most interest for routine 
analysis. The whole procedure for  extracting analytesdirectly from 
natural samples, can be fully automated. All the extraction step
features of the work-up, from the vial to the chromatograph 
injector , can be programmed. Analysis duration is then reduced.



To Resume

SPME Methodology Character istics

* Direct sampling from natural samples

*  Several types of fibres available

*  Multi-residue type extraction

* Solventless extraction

*  Possible automation

*  Reliability: thermodynamic equilibr ium control of the 
extraction



Part 2

Application to Pesticide Residue 
Analysis



Examples of per formance levels for  the Examples of per formance levels for  the 
determination of pesticides in natural matr ices by determination of pesticides in natural matr ices by 

using SPMEusing SPME

Original routine methods have been developed for  
tracing pesticides from natural media at competitive levels 
of concentration, as for  example:

*  at the ngL-1 level from waters 

*  at the µgL-1 level from wines 

*  at the µgKg-1 level from soils

*  at the µgKg-1 level from fruits and vegetables

*  at the µgm-3 level from atmospher ic air  samples



Part 2

Application to Pesticide Residue 
Analysis

*  In Water or Aqueous Matrices



The very first applications of SPME technology were 
relative to water  analysis and immediately developed by
Pawlistzyn and his group in the ear ly nineties and this work has 
been largely extended dur ing the following years.

*  As an example, a rapid bibliographic survey realised  in 2000, 
indicated that  more  than 400 major publications relative to 
SPME applications had been made before this date. Among those
more than 60  wereconcerning pesticide residue analysis and  40 
of them were  dealing with  water sampleanalysis.

J. Beltran , F.J Lopezet F. Hernandez  J. Chromatogr. A 885 (2000) 389-404

Per formances: 
*  L imits of detection below the ng/L level. 
*  Relative standard deviation coefficients lower  than 20%

01-136



In 1996, an impor tant paper  was finally published 
by Pawliszyn and al., affording a kind of validation of 
the efficacy of this methodology in the field of pesticide 
trace analysis in water . 

A Round Robin Test was per formed relative to 12 
pesticides from different families that  were 
simultaneously blind analysed by 11 laborator ies (6 
Amer ican and 5 European). The statistical results of this 
test confirmed the high degree of liability of this 
methodology.



The statistical results of this Round Robin Test confirmed 
the high degree of liability of this methodology.

Pesticide Residues in water .
Round Robin Test

Statistical Characteristics Confidence Intervals
(µg/L)

Compound Sr SL SR r R GA CI TV
Dichlorvos 2.06 5.04 5.44 5.83 15.4 27.3 27 ±±±± 5.8 25 ±±±± 1.35
EPTC 0.56 1.56 1.66 1.57 4.7 9.9 10 ±±±± 1.6 10 ±±±± 0.54
Ethoprofos 0.82 4.79 4.86 2.32 13.74 15.5 16 ±±±± 2.3 17 ±±±± 0.92
Trifluralin 0.27 0.57 0.63 0.76 1.79 1.6 1.6 ±±±± 0.76 2 ±±±± 0.11
Simazine 2.34 3.45 4.17 6.61 11.79 23.6 24 ±±±± 6.6 25 ±±±± 1.35
Propazine 1.21 2.04 2.27 3.42 6.71 9.5 10 ±±±± 3.4 10 ±±±± 0.54
Diazinon 0.63 2.13 2.22 1.79 6.29 8.2 8.1 ±±±± 8 10 ±±±± 0.54
Methyl chlorpyriphos 0.12 0.32 0.34 0.35 0.97 1.6 1.6 ±±±± 0.35 2 ±±±± 0.11
Heptachlor 2.03 2.89 3.53 5.75 10 8.9 9 ±±±± 5.8 10 ±±±± 0.54
Aldrin 0.54 0.73 0.91 1.53 2.58 2.0 2 ±±±± 1.5 2 ±±±± 0.11
Metolachlor 0.73 2.83 2.92 2.07 8.28 15.7 16 ±±±± 2.1 17 ±±±± 0.92
Endrin 0.87 3.00 3.13 2.47 8.85 8.8 9 ±±±± 2.5 10 ±±±± 0.54

T. Gorecki et J. Pawliszyn, Analyst, 121, 13181 (1996)



By the same time or  dur ing the following years, the general 
methodology developed in water  analysis, was then extended to 
other  matr ices and first of them, to aqueous solutions, by a large 
number of research groups all over  the wor ld.

