








| ntroduction:

Thewhole World Society isnow concerned by
the quality of the Environment that cannot any
mor e be considered as unlimited compared to the
dimension of human activity. For example, the

extensive use of pesticidesaswell for a modern
agriculture management asfor maintaining our
environmental sites, hasinduced the contamination
of all the partsof the Environment with residues:
one can find them in waters, in solils, in food, in the
atmosphere and even wher e they were not supposed
to be: intheice of Earth Poles.




In order to control and minimise thistype of
pollution, thereisan urgent need of analysisdatato
giveto usersand Authorities aclear and objective
statement of the problem. Actually, analysis methods
do exist, but they are often too expensiveto berun at
the scale that should be necessary.

As a consequence, thereisisacrucial need of
rapid and cheap analysis methods for assessing the
concentration of pesticideresiduesin all the matrices
that can be found in the Environment, and thisisan
fundamental challenge for Analytical Chemistry!




Analysis M ethod General Overview
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A general overview of the usual methodology used for this
pur pose, shows that chromatographic techniques (gasor 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/MYS) is particularly
valuable, because it affords by the sametime, characterisation and

guantification of the analytes.
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Traditional Liquid / Liquid Extraction Step
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So far, most of these analysis are perfor med by using the
liquid / liquid extraction mode (LLE). Accordingtothis
traditional method, as much as possible of the target analytes

contained in the natural agueous sample, must be collected in
an or ganic solvent from which afew microliter aliquot will be
Injected into the chromatographic system.




In the early nineties, Janush Pawlistzyn and his
group at the University of Waterloo, Ontario,
Canada, proposed and developed a new concept
for extracting organic analytes from water
solutions. Thisidea wasnot properly a
fundamental revolution, but revealed a new
approach according which analytes could
naturally be adsorbed onto an organic polymer
probe, directly exposed in the agueous medium.
And this suggestion had never be done before.

At least, two main advantages ar e enlighten out
In this approach:

* partition of each analyse between the
probe and the solution isther modynamically
controlled aslong as equilibrium isreached

* organic solvent are useless aslong as the natural sample
the extracted analytes can be directly transferred
from the natural sampleinto theinjector of the
chromatographic system.

Direct immersion in




In the solution,
analytes are partitioned
between the agueous
solution and the polymeric
coating of a silicafibre
which constitutesthe
probe. Then, this probe
can bedirectly introduced
Into theinlet tube of a
chromatographic injector
aslong as the adsor bed
amount of analytesis RelpmeneoRing

j udged sufficient: Thermodynamic partition: Extraction of a
representative portion of the analytes

fused silicarod

free anal ytes
1

adsorbed analytes

*once thethermodynamic
equilibrium isreached

*or before, iIf the probeis
sensitive enough.




Main features of the SPM E technology:

* The adsor ption medium

* The desor ption step

* The external calibration.

* The accumulation of analytes onto the probe.

* The automation procedure




fused silica

polymeric coating

SPME from
Gaseous Samples

nalytes in gas phase

First developed in water and aqueous media, the technique

has also been extended to samplesin gasphase. In this
case, the equilibrium isusually reached faster dueto a

faster diffusion of the analytesin this phase.




Headspace Mode
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SPME can also be performed in the headspace mode (HS-SPME).
Theextracting fibreisimmersed into the atmosphere surrounding
the sample and analytes ar e extracted through a double equilibrium
between the sample, its atmospher e and the polymer coating. This
mode has been mainly used for volatile compounds (VOC) such as
aroma and flavour constituents.




SPME: The Desorption Step (GC)
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For GC analysis, the probethat is protected insidethe
needle, isdirectly introduced through the septum, into the
Injection port of the chromatograph. Thefibreisthen pushed out
of the needle and exposed in theinlet tube to be thermally swept
out by the Helium flux which transportsthe analytesinto the

column.




