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ABSTRACT

In this work, the application of reverse miniaturized dispersive liquid—
liquid extraction techniques for determination of some organophosphorus
pesticides (OPPs) in water samples has been evaluated. Reverse miniatur-
ized dispersive liquid-liquid extraction method based on extraction with
methanol containing buthyl acetate as a solvent was added sample and
after phase separation, buthyl acetate injected to the GC/MS instrument.
Gas chromatography/Mass spectrometry (GC/M S) in selected ion storage
mode (SIS) was employed for the identification and quantification of
diazinon, chlorpyrifos and butachlor. Important parameters affecting both
extraction and reverse miniaturized dispersive liquid-liquid extraction pro-
cedures were investigated and optimized. Analytical method provides en-
richment factorsin the range of 11-18 for these pesticides. The calibration
plotswerelinear intheranges0.06-15.0 ng mL™, 0.1-15.0ngmL* and 0.4-
15.0 ng mL™ and limit of detection was 0.02, 0.03 and 0.14 ng mL™ for
diazinon, chlorpyrifosand butachlor, respectively. The devel oped method
was able to detect trace amounts of these pesticides in the water samples.
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INTRODUCTION

Thewithdrawn organochlorine pesticideswerere-
placed by organophosphorus pesticides (OPPs) and
organonitrogen pesticides (ONPs), which areuniver-
sally applied because of their low cogt, ready avail abil-
ity, widerangeof efficacy, ability to combat alargenum-
ber of pest species, and being less stablein the envi-
ronment than organochlorinecompounds®. Thus, inthe

past few years, organophosphorus compounds have
become one of the most widely used classes of pesti-
cides in the world. Organophosphorus pesticides
(OPPs) areamong the most common pesticides used
inindugtridized countries. Pesticidemonitoring programs
and export controls are needed for the protection of
consumersand for quality eva uation of commodities.
The determination of organophosphorus pesticides
(OPPs) inwater samplesstill presentssignificant prob-
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lems. U.S. environmentd protection agency method 525
hasamaximum dlowablerisk leve for OPPsindrink-
ing water ranging from 0.001-0.25 mg L 13, Toreach
therequired EU level of 0.1 part-per-billion (ppb) for
drinking water and the 1-3 ppb leve in surface water,
highly sensitivemethodsarerequired. Therefore, itis
necessary to devel op new andytica methodsfor OPPs
determinationinasmpleand efficient way.

Numerousextraction techniquesareavailable, the
usud onesinvolvingliquid-liquidextraction (LLE). LLE
reliesonthe partition of anaytesbetween twoimmis-
cibleliquids, usually an aqueous solution and an or-
ganic solvent. But, eventhough LLE isrdaively smple
and inexpensive, it has many drawbacks, among them
theneed to uselarge quantities of solventsthat are of -
ten toxic. Inorder to eliminate some of theinconve-
niencesrestricting the application of LLE, numerous
modifications have been devel oped, mainly miniatur-
izations of the processin order to reducetheamounts
of solventsused®9,

A new proceduretermed asdispersiveliquid-lig-
uid microextraction (DLLME) hasreceived much at-
tention for sampl e pretreatment(®8. The main disad-
vantage of the DLLM E techniqueistheuseof chlori-
nated solventsas extractant that are heavier than water
and moretoxic than hydrocarbons. Recently, were-
ported our experimentsfor employing low-density ex-
traction solventsin DLLME that we called, miniatur-
ized dispersiveliquid-liquid extraction (MDLLE)®1,
Traditionally, selectivedetectorsin GC havebeen used
to detect individud classes of GCamenable pesticides,
such of organochlorines, organophosphates, and
organonitrogens. In recent years,GC/M S has become
the primary gpproachto analyzedl classesof GC-ame-
nable pesti cidesin the same chromatogram. Tradition-
aly, GC/MS was mainly used for confirmation of
analytesprevioudy detected by sdlectivedetectors, but
modern GC/MSinstrumentsare senditive, easy to use,
reliable, and affordable by most |aboratories. Another
facet inM Sanays sinvolveswhether sdlectedion moni-
toring (SIM) should be employed to provide lower
LOQ and gresater selectivity intheanaysisof targeted
pesticides, or whether full scan M S should be con-
ducted to potentidly identify any GC-amenable chemi-
ca inthechromatogram. Furthermore, gaschromatog-
raphy coupled to mass spectrometry (GC/MS) isa
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powerful tool to separate, identify and quantify OPPs
inthedifferent samples.

