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Abstract

BACKGROUND: Mefentrifluconazole and triticonazole
are the triazole fungicides. The maximum residue levels for
agricultural products need to be set up. Therefore,
development of the official analytical method for
determination of mefentrifluconazole and triticonazole
residues from agricultural crops was necessary due to safety
management, and then a simultaneous analytical method
was developed for the determination of mefentrifluconazole
and triticonazole in agricultural crops.
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METHODS AND RESULTS: Samples were extracted
using acetonitrile and purified using dispersive solid phase
extraction, and then detected with liquid chromatograph-
tandem mass spectrometry (LC-MS/MS). Matrix-matched
calibration curves (0.0025-0.25 pg/mL) were linear into a
sample extract with 7°>0.99. For validation, the recovery
test was carried out at three fortification levels (LOQ, 10
LOQ and 50 LOQ) from agricultural samples. The results
for mefentrifluconazole and triticonazole ranged between
92.3 to 115.3% and 91.4 to 108.5%, respectively and RSD
(relative standard deviation) values were also below 6.0%.
Furthermore, inter-laboratory was conducted to validate the
method.

CONCLUSION: All values were corresponded with the
criteria ranges requested by both the CODEX (CAC/GL
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40-1993, 2003) and MFDS guidelines (2016). Therefore,
the proposed method can be used as an official analytical
method for determination of mefentrifluconazole and
triticonazole (triazole fungicides) in the Republic of Korea.

Key words: Agricultural Products, Analytical Method,
Fungicide, Mefentrifluconazole, Triticonazole
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Eglol& A (triazole) AtAlE 1,2,4-Ed)olE S ¥+
F T Aol A A Akt APgelM F AR 2
Tt 7R A sokolth1]. I, A, A& T vkt
A= e Vel AVFEY, =1 S WAl AF
ergosterol /e Fvisk= cytochrome P450 &
YP51 (sterol 14a-demethylase)s SHE3IAA A
Aagtct. A=t M3 U] ergosterol?] 114 4 1|75
4a-methyl sterol®] 20| i AFAute] 3 4l 7]
WA AE AEES Alste] @Al At 2H8
FItH2-4]. o]2fgt 287120 <l EolEAl= g
g3} A #l(demethylation inhibitor; DMI)el| &3kal H=
g 50l 2EHE AFA AlA(sterol biosynthesis
ihibitor; SBI)2taL gt} A EgjobEi| Al 2419
B Adishz 548 7HER o A e L
of Aelstoiol B gapHolrt. A= oty 9
g sterol= Eg3kaL 9lof AatAl7} A} Hote]
= VAA] k7] wize] o] ojw] FAE AlEelA 3
A8 Al&skd gyt gasith wHERE
Z(mefentrifluconazole) AF}¢] H2HF Y
o] iy, XL VPP S& WAleke A EH
2 Ul Bel] EAE Hol= AatAlolrh Ay AR
o7 FrEo] A Gal ddxA o ® o]Fstil,
Sk o]aA) "l QlefAlg] o)l gal A vl & T
X w7 A7 7Fssitk ERE]Z U (triticonazole)
EF 9 A v Aol BAE S1 AR ESETA
2] 9 A} FHE Asto] ARgstar Qlom FAke] A8
= W F4, 99, AR E Fel BEoR M| FE §
25 AR Y|9] ol Z ek E(apoplast)©ll TE g
=¢8] “5ke] 74 713 5 f+5(Buropean commission; EC)
o] A% sk ek 3]s 918l PLS (Positive list system)
|55 2skar Q7] wiitel 2 At Eirel &v), i, -
5 °F 36052 7387 (Maximum residue limits;
MRL)e] 2750} v} HREHEFAYHES V= (united
states environmental protection agency; US EPA)el| g, 7|
gk 5 57350 0.01-30 mg/kge] MRLO] A4x]e] glom, E
YE|FHE9] ¢ U¥(The Japan food chemical research
foundation; JECRF)Z} 7L}t Pest management regulatory
agency; PMRA)OIM 242} Be, 9-f & 35853 2355
o]l 0.01-0.05 mg/kg®] MRLS 4st] 75 Foke e
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il

