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Validation Study on a Rapid and Simultaneous Method
for Determination of Fungicide in Citrus Fruits

Tamaki SATO, lori MIYAMOTO, Naoya KAKUTANI and Tetsuo YAMANO

Abstract

A validation study was conducted on a rapid and simultaneous method for determination of fungicide in
citrus fruits. Extraction was performed by the method known as the quick, easy, cheap, effective, rugged and
safe (QUEChERS) combined with a simple clean-up step with mini solid phase columns. The extract was
analyzed by means of GC-MS or LC-MS/MS. The trueness of the method of seven fungicides on levels of
Maximum Residue Limit in oranges was 86-104% with satisfactory repeatability and within-laboratory
reproducibility. Furthermore, it was confirmed that this method to be applicable to grapefruits and lemons.
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o I (RERR) VX RDEAEEAE BLA F -, &g (HPLC )
WX TF ITAT A BLE N,

PTFE 7¢/L%— (13mmg, 0.45um) (7 K0T
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GC(20mg) I=[EFHTLIET A AT 4P A= Af L
Z Wz,

3) EEBLUHESMY

OPP, DP, PYR BL W FLD ORIEIIH A7~k
F7 B RS HTEHGC-MS) . AZX, IMZ 3L TBZ @
WEFEHERA I~ T7 -2 07 NVE By HTRT
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(1) GC-MS & 5t

GC ¥ 7& % 7890A (Agilent 1) . MS % & |
5975C (Agilent #1-8#) Z v /e,

5 M B T 4% Agilent #: # HP-5MS  UI
(30mx0.25mm, i.d.0.25um) % i\ 72, 15 5 11
100°C (1min) —25°C /min—120°C —10°C/min—310°C
(15min) L, AU AH R ImL/min (2 A%k
7u—) FEADIRE: 280°C, ML AT 7—T AR
300C, FEAR: 2 uL (RAFVUYRLR) | A4 1L El
(70eV) . A AR : 280°C, PYFEARIEE : 150°C.
HEE—R: SIM THIELZ, £ROD SIM &ifix
Table 1 {Z/RL7z,

Table 1 Selected monitoring ions of GC-MS

Compound Ta(rgsz)"’” Quez:f];ir) lon
OPP 170 169 141 115
oP 154 153 152 76
PYR 198 199 200 77
FLD 248 182 154 127

(2) LC-MS/MS 41
HPLC #£& 3 Acquity (Waters 1%L | MS/MS %:&E %
Xevo TQ (Waters £E8) 2 v 7=,

Sy Mr # 7 & 0% CERI £k # L-column2 ODS
(2.1x150mm, @5um) . BEIFHIZ A #&: Smmol/L FEEz
T =T AKIETR, B 5mmol/L FEig T T = A
GHAR )= NVEHERLE, 77V N R 1E AIB
(%) : 95/5—1min—50/50—9min—2/98 (2.5min) L.
PR 0.2 mL/min, FEAR: 10 pL, A4 1ki%: ESI
(#), X TY—EE: 15kV, Bist sy 25 E
400°C, LA & 1000L/hr, Il EE—K: MRM il
ELT, K5O MRM 4513 Table 2 1Z7R L7z,

Table 2 MRM transitions of LC-MS/MS

Compound Ta(rg;;)lon Qua(lrirfﬁr) lon
AZX 404.1>371.9 404.1>328.9
IMZ 297.0>158.6 297.0>68.7
TBZ 201.8>174.7 201.8>130.6
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T LTz, B2, AR EE R E &b o2
HIRIZ 7 =F > AL 2 -d10 2ug 335 ON PEG 5mg ¥R
L. Mbzmy 7 Eh=RL (1:1) IB# T 20mL I ERL
7=b D& HRBRIERE L GC-MS HlEZTT-72,

AZX, IMZ 3L TBZ D¥5541%, C18(30mg) /PSA
(30mg) EfEA T LT ER=FVE ImL ZARTL,
0.4% X[ AY /—)v ImL TR LT, ARHREE TR
A DR ERHIZAK 0.5mL 1% T C18(50mg)
IZBL, 80%A% /— L ImL T LT~ ARIKETR
HiRE G- 2R HIEEZRE KT 10mL IZERRE.
TER=RIV04%EFEAK ) — )L 1 80% AZ /) — )L : /K
(1:1:1:7) T 20 5N U7z, ZOWIKE 7 4 VZ— 5l
L7=b Dz RERIEEEL LC-MS/IMS JIEZ{T>72,

5) EANENN R

FRELL 73U BB R EEE LT 10 pg/g (IMZ
135 ng/g) ERDIDITHEHEM G AWML, ERCITiEn
RERTAIR ORI AT 5T,

6) E&

GC-MS D ## AR AERIKIL, by 7 'h=h
UJViR (1:1) Z JAV T 5~1000 ng/mL O#iPH THHRIL
PEG 1% 250 pg/mL, 7= F AL -dyyld 0.1 pg/mL &
2B IONTIINU T, B ME B IR L 36 LUV B IR
WK 28 — 7w fE e (WAE L) DR A 2 1
RUE IV,

LC-MS/IMS D i IR IR X, 7 =)L
04%ETRAY ) — /L :80% A% /— v /K (1:1:1:7) IR &
FAVT 0.5~100 ng/mL (IMZ % 0.25~50 ng/mL) O #i[H
TRz, BEEEYEIRE B LY — 7 g DR
EARAEVERLLE Iz,

E R TR, AR AR O ARG (SIN H=10) &3t
BRI RO MmRENS AP RELLT
0.1pug/g (IMZ 1% 0.05 pg/g) &L7-, Fo. EEICHW
7o B2TOE—2IZDWT, EBEAL L EHERAA L DR