Theaim of thisstudy wasto developanew version
of our previous method that called reversedispersive
liquid-liquid extraction (RDLLE) coupled to GC/MS
for OPPsdetermination in water samples (Because of
extraction of OPPs by addition of aqueous phase
samplesto co-sol vent contai ning extracting solvent, we
cancdl itreverseminiaurized dispersiveliquid-liquid
extraction(RMDLLE)).

EXPERIMENTAL

Chemicalsand reagents

Anadyticad gradeMethanal, n-hexane, cyd ohexane,
ethyl acetate, butyl acetate, hexyl acetate and NaCl
were purchased from Merck (Darmstadt, Germany)
and were used without further purification. Deionized
water prepared onaDirect-Q 3UV withapump sys-
tem (Millipore, Molshein, France). All OPPs  (diazinon,
chlorpyrifosand butachlor) prepared from Ehrnestorfer
(Augsburg, Germany). Each stock solution was pre-
pared a aconcentration of 100mg L™ in methanol and
storedin arefrigerator (4 °C) until use. Theworking
solution was prepared by appropriate dilution of the
stock solutionwith themethanol.

Apparatus

The analysiswas performed using aVarian CP-
3800 gas chromatograph coupled to ion-trap mass
spectrometer (Varian Saturn 2200). Separationswere
carried out inaHP-5 M S (95% polydimethylsiloxane,
5% polyphenyl) fused-silicacapillary column (20 m x
0.32mmi.d. and 1.2 um film thickness). The injector
temperaturewas 250 °C and 2.0 pL of thesamplewas
injected manually in the splitless mode. Helium
(99.999% purity) was obtained from Roham Gas Com-
pany (Tehran, Iran) and was used ascarrier gasat con-
stant flow of 1.0 mL min™. Thetemperature program
used for the chromatographic separation wasasfol -
lows: 50 °C for 2 min, temperature increase at 25 °C
min™' to 100 °C and hold for 2 min, and then tempera-
tureincrease at 5 °C min™ to 280 °C where it was
findly held for 2min. lon sourcewasat ionizationmode
witheectronimpact at 70 eV and theanadysiswasdone
inthe SIS (selected ion storsge) mode. Theion source,
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trap, manifold and transfer linetemperaturesweremain-
tained at 150, 150, 40 and 300 °C, respectively. Spe-
cificconditionsfor eachandytearelisedin TABLE 1.
A parent ionwas chosen for each compound by taking
them/z and rd ative abundance of parentionsashighas
possiblein order toincrease sensitivity . TheGC/MS
based on the SISmodewas used for quantifications. A
Varian Workstation 5 software was used for data col-
lectionand processing.

L ow density miniaturized rever sedispersivelig-
uid-liquid extraction procedure

1.0mL of butyl acetate added to 2.0 mL methanol

(1:2) and used astheextraction solvent. Inatypical ex-
traction experiment, 1.0mL of butyl acetate solutionwas
placedinadried 10 mL volumetric flask and then, 8.0
mL of water samplewastransferred to volumetricflask
rapidly. The mixturewas gently shaken. After thispro-
cess, butyl acetate (extraction solvent) was separated at
thetop of volumetricflask. Thebutyl acetatewasdrawn
out by aHamilton syringe(0.30 mL) andtransferredtoa
conica via and 2.0 L wasinjected to GC/MS.

