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NING aummgnﬁawaﬁ%ﬁmswﬁ 13083 Fungicides
Tutinuazealal

INUNT UNASU  WASAUAWS 8D R

nAMMWUaEANINYABAAEDINS NININENA ATMIUNNE oUUANIUUYT UUNY3 11000

uneaga n damsien 1sedl ﬂ’siu Fungicides 15 carbendazim, thiabendazole, triadimenol wag

triadimefon  fimahidanldlumstiasiunazinmnlsaionil awgnanideninnil a msld raeiimailaga
Tignisvdatsmnannnifudidu ansiliiAamsandeaas sdnanlumandamemsinuasld ielildteys
uadazimsandeiedalaiimsnenurams elulssmalngantan Saldmmsanmuasianndsinnei
150q¥ fungicides 4 #iio ﬁﬁﬁy’umauhitquﬂ aviaviiouazUina 1sdheiaias HPLC-UV ua Fluorescence
detector HANING BUANNNAWANS (Method validation) laglduzidamaiudunurasdinginuas
Walsl WU IW5U 15 carbendazim, thiabendazole wag triadimenol #iM Limit of Detection iU 0.03
fiaanSudanlansn waz Limit of Quantitation Whiu 0.10 Hadnindenlaniy deildrmsienzwilianu
“NWusuuUL u@se (Linear working range) Ay 0.10 - 1.00 #adansudailansu lawdia Correlation
coefficient 1YY 0.9995, 0.9923, 0.9994 MNMAU UWALAIDAZN Linear working range IANNYNGBIL O
08 % Recovery LNNAU 82.9 - 95.4%, 82.4 - 99.1% Waz 89.9 - 95.3% MNMAU wardanuuduenlu
mFenNEy (Repeatability) t e9628@1 % RSD (AU 2.4 - 7.4, 4.9 - 8.6 Uaz 1.9 - 10.2 MUSAU
nnan wiGihmane au sUldhasdnandienumine slumsiessd 159 3 ofia " 15 triadimefon
mana audalal 1nsasansuld Nludasiimswannisdaly

N

Usznelneduuvdanuasnssy wowde  Wennden wu Tsanuth Tsauauunsaly
yamsinuasingnsumunndagpesiis 3 Tsamaimhenucemeliuduandanams
wannuuaue: “aisumuudlsafizniludn  wwas  1swefings fungicides Jalagninanld
Jymwilamaunuasnsihanu smelify  adeuwsvana mssangnazas 19nga fungicides
wawdanansinuas Tsadisfiwuiuinan  daden i 3 dnwazde maflastumaian
vy Wvg iy wuefide Fen werhy  madhwlsanniden wasmatiaden Gty
Usenalng  asegluasoutfufigiionme  Ssanaiden enguilnuth  1aeiitlastuiia
N N(ﬂlaﬂﬂilﬁﬁﬂluL@UIGI?IBQL%E]?WLL&% wse @en udlagaulazasei fungicide @
uwsnszneldd dau Jesar 80 weslsads  wawwnswdwiuwndadunsdadios o
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atuunsIAN 2543 wilan  1sen@ev Fala
ATBUARNAN NUAYBY 13NgNl Audanina
= 1 n:{'a YV 1 nsy 1 -:%I-:l
Feliiduniewldniu 1snguil e iiiing
WNNNANYsENANIZIAQATEN  (systemic)
wazniialigadu (non-systemic) SauanTIAN
2e3 195ilagadnaziinm aniwiialigady
3 - 4 vh ud 19sfiageduidutundaninn
AT 1509na1 1unsan ldlussuures
) =l 1 %’ <~ ]
Nrwaslvadeuluriawn (xylem) %387221%19
A‘”w g o ﬂgl
(phloem) lawarluaangnddugauasmaeide
a'nh‘Lw:;‘[ dlya(l) 1 Jq'a ° Vv
Nmbiialsanylaa™ 1saguiindmsi
lown carbendazim, thiabendazole, triadimenol
wdz triadimefon NNTBYIMTUNNINGIUATIE
W.A. 2543 - 2545 TUNNlay NinMIUAN
WFUAz) AMIINENT NTIDINTNYAT WU
M3 15 carbendazim 3NN alungu i
USainanhidmdsis 900 6 Aaduyaemdsy
av 100 A 15N 4 giladly 19aiiagadn
dl' Vo <~ o Vet v 1 a ]
wialdnuiamlvilanm aneesnnnigiialy
QG‘I%&I 15 carbendazim &% thiabendazole #
<
Tase $ra¥lumin 15 benzimidazole 2anNgNd
Yasnuuarsnwlsanitinaintasyr 1w
triadimenol 4@ triadimefon #1AFY 1T UNIN
< c o &
15 imidazole 8NHNSLUNMTMAATDN
a < a i\ ..
M3AANLWUTIIM 15088 fungicides
v L4 v = =3 4
AnAmNLluanuaskalyl JenumsAnE eI
aa o . Yo o
38mM3 na (extraction) lagldmmazanavais
%0 1% acetone™ 4), ethyl acetate'” , acetone-
dichloromethane-light petroleum‘®’ wazdimsly
Solid Phase Extraction (SPE) nalugduuuzes
Bond-Elut diol bonded silica’® taz Extrelut
' & o a e
207 "uguesumsmliui nsld Strong
Cation-Exchange (SCX) cartridge® U685
Fanunmie 1m5ues1ed 1sudacaiiae