DAE DERPIHD ORI DR —EAERE D Z M FTHTD

Extraction

Shake vigorously for 1min

Centrifugation (3000rpm, 5min)

I 1

Homogenize with homogenizer for 1min

Add 10mL acetonitrile (AcCN) to 10g sample

Add 1g sodium chloride, 1g trisodium citrate 2-water,
0.5g disodium hydrogen citrate 1.5-water and 4g magnesium sulfate anhydrous

C18(50mg) Clean-up

C18(30mg) /PSA (30mg) Clean-up

Load 1mL AcCN layer
Elute with 0.2mL AcCN

Add 0.4mL toluene (Tol)

Load 1mL AcCN layer

Elute with 1mL methanol(MeOH) containing 0.4% formic acid

Add 0.5mL distilled water

GC (20mg) /PSA (30mg) Clean-up

C18(50mg) Clean-up

Load eluate with anhydration
with 0.3g magnesium sulfate anhydrous

Elute with 0.6mL Tol: AcCN (1:3)

Add 2pg phenanthrene-d,,and 5 mg PEG

Fill up to 20mL with Tol: AcCN (1:1)

Load eluate
Elute with ImL 80%MeOH
Fill up to 10mL with distilledwater

Dilute twentyfold with
AcCN:MeOH containing 0.4% formic acid:80%MeOH :distilledwater
(1:1:1:7)

Filter with a membrane filter

GC-MS Analysis

LC-MS/MS Analysis

(OPP, DP, PYR, FLD)

(AZX, IMZ, TBZ)

Fig.1 Analytical procedure of seven fungicides in citrus fruits

B D LR AMEHEYS IR ISR L T +20% AN Th BT L & T
AL,

7) ZL R

FT ALY T =TT LR DT T
HELDOREZATV, EEEAHETIE—/DF T
WTHERRLTZ,

WIZ, AL VhlBte LT, & 3403 1L H 20F
17T 2 HBOBMEIGER 21T o illiige 5
B L7z, B LB nEI R Z AW T U irE o,
BHE HMTRERBIOENEELTMMLZ,

SOIZHEBO RS ~O5E AT 5720, 71
— TN =B LOLEARENE U THRINENY G BR
Z 5 T TITV, BEEBIOIHMTREE AT L7,

8) BB~ )y 7 ADRNE~DEEBORERR

KW OREUEIE (STD) ONIE L (GC-MS HIEY
) DI —Z S (LC-MS/MS JlEWE) 12xh4
HEFB N 7 ZRE A (Matrix STD) D58 D

-33-

PEERE R BB N 7 ADITE ~ DR B2 iR
L7, mu/);%}_h =N ﬁﬁﬂ@ﬂlfﬁ%ﬁ ”‘Z)#J%IJD()%;&
L7z

N FEREVELE

1) ML
BNV G 95720, 7T 730kl E LT B,
AP T =TT = LN TOREHZ D
WTHHIEME I T 28 FE — 73RO oo
7o
T2 D NRBRICE DAL U RE O 2 PERE
fio#E % Table 3 (Z/RL7z, EHEIINERIL 86~104%.
BHTRIEIX 1.0~2.6%. ENREIT 1.9~4.6%E 0
LI YR AR T A [3] 0 HEfE CTH D 70~120%,
10% A . 15% AR5 & 72 L Tz, BLEDZENS,
AREOF L DR OFERERIEE L COZ Y 4D 5
mEni-,
DT, =T 7=V B L ULV B0 R
ERBIOBHMTHEDE % Table 4 I[TRLEZ, 71—



ik IR0

Table 3 Validation result of the method in oranges

AZX 104 2.6 3.0
IMZ 98 16 29
OPP 98 23 34
DP 97 25 41
TBZ 89 1.0 19
PYR 96 22 33
FLD 86 26 46

(3 analysts x 2 days, n=2)

Table 4 Trueness and repeatability estimated by recovery test in grapefruits and lemons

Grapefruits Lemons
Compound Repeatability Repeatability
0, 0,
Trueness (%) (RSD%) Trueness (%) (RSD%)
AZX 102 1.0 103 2.9
IMZ 98 0.83 104 15
OPP 96 0.59 96 2.0
DP 91 13 90 1.8
TBZ 71 1.0 99 0.46
PYR 89 11 87 2.2
FLD 103 19 95 2.6
(n=5)
1.2
1.0 +
=
® 08 -
= mOranges
2 06 1 B Grapefruits
E 04 - ®Lemons
>
0.2 A
0.0 -
AZX *? IMZ *2 OPP *! Dp *! TBZ *2 PYR *! FLD *!

Fig.2 The intensity ratios of matrix-matched standards to standards in solvent

*1: GC-MS (Peak Area/Internal Standard(IS) Peak Area ratios of each standard peak area/IS peak area)
*2 - LC-MS/MS (Peak Area ratios of each standard peak area)

T N—VFEHI BT, SE RN ER L 71~103%, §f
TR 059~1.9% CThh RIF72 RSO Z, L
EVREHZBW TS, SEHEINERIE 87~104%, (TS
JEIL 0.46~2.9% ThY RAFRiE RSN, L ESD,
RIEOT VL —T TN — BLOE~OH AR
iz,

-34-

2) BB~ N w7 ZADRIE~DEBORERR
BEamALth OB EEL GC-MS B LW LC-
MS/MS % FW T3 BBRI21E, RIAIT-> THEY
FRSZEMNTERWVEEBHH RO <N v 7 RO B A 51T
DGENRHD, REbw N w7 ZAD AT R 7RI R
D—RE72DT20 | ZDEBN R R THD, &l



DAE DERPIHD ORI DR —EAERE D Z M FTHTD

BLOKREWEICOWT, B L STD 1215
Matrix STD DtR% Fig.2 (TR LTZ, & Tkl &
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