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Determination of 8 triazoles pesticide residues in eggs by liquid
chromatography-triple quadrupole tandem
mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of propiconazole, triadimefon, diniconazol,
enilconazole, triadimenol, tebuconazol, flusilazole and tricyclazole residues in eggs by liquid chromatography-triple
quadrupole tandem mass spectrometry. Methods Homogenized egg samples were extracted with acetonitrile, and
dehydrated and salted out with anhydrous magnesium sulfate and sodium chloride. After high speed centrifugation,
the extract was diluted by the 0.1% (V:V) formic acid and purified by the neutral alumina powder. After 10000 r/min
centrifugation, the extract was filtered by 0.22 pum film and then detected. The target was separated by gradient
elution with a reverse phase column as the stationary phase and 0.1% formic acid and acetonitrile as the mobile
phase. Triple quadrupole tandem mass spectrometry was used for qualitative and quantitative analysis. Results

Eight triazoles had good linear relationships in the range of 2.5-250 pg/kg, and the correlation coefficients were
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above 0.995. The limit of detection of the method was 1 pg/kg and the limit of quantitative was 2.5 pg/kg. The

recoveries were between 78.31% and 88.53%, with the relative standard deviations (RSDs) were lower than 10%.

Conclusion This method has good accuracy and precision, which is suitable for the determination of 8 triazoles

residues in eggs.

KEY WORDS: triazole; liquid chromatography-triple quadrupole tandem mass spectrometry; eggs; pesticides
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Fig.l Structure of triazole
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Ultimate 3000RS j# =508 HH 1% Xcalibur #E 4R 4
BB ZR S . TSQ Endura HRERPUMGAT RS H-ESI
L 2555 IR (32 [E Thermo Fisher Scientific A r]). Allegra
X-22R 15 ¥ % B U HL(3E B Bechman Coulter 23 ) );
AL204 BT FF- (B -1 Mettler Toledo 22 ]).
12 5

MR A R IR VAR (S S035895, 99.9 pg/mL,
REEBTRIERIEA IR A |, A HEJES: PD20200078-80,
i Merk 20 H]); HRR. M. WEE. IECKE. Srbi(a
Tl fEE Merk 2 RD); BYE . ddE L BRPESEALER R (200
H, RHEEAERRA ), REFKEEHE =18 MQecm,
2 [ B HE A H] ) o
1.3 AIRLIBEEH

HERRFRE 2.00 g FESLET 50 mL & .08, A



698 B dn 2 4 R R I A 4R

12

10 mL Z}E, 78432 3 min, 8500 r/min 753 .0 3 min
J&, K% EE1.00 mL bl 288 F, A 1.00 mL £
Bk, 0.2 g PR R Q00 B), WA
12000 r/min F#EL, IR 0.22 pm BRI G A
PRI, EHLINSE
1.4 BIEXH

34 Waters T3 Cg RAHAHTH(100 mmx2.1 mm,
1.8 um); H:R: 30 °C; ii#: 0.3 mL/min; ¥EAER: 5 pL; i
B A R, B 4 0.1%H R, A:B=65:35(V:V)Z5 BB o
1.5 FRIEEMH

St PG BN 8 il 1 pg/mL =R 2 AR b R B
FOLL 10 pL/min JBESFELHEAE, JHEXT B . B
FE R PR S s RORE g R R A i 2o S A TR
AT, FrASgE AR sRmEsE B IR IE 85 T (electron

spray ionization, ESHRE, JRHLE: 3500 V, #§<(sheath gas)
JE 77: 348 kPa, )< (aux gas)ifii#: 5.0 L/min, WKFHS
(sweep gas)ifiik: 0.3 L/min, &5Ff&HiE (ion transfer tube)ii /&
320 °C, ZEAkgR(vapourizer)RE: 340 °C, KR Ak
o Wi et (elective reaction monitoring, SRM), —ZFE:E 1
AU FE N 0.7 Da, T EFLIETER N 0.7 Da(iLFE 1),
1.6 FHEREELE