In the frame of these extensions and to develop or iginal 
analysis methods, the main questions that had to be studied were:

*  What type of fibre will be the most efficient  relatively to 

the medium and the nature of pesticide?

*  What will be the effects of the other organic constituents 

of the matrix on the extraction efficacy?



Thecase of wines

Twelve pesticides among those that are the most 
often used for vineyard protection have been selected 
(bromopropylate, dichlofluanid, dieldrin, DPA, flusilazole, folpet, 
lindane, metalaxyl, methyl-parathion, phosalone, procymidone and 

vinchlozolin) and the main parameters concerned for the 
method development have been studied:

*  influence of the nature of the fiber
*  influence of ethanol
*  influence of other endogeneous constituents
*  calibration
*  validation tests



Influence of ethanol

hydroalcoolic solutions spiked at 20 µg/L

*  Journal of Agricultural and Food Chemistry,1996, 44, 3871 - 3877
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Other  endogeneous constituents 01-143

In the same way, the
influence of tartric acid 
(acidity) and tartrates has 
been studied and quntified 
basing on the behaviour of 
aqueous solutions spiked with 
the selected pesticides at the 
level of 20µg/L. 

So were phenolic
compounds that represent an 
important part of of organic 
matter in wines.



Influence des sucres 
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Actually, ethanol revealed 
to be the most influent 
factor in terms of extraction 
efficacy for the PDMS 
fiber.

According to this 
observation, a artificial 
model solution was defined  
and used to elaborate 
calibration curves:

Ethanol: 12%, Tar trates: 3g/L, pH:3.5 and Water  
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Compared analysis of  procymidone from red and white wine samples

*  Journal of Agricultural and Food Chemistry, 1997, 45, 1519 – 1522

Compar ison SPME / ELISA
Validation test.
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Part 2

Application to Pesticide Residue 
Analysis

*  In Water or Aqueous Matrices

*  In Aqueous Soil Suspensions



Tr iazines in soil leachates

Several works have been 
published in the recent 
litterature, relative to the 
determination of herbicides 
residues in soil by using 
SPME. For example, 
Zambonin and Palmissano* 
in Italy, obtained  LODs  in 
the range around 50 mg/Kg 
for some triazines with a 85 
µm PA fibre.

*  Journal Chramatogr. A, 2001, 874, 247 - 255.



*Anal. Chem., 2000, 72, 2313 - 2322

Tr iazines from soil samples

By the same time, 
Hernandez and al. obtained 
better performances for the 
determination of the same 
type of compounds, by 
using a MASE  procedure 
of soil samples with 
methanol before SPME.

Limits of detection were 
found at a level 1000 times 
lower than in the previous 
work.



Organophosphorus pesticides  in soil 
samples

In 2001, the group of 
C.Camara* , in Spain, 
observed that using ultrasonic 
pre-treatment of soil samples 
in methanol, increased the 
efficacy of the extraction of 
OP residues by a PDMS fibre. 
By comparison, using a 
surfactant in order to extract 
the analytes from  the soil 
matrix is much less efficient.

*  Journal Chromatogr. A, 2001, 939, 13 - 21.



Part 2

Application to Pesticide Residue 
Analysis

*  In Water or Aqueous Matrices

*  In Aqueous Soil Suspensions

*  In Fruits and Vegetables



The case of strawberr ies:

The most representative to exemplify the approach followed.

This work has been realised  in par tnership with the
Centre deRechercheet Exper imentation de la Fraise - CIREF-
a national research centre of a producer association.

So, 33 active ingredients were selected among those 
author ised for  strawberry cultivation in this area. Among those, 8 
compounds appeared out of our  application field of SPME, due to 
their  physical and chemical proper ties: 

*  cyhexatin, an organometallic compound,
*  formetanate, stable in water  only as a salt,
*  abamectine, a non volatile and hard to detect molecule,
*  diclofluanid, folpet, hexythiazox, clofentezineand dinocap, 

easily hydrolysable or  non adapted molecules for  SPME conditions.
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Extraction Profile

Drawing adsorption profiles for  every analytes with the 
different coatings available, was the first step in order  to choose 
the most efficient fibre for  the selected pesticides.

