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EVALUATION AND VALIDATION OF MULTIRESIDUE METHODS FOR THE
DETERMINATION BY GAS CHROMATOGRAPHY OF 150 PEST!CIDES FROM SOIL

Boxena flososuyka — 0.¢.-x.H., npogheccop HYIW zawuma pacmenudl, Genocmok, Monsua

Summary

The present article represents the content and the results of the research, aimed to evaluate
multiresidue methods for the determination by gas chromatography of 150 pesticides from soil.
Key words: soil, pesticide residue, liquid-liquid extraction, matrix solid phase dispersion, gas

chromatography

Abstract

Pesticides are widely applied to protect crops
from disease, weeds and insect damage. The
widespread and inappropriate use of chemical pesti-
cides in agriculture unfavorably affects on environ-
ment. The growing soil poliution is caused by increa-
sing application of pesticides which very often pe-
netrate into soil and other environmental compo-
nents such as: groundwater, surface water and
deep sea, where they can be present in a wide va-
riety of transformations. Therefore, there screening
of these harmful substances constituting a huge
threat to humans and animals is very important.

Introduction

The fate of pesticides in soil is controlled by
chemical, biological and physical dynamics of this
matrix [1]. Pesticides are degraded by chemical
(reaction such as photolysis, hydrolysis, oxidation
and reduction) [2] and microbiological (distribution of
microorganisms in the top of the surface layer of the
soil) [3] processes. Determination of pesticides in
soil is a challenging task because of extremely low
concentration of analytes, great variety of pesticides
covering a wide range of polarities and complex
blend of substances.

Experimental Procedures

Chemicals and Reagents

All reagents used were residue analysis
grade. Acetone, dichloromethane, diethyl ether, n-
hexane and petroleum ether for pesticides residue
analysis were provided by J.T. Baker (Deventer,
Holland), as well as Florisil (60—100 mesh). Anhyd-
rous sodium sulphate was purchased from Fluka
{Seelze-Hannover, Germany). Silica gel (230-400
mesh) was obtained from Merck (Darmstadt, Ger-
many). All sorbents were activated at 600°C (very
important). Certified Reference Material (CRM) was
purchased from Tusnovics Instrument Poland Sp. z
0.0. (Trading and Service Company, Poland).

Pesticide Standards

Pesticides (152) were obtained from Dr. Eh-
renstorfer Laboratory (Germany). Standard stock
solutions of various concentrations were prepared in
acetons and stored at 4°C {purity > 85%). Standard
working solutions were prepared by dissolving ap-
propriate amounts of stock solutions in n-hexa-
nefacetone (9:1, wv) mixture (concentration range
0.005-2.5 mg/mi).

Preparation of Spiked Soil Samples

g
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Representative portions of soil (500 g) was
air-dried at temperature of about 40°C and then
sieved through a mesh with a grain size of 2 mm.
They were stored at room temperature until fortified.

Spiked samples were prepared by adding an
appropriate volume of spiking solutionto 2 gor 10 g
of soil, depending on the procedure used. The spi-
ked samples were left for 30 min.

Soil samples were extracted by two techni-
ques, MSPD and LLE extraction according to the
scheme presented in Figure 1. The main purpose of
this step was to calculate the average of the reco-
very percent of investigated pesticides by both ex-
traction techniques.

Precedure 1 — LLE Extraction

To 10 g of soil sample 80 mi of dichloromet-
hane/acetone/petroleum ether (1:1:1, vA/) was
added and shaken for 1 h. Extract was filtered and
20 mi portion of dichloromethane/acetone/petroleum
ether (1:1:1, viv/) was added and shaken 10 minu-
tes. Extracts were combined into the same splitter
and then 50 mi of petroleum ether was added. LLE
extraction was carried out in two stages by addition
of appropriate portions of water (150 ml and 10 ml),
each time discarding the aqueous layer. The co-m-
bined organic layers were passed through a filter
with 20 g anhydrous sodium sulphate.

Procedure 2 — MSPD Extraction

2 g of soil sample was put in a mortar with 4 g
solid support (Florisil). All was manually blended
using a pestle to produce a homogeneous mixture
which was packed into glass macro column with
anhydrous scdium sulphate (5.0 g) and silica gel
(2.5 g). The adsorbed analytes were eluted using 15
mi hexanefacetone (8:2, vA) and 15 ml of
hexane/acetone/diethyl ether (1:2:2, vA/v). Stages
in MSPD extraction procedure show Figure 2.