S AIFRIR 2.00 g XS 82 FIREARAS 3 Iy T RO, H
s SR 1, ORI BARE TAEBUR M A S 4 2
oy, WL 8 Fh =M AR 25Uk 5 4350k 5 pg/kg A1 10 pg/kg
FUESINEE G o 2 1.3 BIALBRARAL RS, #2 1.4 5 1.5 {6
SAEIERENSE o ARBEAS I L SN AS/NT 3 75 S HH PR (limit
of detection, LOD), {EM&H S/N A/NF 10 15 H E B BR (limit
of quantitation, LOQ),

®1 SH-MERGFLEFERMEESY

Table 1 Qualitative and quantitative ion pair for 8 triazoles

Nt CAS 5 BB T (m/2) TETF(mz) fli A RE eV B RV
159.09* 27.44
DSEZNIA 60207-90-1 342.18 69.20 19.91 102
204.86 17.33
197.04* 15.26
A ] 43121-43-3 294.18 225.00 10.25 71
69.15 20.32
70.17% 24.92
s T 83657-24-3 326.18 159.00 32.55 95
173.00 27.65
159.00% 25.07
Ezm 73790-28-0 297.36 254.93 18.34 97
200.93 17.08
70.18% 10.25
I 55219-65-3 296.18 99.10 14.35 55
227.07 10.25
70.11% 23.90
JIE A 107534-96-3 308.21 125.04 38.57 80
151.05 24.46
246.93% 16.83
AT M 85509-19-9 316.21 165.04 26.58 101
219.02 28.96
163.00% 23.15
N L 41814-78-2 190.18 136.09 28.51 100
109.18 34.93
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1.7 BRI

TEEFREMMES 10 mg, BRI E A E 100 mL,
1% 100 pg/mL MIFRIESIV AR . FREL 2.00 g XG2S IR AL
K S 0y, 4% 1.3 IR AN EE ARAT AR L 215 L R
T3 BURRUE SRV 45 TR 0.1% R P A A S b ofle it T AU
W WG B 100 ng/mL BFRERL AR R 25 L BA TR
FiRE 2 10 ng/mL HEFTARMESL AW, o5 HOE s bR AR
W 0.1%F BRIE TR REE 10 ng/mL EFIBRMES B .
10 ng/mL F 5 5 b o 5 VA TR0 AN TR B 1 S VA WA 1.4 5 1.5
WIS S5 AR S BT o
1.8 ZMESETCHE

FH0.1% 1 i S icls 100 pg/mL BTR-A 5 i r
FWARRER 1 pg/mL BARMEP IR, FFLAXGEEFE 1.3 Hiikd

BT EEAL RG22 T O AR o T RS 5

10, 25, 50, 100, 500 ng/mL RFFEFARHE TAE Lk 251
W, ¥ 1.4 5 1.5 (UEREHERE BT
1.9 FEBEESERE

T3 fibas FIRS B A il s g /B PR 2.5 pg/kg . i Kok
B4 B4 (1/2 maximum residue limit, 1/2 MRL) 5 pg/kg. K
5% B3 PR & (maximum residue limit, MRL)10 pg/kg Fl 2 {5
KBk BR B4 (2MRL)20 pg/kg 5 /K, JIE AR [l e

2 HEREHHR

2.1 REGTIADESE

FERE R T 8 Fh =M 245 4k & W I R B At 25 5 4K pKa
FHIHZK R 2220 logP(BU kIR F www.chemicalbook.com
5 www.chemspider.com), #{b & Wt ERL 25T
ZARBGH, UfGaiRaEkt . k. RILOIEGT 1%F
R, V:V). 50%AL I (8 1% R, V:V). 1% P BRI
PEATHEER . B 1 pg/mL BOFRIEA AR 100 pL A 2 g 28
FEE S, A3 R R BOR AT IR S HE L, 2 )5 R

