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Ine'ld Gas Chromatograph
Method Validation of Pyrethroids in Water by Gas Chromatography
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?J'ﬁmmgﬂuzﬁmi“uﬁmﬂ@ﬁﬁm?Imalﬁ%mmmuﬁﬁmﬂmmn AOAC,1993 MMNMInNARaLILALL T LaAaN
nAnzdAnsing o mudenivuasnmasgiu ISONEC 17025 l§ur range / linearity, accuracy, precision,
LOD WAz LOQ &siiuiis msnagauilung wlndnsess a1wau 7 oiln I6un bifenthrin, cyfiuthrin,
Cypermethrin, deltamethrin, fenvalerate, lambda cyhalothrin thaz permethrin éqﬂﬁﬂﬂﬂimmmﬂuﬁ’lﬁi’ld 7 A ‘ y
darnsmnlil range veiinasan agszwing 0.05 - 560 ulasniusiedns uaznanisvagal linearity aInAn
correlation coeficient; r #A19E1d9 0.995 - 0.997 HANTIAIIRABY accuracy Usvifiunaannile fs
recovery WLl A sdisdiussduan 0.18 - 0.47 Tulnsnsusiad s flAnsEudng 95 - 100 uladiFus Aimnu
waduseiunane 0.73- 190 Inlrsniudedns SAnsendng 110- 117 we i LL@::“?;WJ’INL%N%‘IA?Z@/UQG

110-2.84 llpaniuredng FAnszning 100 - 108 iwlefiaus nsmsmaaat precision Ussiivanniasumus

RSD fipmaidadivussAumn nang U 1A1921919 6.05 - 8.65, 4.76 - 10.19 WAL 4.18 754 NS Uax
e IsAiu HORRAT (Honuitz s ratio) wudaie 3 szsumansidisrdinsidn HORRAT aj luunousiniamun
(Horwiz' s ratio < 2) uazeinsiiuildl Aeszidng 0.14-0.36 A1 LOD uaz LOQ 1838 nAaaLilAn 0.002- 0.02
uaz 005 bulkanFisteRms Aadndu Seannmslsfuns msmaetlnelemziAnsng 7 ma 7id WE

voseuidlinammaaevey unosisefiuan i AR nmndmiudeafrRngld

98 05-01-53-02-01-01-01-53




wamsyeiont Ys=orfoviszane 2553
@l 1

o ]
ATUN
nsnsasaaunliidredinaseuidudeimunninunnsgin 1SOIEC 17025 : 2005
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waziiuleunelunisrenereutnaeedisnaaeuduivrenisfusesatiua I snaedviesliRinis
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Wnnn +) 1 vidtie ldesauaquaenmagesliininigauaziiusewinnssunisnanaisiesinlual o
nspaaaauanlflsaadiinaasuasinnguiwimsendluniniaeld Gas Chromatograph
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auflunasiigafisnimmeaeuilddnfianugnsies uludn dnaete arnmaesundulfuazivaunzas
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11 rsaaudofildlunsadaldun separatory funnel WiaxHanuiv/Teflon, beaker, cylinder,

Erlenmeyer flask, round bottom flask, graduated. tube; glass vial for Auto sampler,
disposable pasture pipelte Wag glass funnel

12 whaauiiilduBtuansaraistesaisnsgne waz calibration curve Miuri volumetric
pipette class A volumetric flask class A

2. iadAnuiniinging 7
2.1 araaiiaiia analytical grade (AR) Awiuldluntsanasaatag laud

2.1.1 hexane fitie J.T. Baker

=y

2.1.2 anhydrous sodium sulfate (anh. Na, SO,) fivie J.T.Baker fawldtirlilnngnmni

L~

450 a9ANTAEEA WU 4 Falae B ldl dessicator Nelilitiesndn 6 Falue 1y
a8 g
AuEg UV HeY
2.2 anaitnila pesticide grade (PR) dwiuldimfauaisazatesansunnsguuasliinfunng
ﬂmé’hﬂﬂwLﬁ@?‘mwzﬁ’ﬁqa!ﬂ?meas Chromatograph 18un iso octane Wax hexane