Extension to LC systems

Another characteristicis
that exactly the same extraction
procedur e can be performed and
coupled with aliquid
chromatography analysis. This ¢ [N
extension enlar ges consider ably LR Desorption
the scope of analytesthat can be qr chember

determined by this method,
those thermolabile, for example. Desorption
chamber

An equipment supplier

has developed an interface that

allowstheinjection of the extract

Into the calibrated desor ption

chamber located in the loop of

theinjection valve.

solvent desorption




External Calibration
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Asadirect conseguence, it isclear that the most convenient way
for quantifying pesticide concentrationsin a natural matrix, isto
operate an external calibration by using blank samples spiked
with pesticide standards at different concentrations. Especially
when PDM Sfibresare used, it’snot rareto observe alarge
linearity range on several ordersof magnitude.




The organic polymer phase acts
as an aspirating collector until The Accumulation Coefficient
the equilibrium isreached. The
accumulation coefficient g Is

defined astheratio C;/C, of the K
concentration of the fibre at V= Cf /Cﬂ — vV
equilibrium compared to the K . |
Initial concentration of the Vs
analysed solution.

According tothis, K appearsas Y Exemple K=1000

the maximum value of gand so, 100000

the samplevolume V. is 10000

optimised aslong astheratio 1000 ——

V. /' V; allows gto approach 100

thisvalue; usually, few 10 VLV,
mililiters are enough for V. 1 e

1 100 10000 1000000



Automated SPME |
Process Device
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Let uscitealast technical point, but of the most interest for routine
analysis. The whole procedurefor extracting analytesdirectly from
natural samples, can be fully automated. All the extraction step
features of the work-up, from thevial to the chromatograph

Inj ector, can be programmed. Analysis duration isthen reduced.




To Resume

SPME Methodology Characteristics

* Direct sampling from natural samples
* Several types of fibresavailable

* Multi-residue type extraction

* Solventless extraction

* Possible automation

* Rdliability: thermodynamic equilibrium control of the
extraction
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Thevery first applications of SPM E technology were
relativeto water analysisand immediately developed by
Pawlistzyn and hisgroup in the early nineties and thiswork has
been largely extended during the following years.

* As an example, a rapid bibliographic survey realised in 2000,
Indicated that more than 400 major publicationsrelative to

SPME applications had been made before this date. Among those
more than 60 were concerning pesticide residue analysisand 40

of them were dealing with water sample analysis.
J. Beltran , F.J Lopez et F. Hernandez J. Chromatogr. A 885 (2000) 389-404

Per for mances:
* Limits of detection below the ng/L level.
* Reative standard deviation coefficients lower than 20%




In 1996, an important paper was finally published
by Pawliszyn and al., affording a kind of validation of
the efficacy of thismethodology in thefield of pesticide
trace analysisin water.

A Round Robin Test was performed relativeto 12

pesticides from different familiesthat were
simultaneously blind analysed by 11 |aboratories (6
American and 5 European). The statistical results of this
test confirmed the high degree of liability of this
methodology.




Pesticide Residuesin water.
Round Robin Test

Statistical Characteristics Confidence Intervals

(Hg/L)

Compound S K r R GA Cl TV

Dichlorvos 5.04 5.44 5.83 154 27.3 2758 25+1.35
EPTC 1.56 1.66 157 4.7 9.9 10+ 16 10+ 0.54
Ethoprofos 4.79 4.86 2.32 13.74 155 16+23 17+ 0.92
Trifluralin 0.57 0.63 0.76 1.79 1.6 1.6+£0.76 2+011
Simazine 3.45 4.17 6.61 11.79 23.6 24+ 6.6 25+ 1.35
Propazine 2.04 2.27 342 6.71 9.5 10+ 34 10+ 0.54
Diazinon 2.13 2.22 1.79 6.29 8.2 81+8 10+ 0.54
Methyl chlorpyriphos 0.32 0.34 0.35 0.97 1.6 16+0.35 2+011
Heptachlor 2.89 3.53 5.75 10 8.9 9+58 10+ 0.54
Aldrin 0.73 0.91 153 2.58 2.0 2+15 2+0.11
Metolachlor 2.83 2.92 2.07 8.28 15.7 16+21 17+£0.92
Endrin 3.00 3.13 2.47 8.85 8.8 9+25 10+ 0.54