Me9Ms 19USNUMIANAN 15N 4 Ziie
£4 vV ac] o WAQI & 3 =
azaadldnareds Ml wdeans 1sieliuas
% g U W 2 Ve - a =
v aau gITedeladnnwaunislesianu
WIMINEABINFITIATILNN 1MN50ATIA 13
i 4 ilalansoniuluaiaden Toausulseis
M3 NAAINIDYBY Muccio AD et al.”® wag
1% SPE #ila Alumina N luzuaaunsmii
= A‘ =3 4 a o]
U3 15 udIMNNTNe aumINgNasuesis
A91¢% (method validation) leglduzidamne
Wudunuzes matrix wnuazealsl s
A91¢% method blank, matrix blank, limit of
detection, limit of quantitation, linearity and

working range, accuracy LLe% precision

’] Quaﬁ%ms

1LAHLaE 1310
15108

. acetonitrile, dichloromethane,
ethyl acetate, methanol La¢ 95% hexane (lu
HPLC grade; Potassium dihydrogen phosphate
(KH2PO4), sodium dihydrogen phosphate
(NaHZPO4), disodium hydrogen phosphate
(Na2HPO4) W AR grade. Extrelut NT20 (Merck,
cat. No.1.15096), Alumina N plus (Waters, cat.
No. WAT 020510)

19NA33IU © carbendazim (Riedel-de-
Haen, Germany, 99.0%), thiabendazole (US
Environmental Protection Agency, 98.2%),
triadimenol (Riedel-de-Haen, Germany, 98.0%)

wag triadimefon (US Environmental Protection

Agency, 98.3%)

NILEIN 138z MININIFTIU
Phosphate buffer: 7 NaHZPO4 24.00 N3N

azaraluinnaudsudsuesiduy 1 das,
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% Na HPO, 28.39 3N azaeluhnaulsy
USnesilu 1 805 w0 ¥ 159zane NaH PO,
MU 15azang Na HPO, Tudas) 2 7: 3 el
N

0.01M KHZPO4: fibﬂ KH2P04 1.36 N5W
azaneluthnauuSulsnasdiu 1 303

Stock standard solution: carbendazim
anuty 200 lulasniudaiiaaans : %1 13
WM carbendazim 5.03 Fadnsu azanalu
methanol USuuSmaslidy 25 Hadams,
thiabendazole ANNINAU 1 HadnSuaaiiadans
19 1931935)U thiabendazole 25.45 Naaniu
azaely methanol YSuusmnesliilu 25
1999015, triadimefon ANUANTY 1 Hadnsu
dofiadans : 79 15M551U triadimefon 25.44
faans5y azaaly methanol Ysuusanasliuy
25 {8dans waz triadimenol ANNWNIY 1
fiadnsucafianans : ¥ 15053 triadimenol
25.49 188054 aza18lu methanol UsuUsanes
Ty 25 Hadans