The extracts cbtained from Procedure 1 and 2
were evaporated to dryness using a rotary evapora-
tor at temperature about 40°C and dried residue
was dissolved in appropriate volume of hexane/ace-
tone (9:1, v/) 2 ml for Procedure 1 and 10 ml for
Procedure 2, and then transferred to 2 ml vials for
further GC anaiysis.

GC Instrumentation

An Agilent 7890 A gas chromatograph (Santa
Clara, CA, USA) equipped with an automatic split-
splitiess injector Model HP 7683 and a *Ni micro-
electron capture detector ((JEC) nitrogen phospho-
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rous detector (NP) and Chemstation chromatograp-
hy manager data acquisition and processing system
(Hewlett-Packard, version A.10.2) was used. A fu-
sed silica capillary column, HP-5, with 5% phenyl
methyl siloxane as nonpolar stationary phase (30 m
-0.32 mm L.D., 0.25 0Om film thickness) supplied by
Agilent (Little Falls, DE, USA) was employed.

The operating conditions were as follows:

- for detectors — injector temperature: 210°C;
carrier gas: helium at a flow-rate of 3.0 ml/min; dete-
ctor temperature: 300°C (EC and NP); make up gas:
nitrogen at a flow-rate of 57 mi/min (EC) and 8
mi/min (NP), hydrogen 3.0 ml/min, air 60 ml/min.

- for oven — initial temperature: 120°C increa-
se to 190°C at 16°C /min, then to 230°C at 8°C /min
and finally to 285°C at 18°C /min and hoid 10 min
(EC and NP).

The 2 [IL volume of final sample extract was
injected at 210°C in splitless mode (purge off time 2
min). Total time of analysis: 25 minutes and the equ-
ilibration time 2 min. Quantification was performer
comparing the high areas obtained in samples with
those found in standards (£ 0.005 min for positive
match).

Method Validation

Pesticide-free soil samples were used to vali-
date the applied methods in accordance to EURAC-
HEM/CITAC Guide [44]. Calibration standards were
prepared both in solvent and matrix solution (by ad-
ding respective spiking solutions to blank matrix of
soil) to produce final concentration between 0.005-
2.5 mglkg.

Recovery data was obtained at three different
concentrations within the range in the matrix. Blank
samples were spiked by addition of appropriate vo-
lume of a mixture of standard pesticide solution,
then sample were left for 1 h. The samples were
then prepared according to the procedures descri-
bed above. Method accuracy and precision were
evaluated by performing recovery studies of each
extraction technique. Three different levels have to
be analyzed with five replicates for each level and
these have to be performed on 5 distinct days in or-
der to calculate the method repeatability, as the
standard deviation (SD) of the recovery mean. The
precision was expressed as the relative standard
deviation RSD (%). The limit of quantification (LOQ)
was assessed as the lowest concentration of a gi-
ven pesticide giving a response with RSD lower
than 20%.

Estimation of Uncertainty

The action which was taken during an uncer-
tainty estimation of the analytical result was accor-
ding to the Guide to the Expression of Uncertainty in
Measurement [45]:

- it was defining the measuring procedure
and determining the measured vaiue,

- developing a mathematical model to be
used for calculating analytical results based on the
measured parameters,
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- finding values for all possible parameters
that can influence the final results, and estimating
the associated standard uncertainties,

- applying the law of propagation of uncer-
tainty in order to calculate the combined standard
uncertainty of the final resulits.

The combined standard uncertainty was
determined by using ProNP3 (PROLAB) software.

Results and Discussion

Optimization of Extraction Techniques

The studies were carried out with the varying
of different parameters: sample weight, sorbents,
extracting solvents and extraction time. The condi-
tions for the best extraction efficiency were used for
the rest of the study (Table 1).

However, the MSPD extraction offers an im-
portant saving in time, reduces the sample amount,
requires less solvent for efficient isolation of analy-
zed compounds in comparison with the classical
multiresidue methods. The consumed solvent’s
volumes were 15 ml with the MSPD method, whe-
reas 130 mi with LLE.

