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Development of an LC-MS/MS-Based Rapid and Simple Analytical Method for Six Fungicides
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In this study, we developed an LC-MS/MS-based rapid and simple analytical method for six
fungicides; imazalil, o-phenylphenol, thiabendazole, fludioxonil, azoxystrobin and pyrimethanil, the
latter three were newly approved for use after 2011. For expediting and simplification, we merged
the extraction method with that of the pesticide analysis. For purification step, loading of 1 mL of
sample extracts to 500 mg Oasis HLB column and elution with 8 mL of acetonitrile gave satisfacto-
ry results. The performance of the present method was confirmed for orange, grapefruit, and lemon
samples fortified with the six fungicides. The results showed that the average recovery ranged from
89.7 to 100.0%, intra- and inter-assay CV% ranged from 1.5 to 5.0% and from 0.5 to 4.9%, respec-
tively, achieving the target values of the Japanese official guideline for residual pesticide analysis.
The limits of quantification of this method were determined to be 1 mg/kg for o-phenylphenol, and
0.2 mg/kg for the other five fungicides. These values were lower than their corresponding regulation
values. In addition, we confirmed the usability of the present method for fungicide inspection of
commercially available citrus fruits. During 2017-2019, there was no conflict between the food la-
beling and the fungicides detected and no fungicide with the concentration exceeding maximum res-
idue level was detected
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Table 1. Mass spectrometric parameters of fungicides
Precursor Product (m/z) Cone voltage (V) Collision energy (eV)
Compound Jon mode
(m/z) Target Qualifier Target Qualifier Target Qualifier
AZX + 404.1 171.9 372.0 16 16 48 16
FLD - 247.0 126.0 179.9 4 1 30 32
IMZ + 297.0 159.0 201.0 50 50 22 16
OPP - 169.0 169.0 141.0 1 2 20 22
PYR + 200.0 182.9 107.0 38 38 22 22
TBZ + 201.8 131.0 175.0 2 2 30 24

SHFEY S BEDOELZE Y, LC-MS/MS % FIH
LT, AEMELRE»OCH6EEOFNEZRELLDT
WET 5.

KB AX

ENTEBALCMBEELTHLYY, FL—F 70—
Y, BIUCVLEYZERIZH V.

TEM= MYV REABRE-PCBREEH), 7 bV (&
HEKE  -PCBREM), A% /—N (LCMSH), 71>
=7 M)y aZXKMY (BR), BT vE=Y s (OF
#%), AZX, IMZ, FLD, OPP, PYRB X U'TBZE# KX E
L7 4 VAN (RR) BRI W, 2 VBT F MY Y
A¥ R FKHY (purum p.a., 299.0% (T)) & SIGMA-
ALDRICH# % fiv:7=. BEMH— MY v ¥VH T A Oasis
HLB (FeHEHIE 60, 200, 500 mg) it Waters tE# 2 Hv 7z,
BEUKIEMIL-QBHKEEREE (HAIUVRTHR)) %
BoT#gL /.

3. J|EBKUHKES

50 mL PPELE.LVE: NUNCA =Y =Yy 7a=ihiv
3#.F 2 —7 (Thermo Fisher Scientific4t)

7—F7 2%y ¥H—: Blixer3 (robot coupett)

FE Y F 4 ¥ — : Polytron PT10-35 (KINEMATICA

)

HHBOHEHE: Himac CR20GIIT (B2 TAR (%))

LC: UPLCI Class (Waters#t)

MS/MS: Xevo TQ-S (Waters#h)

4. D EH

SHt A 9 AT, ACQUITY UPLC HSS T3 (1.8 um,
2.1X100 mm; Waters#t) 127 L % 5 2 ACQUITY UPLC
HSS T3 (1.8 um, 2.1 X5 mm; Waterstt) 2 #H LD D
2HEW BEMHIE, (A) 0.5 mmol/LEEEE Y V=7 AK
B, (B) 0.5 mmoVLEER T VB A Xy ) — ViIEHE%
Hwie, 795 AREES0TC, BARE2uL, Y1
MBS X OWEIE (B)%: 40% (0 min, 0.2 mL/min)
—=95% (11 min)—95% (11.1 min, 0.4 mL/min) +95%
(13 min)~40% (13.1 min) —40% (15 min)—40% (15.1
min, 0.2 mL/min) —»40% (17 min) & L72.

AZX, IMZ, PYR, TBZIX 1 #* Y {LEESI+, F ¥ ¥ 3

Y —EE +1,000V, EEF AIREE450C, FLD, OPPIX
A+ MLEESI -, ¥Y ¥ —BFE —2900V, BEY
AREE450C THHT L 72, MRM &k, &baPoiZi
BlEA v 72—YaryLE#EILLZ (Table 1).