Standard mixture solution AINLINYU
10 lulasnsudaiiaaans : Ywle stock standard
solution Y84 carbendazim, thiabendazole,
triadimefon 8¢ triadimenol Y3165 2.5, 0.5,
0.5 Waz 0.5 Nadans MUAGU 89U volumetric
flask U0 50 Hadamns USudsuiasaae

methanol T#1u working standard

ta3asiiauazaunsal

teasuatiuanNg N (Ultraturrax T25),
Lﬂ%aﬂixm& Mm@ (Buchi, Switzerland),
HPLC system U5¢nau@8 Pump (Thermo
Separation Products, CM4100), Vacuum

Membrane Degasser, Column Oven (Waters),
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UV Detector (Thermo Separation Products
SM3200), Fluorescence Detector (Jasco FL
3200)

MEI
o &l « T
mmamﬂuammzq Uaﬂﬂ 13N

ualuazdaalszana 1 dlansy

aca I'd
35A512
113 n» (Extraction)

AN ADINANUA T UBLLDEALSD 20.0 NN
methanol (1:1) 100
a aa Ly v o S <
185803 Tumensaeuatuanuisd 1 11,000

tea phosphate buffer :

saUAMN WU 2 W nsae 15 Ne Ul
TaeAS suction 1#N5zeHNTAY Whatman No.1

a

UaLAN phosphate buffer : methanol (1:1) &80

50 fiadans tudedn 1 wiludinsas iy 15
fafinsaslaansindul ‘aely round-bottomed
flask 1hlUszmedseiasszine el
Wwidadsuas Uszainm 75 Hadans uaun 19
AAadLY volumetric flask U190 100 HaAANT
USuU3n105628 phosphate buffer UATU
wud 15 NaxN 20 §adans b lu Extrelut NT20
column “7;}01’3’ 10 W9LaLAN hexane : dichloro-
methane (1:1) 100 {aaans 1 15azaedila
RNMSEU Extrelut NT20 column lUseine
FBLAEBasLLAY UMAIUNDULW LGN ethyl

acetate 5 NodINT

o v — 4
M3l 15U3 N5 (Clean-Up)
LHIEN Sep-pak Alumina N plus JEERS
@28 ethyl acetate 5 NadaNT UAIWAN 13
o . A o & o
Matenlannms naasld He 15azame Ui
NIUBBNNIAIN Sep-pak Alumina N plus
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DNUULHN methanol 15 FadanstiuaIze (eluent)
< v d’ ] o 3

U 19azans uNEueani W lUssvae
LATDITENY QYANNATUUWY LN methanol 2
199905 NIBINIU membrane filter YUIH 0.45
luasau L “whugudnas 13 fiaduwes iulily
vial WSUAAENLAIEY HPLC %8 UV way

Fluorescence detector faNUMNaIOUda L1

MsaiaiauasSinasionias HPLC
1% anzasil

Analytical column: Ultracarb C_ 5
Tulasas, 2210 150 NadLunS x 4.6 NadLNAT
Mobile phase Wussuu gradient

nan () 0.01M KH PO : acetonitrile

0 75:25
30 30:70
35 - 45 75:25

Flow rate: 1 ﬁaaameiam‘ﬁ, Column oven: 40
aNenLaLde , Injection volume: 20 lulasans
Detector: Fluorescence Ex 285 uf[umm,
Em 315 wnlwuas (IglumsenwmanSana 1s
carbendazim Lag thiabendazole) e UV 230
luwes (FlumseanadSana 15 tiadi-

menol Wag triadimefon)

NINA BUANINGNABIYATIZIATIZN (Method

Validation)**®

115 3190513653711 (Calibration curve) '
@383 standard mixture solution AN

wWutu 0.20 d9 2.00 lulasnSudeiiadans

INAINAIATFIUITWINONNTNTUDY 15

MasgIuLAarmsuRuildie  muimmen

Correlation coefficient (r)