S

2.3 msﬁmﬂmﬁﬁuﬁﬁ hwﬁ‘@ﬁﬁ pest%czde grade m‘m Dr Ehrenstofer Uy 7 1ia leun

bifenthnn, cyﬂumnn cypennemnn de'tameihnn fen lerate, iambda oyh othin Ly permemnn
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3. danuazsasiiedvienAans s aluminum foil, fiter paper No. 1 qnend wannidewriursunsdmiuld
v sample blank WwizaeivazBen 5 A WiesanadaniRwaiia separatory funnel shaker FEENAA

1Fmsttin rotary evaporator WEeeasLENNRsTIN nitogen evaporator gaLANaAN (digital oven) WIEN

= 4‘ o & dy N dl
AUUYHNGY (muffie fumace) WATBINREYEYINA (vacuum pump) RAAMNNTU (desiccator) WATBNNAN

A9AYANY (vortex mixer) 1589 Gas Chromatograph (GC) 18131 Agilent Technology §1 HP 6890 Wi

Yinm9a ATiA Electron Capture Detector (ECD)

38015
1 NNFTUNAITATAENIATII LRYIN calibration curve

'
2 I as

1.1 W3t stock standard solution 7848 NENAN WIVseRs 7 1lla deansRungulninsass uiay

il lAdaminAusuen agludosdszunns 10 Jadnin 1414 volumerric flask 2w
0

10 NaRANT BN iso-octane (PR) taazaalviiuilemaniu aLlf stock standard solution

(sss) AR mdNdulszunns 1,000 Talnsnfusiefianams
1.2 F38IN intermediate standard solution 1 pipette g stock standard solution uaiazziie 1a’lu
volumetric flask 211/ 25 Naaass UsulSunmssag hexane (PR) wsnan e ety
azlé intermediate standard solution 384ANTNTIATTINRARTIIATA NI NN
50 - 200 lulmsnsusiefiadans
1.3 Wi working standard solution ' pipette ARANTATANY intermediate standard solution U84
ansnsguusiazTiin ldsslu volumetric flask 2110 25 Hadans luksafi Uiusunmsdae
hexane (PR) atugliduieidoaty avld mixed working standard solution AflAau
dindiuagfludoelszann 0.02 - 6.0 Tulasnfusieliadang
2. W3t fortified sample, sample blank W&y reagent blank Tnemastnfunms 1,000 Radans 1alu

separatory funnel 1410 1,000 3adaAns 14 pipette AAR17ATAINTBIANINIATIIUNAN LTI

9

udashazlszifunanimmaany ldaslludanyuon

working standard solution A G WTLeS
L% L% o G54 é’ = o il/ :: 14 =i =3
Wasazanuresssnsgunantuinduiomasiusieislszunns 30 i wizus sample

&
o

blank iwiauiunsisfes fortified sample udazlidifinatsazateresarsninsguadlusatna

finaaaL uazirasid reagent blank azldaneidnldarnluFunsviadunlflunsnesetindy
wdnamnduRe el saiafietig
= di ° dl' ar =t
. WWENLAEY Gas Chromatograph ATLIANAN NN NIUYALATENAT]

mode . splitless

GC column wcolumnDB 1 capillary, 30 m x D25 mm i.d 0.25 Wm film thicknéss

4 ,iémiperature : injector = 230 C, detector = 300, C
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oven program : 100 C (1 min)—— 225 C2 min)i"i 23OOC 3 min)m» 25OOC (5min)
BTG 060 C (8 min) L2980 C (2 min)

carrier gas chelium flow 1.4 ml/min
make up gas  : nitrogen flow 60 mi/min
injection volume : 1 pl

 Aanafinsinetng
Pt 1,000 #anans 1dlu separatory funnel Wisl hexane (AR) 100 fadans 1inldwenlneld
separatory funnel shaker %1% 3 W el lontu laduandiadusuiniu sy Erlenmeyer
flask ﬂuuuu_lmumm hexane N3A4HIU anh. Na 50, ‘Vm"iﬁem funnel ﬁ?@\‘imﬂﬂ?“’m‘lﬁmm adli
round bottom flask 111A 250 NAAAHT mmmﬂ Erlenmeyer flask 1dlu separatory funnel Tuisu
LAN hexane (AR) 50 Hadaans unllwenineld separatory funnel shaker w3 W17 1R s ndu
lofudnifully Edenmeyer flask WWiAN Fuuunsedsin anh, Na,SO, fusaniumasausn
Vnnsafagianaiedng hexane (AR) 50 findanT uwazfiuansazanedfuLumuiy denseassa
LL@”Qm%Q (rinse) separatory funnel A8 hexane (AR) Uszsnmt 10 JaAaMT 2 ﬂ%ﬁ P ldam3unms
Toeld rotary evaporator AWNALUIE 319 (rinse) round bottom flask #18 hexane (PR) ﬂ‘%ﬂ@i
tsranns 2 - 3 RadAns weindae vortex mixer Wi 19 pasteur pipette §® hexane A1nN"7 rinse
uriazasa 1Al graduated tube 1A 12 1iga 15 TadaRT anUTNAIA9E nitrogen evaporator
waztfuiFannslld 1 Raddns 90l inject Banletes GC amsaasaTia Electron Capture
Detector (ECD)

