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Abstract

The inhouse method based on AOAC (ex«e) for the determination of
organophosphorus pesticides (azinphos-ethyl, EPN, phosalone and triazophos) organochlorine (
sulfate-endosulfan) and pyrethriods ( bifenthrin, cyhalothrindt  cyfluthrin, cypermethrin  and
fenvalerate) in water samples was developed and validated . The samples were extracted by
organic solvent and analysed by gas chromatography (GC) using a flame photometric detector
in phosphorous mode for organophosphorus and micro-ECD for organochlorine and pyrethriods.
The method was validated by evaluating the analytical curves, linearity, limits of detection, and
quantification, precision (% RSD and HORRAT ratio), and accuracy (%recovery). For
organophosphorus pesticides, range of the method were o.o& - w.o pg/L . Correlation
coefficient (1) were o.e&& - o.&«a@ . Recovery and precision tests were performed on e level
of concentrations. At low , medium and high concentrations (o.0&, o.¢ and .o pg/L),
recovery were between oo — el %, el - > % and @o - = % , precision(%RSD) were
between e.on - @0.&% , ¢.00 - ®.0% and b.& - &&% and HORRAT ratio were accepted. Limits of
detection were o.om pg/L and limits of quantification were o.o& pg/L . Organochlorine and
pyrethriods pesticides, Range were o.ol - .o ug/L . Correlation coefficient (r) were o.ccel -
o.«&x. Recovery and Precision tests were performed on o level of concentrations. At low ,
medium and high concentration (0.0, o.¢ and .o pg/L), recovery were between oo - eed
%, Do - e/ % and oo - el % , precssion(%RSD) were between .o - eb.&% , oo - o.00%
and @.5 - @m.c¥% and HORRAT ratio were accepted. Limits of detection were o.cow pg/L and
limits of quantification were o.olo pg/L. Therefore, the proposed method is applicable in the
analysis of pesticides in water and the use of the method in routine analysis of pesticide

residues is discussed.
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0.0 WspwAlunsanalawn separatory funnel w3auN19nWAY/ Teflon, beaker, cylinder,
erlenmeyer flask, round bottom flask, graduated tube, glass vial for Auto sampler, diposable
pasture pipette Wa¥ glass funnel
oo LA3adulHaTsuasaraeuesaTiInTgIu Lag calibration curve lHn autopipette,
volumetric flask class A
.815LAL
.o @15tAlvla analytical grade (AR) dwsuldlunisanasieeng laun
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dm3uld sample blank w3esaziBen ¢ dumis Lﬂd’ﬁiaﬂﬁﬁﬂ’?@ﬂﬁﬁwﬁjﬁﬂ separatory funnel shaker
Lmaﬂaﬂﬂimmﬂmm rotary evaporator Lﬂiaﬂamﬂimmmum nitrogen evaporator G]’e)‘U?ﬂiLmJ (d|g|tal
oven) ILHNBMMATES (furnace) m'ﬁaamammmﬁ (vacuum pump) mmm'}mu (desiccator) 1A304
NENA1TAZAY (Vortex mixer) LA3OY Gas Chromatograph (GC) ¥84U3¥ Agilent Technology U HP
o N3NWINTIVINTHN GC WnTadawia FPD wag GC wnsiainvila puECD
35013
®. NIHTLUAITALANLUINTFIY ilevi calibration curve

®.0 LW384 stock standard solution %aﬂaﬁﬂwﬂzjm organophosphorus organochlorine e g
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flask YU1A o HaAAAT LN ethyl acetate (PR) Liloazargansiungy organophosphorus LAxTvLTy
Wedearu iy hexane (PR) Lﬁaazawmsﬂwmju organochlorine ay pyrethriods azlé stock
standard solution fifieiduduuszanm o,000 lulasniusediadang