31A312% Method blank a2 Matrix blank
Method blank
aca PR
MAITIAIEH NN
Matrix blank:
FAHINHU 7 )

o adg v &
A0 15LeNNlENINe
NANSLBINE ®INID

0 method blank W& matrix blank 292U
HPLC (ia@ANAIUMIU 1531055 UN 4
yiavsely

N13WITANNAYAINITNIIANY  (Limit of
detection, LOD)”

e aulagmsan 1SNNITIUANNDNTY
g9 @ LOD wfuanududuzas 15

AN iNANTaNIN U 3 11 signal-

Y

e

° t o [

to-noise ratio AMUIUADUIWUNYDINIDEN

MIFIAANNAYINIFINEIUIINNY (Limit of
quantitation, LOQ)*®
na aulaansiiun ﬁmmgmﬂ% 4 %il@
fiszaulszana 3 whoaee LOD asludaghs
Nz 7 50 enalSnendisuiu
1TNINTIIU UBIAUIU % Recovery WY
@ RSD

71510 aua UL “unsauazdiranis
a 4 . . . (10)
A31¢Y (Linearity and Working range)

AN 1TNIFIUNN 4 FHUANANNLTNIY
1,2, 3,5, 8 uaz 10 lulasn5uaaiiadans anu
Wuuas 2 NadansadlualngNs@aing 20.0
ASN AATEHTEAUBE 1 21 SHATINTENIN
ANMUTNTULDY TN TTIUUAILAINUNUN LG

NA AUINA T
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A1INA BUANNUNUUAZANNLTIE (Accuracy
and Precision) "

O BUANNLNULAZAINLHEIUD
menzdlugimsimnsindu “uase Tog
(AN 15 carbendazim (L@ thiabendazole ‘ﬁ‘ssé’u
0.1, 0.2, 0.3, 0.5 waz 1.0 Naansuaanlansu
34 15 triadimenol W@ triadimefon Lauﬁisﬁu
0.1, 0.4, 0.5, 0.6 waz 1.0 Naansuaanlansu
Jeedszauaz 7 91 enalnafiouiy

1THINTFIU UWAIAIUIN % Recovery Uaz RSD

uv response

M3UsEEURANITNA BUANNYNABIID

v
=~

wamane aufildazgnuasiiugsil
% Recovery Hnfizaniulddasanas
80 - 110
RSD U3sutiiguny Predicted RSD,
®N Horwitz’s equation(u) 1¥HORRAT (Horwitz

- \(12)
ratio)
_ Experimental RSD
HORRAT = Predicted RSDR
wae RSDr = 0.66 x 2 C(* 0.1505)

Iﬂil C @® concentration ratio

Fluorescence response

mAu Volt
A A
04 1 3 4
2 -d
02 1
1 4
..—'—"_Frr
00 4} |- DU 0 | RS WO
—
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time (min) Time (min)
mAu Volt
04 | B 3 B
2
02 |
e s 1
I G s s A
00 | Pl L - Ofmm —— e ]
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time (min) Time (min)
mAu Volt
i C C
041 i 1 3 ]
2
2 |
02 1 3 4 1,
1) J
001-4:1,_ ‘L L_ _ﬁ'—_ﬂ_J 0 }—-—-= TG P ) L O e s o
e '
0 5 10 15 20 25 30 o M 10 15 20 25 30
Time (min) Time (min)

i 1 Tasanlaunsnzas (A) Method blank (B) Matrix blank (C) 1531615514 Carbendazim
(peak 1), Thiabendazole (peak 2), Triadimenol (peak 3) waz Triadimefon (peak 4) ANNTNLY 1
lulasnsuaiiadans
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FN9ins8aN5UA HORRAT 71 AOAC
MVUA BBNSU < 2

We

I azpesiAdesile HPLC 1
Fluorescence taz UV detector 17;61“8’ WU
chromatogram 284 method blank L8¢ matrix
blank #lFuzdameiludage Tuiiiasuniu
wag 13NINI9IU carbendazim, thiabendazole,
triadimenol 8¢ triadimefon Vq?ﬁ 4 15uLanaan
nnfuldd Wennaiade UV detector
carbendazim Wag thiabendazole Auenlan
WWUANUAIY Fluorescence detector @9tk M91U
ﬂ'lW'ﬁ' 1