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

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







The case of wines

Twelve pesticides among those that are the most
often used for vineyard protection have been selected

(bromopropyl ate, 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




| nfluence of ethanol
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* Journal of Agricultural and Food Chemistry,1996, 44, 3871 - 3877



Other endogeneous constituents -

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

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




| nfluence of sugars
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Relevant parameters

Actually, ethanol revealed

to be the most Influent o
factor in terms of extraction B N
efficacy for the PDMS m roge 210
fiber.
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According to this

observation, a artificial

mOdeI SC)I Utl On WaS defl ned Lindane Vinchlozoline Dieldrine Flusilazole
and used to elaborate pesicide
calibration curves:




Comparison SPME / ELISA
Validation test.

+ vin blanc
vin rouge

Compared analysisof procymidone from red and white wine samples

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







Triazinesin 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 Pal missano*
In Italy, obtained LODSs In
the range around 50 mg/Kg
for some triazines with a 85

um PA fibre.
* Journal Chramatogr. A, 2001, 874, 247 - 255.




Triazines from soil samples

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

Limits of detection were
found at alevel 1000 times
lower than In the previous
work.

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



Or ganophosphor us pesticides 1n 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 aPDMSfibre.
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.







The case of strawberries;

Themost representative to exemplify the approach followed.

Thiswork hasbeen realised in partnersnip with the
Centre de Recherche et Experimentation dela Fraise - CIREF-
a national research centre of a producer association.

S0, 33 active ingredients wer e selected among those
authorised for strawberry cultivation in thisarea. Among those, 8
compounds appear ed out of our application field of SPME, dueto
their physical and chemical properties:

* cyhexatin, an organometallic compound,

* formetanate, stable in water only as a salt,

* abamectine, a non volatile and hard to detect molecule,

* diclofluanid, folpet, hexythiazox, clofentezine and dinocap,
easily hydrolysable or non adapted moleculesfor SPM E conditions.




Extraction Profile
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Drawing adsor ption profilesfor every analytes with the
different coatings available, wasthefirst step in order to choose
the most efficient fibrefor the selected pesticides.

Actually, the goal wasto determinethe best compromise
between fibre sensitivity and fibre exposure duration. The
PDM S/DVB fibre and an exposur e time of 40 min wer e selected.




Spiked fruit samples
wer e blended and
fibresimmersed into
centrifuged juices.

S0, amajority of the
selected pesticides
revealed traceable
under MLR levels,
but some

others, with

too low

solubility or
strongly
bounded to
endogenous
substances,
Wer e not

extracted.



W \Water M atrix Effects
M Strawberry

Recovery (% )

For example, important matrix effects were noticed when
comparing efficiencies of pesticide extractions from spiked
strawberry samples and from purewater samples. Strawberry
endogenous substances may interfere with pesticide molecules and
this may strongly modify the amount of analytes extracted by the
fibre. Thiswas of major importance in the case of pyrethroids for
which signals disappeared completely in strawberry samples.




So, focused microwaves
(FMAE) wereused in a
preliminary step of the
extraction to increasethe
transfer of pesticides
from thefruit into the
agueous solution without
destroying fruit cells.

Thisadvanced procedure
added several
advantages.

* aimplified 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 curveswere established from
blank strawberry samples spiked at different concentration. LODs
and LOQswerefound at low pg/Kg levels, asindicated in thistable.