Actually, the goal was to determine the best compromise 
between fibre sensitivity  and fibre exposure duration. The 
PDMS/DVB fibre and an exposure time of 40 min were selected.
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23

Spiked fruit samples 
were blended and 
fibres immersed into 
centr ifuged juices. 

So, a major ity of the 
selected pesticides 
revealed traceable 
under  MLR levels, 
but some 
others, with 
too low 
solubility or  
strongly 
bounded to 
endogenous 
substances, 
were not 
extracted.
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Matr ix Effects

For  example, impor tant matr ix effects were noticed when 
compar ing efficiencies of pesticide extractions from spiked 
strawberry samples and from pure water  samples. Strawberry 
endogenous substances may inter fere with pesticide molecules and
this may strongly modify the amount of analytes extracted by the 
fibre. This was of major  importance in the case of pyrethroids for  
which signals disappeared completely in strawberry samples.



So, focused microwaves 
(FMAE) were used in a 
preliminary step of the 
extraction to increase the 
transfer  of pesticides 
from the fruit into the 
aqueous solution without 
destroying fruit cells.

This advanced procedure 
added several 
advantages: 

*  simplified work up (blending and centrifuging suppressed),

*  reduction of analysis duration and financial cost,

*  reduction of interactions between pesticides and strawberry 
endogenous substances.



According to this, the method was then fully developed for  21 
of the selected pesticides.  Calibration curves were established from 
blank strawberry samples spiked at different concentration. LODs
and LOQswere found at low µg/Kg levels, as indicated in this table.
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In fact, four  of the 
compounds with par ticular ly 
low water  solubilities
(essentially pyrethroids), 
were extracted in a mixture 
of water  and acetonitr ile. 
Desorption of pesticides from 
fruit was much more 
increased than their  
adsorption onto the fibre was 
reduced, as shown here for  
acrinathrin



Specific assay relative to a systemic
fungicide: metalaxyl

MRL = 0.5 mg/kg

Metalaxyl

An additional interesting exper iment was made with metalaxyl
that has a systemic mode of action. This pesticide was applied directly 
into the plantation bed dur ing a regular  treatment of a specific
cultivation lot, few days before harvesting.

Analysis of  this sample by using microwaves coupled with 
SPME, but without any co-solvent, indicated the presence of metalaxyl
residue at the same level of concentration than this found by an
independant Laboratory, using a traditional analysis method. This result 
examplified that even systemic compounds can be extracted and 
analysed by SPME.



20 samples

4 series 
of 5 samples 

harvested on d-1

Validation from Commercial Strawberry 
Samples

frozen

EPCA
by SPME

fresh 500 g 24 hours 
21 molecules / 49

lab 2500 g
1 week 

24 molecules / 49

lab 1500 g
1 week 

28 molecules / 49

� � �� � � �� 	 ��
 � � 	 
 �	 
 � � �
� � 	 �	 � � 	 
 �� � �	 � � 	 � � � �� � �� � 	 �� � � � � � 	 
 �� � � �� � �� � � 	 � � � 
 � � 
 	 �



Working conditions were not exactly the same 
for the 3 partners since it was asked to EPCA to give 
analytical results within 24 hours in order to 
evaluate the capacity of the SPME method to allow a 
decision relative to an eventual authorisation for the 
fruits to be  commercialised. For this purpose, 
analysis samples were picked up directly  in the 
cultivation field, 1 day before the date previewed for 
the whole harvest.



Qualitative and 
quantitative 
determinations of the 
pesticide residues 
found  in the 20 
commercial strawberry 
samples were not 
significantly different 
between the 3 
laborator ies as 
exemplified on 
histograms relative to 
endosulfan or  
pyr imethanil.