AINNIT 'ﬁ"wnsw\lmmgmwaq 19
carbendazim, thiabendazole, triadimenol 8
triadimefon @8N5 standard mixture solution
ANNYNTY 0.20, 0.60, 1.00, 1.50 waz 2.00
lulasnsudaiiadans lansiu “uasedian r
WNNU 0.9998, 0.9997, 0.9995 Az 0.9999
MNAIAU

uan1sne aulae LOD whnu 0.03

[ 1

Jaansueanlansy ue LOQ wihnu 0.10

fiaansudanlansulaaiian % Recovery tnde
NNNIFLAN 15 carbendazim, thiabendazole,
triadimenol W8 triadimefon WAIATIEH 7 eg’l
WNNU 82.9, 99.1, 89.9 Waz 73.1 MUAAU
wazl@m RSD wnnU 6.4, 4.9, 10.2 uag 16.0
MU

Tumsne aUANNATELTNMTINATIZA
WUNTFNMITNATIEA 0.1 - 1.0 Fadnsuee
alansn Tasdn 1suesgruasludiodig
WeldanATisEaUA ML 0.1, 0.2, 0.4, 0.6,
0.8 war 1.0 Naansudadlansy loans v "y
ASINA T UBI 1T carbendazim, thiabendazole,
triadimenol &% triadimefon ¥NU 0.9995,
0.9923, 0.9994 Uaz 0.6532 ANAIOU

MINe aueNNLAuLEzANNTEY 68
nMadn 1suasgIuasludedusidiome
WUII % Recovery 84 15 carbendazim,
thiabendazole, triadimenol tLag triadimefon Elgj
Tuz19 82.9 - 95.4, 82.4 - 99.1, 89.9 - 95.3
waz 43.6 - 73.1 MNMAU @) RSD aglu
%392.4 - 7.4,4.9 - 8.6,1.9 - 10.2 udz 10.4
~ 20.3 MNEIRY LilpFuINAN Predicted RSD,
910 Horwitz’s equation 71556u 0.1 - 1.0 fad-

GITNN 1 WAMING DUANNUNULHBAN 19T035IU 4 210 NILAUAN ) 20U 7 )

Spiked level

%Recovery (mean £ SD); n = 7

(mg/kg) Carbendazim Thiabendazole Triadimenol Triadimefon
0.1 82.9+5.3 99.1+4.9 89.9 + 9.2 73.1+11.7
0.2 85.0+2.3 83.4+6.3 -

0.3 89.0+2.1 82.4+4.2 - -

0.4 - 93.5 + 2.4 63.2+11.5
0.5 95.4+3.6 91.6+6.7 92.1 £ 5.0 43.6 £ 4.5
0.6 - 95.3 £ 1.8 58.5+11.9
1.0 85.4+6.4 86.0+7.4 89.9 + 6.3 59.3 +9.8

waname - vaneialitideya
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3NN 2 WAMING UANNNEUNDLAN 1931055 4 #lla NILEUAN 9 Feauas 7 o

(az@ HORRAT

Spiked level Predicted RSD (HORRAT); n = 7

(mg/kg) RSD, Carbendazim Thiabendazole Triadimenol Triadimefon
0.1 15.0 6.4 (0.4) 4.9 (0.3) 10.2 (0.7) 16.0 (1.1)
0.2 13.4 2.7 (0.2) 7.5 (0.6) - -
0.3 12.6 2.4 (0.2) 5.1 (0.4) - -
0.4 12.1 - - 2.5 (0.2) 18.2 (1.5)
0.5 11.7 3.8 (0.3) 7.4 (0.6) 5.4 (0.5) 10.4 (0.9)
0.6 11.4 - - 1.9 (0.2) 20.3 (1.8)
1.0 10.6 7.4 (0.7) 8.6 (0.8) 7.0 (0.7) 16.5 (1.6)