Mz X AE

AlgF 2 =

A ESEFTE(99.4%) 5> AAAKR] BASFolA
Aerol AMEIa, EREFUE(99.2%) EFE-S Sigma
Aldrich (Buchs, Switzerland)olx] -¢J3to] AHE-3I3icH(Fig.
1). oMAEYEH(acetonitrile)= HPLC S3°% Merck
(Darmstadt, Hesse, Germany)°llA] 3]3to] ARS8},
FZo) AR kit (Part No. 186006813)%= Waters (Leinster,
Ireland) Z5E] 71515101 Aol AR kit (Part No. 5982-
0029)+= Agilent Technologies (California, USA)°lX 4]st
St W gel AE(PTFE, 0.2 ym x 13 mm)+= Teknokroma
(SantCugat Del Valles, Barcelona, Spain)°llx 7313t A}
Salal A= AFAeA skt sk 5% |
(), ZAHAT), TR, 2D, I AEDE
sk TAERE Ylete] skt & WiEE g7l Hol -
50C el Bast 5 2d9dol ARg-skalct.

N N
13 3
3C

N\N \
HO CH3
a
TLL o=y
0 F cl /
F F

Mefentrifluconazole
(C18H15CIFsN30,)
MW: 397.8 g/mol

Triticonazole
(C17H20CIN30)
MW: 317.8 g/mol

Fig. 1. Structures of mefentrifluconazole and triticonazole.
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HEHM 3 FFEEUO| =X

A e EFIVEY EYE IS B5E5S 47 2012
mg, 20.16 mg® F#F5taL 20 mLe| oPHEYEZ| &35}
o] 1,000 pg/mL (1,000 ppm)2 ZEFPNE AT
7t 79 1,000 ug/mLe Zate] 100 pg/mLe] &3

,

|

S 918l 0.0025, 0.005, 0.01, 0.025, 0.05, 0.125 2 0.25 1
g/mLe E7k Hes A4S FA2 FEE(matrix) 2 3]
A3lo] 90% o142l matrix7}t H7FE HFEFNS 2AEA
EFAN} FFEGNS BT 24 vialo] o} 4To] 1
ate] Aol AT

=

FE ¥ HH|
wAse A 5 g (377 B TR oF 1 kg et
EFA 420 pmE FIRIES S ¥ 5 g, AR, AT,
A5 ok 1 kg 4% 5 5 g2 AUs] @ob 50 mL 44
el get=w 9 U7 3¢ S7F 5 mLE ¥
Faskekal 307 WA, oMAEYE™ 20 mLE 718t H 10
A" Bl 4 g dshER 1 g 7
ZtolUER - 1558 (hydrogencitrate sesquihydrate) 0.5

g, TANMIIEF - 2981&(trisodium citrate dihydrate)
1 g& F7lslo] 187 53147, 4,000 GoIAM 10487 94
et S 8 mLE FH3h FEibl vl 1,200
mg¥ PSA 400 mg, Cis 400 mg, GCB 45 mgo] w|g] &
AA = 15 mL 94 el 459 8 mLE 7tekal
303 Hunb] 55 olgste] FEs] £Fe § ol
4C, 4,000 GelA 1021t 4] sty Al ASds
WB el JE|(PTFE, 0.2 pm)E oj3}ato] A|d¢
£33tk

LC-MS/MS EMEA

HAEEFIUHEY EYEIYUE 25 SAEA Y]
93kl LC-MS/MS (Waters, Miliford, USA)ZS AH-31%
1, 48 AY 2 =F Cadenza CD-Cjg (2.0 mm LD. x 50
mm L., 3.0 um)& A8 om o]gAo R 01% X4t
e oPEYELR 01% EFAE THE =5 AREsto
HA2 71&7] &8 WAls ALtk 4 AT o=
s} W22 ESI (electro-spray ionization)$ €] positive-ion
modeE AR 0 LC-MS/MSQ] #4371 Tables 1,
29} it