1.3 P TR AR T b, SEEREE R NG 2. SLIAE R AR
B, 8 Fh =M A 25 R B 2 B0 53 A1 4K 98 (pKa=1.41~13.70),
Bk IR s I SR R s A LAY 5 RS i R
HAERE KW oK g, B2 PR A, E
O F AL BEEG T e | 7 IR W S A B A
PER55 (logP=4.23~5.04), RIE7ERR /K 7 i Hh L 6 FS AR IH
5y TR AR AT HLE RIFEIG 8 B = me e Pk IR %
T8 T o 2 R 1 fE S W (logP=2.28~4.97), TEFFEHE
H R BCICR LR RET 0, TE 1% F FRIE TR A 3 Fh
Bl AL & IR ISR 10%, (H 8 M ib-& Wik
L IEE R P IR BUS T 80%, EIE O btal 7 bt
A/ PR BUSREARE T 20%. X 15680 F i
b ZREAE R BRI F]TVERR 2B bl v 1 K 43 2 11 SR
AT BERR, WEARAS T A m MR ICR, thRg LBk —E 4
e, PR AR R PR IR
22 SEEERIIEE

IR ENE AR (I PR AS E R  RET PR R, oK
PR AN AL AN AT X S B R A TR AT, LT 35 5 v 1
RSN 1T A P 44 o L — o R R RE 1. &
i ARSI (] Bt 25 A0 AR B 1 0 S R e s L . &l
AL BRI, TCK R AR B A AL AN b4 T 34T e 8 0 T S
IR IBGRE C m B, TEGE ] 0.1% H FRHG R Jn 2 BRI h B
%, RIS EFAESGH —ERAIER RSN TR
IXEFME, 2R T A Ci MK PSA RN R IBOR
PR (O R A TG B, 25 SR T L [ sf 2 i i B
R T %, HEME C g k38l PSA B3 HARfb & Pt
ASESHR P L R RE T, Dbt e R SR A P 4 I ) AR A B B AR T
FAA TR S, I AR XS 8 Rk AT
AT NSRBI R IR 3, el it m s
B0 AT LUK 28 A PR SR BBOR P i EE 11 . BB FIRZ B R
MR, W ERE WA AR R A, MRS
B, E A FHLHTRIRE SR T
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Table 2 Research on extraction rate of 8 trazoles added in eggs (%)

EY FRER AR B A KB R AL SR EC b Ak 2 i 50%m 1k 2 M 1% 2
PR IR 2.94 3.88 0 15.7 89.1 46.5 6.1
] 1.41 2.77 0 7.4 90.7 57.9 5.8
A 12.89 4.23 0 21.1 91.6 458 12.1
ElERL 6.53 3.58 0 15.8 93.2 46.3 6.0
e 13.31 5.04 0 31.0 91.3 34.8 11.5
TR 13.70 4.97 0 29.7 94.2 39.7 6.1
FELAE 2.50 3.84 0 21.3 90.6 51.0 12.7
N 2.40 2.28 0 12.5 92.1 64.8 5.3
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23 REE

B2 Sy A B VR A AR AE B 1 a3,
S LE SRy TRAE NS AN 8 Fh = s R 24 5K B A
MIBRAT A 1 pg/kg, EEBRATIE 2.5 ng/ke, ARYETR ETEHH
) GB 2763—2019¢ & §h % & FEZARE 2 dh PR 255% 0 &
FBREE ) Hp Xk 2 24 A0 N 0 Fe KAk B PR R, B R
M 100 pg/kg Ab, ok 7 B 10 pg/ke. T H AR ST
SR HE T H A A S AR 25 5% B T BRA R

BRILE SN —BEHE 10 pg/kg AT, SCIRZE R, AT
REEFT A E N IMHSER
2.4 EFRMK

Fe RN, SLI6 T N AS 8 A = mk 2k A 24 e T AR A (E
FIAE X BRI 22 Q03 4 Fi7n o SEIG 45 SRR B, XS E AR
o v 5 V8 TS B HE B A B ER A OS TR) RR EE Y E B
HIE R, R I 5 20 50 3 ¥ R R 3 o A o il 2R A7 e
B IE o