winewe - vinedshifidaya

AsuGanlansy lawnniu 15.0 - 10.6% 1
RSD #lganmsitensvidrathanzidamei
BN 19NATIUSERURN g SEuaE 7 % an
MUIMAYT HORRAT wunanuusiuenlums
AR 19 carbendazim, thiabendazole,
triadimenol Wa¢ triadimefon #A1 HORRAT
Yasnil 2 manNe 188sBeamuansIen
1 ua 2

a I
AU

Bilddnwuaziann unsedeNER 15
wianiummerialumsianzdaiadion wia
fideniuily Multiresidue method Faflunan
asinilieaEnIsInEMsamsszrhelseme
(Codex) muualidlunailunmsaaidanis
Sianzdiazldlunmsesadensd 15anaa
nniadimiadagin’® dssnaudie 3 dumau
dams fa manliu3 niuazmsanaiasia
uazUSanuaars HPLC-UV uaz Fluorescence
detector  §338lanaaniizms da Tasty
AIDENAY phosphate buffer iU methanol
seweanUSines lagld rotary evaporator e
1t 15%679%15%@1513%@% phosphate buffer

32

WA HIU Extrelut NT20 cartridge 17I\'11’3’
10 W9 WYe 15880928 dichloromethane AU
hexane @4 ¢onLazlEaIBENIITUDI Muccio
et al® NUuAIDENGIY acetone UMY
. le v = = | 1

Extrelut 20 cartridge w3 10 Wi Fathla
acetone MEMzlUlasauludns 2 dasaauni
Tanawude 30 i FNnaN I luuaau
#lddaan 40 i weShne avldnarlu
< v a N 2 o Ya 1%
guaauilliiy 30 wH FMbwsle
LONWATIINGIEEY  waztiNamly 15 e

a d o oA ¥ .

£20E9U 39800 1Y Sep-Pak Alumina N lu
JUADUMS clean-up nouthlUaTIAIenliaua:
USuaeapsas HPLC laansne audily
AzY8d mobile phase Wussuy gradient
MIA N50UEn 19TNATFIUNN 4 %ileaaNIN
Aulalunsdaasat@sn carbendazim WA
thiabendazole N150AINALENT UV waz
Fluorescence detector @4 ’134’1‘561‘291'61’5’37\@1!5’14
MINTIANY 1579 2 sHailaos Tunism
USuaed 15 2 ZUeH  ATMUIMIN
= d‘ Yo = T

Fluorescence detector LWSIENAN LABALAUA LuH
"YU triadimenol 8% triadimefon

155UMU
1% UV detector TumsasradiaziiauazUsun
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NNKEAMING BUANINYNADIYBNIDH B9
lona au performance parameter nmvualu
EURACHEM Guide @ LOD, LOQ, accuracy,

precision, linear & working range LNBLL O

AFdanaamang wiezldfuinguse ad
Aol Ae3ailaieseyl 1sanaeSainanias
Idgndasuazuiuaiiluiisaniuld  Toedsd
Wannla@ LoD uaz LOQ dneh Maximum
Residue Limits, MRL 284 ”Ii‘flzxi 4 %ﬁ(ﬂ‘ﬁ Codex
muualudnuazualidrruamuaneaiuey

NaIE AN Ne@amd  @sauas  uusse

wazagu loasanemnmue lmawue 0.1 - 10
faansndailansn™? Misndnwmng o

[
=

N lF091IA LM IANAINYBY 15 carbenda-
zim, thiabendazole LLa¢ triadimenol Tudedeen

v o L4 a L4
uazwaliiuaz ansemhdayanamsianzvluly

uv response
mAu

04 4

024

00 4

0 5 10 15 20 25 30
Time (min)

mAu
R
04- 1
2
02+ 3
4
00-_‘1l ‘*~I-l»-b=+£¥‘-‘ N_ﬁh
0 5 10 15 20 25 30

Time (min)