. MANARALILALTZIHUAINNTIATIZWATFN )

5.1 mwmusﬁmm’mL%m%u/ﬁmmmmmiﬁlgﬁmmuﬁmmm%Lﬂmw’lé’mﬁwgﬂﬁﬂqLm:
udue (range) UATATIRARUANNANAUTIZUIN response FuAadadua Bunnaeaansi
AEnnaaLAINnaTAIINIAT YT I AT LA A uRsTlE (linearity)

5.1.1 Asu) range

Viagay reagent blank Uax fortified sample 7 Avsdndu - az 1 81 inmsaiarediig

asAEnTsarialudie 4 Safilgl plot graph seudnAuiduduae fortified sample

(w14 X) 11 response (unw Y) Ransaneessuriaadiduiiey lugaaiidudunss

g linearity

NA481 reagent blank WAz fortified sample fszfumnndutuniely range 1849019

vean 6 mdindu 1 ar 3 91 neafaiatamsBinasasalude 4 dilal

plot graph sywitAnasLdNdUe0Y fortified sample (W X) 11 response (nu Y)

AWM correlation coefficient (1), nETinasaaNTL correlation coefficient ¢ =
0.995
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52 ﬂ@:@ummmiﬂﬁtﬁmﬁmwdwmmﬁLﬁmzﬁﬁiﬁmnﬁ%ﬁﬂﬂmﬁumﬁwﬁwmﬁq@ﬁw
(accuracy) MA&AL reagent blank, sample blank Wag fortified sample ﬁﬁ‘:ﬁumwﬁuﬁu
nelutaanimageu 3 sdumaududu (low, medium, high) Asnsduduas 10 31 Finrnsans
suAznislude 4 wAnedsreanimageUfian Al reagent blank 184 sample blank (X,)

uag fortified sample (X,) 111 liseifin accuracy anAuanAidefious recovery Tneldgns

2

Satd
% recovery = X, - X, x 100
C

lneii C = Fsnnuansnmsg i fisadhusietidimdsadulilamisenafans pgm)

invuanusinisteniuiefimus recovery Inelinuaiinuunaas AOAC peer-
Verified Method Nov.1993 Aiaanuidadues analyst Tugaating 1 lulasnfusedns
feegluas 40 -120 wefimusd
5.3 thzdiuAraulndiRsiussinddaya? Wanmsieeeftn (orecision) nade fortfied sample
A o Y o \ o v , , FN 3
nezaue Ml wmmeney 3 stiuemadd (ow, medium, high) Aadaduay
1091 WANaRBIBINAMAREL (X) AT SD IHAMIMAREL ATL90L % RSD

angas % RSD = SD x 100
X
fnuusinainseenitidefious RSD Tneldinamwiwunaes AOAC peer-Verified

Method Nov.1993 fiA it 20 wlafiaws dnilefious RSD las lunnsirun
anunsaulszidin precision Iaeild HORRAT (Horwitz * s ratio) anngms

HORRAT (Horwitz “ s ratio ) = % RSD a1nn19Maaad
Predicted Horwitz RSD

Predicted Horwitz RSD Anuatilsiann Horwitz equation Wil Repeatability (RSD )
RSD, =0.66x2 """ %%
aefi C = Concentration ratio
AMUUANISINTEaNTLAIN ACAC A1 HORRAT (Horwitz * s ratio) < 2
5.4 A BN uingaTiasnsansanLlE (Limit of Detection, LOD)

nadeL fortified sample Miszsiumadiudumelugoinimagen 4 sedumadudu 4 az 10 41

e e e

ATUITUAY SD 28suanIagatuAazANdiudy plot graph sxudiem e (N 0
AL SD (UN1 Y) we1 So Tae extrapolate WunsMsaLNL Y 2218 LOD wins 350