5. RERBLUEE

B UH6ERE7E N MINVBRET IV
TEBREHFRLZ. 72 NI VEBEREZZNLENKTIO
BEARRL, MERHAEEERZIER L. REGHAEZEES
A 2ul, LC-MS/MSIZEAL, &HLE&WOY -2 EK
%KD, HAMREREIC L VRERLIER L. RBRE
WX REHEE0.05 gmLO T b= MY VEBEHEKTIO0
BHRL, 2095 b2uL#LC-MS/MSIZHEAL, #L&
YWY — 2 mRMED HIERE R RDI.

6. HABRBROFER

7= F70¥y ¥ —TH—{LL & HE10.0 g% 50 mL
OPPHFELFICEIELL. 7 M2 MY V20 mL 2R
L, REVFAF—T1HHEmMBE LA RICELFNY Y
hlg, HABRB<IIAIYhdg Z7ZVEBEEFIUDA
ZAABLgB LTI VBT M) Y AR AT RN
05g#mMLT1IAMIEE 5%, =HLo8 (1,290Xg,
104, 20C) L7 EE1mLZdo6»Ld7EF= b
JAB8mLTIYF4¥yaz vy LT EAE500mg®
HB - Uy VHSAIEHLE 7MY
SmLTHEHL, FHEZ7 LI FI LV T10mLIZHR
L7:. ZOHM100pLEK00uLEZREL, REBRBHEE
L7z (Fig. 1).

7. DEDMERESHE

B LASEICOWT, BEEFBHEBHNOFTA FI4
VE(UTF, A RSA V) e, B, ERER
BE, HTHE BLIUSERNBEZHMGEL:. BRE
ERRIZOWTE, FLVY, FL—F7—Y, BIV
VEYDOLT T 7 RBRBHRZHAB LA, OPPIE5ng/
mL, OPP UM DB UAid 1 ng/mL (BHFiEE X OPP
1mg/kg, OPPUSN DB »UHI 0.2 mgkg) &5 L9512
UK O7 2 = N)VEEE T 7 v o REREWEIZERM
%, AW L7 Boniru< b 7T ARLSHEDRER
BB LUCEERR LML 7.

*2 PR 224 12 A 24 HF T EAHBEEERLBERLZLTE
M TRESTICBRET 5 BESICHET 2 RBREOR Y BTG
HA K54 O—EPREITDWT] (2010).



August 2020

LC-MS/MS # FIH L 7o R R & 6 MER » UH AT OB 5 145

Extraction

Salting-out

Cleanup (HLB 500 mg)

Dilution

10.0 g of a sample in 50 mL polypropylene tubes
Add 20 mL of acetonitrile (AcCN)
Homogenize with a homogenizer for 1 min

Add 4 g of MgS0,, 1 g of NaCl, 1 g of trisodium citrate-2H,0
and 0.5 g of disodium citrate- 1.5H,0

Shake vigorously for 1 min

Centrifugation (1,290 x g, 10 min)

Precondition with 8 mL of AcCN
Load 1 mL of organic phase
Elute with 8 mL of AcCN
Adjust to 10 mL with AcCN

Dilute 100 pL of eluate with 900 pL of water

LC-MS/MS analysis

Fig. 1. Analytical procedure of fungicides residues in citrus fruits

EE, BTRE BIUENBELZEHNT L0, +
VvV, ZL—=F7 =2, BIELEVAOBPTHIE
IEIGREZ, 120OEREDNLH 26T, 5 HROERZ
1T HREEHMERER 2 EHL 72, BMEER, IMZ130.2358
X "5 mgrkg, OPPiZ 18 X F10mgkg, Zh b6 BH D
B U#i2028 X P10mgkg & L7z, Bohi7—%
o, —TEREBSHSTEHVTENBE, FITEEL2E
M7

BRBLUER

1. LC-MS/MS S50 i&ss
BREMBAOBHT, RASMETIE, BT BEHMTEY
EHRBORBHEBLCLCHY S A2 HW:, EBAFE4T
R L7 HEBCeBBOHUR 2 —FoH 5 Z a8
WRETH o7z, WMERIZ, OPPUAN D2 UHI450.25~
75 ng/mL, OPP#%%1~100 ng/mL ®#iB ¢ R®%%0.99 Pl
&, BEFREREIRD SN,