In fact, four of the

compounds with particularly

low water solubilities

(essentially pyrethroids),

were extracted in a mixture

of water and acetonitrile. .
Desor ption of pesticides from g 20000

fruit was much more 10000
Increased than thair 5000

0

adsor ption onto the fibre was
reduced, as shown herefor
acrinathrin

Acrinathrin (200 pg/kg)

O Eau/MeOH
W Eau/EtOH
B Eau/ACN

Co-solvent (%)




Specific assay relativeto a systemic

fungicide: metalaxyl
M etalaxyl

T -

MRL = 0.5 mg/kg

An additional interesting experiment was made with metalaxy!
that has a systemic mode of action. This pesticide was applied directly
Into the plantation bed during a regular treatment of a specific
cultivation lot, few days befor e harvesting.

Analysis of thissample by using microwaves coupled with

SPME, but without any co-solvent, indicated the presence of metalaxyl
residue at the same level of concentration than thisfound by an
Independant Laboratory, using atraditional analysis method. Thisresult
examplified that even systemic compounds can be extracted and
analysed by SPME.




1 week
28 molecules/ 49

500g— lab 1

1 week
24 molecules/ 49

500g— lab 2

24 hours
21 molecules/ 49

500 g—> EPCA




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
guantitative
determinations of the
pesticideresidues
found inthe20
commercial strawberry
samples wer e not
significantly different
between the 3
laboratories as
exemplified on
histogramsrelativeto
endosulfan or
pyrimethanil.




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

Bromopropylate
Buprofezine
Chlorothal onil
Dicofol
Diethofencarbe

a-Endosulfan
b-Endosulfan
Endosul. Sulfate

Hexaconazole
|prodione
Myclobutanil
Parathion metyl
Procymidone
Pyrimethanil
Pyrimicarb -~
Vinchlozoline




Petticides e R RO LOD LOQ MRL
(Lo'kg) (mgkg) (mokg)  (ngkg)
Aairethrine 67747 094 264 0017 0080 02
Alprengthiine 31073 094 8% 0014 0046 01
Bifenthrine 10137 09¢3 298 004 000 01
Bioesrgthrine 11776 09988 32 0020 000 01
Ddtanethine 50186 09%2 989 0010 006 01
| Qydathrine 57764 09941 3% 000 000 01
RBrippogyfen 92633 09962 62 0007 002 01
t-Awdingte 09921 251 00 000 0.1
0 *+
— e 0.2,/
0 -(










Al samplies

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 iIn
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
beforel...




Sampling assembly

The goal was to perform 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 knabs.




The case of dichlorvos

Sat. atm. Pressure:

Psa=2.1Pa

4.0E+08

A sampling time of 40 BT
min, for a RSD lower than 3.0E+08

S 2.5E+08

25 %, compared to at € 2 0E+08

S 1.5E+08

least, few hours and 5 | oeros
higher variability, Soer
0.0E+00

respectively, according to I
5 c Extraction time (min)
traditionnal methods.




Calibrating a vapour phase sample

4.0E+08
> 3.0E+08
2.0E+08
D 1.0E+08
y = 370701515x 5

R?=0.984 0.0E+00
50000 100000 150000 200000

0.2 04 0.6 0.8

. : Concentration m™
Relative sample concentration (Hg m™)

Linearity has been demonstrated from a series of dilution
from a define sample.

Calibration curveisprovided by an air samplein saturated
conditions.. Thetheatrical valueisgiven by the Marriott law :

Psa=CsaRT == Csa=185mgm-3at 25 °C.

LOD = 0.6 HgM > =p LOQ =3 pgm-s

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




Validation assay
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Strawberries cultivated in an experimental greenhouse
(20 m2 and 8m3) wer e sprayed with dichlorvos according to
standard agricultural practice. Air concentrationswerethen
measur ed and found ranging from 4 500 to 96 ug m=3, at 2to 74
hours after treatment, respectively.