Table 1. LC-MS/MS parameters for the analysis of mefentrifluconazole and triticonazole

Condition Content
Instrument LC: Acquity UPLC (Waters, Mil.ford, MA, USA)
MS/MS: Xevo TQ-S (Waters, Milford, MA, USA)
Chromatographic separation
Column Cadenza CD-Cys (2.0 mm ILD. x 50 mm L., 3.0 um)
Flow rate 0.3 mL/min
Injection volume 5 uL
Oven temp. 40C
Vb pe LU s e
Time (min) A (%) B (%)
0.0 20 80
3.0 20 80
- Gradient 8.0 50 20
8.5 95
12.0 95
12.5 20 80
15.0 20 80
MS/MS condition
Capillary voltage 1.0 kv
Source temp. 150C
Desolvation temp. 500C
Desolvation gas flow 1,000 L/hr
Cone gas flow 150 L/hr
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Table 2. MRM (multiple reaction monitoring) conditions of mefentrifluconazole and triticonazole for analysis in ESI

positive mode

Molecular Exact . Cone . a)
; Precursor ion Product ion CE
Compound weight mass voltage

70 ® 47

Mefentrifluconazole 397.8 397.08 398 35 182 49
134 47

70 ® 16

Triticonazole 317.8 317.13 318 25 125 24
189 24

2 Collision energy.
Y Quantification ion.

Al R 43

S48 MREYETFIVYEY EYHIVE FAANEHES
A E IR AlF kR S A T AR
vkl EFEAAbe] B3 7R =2IQI(MFDS, 2016) ¥} ‘CODEX
7} =8}l(CAC/GL 40-1993, 2003) o =Ask] 2144
(linearity), AZ&&H7(limit of detection; LOD), %3]
(limit of quantification; LOQ), 3]5&(recovery), <3
(accuracy), RHE/d(repeatability)ell dial] Fa&4S HS3)
Aok EFEFEAS 0.0025-0.25 ug/mLe LI} HEE
AAS] FAY FEHOR 3Asto] 7F FE Mool tigt peak
9] WA o7 M (matrix-matched calibration)2 2J3}
A, A=A AAA G (coefficient of correlation; )=
TRt BEsh ARuHETR Aol A% of 451|(signal
to noise ratio; S/N ratio)7} 212} 3, 10 o|4o] H+= %
£ AE, AFsAE Aot AERe A 9ot
EAE AT St FAE Alsel EFnEgds 4t
slo] 348 AEs PGtk i AR 5355l tisto]
A ee e, st 100, g=FetAl 50ue] sidst
v FEE AHste] 747} suke AYE SISl Ha 3l
&3} A EH 2K relative standard deviation; RSD)E 7|
Akl AlEH O AEA) T RS eIt st A
gtiel A9 1F AFE sl AN fads Il

=71 =2 2702 = -
stint
Hat ¥ o
25 9 A 5Y =Y

(e

HAEZEFITUHEL pKoaks 7HAA ¢kt 2= pH |
SlelX sfielatA] ko ERE|FuUES] A% pH 4~11°1A
Hlalje] ez EAkE vISA shiHECltiFig. 2). ke
e ke = Al FE oE oMAElo]E(ethyl acetate)
9} o}H|E(acetone), OHHEL EZ(acetonitrile) 5] AFE-F
o] gith. odotAE|o|EQ] ¢ =3 E31H]A] Slo} THE H]