Tunmseuauaumwedadasionangvanala
"W3U 15 triadimefon Foyafildanms
ne UIEWUN Walin 15InesgIuisEau 0.1,
0.4, 0.5, 0.6 waz 1.0 Fadnsuaanlansu la %
Recovery Ladnglutng 43.6 - 73.1% uaz
msne auenuiul uassuazimsie i
WUDIA T ﬁlﬁlwi’lﬁl‘u 0.6532 %\‘I‘Vlgﬂ 2 parameters
sninamiEansUTimuuens L dusihaRSD
azaglunamisaniulanau Falammanaaas
e wvg  Tesdazuaaumalius nd
mmsne aulesdn ﬁmmgmﬁyﬁ 4 2R
lushathenz@amanisseu 0.1, 0.5 waz 1.0
faansuaanlaniy uar ez aisue las
Sep-pak Alumina N plus Wudmn 1586 %
Recovery uaz RSD fiagluinamizaniuldngu
gaw aelumsedl 3 wdwud Chromatogram

Fluorescence response
Volt

1
2
1- ﬁ
bbb
5 10 15

0 0 ] 20 25 30
Time (min)

Volt

PO A b

A

10 15 20 25 30
Time (min)

i 2 Tasanlaunsueas 15 Nexz@iawmdldiaw@y 158105571 Carbendazim (1), Thiabendazole
(2), Triadimenol (3) wag Triadimefon (4) S£AUANNINTY 0.5 Hadnsuaanlansy (A) lairu
Sep-pak Alumina N plus (B) WU Sep-pak Alumina N plus
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MINN 3 HANMING DUANNUNULAZANNNENLNBLAN 1900 4 BUA NIZAUEN 1) SzaUaY

7 9 lagldehu Sep-pak Alumina N plus

Spiked level

Mean% recovery (RSD); n = 7

(mg/kg) Carbendazim Thiabendazole Triadimenol Triadimefon
0.1 94.6 (8.1) 85.6 (8.0) 85.9 (19.8) 81.3 (15.8)
0.5 87.3 (5.8) 89.9 (5.4) 84.8 (5.7) 86.9 (9.2)
1.0 84.2 (6.6) 87.0 (6.5) 83.2 (4.3) 80.0 (4.7)

#la Waesniames UV detector AMASUAIL
N Feilnansznuaamsmuialsnauas
¥l¥orgmsldnuues HPLC column “uasde
Fau adlumwil 2 deiude quldhiueay
msl¥us nidhe Sep-pak fafianuaniu
waz WMSUMSIAIER 15 triadimefon U
suiludaaiimsianniziesnzdliimn: wis
Fudaly

U

9

& ¢

HaInmsIved JUla11383 e 5zd i
Anugnassuasvan: wnazldlumsasiam
FiaazUIuNuuad 19 carbendazim, thiaben-
dazole W@ triadimenol ANAN LUKNLAENA L3I L6

v Y a ¢ & o = < P
wsaunulumMTIeNiasaeen Fastlulssland
BEINNINLHBIAIN INIT0USEHEALIAINDE
USuae 1stedinld  MeEe 150015
anealuszaum g la enufinguanamvue
"N smUSHIaEas 19 triadimefon €404
WINIE N 9a9NMINAINTUNBUMSIATIE N

A' dg’ ] S ad v v ° ¥
Wi NENau adalsia F5eanamnanaiin luly
IALriaeeNe1NsTiedu ) loun Swuis

:s' xs' L v g ¥ [
LPIANANIMNENUATHA LN WUAY Lazie 13150
i Tl uwunmenazinldagnsaauirans
WAEd 1aeiimIadagiangn  fungicides

#iigduall

34

@n 199194

£ A{ = Y L o )
. 533udn®d  wwed.  1sweitlesnumanlsaiy.

NTUNW, NFUNIN~BIN¥AT; 2528 © 20 uaw

118-9.

. Tomlin C. editor. The pesticide manual, 10" ed.

The Royal Society of Chemistry; 1995: p.149,
972, 1000-1.

. Muccio A, Girolimetti S, Barbini DA, Pelosi P,

Generali T, Vergori L, et al. Selective clean up
applicable to aqueous acetone extracts for the
determination of carbendazim and thiabendazole
in fruits and vegetables by high-performance
liquid chromatography with UV detection.
J Chromatogr A 1999; 833: 61-5.

. Tharsis N, Portillo JL, Broto-Puig F, Comellas L.

Simplified reversed-phase conditions for the
determination of benzimidazole fungicides in
fruits by high-performance liquid chromatography
with UV detection. J Chromatogr A 1997,
78:95-101.