Other pesticides

Molecular ~ Vapour Observed Standard Calibration  Conc. in

Progr. : R o Linearity curve saturated LOD
Compound number Class Weight pressure  signal deviation slope vapour phase”

amu.  Pa(25°C)  au. % R Rpesg aupg'm’ ug™*m? ug*m?
Bioalletrin Pyrethroid 302 4.410° 1028142 418 0.997 0999 192.1 5351 10.4
Trimethacarb Carbamate 193 6.810° 19717664 293 0990 - 37203 530 0.11
Quintozene Aromatic HCderiv. 295 1.310° 19970922 4.27 0.997 0.994 13208 1512 0.11
Cyanofos Organophorphorus 243 1.1 10" 8553016 354 098 098 8305 10298 241
Fonofos Organophorphorus 246 2.810° 48014491 321 0.998 0.989 17271 2780 0.17
Chlorothalonil . 266 7.610° 241656 542 0989 0.98 29615 8.16 0.03
Chlorpyriphos m. Organophorphorus 286 5.610° 8540794 479 0.998 098 13221 646 0.11
Malathion Organophorphorus 330 5.310° 608508 192 0999 - 861.9 706 1.74
Penconazole Azole 248 2.110" 475646 283 0988 - 22650 21.0 0.09
Folpet N-trihalomethylthio 297 1.310° 13187 759 0998 - 84.34 156 591
Procymidone Dicarboximide 283 1810° 53560 432 0992 - 26.05 2056 76.7

11 other pesticides have been also successfully measured in
confined atmospheric air samples, whereas their saturated vapour
pressure were ranging from 0.5 to 10> Pa, indicating that in such
conditions, important mass tranfers were achieved between the
sour ce and the SPME fiber, through a double equilibrium... exactly
like it works between areas wher e pesticides are intensively used and
otherswherethey should not supposed to be: the polesfor example!




conciusion







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




A little bit of theory

At least in the case wherethe
polymeric phase can be considered
as an “absorbant liquid phase”
and when the equilibrium is
reached, the amount of analytes
extracted n;, is proportional tothe

Initial amount of analytesin the
sample n, (or to theinitial
concentration C,). So, a Isthe
extraction coefficient.

Then, a isonly dependant on K,
V. and V that arethe partition
coefficient, the volumes of the
fibre and the sample, respectively.




First approach:
calibration of the detector

Themost often used procedureis
to calculate the response
coefficient b of the detector from
an external calibration curve
made from spiked samples by
direct injection of liquid
solutions.

b isthe dope of the curve _

obtained by plotting the S = b ninj

observed signal s versusthe s = signal given by the

amount of analyte n;,; contained detector

In the analysed sample. b = response coefficient
of the detector




|n these conditions, the amount of analyte extracted by the
fibre i1seasy to calculate from the corresponding signal
obtained for a SPME injection.

Sspme = D Ny

n; = amount of analyte

extracted by thefibre




It has been observed in our Laboratory, that the

deter mination of the response coefficient of the detector b,
from standard liquid solutions, often leadsto non accurate
results. Thishasbeen demonstrated with a depletion
experiment from a

known sample of

endosulfan in water .
Through only 4 runs,
the cumulated
extracted amount
becomes larger than
the amount introduced
Into thewhole
samplel!!




Direct liquid and

SPME aretwo

very different

Inj ection modes.

In thefirst one,

the pressure

Increase dueto

the solvent

vaporisation, may

Induce a |oss of

analytesthrough

the septum purge

and then reduce the observed value for b. So, the few nanograms of
analytes thermally swept by helium from the fibre coating in SPME,
may be overestimated, dueto an underestimation of the reference
sample. In fact, thispointsout 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 thefibre
IS proportional to the amount
left in the solution at the
previousrun:

Ny =Nya (1'a)

n, = ngy (1-a)*

Experimentally, the depletion
curveisalways an exponential
one (first order law):

n,=n,e X
* a =1- €9 thatisthereal extraction coefficient




Application :
the extraction coefficient for ethyl-parathion