RESULTSAND DISCUSSION

Inthisstudy, reverseminiaturized dispersiveliquid-
liquid extraction (RMDLLE) technique combined with
GC/M Swasdevel oped for the determination of some
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Figure 2 : Extraction efficiency of various butyl acetate
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samplevolume8.0 mL ; OPPsconcentration: 10.0ngmL %)
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Figure3: Extraction efficiency of variousbutyl acetatefor
extraction of the OPPs in the presence of different
concentration of NaCl by RMDLLE (Conditions: sample
volume8.0 mL ; OPPsconcentration: 10.0 ng mL%; volume
of butylacetatesolution: 1.0mL)

OPPsinwater samples. Operatingin Selected lon Stor-
age (SIS) modes canincreasethe senditivity and selec-
tivity of thisinstrument. Before applying the proposed
RMDLLE totheextraction and determination of OPPs
in water samples, several experiments with spiked
samples of the OPPswere carried out in order to se-
lect the optimum conditionsincluding typeand volume
of extracting solvent, thermodynamic behavior, extrac-

Figurel: Extraction efficiency of different extractionsolvents  tion time and salt addition for the extraction process.

evaluated for extraction of theOPPsby RM DL L E (Conditions
samplevolume 8.0 mL; OPPsconcentration: 10.0ngmL%;
volume of butylacetatesolution: 1.0mL)

Inthe experiment, 8.0 mL of deionized water spiked
with 10.0 ng mL* each of the OPPswas used to study
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Figure4: Chromatogram obtained by RM DL L E/GC-MS analysis of an rganophosphorus-spiked water sample in SIS mode.
Extraction conditions: 10.0 mL of water samplecontaining5.0ng mL* OPPsextracted to0.33mL butyl acetate

TABLE 1: Selected ions and time windows for GC/M S analysis of the selected pesticides

. Acquisition time Organophosphorus  m/z Parentsion Most abundant Quantification
Window : - ; .
(min) pesticide range (m/2) ion ions (m/z)
1 20.0-23.70 Diazinon 92-307 304 179 304,199,179,152,137,93
2 23.70-26.0 Chloropyrifos 96-315 314 97 314,197,125,97
3 26-27.6 Butachlor 56-277 276 176 276,237,188,176,160,57

theextraction performanceunder different experimen-  tested. Experimentsintriplicatewere performed using
tal conditions. Thetheory of RMDLLE issmilartothat adeionized water sample spiked with 10.0 ng mL*
of LLE and canfind elsewhere*?, concentrations of OPPs. Butyl acetate, followed by
Selection of the extraction solvent hexyl acetate, n-hexaneand cyclohexane, hesthehigh-
et extraction efficiency asshowninFigure 1 It seems
the acetic estersgroup of organic solventsbenefitsthe
extraction of the selected pesticides. The reason for
thiscould bethat butyl acetate hasamoresimilar po-

For theseinvestigations, four low-density solvents
(n-hexane, cyclohexane, butyl acetate and hexyl ac-
etate) differing in polarity and water solubility were
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TABLE 2 : Analytical parametres of the RMDLLE-GC/M S method

M ean extr action

- Retention i : 21 LOD
Pesticide time (min) Regression equation R2 MRL (ng mL ) (ng mL?Y reco(\;]er:ysd): SD
Diazinon 20.88 Area= 318C + 150 0.994 0.06-15.0 0.02 87+6
Chlorpyrifos 24.555 Area=198C+9.95  0.997 0.1-15.0 0.03 54 +3
Butachlor 27.354 Area=220.9C-305 0.999 0.4-15.0 0.14 70+5
M aximum r egression level
TABLE 3: Recovery of the OPPsby RM DL L E-GC/M Smethod
Tap water River water
Pesticide Spiked level (ng mL™) Found Found
0,
(ngmL?) Recovery% (+RSD) (ngmL™Y) Recovery% (+RSD)
- <LOD - <LOD -
Diazinon 2.0 1.95 97.5(+4) 2.06 103.0 (+2)
5.0 5.06 101(+ 3) 51 102.0 (+5)
- <LOD - <LOD -
Chlorpyrifos 2.0 1.86 93.0(+5) 191 95.5 (+4)
5.0 491 98.2 (£ 4) 4.95 99.0 (= 5)
- <LOD - <LOD -
Butachlor 2.0 1.83 91.5(+ 6) 1.94 97.0(x2)
5.0 4.89 97.8 (£ 2) 5.07 101.4 (+3)