5.5 mﬁ"xmwuL%’M’Iwﬁ?mw‘f’;%gm%‘?‘immsa%mmzﬁmmmmmlﬁﬁﬁwgné{m Tmeil accuracy
UaE precision muﬁﬁ"mum (Limit of Quantitation, LOQ) ANMARIAY predicted | 0O [nda 5.4

lael LOQ Wi 10S0 uazteFes fortified sample Rilaaudidutingnda predicted LOQ

(10S0) negatifortified sample 10 47 AIWITUAT accuracy UAS precision faspunisileziii
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NRaNI1TNARBILLASIVTITIU
HANIATIREBLLAL IR UHAR NI AEN ] 18snsamasaurKlE IfedEneaey
miﬁwﬂ@julw?m@ﬂmuﬁﬂmﬁ Gas Chromatograph 110 RANSaNAMNaSiT i suasngae iy
Wupseazldl range ansiengulwinsass a7 aiia Pe bifenthrin, cyfluthrin, cypermethrin, deltamethrin,
fenvalerate, lambda cyhalothrin L&E permethrin @fﬂwﬁqq 0.05-1.90, 0.05 - 3.60, 0.05 - 560, 0.05 - 4.10,
0.05—2.70, 0.05 — 140 uaz 005 — 350 lailrsniusedns mua1F et lmsagan inearty a2 lden
correlation coefficient, r Winriuat/luta 0.996, 0.996, 0997, 0.995, 0.996, 0.995 UAY 0.995 ANANAL
(s 1)
ramsLlsfiuAnaalnd Aeissinasam s [Ean e A nsnAuAdn @ ensetite
(accuracy) annAasiaus recovery WA s UAn 018047 lnmnfuredns Hen
95 — 100 wefdud Annududusziinans 073 - 1.90 hilasniusiadng T 110 -117 wefduduas
ﬁmmmﬁu%’m:ﬁu@ﬁ 1.10-2.84 lulasnFusiedns HA1 100 - 108 wlefimus (mm\‘ﬁ'{ 2) %q@gﬂumm‘sﬁ
ﬁﬁqum (MR 1) kardansaaniulé
nanistszdiuatauing LﬁmﬁmwdN%’fmg@ﬁ%’mnmﬁmm:ﬁ%ﬂ (precision) IAENT9ATIAEAL
precision UszifiuannAnilefiausf RSD fienuudidiussdun nang WATE4 HAN 6.05-8.65,4.76 - 10.19
L& 418~ 7 54 ML uaziiiavinliltss15in HORRAT (Homwitz s ratio) Wudwis 3 sedumanuidianduaes
s Az aTingiAn HORRAT 2]l 0.14 - 0.36 Aamg lunousTiinvium (Howiez s ratio < 2) uazeimasiuil
(m‘mﬁ 3)
mmqmﬁmﬁmﬁmmﬁwq T APt PR (Limit of Detection, LOD) 1898715 W B azaIHe
taeinag extrapolate (LOD = 3 S) A1 LOD ve9ansh bifenthrn, cyfiuthrin, cypermethrin, deltamethrin,
fenvalerate, lambda cyhalothrin 48c permethrin Winfi 0.010, 0.002, 0.003, 0.006, 0.020, 0.006 LA 0.010
bilasniusladag mudasu dausnpudidun Binnsingefiaunsiiiessiiazreuns Fethegnies
(Limit of Quantitation, LOQ) T sARNANINTNIRLS #97 5in Tnenaseufisziuanadsdusings
predicted 10 So wazrAuNIslszfiv accuracy was precision HAN LOQ winfiu 005 lulpsnsusiedns

T 4)
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A3 T 1. NANNIATIREBL range WA linearity 18433 AADL

@i |

- range linearity
pesticide (ug/l) (correlation coefficient, r)
bifenthrin 0.05-1.90 0.996
cyfluthrin 0.05-3.60 0.996
cypermethrin 0.05-560 0.997
deltamethrin 0.05-4.10 0.995
fenvalerate 0.05-270 0.996
lambda cyhalothrin 0.05-1.40 0.995
permethrin 0.05-350 0.995