24 718008 Arstel B3 #2209 Belrh Ao

£Hy he. ey CHy

a V) a Vi ¢ Y,

7ol QAN g vl fA4 AEe] v FEH
o 4 RHEES FEe olewol lth5]. oMlE
o] Af- FAEL] WLt Hol vk S4E T StEs
S FE8)0 folah} oAlEYER vlg) ¥ FEE(F
E A AFoA o] FEEE HIEA) Y o] Wol AR}
© gAAo] Aestal, oAEYERS] He 35 A ¥ F
59 ol A1 A(MgSO,, NaCl 5)= 37kt F5
of £guo] Qe HAY ke Helv) golsitie,7]. T
St abE A Uil EAlEke v EES FE]
Aste] HI=A f71 8 Rk A W2 J57F olgt
T8 F718E ARshE FAlolte). el EUE
& Exo7 trsolt iy EAHS o) gt glon A
oM el ATtellA] vlwA AL o ARG
AZF 2R A3 7S o] 9l QUEChERSH S ©]&-
sto] Az AAe 9 RUHES skl ItH8-10]. =3t EF
o}E£A AHEAIS QUEChERSHS o] &3lo] % 9 d-SPE
AT 57} HarEe] glo][4,10] £ ATelME tssek
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R AN S HES Ay B a2 A d T
oM wiRELEFAUES] B4 721%, 90.4%0°131°H EE]
E|SUES] A5 44.5%, 93.4%% Al Slago] Axst
om Aol AREE ARE 3 Gl B2 o] 3l
t}. QUEChERSH> AR-E]= Aleke] Fpoll wht original
N7} acetateS H718H= AOAC 2007.014, citrated=
A7Fehz CEN 156629 0% s = glon] AR Ffol
utel ofg] FHe FAAE v 2o AR 5 9l
d-SPE (dispersive-solid phase extraction)= “J 3}
Ao tH11]. &2 F PSA (primary secondary
amine)®] 3¢ 3, 7 ]*F T 38 AEAE A Cis

(octadecysilane) 2] 739 A7} 22 vj54 A ELS A

L
L
L
i

A3sta, GCB (graphltlzed carbon black)?] -t S22
59 AzAZAel £l ST GCBE A ¥4k T2

7F B FE2E 7T sk Ae FEE s4go] vot
Arkar ®awo] QIeH5]. A7 % B 4 d-SPE A
H(MgSO; 1200 mg, PSA 400 mg, Cis 400 mg, GCB 45
mg) 25 2831908 ul |55 Table 3%} 20| S5
ok H FAEEAAE YA CEN 156621S o438 5
AlTHdE AIEHE ARk gla, A7 TAlska 9l
SAITHIE A ] S Betketo] &5 Al T
< Slete] MHEEFIUEY EgavEe] s A
2] CEN 1566248 o] &3t % ¥ d-SPEE AIsh=
gyow 3otk

l 2 ox Fl(‘

717182Mx 71 22

== He

A Ed S FauEY} EEAYES Log Pow O] 2
7} 3.4, 329% M54 AB%, TR IS Feeel -
CH, 2¢ 2Rl E9H] o] FIEE 20
LC-UVD®E2] #4o] 7Fs384|wH12], positive list system
(PLS) =3dell w2 g=FsHA 0.01 mg/kg TS T 5
L, AEPgdo] frol Uhe ik oA E A shse A
AZvEIHEAGERE HAIE ARSI B4
£ Agog u|ZA ZE7)9 A ZgEte] 24 IHAE
Ao )7k 7Fs e Cis A AREEISIT EgjolEA] A
#A9] AB§- ol RE 0.1% EEAT FHE oHEYER
7 0.1% F5A3F o8 =5 ARSte] [M+H] ol o] &
ojgfor ¥ Aol ARESIGIHH13]. mHEEFIUE
(exact mass: 397.08)¥ E|E]FYZ(exact mass: 317.13)

(

EF GN(1 ug/mb)& 7H2F Qe 110 uL/mjn)i A
AE AR Flete] MHH]FEQ A A2 398
m/z, 318 m/z& &2 318131, o] w 7} 9] cone voltage
£ 550 VE 243l rhEEFavEe 4¢3V, E
eSS0 73525 VE HA3leiSivh 24 dlide] e
I ASEE SHEIZP) S8k MS/MS 24 4] MRM
(multiple reaction monitoring) mode® #4331 collision
cell?] collision energy & 73101 %4 2] product ion< 4
gate] fert 71 2 ol AEol2(quantification ion) 2.
2, oz & o]& H/dol(qualification ion) 2= A
A3 tHTable 2).
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A ol B AIFHE tid At A4Sl o]