larity with the OPPs. Thus, the best extraction solvent
appeared to bethe butyl acetate.

Volume of extracting solvent

Toincreasethe sengitivity of theRMDLLE proce-
dure, butylacetate solution volumewas studied inthe
range of 1.0-3.0 mL (containing 0.33-1.33 mL
butylacetate). Theresults show the peak area(concen-
tration) of the anaytes decreased with increasing vol-
ume of buthyl acetatein the studied range duetoin-
creaseinvolumeof buthyl acetate (OPPswerediluted).
Figure 2 shows, higher extraction efficiency was ob-
tained using 1.0 mL extracting solvent. Thus, 1.0 mL of
butylacetate solution (0.67 mL methanol + 0.33 mL
buthyl acetate) waschoseninthiswork.

Selection of the co-solvent

Themiscibility of co-solvent in both organic (ex-
traction solvent) and water sample solutionisthemain
point of selection for aco-solvent. Therefore, acetone,
acetonitrileand methanol wereintroduced for thispur-
pose. A seriesof spiked samplesolutions(10.0ngmL™)
was extracted by using 2.00 mL of each co-solvent
containing 1.0 mL butyl acetate asan extraction solvent.
Theresultsindicatethat acetonitrile giveabroad peak

that interfered in OPPsanalysisand thuscan not useas
aco-solvent. Also, the results showed methanol and
acetone the same percent recoveries of the analytes
obtained. Methanol was selected asthe co-solvent in
the subsequent extractionsbecauseof itsavail ability and
low cogt.

Salt addition

The effectsof NaCl addition (0-6% w/v) on ex-
traction efficiency were assessed with RMDLLE
method. The results show peak areas of OPPswere
increased withincreasing theNaCl concentrationupto
4% and then were approximately level off and volume
of but the collected phase does not increase (Figure
3.). And because of decreasing the solubility of OPPs
Inagueous phaseinthe presence of salt, extraction ef-
ficiency wasincreased (sating out effect).

Analytical performance

Thecalibration curves, were obtained by injecting
extracted solvent from 8.0 mL of water samplesthat
were fortified with variable concentrations of the
diazinon, chlorpyrifos (5.0-100.0 ng mL?), and
butachlor (50.0-2000.0 ng mL?) by RMDLLE
method. All cdibration curveswerelinear with correla
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tion coefficientsbetter than 0.998. Theca culated limits
of detection of RMDLLE at asignal-to-noiseratio of
3, were 0.02, 0.03 and 0.14 ng mL*for diazinon,
chlorpyrifos, and butachlor, respectively.

Themethod wasevduated using tapwater samples
obtained from Tehran and river water from north of
Iran. These samplesanalyzed by using the procedure
described previoudy. Theresultsareshownin TABLE
2. Theresultsshowed that concentration of the stud-
ied pesticidesintap water islower than LODs of the
method.

CONCLUSIONS

Low densty miniaturized homogenousliquid-liquid
solvent extractionisasimple, rgpid, precise, reproduc-
ible, inexpensive, green method for extraction of pesti-
cides from agueous samples. The combination of
RMDLLEwith GC/M S can beachieved very low lim-
itsof detection for determination of pesticidesin ague-
ous samples. The main advantage of the described
methods compared with atraditional methodisthesig-
nificant reduction of therequired volumeof organic ol-
vent.
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