2. BIAMETEDREE

2.1. MER~NOEYPEOEESR

FLVY, FL—F7N0—y, BIULEIZHEEN
Lo UKeEERRML, BERESFEY LAL
EHTHB U YTl L REHEE 0.025 g/mL &
HHEIIZTE I PYNVTHERE, KTILORBRHRL,
BB E TR B UH %54 L7z (Table S1). £
#E, LEYOOPP, PYR, TBZ CIRIEICH T % MH%E
~D AR K AT87.6~89.4%, FNLISN1$93.3~99.4% &
otz VEY®OPP, PYR, TBZ 2D Wi MINENE
FET LA ZRIERBRORBBHRICEThIAE <
Ny 7 ADA4LF LEHICE2dDEEZ SN,

2.2. HEHERLEORE

HREICE TN AR S S BRET 5729, Oasis HLB
hT e, RELFTEAELRE LA (Table S2).
HEMBEORED S OMBRICHY T 5BEON 2 UH|
EREREZANT L-G6, TEAROmg TR T XTO
BHUHEICH L TRESAR TS TH Y, —H2NEHR L.

Table 2. Recovery (%) of fungicides with eluent volume

Orange
Eluent volume (ml.)
Compound
8 12 16 20
AZX 99.6 100 100 100 100
FLD 81.2 100 100 100 100
IMZ 99.0 100 100 100 100
OPP 9.1 90.4 99.0 99.7 100
PYR 82.4 98.1 98.9 99.5 100
TBZ 35.6 95.1 99.6 100 100
Grapefruit
Eluent volume (mL)
Compound
4 8 12 16 20
AZX 99.6 100 100 100 100
FLD 83.1 99.9 100 100 100
IMZ 99.0 100 100 100 100
OPP 12.3 89.5 98.9 99.6 100
PYR 82.7 98.4 99.1 99.6 100
TBZ 40.5 95.0 99.9 100 100
Lemon
Eluent volume (mL)
Compound
4 8 12 16 20
AZX 99.7 100 100 100 100
FLD 84.4 99.9 100 100 100
IMZ 99.4 100 100 100 99.9
OoPP 12.2 90.6 99.0 99.8 100
PYR 84.1 98.4 99.1 99.6 100
TBZ 43.0 93.8 99.8 100 100

¥ 72, FoEAIE 200 mg TiZ AZX, IMZ C—# 8 EH L7z,
—%, FTHEAES500 mg TRTXTOBEPTHFED 5 LI
(LS SR (WA

FU Y VHBE I mL AN LGS, TEAZ60B L
200 mg T, 7 7 AEWHRORMEICHEERROE
BAER SN —F, FBEAES00 mg TIIHFRITFED
Shipdpodz. PEd s, REFEIITHEEBHE L OB H
CHIDPMRFTEET, 2 oMMEERRGOBLIHRE I
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Table 8. Result of validation study
Sample Spiked concentration Compound
(mg/kg) AZX FLD IMZ OPP PYR TBZ
Orange 0.2*!  Intra-assay CV (%) 1.8 5.0 2.6 36 2.5 2.0
Inter-assay CV (%) 1.8 4.9 2.6 2.3 1.7 0.5
Recovery (%) 89.8 97.7 95.5 89.7 96.4 92.4
10*2  Intra-assay CV (%) 1.7 2.2 2.0 2.0 2.3 2.4
Inter-assay CV (%) 1.0 1.4 1.1 1.8 1.9 2.4
Recovery (%) 92.6 98.0 92.1 92.4 94.8 93.9
Grapefruit 0.2*' Intra-assay CV (%) 2.5 3.4 2.2 2.5 2.2 2.5
Inter-assay CV (%) 1.5 3.4 1.2 2.5 1.7 1.1
Recovery (%) 95.5 97.8 95.1 90.7 99.6 93.0
10**  Intra-assay CV (%) 2.0 2.6 2.2 1.6 2.0 1.7
Inter-assay CV (%) 1.6 1.9 1.1 1.1 2.0 1.2
Recovery (%) 97.1 97.2 91.5 92.7 98.0 92.8
Lemon 0.2*' Intra-assay CV (%) 2.3 3.1 1.8 3.0 1.5 2.7
Inter-assay CV (%) 1.8 3.1 1.2 2.3 1.3 1.2
Recovery (%) 97.4 98.9 96.2 90.6 96.4 90.5
10*2  Intra-assay CV (%) 1.7 2.2 2.4 2.3 2.1 1.8
Inter-assay CV (%) 0.7 1.2 1.0 2.3 1.1 1.3
Recovery (%) 99.6 100.0 93.0 94.1 95.5 89.7

*L OPP 1 mg/kg.
*2 IMZ 5 mg/kg.