Method Validation

Recoveries and relative standard deviation
(RSD) are listed in Table 2. The procedures invol-
ving LLE and MSPD extractions were | validated for
soil samples fortified at three levels: 1% ranged bet—
ween 0.005-0.05 mg/kg, 2™ 0.05-0.5 mg/kg and 3"
0.25-2.5 mg/kg.

The linearity of the methods was tested over
the range 0.005-2.5 mg/kg. Procedures showed a
satisfactory linear behavior in the tested range, with
correlation coefficients >0.997. Table 3 summaries
several parameters of the two analytical methodolo-
gies. Calibration curves were obtained from matrix
matching calibration solutions. The lowest concen-
tration level in the calibration curve is established as
a practical determination limit. All compounds exhi-
bited good linearity in the studied range. Determina-
tion coefficients (the square of the correlation coeffi-
cients) found were higher than 0.980 in all cases.

Detection limits of pesticide residues (LOD) of
all tested pesticide residues extracted by MSPD
technique compared with LLE extraction and analy-
zed by GC-EC and GC-NP were determined to eva-
luate the efficiency and availability of both extraction
methods. The averages LOD ranged from 0.001 to
0.020 and from 0.005 to 0.040 mg/kg for MSPD and
LLE, respectively. '

Comparison of Extraction Techniques

SPD extraction technique fulfilled require-
ments of multiresidue method and enabled isolation
of 145 pesticides from 152 analyzed with good vali-
dation parameters. This technique proved to be a
good alternative for LLE, because numerous disad-
vantages of LLE have been noticed (Table 3).

Figure 3 (A, B, C, D) presents EC and NP
chromatogram of the spiked soil samples extracted
by LLE and MSPD. Active substances such as
cymoxanil and dimethoate were extracted only by
MSPD and peaks representing each of them can be
observed only on Figure 3 A and C.
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Application to Real Samples

For routine analysis MSPD technique was
used. This procedure was verified by analyzing over
10 soil samples taken from private customers. In
three samples were detected metabolites of DDT:
p,p’'DDE and p,p’DDT. Typical GC/EC chromatog-
rams of the blank soil sample (unfortified), selected
standard mixture and real soil sample (containing
two DDT isomers) exiracted using MSPD technique
presents Figure 4 (A, B, C), respectively. The MSPD
method proposed for analysis of pesticides in soi
provided clean blank exiracts and therefore no
clean-up step was necessary.

Conclusions

In conclusion the results of this study estima-
ted that the proposed MSPD method has significant
advantages over classical LLE. The MSPD extrac-
tion is very simple, rapid and economy. The use of
this method is advantageous when compared with
the classical LLE due to elimination of the partition
step often causing emulsion problems and a number
of manual operations that affect the results of analy-
sis. The method is useful for 150 pesticides of di-
stinct physicochemical properties monitoring in soil.
The remarkable advantage of the presented method
is that the isclation and purification are combined
into one stage.

The traditional method requiring more time for
sample preparation, extraction, and clean-up has
been overcome by new technigque based on matrix
solid phase dispersion. Furthermore, once the
column were packed dispersive phase Florisil with
soil and clean up sorbent - silica gel, the MSPD ex-
traction of the ten samples took about 0.5 h, a very
short time compared with the time required in the
LLE method. MSPD reduced human exposure to
toxic and large solvent volumes needed in LLE
method, time of analysis and its costs, and also
protected the working staff as well as the
environment.
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Tydix
byn makanada monbipakmeiH 150 necmuyudin 2a30bik XpoMamozpadghusi KonsIMeH aHbixmay a0iciH
Garanayra xibepinaeH s3epmmeydiy, Ma3MyHbl MEH HOMUXECI KOpCeminzeH.
Pesiome
B danHol cmambe ApedcmasneHo codepxaHue U pesynbmam uccnedosarus, KOmopoe HanpasneHo
Ha oyeHKy Memodos onpedeneHus nymem 2a3oeoll xpomamozpaguu 150 necmuyudoe royesi.
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3OOEKTUBHOCTE NMPUMEHEHUA MOJIMMEPHbBIX FUOPOrENEN HA
BCXOXECTb CEJIbCKOXO3AUCTBEHHbLIX KYJIbTYP
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Kaghedpbi XUMUU, XUMUYECKUX MexHos0eull u aKkonoauu