Finally, in the frame of this analytical test, 420 
residue determinations were assayed and gave 
the results collected in this figure

Actually, only two fibres have been used, one for SPME / GC 
and the other for the SPME / HPLC protocols, including 
measures made for calibration curves. No solvents were used  
(except few mL of methanol and acetonitrile in the HPLC 
mobile phase) and all results were published within 24 hours.
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Pesticides Slope
(µg/kg)

R RSD LOD
(mg/kg)

LOQ
(mg/kg)

MRL
(mg/kg)

Bromopropylate 659.12 0.9972 11.61 0.008 0.025 1
Buprofezine 2039.6 0.9990 1481 0.007 0.022 0.2
Chlorothalonil 1024.1 0.9980 10.50 0.009 0.030 1
Dicofol 1030.7 0.9839 10.57 0.006 0.020 0.5
Diethofencarbe 1985.2 0.9967 2.97 0.004 0.014 0.5
a-Endosulfan 146.07 0.9960 15.21 0.013 0.044
b-Endosulfan 170.84 0.9959 9.51 0.011 0.038
Endosul. Sulfate 301.5 0.9905 10.16 0.009 0.032

0.05

Hexaconazole 918.83 0.9975 4.86 0.010 0.032 0.05
Iprodione 715.52 0.9933 7.41 0.011 0.036 0.1
Myclobutanil 717.02 0.9927 5.15 0.016 0.053 0.3
Parathion metyl 4726.5 0.9993 7.96 0.004 0.014 0.1
Procymidone 2266.9 0.9940 9.86 0.010 0.035 2
Pyrimethanil 11193 0.9960 6.23 0.003 0.009 1
Pyrimicarb 818.31 0.9888 3.25 0.017 0.058 0.5
Vinchlozoline 1769 0.9989 11.52 0.009 0.030 0.05
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Pesticides Slope
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Acrinathrine 677.47 0.9904 2.64 0.017 0.060 0.2
Alphamethrine 310.73 0.9954 8.54 0.014 0.046 0.1
Bifenthrine 10137 0.9943 2.98 0.024 0.070 0.1
Bioresmethrine 11776 0.9933 3.29 0.020 0.060 0.1
Deltamethrine 50.186 0.9952 9.89 0.010 0.036 0.1
l -Cyalothrine 577.64 0.9941 3.94 0.020 0.070 0.1
Pyriproxyfen 926.33 0.9962 6.02 0.007 0.022 0.1
t-Fluvalinate 11527 0.9921 2.51 0.002 0.009 0.1
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Part 2

Application to Pesticide Residue 
Analysis

*  In Water or Aqueous Matrices

*  In Aqueous Soil Suspensions

*  In Fruits and Vegetables

*  In Air Samples



Air  samplesAir  samples

The problem was to 
evaluate the concentration in 
pesticide vapours of the air  
breathed by people working 
in confined atmospheres like 
in a greenhouse after  
treatment.

So far  and because they are sold as powders or  in 
solutions, pesticides have been considered as heavy and not 
volatile compounds, with very low saturated gas pressure. This 
can be the main reason why this study had not been made 
before!...



The goal was to per form analysis of gas samples representative 
of a infinite, calm and stable greenhouse atmosphere, with a 
maximum diffusion of the analytes in the sample and with a   
maximum concentration.

Sampling assembly



For lab measurements, 
the system was 
connected and 
recycled to a vapour  
saturated large bottle 
containing pure 
dichlorvos. For  the 
calibration step, the 
bulb was isolated by 
closing the 2 knobs.

Sampling assembly



Thecase of dichlorvos

Sat. atm. Pressure:

Psa = 2.1 Pa
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A sampling time of 40 
min, for  a RSD lower than
2.5 %, compared to at
least, few hours and 
higher var iability, 
respectively, according to 
traditionnal methods.



Calibrating a vapour  phase sample

y = 370701515x

R2 = 0.984
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Linear ity has been demonstrated from a ser ies of dilution 
from a define sample.