. Arenas RV, Rahman H, Johnson NA.

Determination of thiabendazole residues in whole
citrus fruits by liquid chromatography with
fluorescence detection. ] AOAC Int 1996; 79
(2): 579-82.

. Hiemstra M, Joosten JA, Kok A. Fully automated

solid-phase extraction cleanup and on-line liquid



MING BUANNYNABIWBIITIATIEN 130§W Fungicides

KM “UNATU UaEAUANS B 2

chromatographic determination of benzimidazole
fungicides in fruits and vegetables. ] AOAC Int
1995; 78 (5): 1267-74.

. Muccio A, Dommacro R, Barbini DA, Santilio A,
Girolimetti S, Ausili A, et al. Application of
solid-phase partition cartridges in the determination
of fungicide residues in vegetable samples.
J Chromatogr 1993; 643: 363-8.

. Muccio A, Camoni I, Ventriglia M, Barbini DA,
Mauro M, Pelosi P, et al. Simplified clean up for
the determination of benzimidazolic fungicides by
high performance liquid chromatography with
UV detection. J Chromatogr A 1995; 697:
145-52.

. EURACHEM Guide. The fitness for purpose of
analytical method; A laboratory guide to method
validation and related topics. United Kingdom,

1998. 61: 5-24.

10.

11.

12.

13.

N3NAINENEN Gl{ﬂ']'iLLW‘V]ET, LHINNNIING U
AINYNAB3I5ILAIEH  DMSc Method
Validation: General Guide: p.18-20.

Horwitz W, Kamps LR, Boyer KW. Quality
assurance in the analysis of foods and trace
constituents. J Assoc Off Anal Chem 1980; 63
(6): 1344-54.

Horwitz W, Britton P, Chirtel SJ. A simple
method for evaluating data from an interlaboratory
study. J AOAC Int 1998; 81: 1257-65.

Joint FAO/WHO Food Standards Programme.
Volume 2A Part 1 Pesticide residues in food.
Methods of analysis and sampling. 2" ed.,

Rome, Italy: FAO; 2000: p.49-51.

.Joint FAO/WHO Food Standards Programme.

Codex Committee on Pesticide Residues. Thirty-
fourth session. Agenda Item 6, CX/PR 02/6,
April 2000: Part 1-61, 66, 133, 172.

35



Method Validation for Determination of Fungicides Jitpaka Suntudrob and Kanokporn Atisook

Method Validation for Determination of Fungicides
in Vegetables and Fruits

Jitpaka Suntudrob and Kanokporn Atisook

Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000, Thailand.

ABSTRACT  Carbendazim, thiabendazole, triadimefon and triadimenol are the most imported fungicides
used for prevention and treatment of plant fungal disease. Malpractices in using such fungicides may cause
residues in agricultural products. An analytical method for these 4 fungicides residue determination was studied
and developed. The method could be performed easily by using HPLC-UV and fluorescence detector.
The method was validated by using tomatoes as matrix represented for vegetables and fruits. The results showed
that the limit of detection and limit of quantitation for carbendazim, thiabendazole, and triadimenol was 0.03
mg/kg and 0.10 mg/kg. The linear working range for these 3 compounds was 0.10 to 1.00 mg/kg which
the correlation coefficient of carbendazim, thiabendazole, and triadimenol were 0.9995, 0.9923 and
0.9994, respectively. Accuracy of the method was shown by % recovery of spiking standards to sample
matrix at different levels and precision was shown by % Relative Standard Deviation (%RSD).
For carbendazim, thiabendazole, and triadimenol, % recovery were 82.9 - 95.4%, 82.4 - 99.1% and
89.9 - 95.3% and RSD were 2.4 - 7.4%, 4.9 - 8.6% and 1.9 - 10.2%, respectively. Validation
studies proved that the developed method could be used for determining carbendazim, thiabendazole and
triadimenol simultaneously. On the contrary, the method should be developed further for triadimefon residue

analysis.

Key words : Carbendazim, Fungicides, Thiabendazole, Triadimefon, Triadimenol
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