AT 2. NAN1SAIRARBL accuracy Useiiuannlesimus recovery

% recovery

pesticide low medium high
0.18 - 0.47 0.73-1.90 1.10 -2.84
(ng/L) (pg/l) (pg/L)
bifenthrin 97.7 110.5 107.1 ;
cyfluthrin 959 111.3 103.9 :
cypermethrin 95.2 110.9 100.5 E
deltamethrin 100.0 117.3 104.9
fenvalerate 99.4 114.6 108.9
lambda cyhalothrin 99.5 112.4 107.9
permethrin 99.9 110.9 105.2 E

A9 3. LANMIMIIRARAL precision Uszifiuain % RSD ua HORRAT

itatitli

% RSD HORRAT (Horwitz * s ratio)
pesticide low medium high low medium high ‘
0.18-0.47 .0.73-190 1.10:-2.84 0.18-047 0.73-1.90 1.10-2:84
(Mg/t) (pLo/l) pg/l) po/l) (ng/t) Lo/t

bifenthrin 7.00 4.76 4.18 0.18 0.15 0.14
cyfluthrin 6.94 513 B.76 0.21 0:19 0.27
cypermethrin. 746 6.28 7.54 0.22 0.23 0.29
deltamethrin 6.23 1019 7.149 018 0.36 0.27
fenvalerate 7.63 7.02 5.62 0.22 0.25 0.21
lambda cyhalothrin 8.65 5.98 6.27 0.22 0.19 0.22
permethrin 6.05 7.49 6.33 0.18 0.28 0.25
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AN919H 4. HANNIATIAAEU LOD LAY LOQ 2189317 AADL

pesticide LoD LoQ

(ug/l) (pug/L)
bifenthrin 0.010 0.05
cyfluthrin 0.002 0.05
cypermethrin 0.003 0.05
deltamethrin 0.006 0.05
fenvalerate 0.020 0.05
lambda cyhalothrin 0.006 0.05
permethrin 0.010 0.05

W © o
‘N‘aZ‘LINﬂﬂ’l‘I‘VI ARBILATTBLAUBLLUS/ATLUSUN
n1snsaaaauAN e lfredinaaeuarsfinngnininseudluiitaeldinies Gas
Chromatograph &sREANAGEL 271121 7 1TA bifenthrin, cyfiuthrin, cypermethrin, dettamethrin, fenvalerate,
lambda cyhalothrin Wae permethrin NANNTLIZ N UUAZATREALANFN 7 T&uA range/linearity, accuracy,
precision, LOD uaz LOQ et lhunnsinmsmuazeesiuld Ganislssilusanmeaansnmiweziifns )
L& | e o axdy w : sl o ° Y @ aal o o
wal wuddensseugnsiedsllvnanmeaseues lunosiinwue ezt Wl dudsansgud wiu

msARlAswan s EngulnEnsess A wiuresdfiRnsld

sl s Tamd
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1.
naNARARgRRENSINEAS
2. duleyastuayunisvenisiusedmnaiunnresiesduiRinslusonimaseuaisiengu

IwTnseas lusinlnegds Gas Chromatography

LANAN9D19DY
NUNNT 2841 LAz ANa23ed flatiat . 2547. Method Validation, lanansusyneunsiinaysy,
NINANEIANERTANTUNIED
anUeIUNg. 2547, N19mraigalanugnfiestsdanasauniaall tanastsznaunig
BUINANNUITINITAUYABIUNITNE NS,
ISO/IEC 17025, 1999. General Requirements for the Competence of Testing and Calibration
Laboratories.

The Fitness for Purpose of Analytical Methods: A Laboratory Guide to Method - Validation and

Related Topics. EURACHEM Guide, Decerpber 1998
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AMANUIN 1

inewsinnsaeniy recovery linausfiuualnevialilues AOAC Peer — Verified Method, Nov.1993

AHENDWIRY analyte TuFaBting recovery, %
100 % 98-102
10 % 98-102
1 % 97-103
0.10 % 95-105
100 ppm 90-107
10 ppm 80-110
1 ppm 80-110
100 ppb 80-110
10 ppb 60-115 '
1 ppb 40-120
meANuaIn 2

wmu%hn@a@m§u96RSD1%umu%ﬁwuxmﬂmafh1ﬂm@qAC»«:PeepVeﬁmdrWemod,Nov.1993

AL UR9 analyte Tusaating RSD, %
100 % 1.3
10 % 2.8
1 % 2.7
0.10 % 3.7
100 ppm 53
10 ppm 7.3 ;
1 ppm 11 ,
100 ppb 15 é
10 ppb 21

1 _ppb 30