= o B
;T: s AuE ?%;J‘d T 013;‘4{F1g 3; %fz.ﬁb
Aols A AdgdoR 3Aste] 0.0025-0.25 pg/m

SEE Axg T 5 uLE LC-MS/MSel 41514 %&1@
A} A 5EE EEgAA AAAG(A) 0,990 0=
=2 A (linearity) S 13t AESAlE AZrHED

2 Aol A AT o FSH|(S/N ratio)S 3 o), A=
10 ol He HAXAFEEE Totn APHe IMuTE
a1 sto] ﬁl*&fﬂ A3t AR HEAIE 0.003 mg/kg,
| 0.01 mg/kgoliiﬂr A& AekslA, ekt
Al 100, gRFetAl 508 21 0.017 0.1, 0.5 mg/kg2l
Al sEE R 348 AdS ol A A9, A
15 9 RS Frlelgith O Ay WREYEFIVE
o) HF3FEE 92.3-115.3%, EYE|FUZE] FH35ES
91.4-108.5%°1%12L RSD+= Z}7 4.5%, 5.3% ©|8tZ EQly]
SItHTables 4, 5). & 17+ A3}+= Codex 7Io|=2R1o] 7
&oF B4 7]55(CODEX Alimentarius Commission, 2003)
2 AFOoRERPE I AE T A rk Al
3t 7}0]CE}°1(MFDS 2016y o F-FBEZ FAE T &
FE FaAE ERYavES FA sk A
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Table 3. The recovery results of mefentrifluconazole and triticonazole according to three QUEChERS method in soybean

and mandarin samples

Recovery + RSD D (%)

Sample Mefentrifluconazole Triticonazole
Original AOAC Original AOAC EN
Soybean 874 + 6.7 80.3 + 5.1 869 + 4.1 894 £ 3.0 837 £ 22 873 +25
Mandarin 972 + 3.3 95.7 + 6.6 982 + 3.2 1043 + 4.8 107.0 + 8.9 98.9 £ 6.3

Y Mean values of 3 times repetitions with relative standard deviation.
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2: MRM of 3 Channels ES+

1: MRM of 3 Channels ES+

398.12 > 70 (Mefentrifluconazole) 318 > 70 (Triticonazole)
100 380e5 100 2 70e6
(A-a) (B-a)
3 I 1 1 T 1 1 1 . 1 1 1 1 c ] 1 1 ] 1 1 1 ] ] 1 1 1
0.00 250 5.00 7.50 10.00 1250 15.00 0.00 250 500 750 10.00 12,50 15.00
2 MRM of 3 Channels ES+ 1; MEM of 3 Channels ES+
308.12 > 70 (Melentrifluconazole) 318 > 70 (Triticonazole)
100, 3.80e5 1007 2.70e6
(A-b) (B-b)
#] £
B L L L ) s L R L L s ] A s s s e s s s L e naaa e
000 250 500 750 1000 1250 1500 000 250 500 750 1000 1250 1500
2. MRM of 3 Channels ES+ 1. MRM of 3 Channeis ES+
398.12 > 70 (Mefentrifluconazole) 318 > 70 (Triticonazole)
100, 380e5 1007 2 706
(A-c) (B-c)
#| #]
e 1 1 T 1 1 . 1 1 1 1 TITE E T 1 | 1 ] 1 1 1 Tm
000 250 5.00 750 1000 1250  15.00 000 250 500 750 1000 1250 1500

Fig. 3. Representative MRM (quantification ion) chromatograms of (A) mefentrifluconazole and (B) triticonazole in

mandarin at (a) control sample, (b) matrix-matched standard at 0.025 xg/mL, and (c) 10xLOQ recovery.