Mazaymosa A.K. - dokmopasm PhD xacghedpb! opeaHuyeckol Xumuu U nonumMepos KapazaHOuHCKO20
20cydapcmeeHHo20 yHusepcumema um. E.A. Bykemosa

3apy6a AA. - MmaaucmpaHm creyuanbHocmu 6M060700 - bBuonozus KocmaHalicko2o
20cydapcmeeHHO20 yHUsepcumema uM. A. balimypceiHosa

AHHOmMayusa
M3ydeHo enusHue COMONUMEPO8 Ha OCHOge akpusnosol u Memakxpusogol KUciIom Ha 8cxoxecmb
nweHuysl @ nabopamopHbIX U noneebix ycnosusix Kocmaratickol obnacmu. lMokaszaHo, Yymo e2udpozeny,
o6nadas enazoydepXusealouiumu ceolicmeamu, MOSbIWAKIM 8CXOXKECMb CeMAH MUEeRUUbI.
Kntoyeabie crioga: CONonuMephl, akpuriosas U Memakpusiosas KUciomsi, 2uopoaesb, chyHauyuod.

KoctaHaickasi obnacTe HaxoQuTCsl B 30HE  Hble NONUMEpbl UCCNefoBaHbl C LeMbio BIUAHUA Ha
PE3KO-KOHTUHEHTAMNbHOro KNUMmara, rAe HEepeako  BnaroyAepXuBaloLLyio cnocoBHocTb noysbl [2-3].
XapKuii NeTHWIA Ce30H NPUBOAUT K 3acyxe U notepe OnbiThl NPoBOAKAMUCH B J1aBOPaTOPHbIX YCiO0-
LieHHoro ypoxas. OGecneueHne pacTeHuii Bnaroi 8 BUsX Ha kacenpe Guonoruvm U xumuu KoctaHai-
3aCYLLNMBbIA NEpPUOL CE30Ha, BLIKUBAEMOCTb pac-  CKOFO FOCYAapCTBEHHOTO yHUBEpCUTETa UM. A Bait-
TEHUIA NPy PesKux nepenapax TemnepaTyp 3acTas-  TYPChiHOBa W B MONEBbIX YCIOBUAX KocTanaiickoro
nseT paspabaTbiBaTh HOBbIE METOALI ANSi CO3AAHNA  HAY4HO — UCCTeA0BaATENbCKOro MHCTUTYTA CeNbCKOo-
ONTUMAanbHbLIX yCnoswii oHTOreHesa pacTenwit. B ro xosaiictsa B C. 3apeyHoe Ha depHoseMax KoK~
CBSI3W C 3TUM aKTyanbHO WMCCNefoBaHue BNusHuA  Hbix. OGpaboTka nouskl npenapaToM npoBOAUNAch
BO3AENCTBMA CHMBbHO Habyxalowyx MOMMMEPHBIX — BPYYHYIO, METO[ BHECEHUs - B Buie CyCheHauu.
ruaporeneil Ha BCXOXECTb CEMbCKOXO3SCTBEHHbIX — PasMelleHne AensHOK - CUCTeMAaTUIeCKoe, NOBTOop-
KynbTyp C LeNbio NOBbILIEHNA YPOXARHOCTY pacTe-  HOCTb OfbiTa - TPEXKpaTHaA. Mnowane AensAHKN —

Hun [1]. 18 m°. Metoabl uccrnenosaHuin — nabopaTopHO-
Mamepuanel u Memodsi uccriedoeanull noneebie, HaOMIOAEHWA W Y4eThbi NMPOBOANIUCE Ha

B kauecTBe 06bEKTOB UCCNEA0BaHUs UCTIOMb-  OCHOBE OBLUENpPUHATLIX METOANK [4].
30Banu creayiolive nonuMepbl: cononumep-nonu- B aKCrnepuMEHTE Ha ONbITHLIE U KOHTPOSIbHBIE

ATUMEHIMUKONBMAaNenHaTa ¢ aKpunoBOW KUCIOTOW  MMKPOZENSHKA B MOMeBbiX YCNOBUAX B PABHBLIX KO-
(nonu3IrM-AK),cononumep MNONUITUNIEHINIMKONBMA-  JTAYECTBaXx BbiCEMBany CemMeHa Crieaylowmx Kynb-
neuHata c Mmertakpunosoi kucnotoi (nonudM-  Typ:

MAK). Cononumepbi NOnMUaTUSIEHINAKONbManenHa- - fileHuLa apoBsas, copT «Omckas — 18», B 5
Ta C aKkpUrioBOW UM METaKpWSIOBOW KuCToTamin  pAados no 33 WTyku cemsaH B psfdy, PaccTofHWs
CUHTE3MPOBaHbl Ha Kade[pe OPraHMYECKon XUMUKM  MEXy paaamu no 3 cm, rnybuHa nocesa 5 CM;

1 nonuMepoB KaparanAWHCKOrO roCyAapCTBEHHOMO - niieHuua sposasi, copt «Omckas — 18»,
yumsepcuteta um E.A. Byketosa. CUHTE3MpOBaHH-  NpOTpaBneHHas dyHruumpom  «jlomapop», KOH-
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TpeGoBaHus K 0hopMIIeHUIO MaTepHUaroB AJiA NyGnMkauum B XXypHane
«3i: intellect, idea, innovation — ukmersnnexkm, uces, UHHoO8ayusa»

Cratbi, Hanpasnsemble ans nybnvkauns B XxypHane «3i intellect, idea, innovation — uHTenmexr,
Uaes, WHHOBALMA», [OMKHbI COOTBETCTBOBATHL YyCrosusM M OblTb OMOPMNEHbl B COOTBETCTBAU C
TpeboBaHUAMM, NPEAbABNAESMbIMUA PeJakUMOHHBIM COBETOM.

YCNoBUA A PasMEIUeHNsA CraTbl BKYpHarie:

- NonoMWTENbHAA PELSH3Us Bedyillero cneuvanuera no gaHHon oTpacny Hayky, UMEeroLero y4enyo
cTeneHs AoKTOpa HaykK. [pu 3TOM peLeH3eHT He [orKeH ABNATLCA YieHOM PeAakuuoHHOro coseta
KypHana,

- KpaTKas aHHOTaLMA CTATbW HA TPEX A3blKaX (Kasaxckui, PyCCKUiA v anrMuinckii),

- cBefervs 06 aBTope (aBTOpax): KOHTaKTHLIA TenegoH 1W/unn aiiexTpoHHas noyTa,

- DYKONUCE cTaTey c6LeMoM He Sonee 6 cTpaHuy, NOANUCAHHAs aBTOPOM (aBTopami);

- GMNEKTPOHHASA BEPCUS CTaTbU.

TpeboaHus K ohOPMASHUID TEKCTA CTaTLU!

- rekct B chopmare doc (Microsoft Word). ®opmart nucta A4 (287x210 mm.). Bece nona — 2 cm.
CrpaHuLbl B SMEKTPOHHOM BEpcuy He HyMmepytoTes. WpudT: Arial. Pasmep cumsona — 10 pt. Tekct Jomker
BoiTh oTOPMaTUpOBaH No WupuHe Ge3 rnepeHocos, OTCTyn B Havane absaua — 1 cm. MeXCTpOYHbIHA
UHTEpBan — OAKHapPHbLIA. 3arcrnoBok crathy opMaTupyeTcs No LeHTpy. B TekcTe cTaThby He JOIDKHa
UCNONbL3OBATHCH ABTOMAaTHUYECKas HYMepaLus;

- cTaTh®] [O/MKHA coAepkKarb MHAGKC YHMBEPCANLHOW AecATUYHON xnaccudhukauywu  (YOK),
NPOCTABNEHHbIA B NEBOM BEPXHEM yrny,;

- 3aronoBOK CTatbi (MPONKCHbLIMW OyKBaMW, NOMYKUPHLIM wpudTom). Huke 3aronosxa
(kypeuBom, 06LIYHBIM WPKGPTOM) YKasLIBaIOTCA hamunis agTopa nponucHeiMmu GykBamu (He Gonee 3-x
aBTOPOB), UHALMAMBI UMEHN U OTUYECTBa aBTopa, ero yueHas CTeneHb, 3saHne, MecTo paboThl (JOMKHOCTb,
HazpaHue NPeanpuaTYs, Oprannsaly, yupexaeHust). Ecnv B HassaHuy opraHn3aLiny SBHO He YkasaH ropod
{(Hanp. Kocmawatickull ... yHUgepcumem), TO Yepes 3anaiyio nocre HasBarus opraHnsaunn NpuBOAUTCH
ropog (Ans 3apyBekHbIX OpraHusauiil - ropoj U cTpaHa); ’