Thol, TEHES00mgOHLBA 5% FHATAE
L7

FRBMED A THBEICRBRBROTBRISTRE 2D LD
2, HLBA# S 22507 b= MY VI X BEE 2 HE
L7z (Table2). BB~ M) v 7 A%&ohEWHEOBER %
Bl L, ¥7HLBA S A2 BB LABHREYEST
PetE2ZR L ¢, WEEEDOTTO»UHIBRIFICHE
WY 2RBEEMGERE L. 2OBE, 79 2~\ORATE
FHHE I mL, BHE7EF= MY V8mLEL, BT A
ZEBLIBEBERETEN =M VTIOmLICERTHF
JEDSZBTH - 7.

SR )y 7 ADBEANDEEZRSPIITH2DIL,
BEEEREO Y — 7 EHREICTT2RE~ M) v 7 XE
ETTOEEBROY - 7 HBRHEORFELZHEH L 2T 5,
0.86~1.06 CH o7z (Table S3). * L ¥ JIZBIF 5 AZX
DOFEHAE 10 mg/kg, EE FRME0.2 mgkg TENEN0.87,
0.88, 'L —77 N — 2B} % PYRDILHESE 10 mgkg
T0.86THY, ZNLIZAKT M) v 7 ADRBIHER
SN2, FFEHBENTH S LHRTL 7.

3. M EEEE

FLyTDT T v PEREHEIZ, OPPAS5 ng/mlL, OPP
VYA ORI 1 ng/mL DBEL %5 X HWCERMLE
BRO/A P ILERERLIZET S, SINLIZ10M
L& L7 (Fig. 81). £2¢, #BHOPP 1 mgkg,
OPPLUAN DB »UHI 0.2 mgkg # EEBR L L7z £/
FLoIo75 v RBBRO a5 A RICIEER
VRIOY -7 L ERLHHEY — 7 ZBREI NS, EIRM
BIEFCTHo7z (Fig.S1). F'L—F7N—Y, LEVIID

WCHRIBOBE 2o/ 5, ALYV ERULEER
ROBENTET, BIREDBIFTHo 72

T2, TRTCOEE, TRTCOPFEITHNITBNT, B
BETOEE, HMTRE, BIXUERBERTVA NS 1Y
TRESNLMEZHLL, AoMEoEERs LTolk
BRICHEN R WT L AR ENT2 (Table 3).

4. REASRE

BAZE L7247 % 2017 2 5 20194F F TORi O UHIRE
WBHLzEZS, EERAUEOBPURITERRE D%
AWAHERE NIz (Table S4). T/, H¥MELEET S
RO UHIDTHRE R b o 72,

F & O

LC-MS/MS % Fi v 7z, #AGE A o B E 2 6 P
POHIGHEEZHEE L. RELLTE M= MY VERHW
THAUHE 2B L, Oasis HLB# 5 A THRE L. #if
BEICHL, BrUHOBMEIGRREEKRL-E 25,
HEEIX89.70 5 100.0%, EWFEEL L THITHEIRZN
Fh, 1.555650%, 057054.9%&%Y, ROFEDE
EFE LTOBRRBICHEN W LARENL. EERA
138 OPP 1 mg/kg, OPPLIAL @ B4 UV %1 0.2 mg/kg
ThHo.

AGHEE, BREBEMTELMERELEELL TS
D, MEEBEZHRLETES. T2, ABRBEAETCE
WHZEREOLED 2 WREBELSFETH Y, Bl
Hl—Foiike LTEATHL EEZ LN

%X
1) Kinay, P., Mansour, M. F., Gabler, F. M., Margosan, D.



August 2020

LC-MS/MS % I U 7o B M8 7 6 FERBS 2 A D47 ik D B 3E 147

2)

3)

4)

6)

A., Smilanick, J. L. Characterization of fungicide-resis-
tant isolates of Penicillium digitatum collected in Cali-
fornia. Crop Protection, 26, 647656 (2007).

Yoshioka, N., Akiyama, Y., Teranishi, K. Rapid simul-
taneous determination of o-phenylphenol, diphenyl,
thiabendazole, imazalil and its major metabolite in cit-
rus fruits by liquid chromatography-mass spectrometry
using atmospheric pressure photoionization. J. Chro-
matogr. A, 1022, 145-150 (2004).

Gilbert-Lopez, B., Garcia-Reyes, J. F., Mezcua, M., Moli-
na-Diaz, A., Fernandez-Alba, A. R. Determination of
postharvest fungicides in fruit juices by solid-phase ex-
traction followed by liquid chromatography electrospray
time-of-flight mass spectrometry. J. Agric. Food Chem.,
55, 10548-10556 (2007).