®.lo L3 intermediate standard solution A" stock standard solution unazaia lalu
volumetric flask ¥u1n ¢ faddns UfuUIunsdie ethyl acetate (PR) Lileazarsansiiungy
organophosphorus IﬁLﬁULﬂfaLamﬁ'u WU hexane (PR) Lﬁaazammsﬂwmju organochlorine Lag
pyrethriods wehwasliduileiieafuiielils intermediate standard solution vesansHAsE LA
giadauutulszin ¢o lulasnsunedadans

®.a WW38U working standard solution 14 pipette ANANTAEANY intermediate standard
solution vasansuInsgIuLsaznguldsInly volumetric flask vu19 e fadans luimeaiu USuusung
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w3l fortified sample udazliifinansaratsresarsunsgiuadludegininfivaaey uasniom
reagent blank agldansiailildatnluusinawiduiildlunsegouwintu wéwhmutuneuresisns
annFaea
o, W3ELLATD Gas Chromatograph muauamwmiﬁ'mmmLﬂ%ﬂé’fﬂﬁ

.0 @1308% organophosphorus 34As1E¥AE GC FPD flanmznioieil

Inlet: o&o°C, splitless

Column: DBewloaP

Oven: 50°C hold emin, mo°C/min to @=o°C, @C/min to b&o°C hold «min
Detector: FPD lb&o°C

a0 @13Nq4 organochlorine wag pyrethriods 31A18398 GC WECD fannzniosl
Inlet: moo®C, splitless

Column: DB&

Oven: exo °C, @ °C/min to bxo°C, hold & min

Detector: UECD enoo°C
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M1N35N15IUTD & UIANRALVDINANITNAFBUNAUAT reagent blank U89 sample blank (X,) uag
fortified sample (X,) 1lUUszLliu accuracy anAIMALUDSEWA recovery Lagldgnsdsil
Xip - X
% recovery = 7C X @00
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mMuruanuain1sseNsuLUesIdua recovery Ingldinuainnunves AOAC peer - verified Method
Nov.ecem NATUTUVRS analyst Tudie819 o lulasnTudedns fir1edluyie €o - oo
Wosiud



& Uszdiumanulndifesiussniedoyaildainnisiaszvien (precision)
nagau fortified sample AiszRuaududuniglugisnisnageu o ssduaududu (low, medium,
high) Aduduay o 91 WANadsveWanIsNAFEU (X) Ay SD TBINANITNAGDU F1UIL % RSD
INEFN3
SD
% RSD = —  Xeoo
X
Anuanagin1seensullesidud RSD Ingldinuainnnunves AOAC peer- Verified Method
Nov.acteten SATlaiAY bo Wefldud duvefidud RSD luegluinausindmunaiunsaussifiu precision
lngld HORRAT (Horwitz' s ratio) 91ngns
% RSD 971nA15VAaed
Predicted Horwitz RSD
Predicted Horwitz RSD Amuaaul@iann Horwitz equation WuUU Repeatability (RSD))
RSD, = o.ob X b (@ - 0.& log Q)
Tnedi C
AAUALNAINITEONTUAI AOAC A1 HORRAT (Horwitz' s ratio) < 1o
&.@ wAAMuENTu/UTINaigafianansansaanuld (Limit of Detection, LOD) agoy

HORRAT (Horwitz' s ratio)=

Concentration ratio

fortified sample fisziumdatusn 9 $1un oo 91 Rarsalasulaunsuiinuinifinvesasaaiu
gaumneinga1n Noise (Signal to noise ratio)peeiiag m 111