Table 4. Inter-laboratory validation results of analytical method for mefentrifluconazole in samples

Sample Fortification Recovery + RSD * (%) Ave. ¥ cv @
(mg/ke) Lab.1 ¥ Lab.2 9 (%) (%)
0.01 115.3 £ 3.6 109.5 + 7.3 112.4 54
Hulled rice 0.1 112.1 + 3.0 93.1 + 32 102.6 10.5
0.5 108.7 + 1.9 88.0 + 0.7 98.4 11.6
0.01 96.1 + 3.9 88.6 + 49 924 6.2
Potato 0.1 92.7 + 1.9 81.8 + 6.7 87.3 8.5
0.5 94.0 + 1.7 80.0 + 2.5 87.0 9.1
0.01 95.0 £ 2.0 90.2 + 15.3 92.6 10.9
Soybean 0.1 95.1 + 45 99.4 + 1.8 97.3 40
0.5 96.3 + 1.1 97.6 + 25 97.0 1.9
0.01 94.2 + 25 102.9 + 10.0 98.6 8.2
Mandarin 0.1 93.4 + 4.2 81.2 + 3.1 87.3 8.5
0.5 923 + 13 73.7 + 1.7 83.0 12.4
0.01 97.9 £ 2.1 99.5 + 11.1 98.7 7.3
Green pepper 0.1 94.1 + 1.9 95.3 + 4.6 94.7 3.4
0.5 96.7 + 15 95.8 + 1.3 96.3 14

¥ Mean values of 5 (Lab.1) or 3 (Lab.2) times repetitions with relative standard deviation.
® National Institute of Food and Drug Safety Evaluation.

9 Chonnam National University.
9 Recovery average of inter-laboratory.

© Coefficient of variation of inter-laboratory.
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Table 5. Inter-laboratory validation results of analytical method for triticonazole in samples

Sample Fortification Recovery = RSD * (%) Ave. @ cv @
(mg/kg) Lab.1 " Lab.2 9 (%) (%)

0.01 108.5 £ 2.3 107.0 + 6.0 107.8 3.8

Hulled rice 0.1 105.0 £ 2.5 914 + 10.4 98.2 10.2
0.5 104.9 £ 1.0 85.8 + 2.8 95.4 111

0.01 93.6 £ 0.4 103.0 + 10.4 98.3 8.5

Potato 0.1 914 + 0.5 80.3 + 3.1 85.9 7.5
0.5 96.2 + 1.1 78.5 + 3.0 87.4 11.3

0.01 91.9 + 0.9 103.7 + 2.2 97.8 6.8

Soybean 0.1 92.1 £ 5.3 101.5 + 8.8 96.8 8.6
0.5 98.6 + 0.4 974 + 3.3 98.0 2.2

0.01 91.7 + 1.1 101.7 + 2.1 96.7 5.9

Mandarin 0.1 92.6 + 41 829 + 4.0 87.8 7.3
0.5 94.9 + 0.9 74.1 + 0.4 84.5 13.5

0.01 95.7 + 2.1 112.8 + 5.0 104.3 9.6

Green pepper 0.1 95.1 + 12 98.0 + 3.6 96.6 3.0
0.5 99.6 + 0.8 101.1 + 1.3 100.4 1.3

¥ Mean values of 5 (Lab.1) or 3 (Lab.2) times repetitions with relative standard deviation.
® National Institute of Food and Drug Safety Evaluation.

9 Chonnam National University.

9 Recovery average of inter-laboratory.

© Coefficient of variation of inter-laboratory.

AISIAZE A|EH HS Drug Safety (MFDS), Republic of Korea under the
AR fraAds gelst] flaf oF ARrivel dd paradigm of a study on risk assessment and establishment
tfetwel AP AT FstaAt st AFHE Al of new analytical method for safety management of
ot & T o BAS sty g4 W Adtae pesticide residues in food (19161MFDS020).
AR vlwsigivh A A3 7 s BsaEs vRE
YEFAVUES 73.7-109.5%, EE|FUES 74.1-112.8%°] References
3L RSDi= 7} 15.3%, 10.4%°]3t= SHQ1%] 3lthTables
4, 5). T+ A4 1] s Aol W Hagke HAEL 1. Lv X, Pan L, Wang J, Lu L, Yan W, Zhu Y, Xu Y, Guo
ZFIU=E9] 75 83.0-112.4%, EZJE|FEL 84.5-107.8% M, Zhuang S (2017) Effects of triazole fungicides on
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