Ito, Y., Goto, T., Oka, H., Matsumoto, H., Miyazaki Y.
Simple and rapid Determination of thiabendazole, ima-
zalil, and o-phenylphenol in citrus fruit using flow-injec-
tion electrospray ionization tandem mass dpectrometry.
J. Agric. Food Chem., 51, 861-866 (2003)

Kakimoto, Y., Takatori, S., Okihashi, M., Kajimura, K.,
Toriba, A., Hayakawa, K. Simple method for determi-
nation of fungicides in citrus fruits by liquid chromatog-
raphy—tandem mass spectrometry. Food Anal. Methods,
9, 3345-3351(20186).

Ujike, A., Kamimoto, K., Ueta, A., Yasunaga, M. Study
on a simple analytical method for fungicides in imported
fruits. Kagawa-Ken Kankyo Kenkyu Center Shoho (An-
nual report of Kagawa Prefecture Environmental Re-

7)

8)

9)

10)

11)

search Center), 13, 58-61(2014).

Kogiso, T., Nakanishi, K., Shintani, Y., Nagashima, S.,
Takahashi K., Hirakawa, H., Hori, T., Kajiwara, J. De-
velopment and validation of analytical method for fungi-
cides in fruit. Hukuoka-Ken Hoken Kankyo Kenkyuzho
Nenpo (Annual report of the Fukuoka Institute of
Health and Environmental Sciences), 43, 76-81(2016).
Nagashima, H., Hirao, A., Tokuda, U., Uruta, K. Si-
multaneous determination of seven kinds of fungicides
in citrus fruits by gas chromatograghy/mass spectrome-
try. Shokuhin Eiseigaku Zasshi (Food Hyg. Saf. Sci.),
57, 101-106(2016).

Sato, T., Miyamoto, 1., Kakutani, N., Yamano, T. Vali-
dation study on a rapid and simultaneous method for
determination of fungicide in citrus fruits. Osaka-Shirit-
su Kankyo Kagaku Kenkyuzho Hokoku (Annual report
of Osaka City Institute of Public Health and Environ-
mental Sciences), 77, 31-35 (2015).

Yoshioka, N., Hayashi, S., Inada, T. Rapid determina-
tion of seven fungicides in citrus fruits. Shokuhin Eisei-
gaku Zasshi (Food Hyg. Saf. Sci.}, 56, 228-232 (2015).
Satoshi, T., Yamamoto, H., Fukui, N., Yamaguchi, S.,
Kitagawa, Y., Kakimoto, Y., Osakada, M., Okihashi, M.,
Kajimura, K., Obana, H. Validation study on a rapid
multi-residue method for determination of pesticide resi-
dues in vegetables and fruits by LC-MS/MS. Shokuhin
Eiseigaku Zasshi (Food Hyg. Saf. Sci.), 54, 237-249
(2013).



LC-MS/MS #FIf U REBEL 6 BEH URISHE

Wmﬁk% &#Eﬁ Nﬁ&ﬂﬁ ﬁ@ﬁ&
ABErEE 61(4), 143~147(2020)

bnbnuLOMst%mwtﬂﬁ%ﬁ&sﬁﬁﬁﬁwﬂﬁ
MEFERLE. AFUN, 072N T2/ =), FTRY
FU— WA T, 2011 SEDECRI TR & LCORARRD
STV FFVZN, TUYFVRAMRYEY, YT L%
WENRE Lz, RErofii oMo Iz BigL, BYEE
WO EMBBREZEBLELE T/ HE2r50HMBR
1 mlL % 7S #| & 500 mg ® Oasis HLB % 5 A &R, 7k b=
PNV SML CEHRTABREFRALL. KT, FL VY
TV—=T 7=, LEVIZSEEOB»UH ZRINL CERinmE
R FITo7/-2 25, EEIZ89.725 100.0%, ZHRBEB &
CHITHERFREN, 1.520550%, 054549% & %0,
BERPICRET 2 ERSCHT2RBREORLYHEFMEA A Fo 4
COBBELERLE BFEBRRIE -7V — Tk
1mgkg, ZOMOPBHLUHETIZ02mgkeg &%y, BidUHIO®
HEBL Y DIENETHo 2. ROWEOFHE2HET SR
B, 2017~2019 FEIZHEMHBEOSWT 2 Toc e 25, BRHE
NFiPUHIEER e OBRSEIHR I NI, 72, H#EEL2E
BT BBEOHPUHIPRA I WK e o 7.

* HFIRALAT BE A KB R R & AR SR
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