&.& Ay USinasaniiannsalinneiasenunaldegisgndes Taeil
accuracylay precision mufifviun (Limit of Quantitation, LOQ) naaau fortified sample #iszsiu
AUt 9 $1UIU eo 91 FananITVRgeUAN accuracy way precision fosHunTUsTIL
accuracy Wag precision anlukuNTIazAB fortified ﬂ’muLsé’J’m%’uiuszﬁUﬁqﬁu LaZTNg MuTuReu
UANATINITUTELIUT IRz BN UAY LOQ
“szETIIANMATANUTIIMINARRY Loy nanAu beds 4 auiugey beew
nauimMsmIRdeUittuaradensndn difideuasiannnanunsioni ¢
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HANIATIADULATUTZEUNAIINATIATIZRAIAN ) Y0an1TaTIdeummldlaveianagaau
a15fiwnay e nqu leiwn organophosphorus organochlorine wag pyrethriods Tuilegld Gas
Chromatograph Lilafi9 5 A LA uei A vua1ngeiifuidunssozld range arsfiungs
organophosphorus 31u3u « ¥fia lawn azinphos-ethyl EPN phosalone Wag triazophos o¢
M99 o.0& b.o llasnsusedns letlunsiaaeu linearity 9¢1§iAn correlation coefficient, r
WM o.eee, 0.6, 0.qm WAY o.ced AMUAIRNY dIuasiiunau organochlorine 1Y o vl
lauA sulfate-endosulfan wae pyrethriods 41wy ¢ vila loun bifenthrin cyhalothrin cyfluthrin
cypermethrin kae fenvalerate Ia range 28lu%14 0.0l - b.o lulasniusedns A1 correlation
coefficient, 1 WU o.cew, o.ce, o.8a, o.ced, o.cd LAY o.cxs AMUAITU (A5 o)
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nansUszduaelndifestuserinmanisiinseinldannsadnuduadedaindietng
(accuracy) MnANUasLdud recovery wuinansfiwngu organophosphorus Aifianandudusgsiusn
o.0¢ lulasnFusiodng fA15enine ol - e Wofdud Annududuszdunans o.¢ lulasn3usiodns &
A998 ool - o Wesldud uazfimutudusziugs v.o lulasndusedns dA15emIe oo - ce
Wesldud(n13199 ) Fagluinusiidimun (m15157 vuazauisageudvld druarsfivnga

organochlorine Wag pyrethriods AAULTNTUTEAUAT 0.0l lulATNTusedns AA1921IN9 Db -

oo Wasdusd NANuTuTUsEAUNa1t o.€¢ lulasNSuAaans JA15E1INe ve - o WaSITUA Lag
ANUANTUSEAUE b.o Tulasniusedng GA1581319 oo - e Woslud (115197 o) Teeglunas
AMUUR (M157199 ) wazanusagausuls

=p. =S

Nﬁﬂ’]iﬂi%Lﬁuﬂlﬁﬂ’s’miﬂﬁﬁEJQﬁJUEHMjNGﬁE)i;IJa‘ﬁllﬁ?}/f\]’mﬂﬁami’]%ﬁ%’l (precision) 1ngn13
#339@8Y precision UsziiuannAesidus RSD fimnaduduszausin nana wazgs nuiransiungy
organophosphorus — {if1 a.a - eo.& , elel - k.0 kAT b.& - €& MUY dIuaIsiyngy
organochlorine wag pyrethriods 3if1 €. - eb.c¢ , 0.5 - ee.e) LAY 6.5 - em.e AIUEINU(HITIN
fi ) wazilounluUssLiu HORRAT (Horwitz' s ratio) nunsia m seduaruiduduvesarsfivngu
organophosphorus A1 HORRAT a¢/lu19 olo¢ - o.x& @15wngu organochlorine Lay
pyrethriods §i1 HORRAT 8glutiae o - e.co Feaglutnusiinun (Homwitz' s ratio < o) uay
gausuld (1137971 b uaz )