Calibration curve is provided by an air  sample in saturated 
conditions.. The theatr ical value is given by the Marr iott law :

Psa = Csa RT              Csa = 185 mgm-3 at 25 °C.
LOD = 0.6 µgm-3 LOQ = 3 µgm-3

J. Environmental Monitoring, 2003, 5, 574 - 577.

y = 1,788x
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Validation assay
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Strawberr ies cultivated in an exper imental greenhouse 
(20 m2 and 8m3) were sprayed with dichlorvos according to 
standard agr icultural practice. Air  concentrations were then 
measured and found ranging from 4 500 to 96 µg m-3, at 2 to 74 
hours after  treatment, respectively.
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Other pesticides

11 other pesticides have been also successfully measured in  
confined atmospher ic air  samples, whereas their  saturated vapour
pressure were ranging from 0.5 to 10-5 Pa, indicating that in such
conditions, impor tant mass tranfers were achieved between the
source and the SPME fiber , through a double equilibr ium… exactly 
like it works between areas where pesticides are intensively used and 
others where they should not supposed to be : thepoles for  example!



ConclusionConclusion

SPME coupled to chromatography, really appears as an 
interesting analytical basis technology, par ticular ly well 
adapted to the routine determination of pesticide residues. I t 
can be applied to a large scope of natural matr ices of the 
Environment.

The main character istic feature is surely that it uses no 
organic solvents. I t ’s also a direct and relatively cheap multi-
analyte tool that should be more developed, especially in all of
our  countr ies  around the Mediter ranean Sea, where the use of 
pesticides still increases much faster  than  the corresponding 
control analysis !



Part 3

Exercice:

The amount of analytesextracted by SPME



What is exactly the amount of analyte 
extracted by a SPME fibre?



A little bit of theory
At least in the case where the 
polymer ic phase can be considered 
as an “ absorbant liquid phase”  
and when the equilibr ium is 
reached, the amount of analytes
extracted nf, is proportional to the 
initial amount of analytes in the 
sample n0 (or  to the initial 
concentration C0). So, aaaa is the 
extraction coefficient. 

Then, aaaa is only dependant on K, 
Vf and Vs that are the par tition 
coefficient, the volumes of the 
fibre and the sample, respectively.



First approach: 
calibration of the detector

The most often used procedure is 
to calculate the response 
coefficient bbbb of the detector  from 
an external calibration curve  
made from spiked samples by 
direct injection of liquid 
solutions.

bbbb is the slope of the curve  
obtained by plotting  the 
observed signal ssss versus the 
amount of analyteninj contained 
in the analysed sample. 

s  = b s = b s = b s = b ninj
ssss = signal given by the 
detector

b = b = b = b = response coefficient 
of the detector  



ssssSPME = b = b = b = b nf

nf = amount of analyte 

extracted by the fibre

In these conditions, the amount of analyte extracted by the 
fibre  is easy to calculate from the corresponding signal 
obtained for  a SPME injection.



I t has been observed in our  Laboratory, that the 
determination of the response coefficient of the detector  b,b,b,b,
from standard liquid solutions, often leads to non accurate 
results. This has been  demonstrated with a depletion 
exper iment from a
known sample of 
endosulfan in water .  
Through only 4 runs, 
the cumulated 
extracted amount 
becomes larger  than 
the amount introduced 
into the whole 
sample!!! 



Direct liquid and 
SPME are two 
very different 
injection modes. 
In the first one, 
the pressure 
increase due to 
the solvent 
vapor isation, may 
induce a loss of 
analytes through 
the septum purge 
and then reduce the observed value for  bbbb. So, the few nanograms of 
analytes thermally swept by helium from the fibre coating in SPME, 
may be overestimated, due to an underestimation of the reference
sample.  In fact, this points out that “ Split/splitless”  injectors are not 
adapted for  the calibration of the detector  when using SPME.

Journal of Chromatographic Science, 1999, 37, 277-282



Second approach: 
a depletion exper iment

For each extraction, the 
amount extracted by the fibre 
is propor tional to the amount 
left in the solution at the 
previous run:
nx = nx-1 (1-aaaa)
nx = n0 (1-aaaa)x

Exper imentally, the depletion 
curve is always an exponential 
one (first order  law):
nx = n0 e-ggggx

a  = 1 a  = 1 a  = 1 a  = 1 ---- e-gggg that is the real extraction coefficient



Application :
the extraction coefficient for ethyl-parathion
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