- HabpaHHast KypCMBOM aHHOTaUMA pacnonaraeTcs nepen TeKCTOM CTatby riocne  yKkasanua
opraHusaumy, B KOTopoit paboTaet (-1oT) aBTop (-bi). O6bemM aHHoTauun — He Gonee 4-X CTPOK;

- TEKCT CTaTbid MPEACTaBNAETCA OOHMM (Painom, UM KOTOPOro AOMKHO COCTOATH U3 bamunnu
aBTopa (ECNM HECKONbKO aBTOPOB, TO (hamunua asTopa wayllas nepeoil) u HassaHus crartbu. OOLmMRA
ofbeM, BKTouas TabnuLbl, rpadvki W PUCYHKM, LOTIKEH ObiTh He MeHee 3 1 He Bonee 6 cTpadull;

~ CMMCOK UCTOfb30BaHHbLIX NPY NMOAFOTOBKE CTaTbi MHOPMALMOHHBIX MCTOYHUKOB pacnonaraercsa B
KOHLE cTaTby. Mepeuncrierne MCTOYHUKOB AAeTCs B MOpAAKe CCbINOK Ha HiX B ctatbe. Homep cCeinki B
TEKCTE CTaTbu OOPMISETCs B KBaapaTHbix ckobkax, Hanpumep - [1, ¢.13]. Cnucok nurepartypb
othopmnsietTcs B cootercTeny ¢ FOCT 7.1-2003 «Bubnuorpacdhuveckan zanuch. bubnuorpacdpuyeckoe
onucaxue. OBuire TpeOGOBAHUA U NpaBUNa COCTABIEHUA”.

MypHan A, BanTypCchiHOB aTbiHAarbi KocTaHan
MEeMIeKeTTiK YHMBePCUTETIHIH FbUTbIM XoHe
KOFapbl OKy OpHbIHAH keninri Ginim 6epy GearniMinge
Tepinin, 6errengi
Koppekropnap:

Hypranuesa P K., Cuizzibikosa B.1.
KomnbtoTtepnik GeTrey:

AyesxaHora A, Uckakosa B.P.
MekeH-KabiMbI2:

110000, Kocrana# K., bBaifrypcbinos ke, 47, 305 kab.
Tenidpakc: 8 (7142) 51-16-64
E-mail: nauka_ksu@mail.ru
13 wenTorcan 2012 x. Gacyra Gepingi.

Miwimi 60*64/18
Tapanbimbl 300
2012 x. xenrokcaH. Tanceipeic Ne 7155
A. BanTypceiHOB aTbiHaarb
KocTaHar MemMnNeKeTTiK YHIBEPCUTETIHIH
TuRorpadguaceiHaa bacwinrax
KocTaHai k., baiTypcbiHos ke, 47

XypHan HabpaHd v cBepcTaH B OT4ere Haykn u
fCCNEeBY30BCKOro obpa3oBanua KocTaHalcKoro
roCcynapCcTBEHHOIO yHMBepoUreTa
M. A.BaiTypCLIHOBaE
Koppexicpsl:

Hypranuera P K., Cbiankikosa B.[1.
KomnbioTepHasn BepcTia:

AyesxaHoBa AKX, Mckakoga B.P.

Haw appec:

110000, r. Kocranan, yn. baitypcrincsa 47, kab. 305.
Ten/daxkc: 8 (7142) 51-16-64
E-mail: nauka_ksu@mail.ru
MoanvcaHo B nedarts 13 aexabps 2012 r,
Dopmar 60*84/18
Tupax sks. 300
nekabps 2012r. 3akas Ne 7155
OtneyartaHo B TUnorpadmu
KoCTaHaickoro rocy4apcTBeHHO yHuBepeuTeTa
MMm.A.baiiTypchiHOBa
r. Kocranai, yn. BantypcsiHosa, 47




KA3bINY UHOEKCI
74297
NOANMCHON MHAEKC