Amnudindu/USunasnaniiaisansaanulsl (Limit of Detection, LOD) vedansfivusiaz
¥iinlofin1sanana Signal to noise ratio 1MNATWFOWIAU e WU @137 organophosphorus W
< ¥ila fiA1 LOD Wiy o.om lulasnusiedns (m135197 & a1sfiwngs organochlorine o wiln uaz
oyrethriods 111 & ¥ia A1 LOD Wiy o.0ox lulpsniusiedns (m15197 @ daurrarnududus
U'%:mmﬁﬁqﬂ‘1'7immsfﬁmswﬁu,as'ﬁwmuwalé’aﬂwgmﬁfaa (Limit of Quantitation, LOQ) @157 ¥
organophosphorus e @ vla SAn LOQ Wiy o.o& TalasnSusiedns #13#iwngu organochlorine o
%iln uay pyrethriods s1s & v flf1 LOQ Wiy o.ol lalasniusedns Tnerunisussidiu accuracy

LaE precision

«. dsunansnaasuasdalauauuy

n1snsivaeuAuldlivedisuaaeuaisiiungu organophosphorus 31wy & i lawn
azinphos-ethyl EPN phosalone uag triazophos @15#iwngu organochlorine 31U o ¥lin talA
sulfate-endosulfan W@y pyrethriods 91Uy & ¥8a lawn bifenthrin cyhalothrin - cyfluthrin
cypermethrin lae fenvalerate Iuﬁfﬂmaﬁlﬁi’ﬂ,ﬂ%q Gas Chromatograph Nan15UsZiluLaLATINE0UAI
#1149 9 LAl range/linearity, accuracy, precision, LOD kag LOQ aglunasimvunuassausule Fans
Uz UNANITNAABUIINAITIATIZAAIAIN 9 i WU';'ﬁ%wmaaumsﬂﬁ%ﬁiﬁmamsmaaua§Jj1u
et wazilUlddudsuimsgiudimiunsiadmsiziaisiivngu organophosphorus

organochlorine wag pyrethriods Tuihdmiuresufianisle



@o. MsURaNUIUTIUTlavi
o. W lwISumsprulunsnnlesziansiivanA1angy organophosphorus

organochlorine wag pyrethriods luihdgwiuesuifinig nduimuinisnsivaeuiivwasladaonis
NA® dIN. &
. [HudayaaivayunisvenisiusesmuansavesissufjuiAnislusenisveaeuarsiivngy

organophosphorus organochlorine Wag pyrethriods luihlag3s Gas Chromatography
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nUNNS 95qY waz inassa elfen . b . Method Validation, lenansuszneunsilneusa
NTUANLIFARNSNITLANY

4010U0IMNT. beaw. N1ITIANEIANUYNABIYRTITNAGEUMAAT, BNA1TUTENBY
BUTUAUNUIVINIAURREINNTINDINNS.

ISO/IEC ewob&, exaa, General Requirements for the Competence of Testing and Calibration
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The Fitness for Purpose of Analytical methods: A Laboratory Guide to Method Validation and
Related Topics, EURACHEM Guide, December ece.

olo. AAKNYIN
A19199 @. HANITNTIVABY range Wag linearity vosa1slaanisnagou

pesticide Range (ug/L) | Linearity (correlation coefficient,
r)
organophosphorus | azinphos-ethyl o0.0&-.o o.xe
EPN o.0é&-b.o O.’&D
phosalone o0.0&-.o 0./
triazophos 0.0&-b.0 o.@x&
organochlorine sulfate-endosulfan o0.0b-b.o 0.6
pyrethriods bifenthrin o0.0b-b.o 0. ey
cyhalothrin 0.0b-b.o o.@ae
cyfluthrin o.0b-b.o 0.8x
cypermethrin 0.0b-.0 0.Rxey
fenvalerate 0.0b-b.o 0.8




M99 o LaAnaen LOD, LOQ, % Recovery, HORRAT 984813 organophosphorus Alaanisnnaeu

Pesticides LOD LOQ % Recovery % RSD HORRAT
(ug/\) (ug/\) 0.0& o.& .o o.0& o.& .o 0.0& o.& .0
azinphos-ethyl o.om 0.0 |bonbzs | bz | <obd | ebad | Rom | €€o | ox& | o@m | o.€&
EPN o.om co.o€¢ |dxmn | e |ao.oo | dad | aon | .o o.@m o.bm | o.lb&
phosalone o.om o0& |deae | ba | Ro.cd | emad | .m0 | mbo | oce | obel | o.mm
triazophos o.om oo |&&ox| oo |Rerd | o | o | mbo | od&n | obo | o.mm
AT e waRIAn LOD, LOQ, % Recovery, HORRAT 484813 organochlorine iLa¢ pyrethriods gt
NTTNAEBY
Pesticides LOD LOQ % Recovery % RSD HORRAT
(ug/V) (ug/V) 0.0 o.& .0 0.0 o.& .0 0.0 o.& ©.0
Sulfate-endosulfan 0.00 0.0y YR | g | bhe | b | ebb | 9e.& | obd | ead | e.6c
bifenthrin 0.00w 0.0 oo | Ie.€ | bDX.e KN @M. ®.D o.n& 6.60& o.xD
cyhalothrin 0.00® o0 | e | beb | oo &.® ebb | 06.& o.blo .06 ®.60&
cyfluthrin 0.00& 0.0 | 900, | vo.& | DX foll~3 eodo | ®6b o.M bbb | e.0b
cypermethrin 0.00w 0.0 XR&.0 wo.e | vox | @e. | B&D 6.9 O.&x .o ®.0D
fenvalerate 0.00 0.0 fx.¢ | bo.x | amlo & o6l | oo O.me ®.&0 ®.ane)
AN9199 & LaneAn Signal to noise ratio ¥8A15 organophosphorus fir gty o.om lilasniuse
GlZE
pesticides Signal to noise ratio
$ilo il il Hile rile Frito ey Hile TR
azinphos-ethyl .o n.& nb en.en en.en n.lo n.e n.& n.& on.& en.en
EPN
n.& en.en en.en n.e n.& en.en n.& ING] n.e o en.en
phosalone PG oo e 0n.® on.& en.en n.& alo nlo an.en an.en
triazophos m.o .o 0 0n.® n.e NG an.en alo nlo an.en nlo
AT & wansan Signal to noise ratio Y839613 organochlorine Wa¥ pyrethriods fiaududuy
o.00c WAINSUFDENT
pesticides Signal to noise ratio
$iilo | Siile | $iim | e | g | oo | Dile | Siie | i | $ieo \ade
sulfate-endosulfan nb o n.& n.& n.& n.o nb n.& n en.en en.en
bifenthrin .o on.c oo .o n.ev on.o on.o n.c on.c on.& oo
cyhalothrin on.ev e &0 oo on.ev on.ev on.e n.& on.e on.ev on.ev
cyfluthrin en.en n.& .l on.lo n.& .o . n.e oo on.& on.&
cypermethrin n.& n.& 0o oo n.& on.o on.& n.& en.en on.a on.&
fenvalerate on.lo nlo en.en on.lo n.e n.6 en.en nlo .o .o .o




A15719% o LNWein1SEeNSy recovery Tlnasinmualagnalures AOAC Peer - Verified Method,

Nov.eaen
AMULTUTUYDY analyte TUAIDES Recovery, %

®oo % e -60b

@0 % &K@ -60b

e % xKel-@om

0.00 % Ncglotelcd

®00 ppm XRo-eo

®0 ppm RO-®®O

® ppm RO-®®O

@00 ppb ®O-®®0

®@o ppb Do-eed

® ppb co-ebo

A15197 o LNEUTINNSERUSU % RSD THnausisuuslaesialuaes AOAC Peer - Verified Method,

Nov.e&am

AMULTUTUYDY analyte TUAIDENS RSD, %

®oo % ®.m
@0 % ©.@
® % ©.6)
0.00 % on.ev
®o00 ppm &.
®0 ppm el.en
® ppm ®©6
®oo ppb o&
®o ppb ©e6
® ppb mo