&3 BEP MRS HERSULLERT(%)

Table 3 Research on purification efficiency of 8 triazoles in eggs (%)

sy Cis PSA TR SRR R AR [iryd =R
SEZNLEH 55.4 49.1 60.2 88.6 82.9
IR 67.2 41.7 52.7 82.1 83.7
I A e 42.6 71.5 88.9 87.2 44.6
PRz 57.1 68.8 80.7 91.0 429
e 40.5 75.8 90.1 87.4 41.7
I 41.8 76.9 90.8 89.3 40.9
FeURE A 52.3 40.3 53.9 85.5 85.9
= 66.3 425 55.3 86.9 82.6
100 63%51
50 5.99 6.27/\" 6.77
100 8.94
50 9-13 39
100 €809.01
50 Ww916
0 04 Wi
100 77,96
i
2 s
= 51
= 100 9.5
= 50 9.12,9-769 91
Yo, ‘L )W e
940
100 9.465 7,
50 :
100 10.16
" me”
n" ‘\JM l “ “ul‘\
100 958
50 b%mm
Al i
0 1 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
ff 6] /min
(@

T (XG2S FAREA ]
B2 asdrh 8 Bl =S WA I PR B USSR B 1 B i 3
Fig.2 SRM chromatogram of 8 triazoles limits of detection added in eggs



%2 FERY, S WO G- FRIR PR AT B A E S R 8 R SRR 2k B 701

RT: 6.38
AA: 78683
100E JLSN: 351
AR k306
100E ﬂSN:'SS
100E LSN:'66
0 e
5L 0s
= 128E LSN:'SI
& RT: 9.50
= 100 AA: 11852
ey E |SN:'434
‘M_‘
RT: 9.25
100 AA: 34721
E ILSN: 357
R
100 SN:7
E BINCAL
A
100 E \'\ SN: 128
|
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
it 8] /min
(b)

)G ERMFRKF 1 pe/kg BN
P 2(58) MG 8 Bl =k b G W I IR &% IR B 1B i (B3 ]
Fig.2 SRM chromatogram of 8 triazoles limits of detection added in eggs

F4 BEDEN 8 MM A RAMERBNMR

Table 4 Study of matrix effect in determination of 8 triazoles in eggs

wan . WETHFRIGME (n=5) RSD/%
(ng/mL) IR U, A bt S FFObRIfE A bRt
[SEZE 5 144874 169587 3.2 12
= I ] 5 13766 16312 2.5 2.1
o A st 5 3663 4101 5.1 45
M 5 11228 13332 43 38
IR 5 25810 27160 4.1 3.3
A A 5 53248 56158 5.0 4.1
R 5 1537 1694 6.1 5.7
=g 5 22827 24120 4.8 4.1
25 Z%MXFE PRI
A5 8 B E IS AR S ARLL Y oK, R 26 BEESEWHE
WEELI(X, ng/mL)R/xR, FrigllHMi &Rk 5 PR, S S s BN F 6 %, G5, VRN RAE

AR B r=0.995. JHRL, LK 8 # 78 3194-88.53% L HI, RSD < 10%, M%7k A ey
MR LERG T 2.5~250 pg/kg WIS HENE ok S EeE .
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Table 5 Standard curve of 8 triazoles added in eggs

a4 HEREVR BE G/ (ng/mL) L (pg/kg) FHE A e B r
[EZLA 58242 —51904 0.996
= 29373 27646 0.995
o175 T 4299 —5155 0.995
e 27336 —-25101 0.996
1.25~125 2.5~250
i 10765 11872 0.995
A s 64494 —60410 0.997
SR 1302 —-926 0.998
=E7N1 10765 —11872 0.995
6 FEBEESERE
Table 6 Precision and accuracy of the method
W/ He £l
GRS HEW ¥IME/%
(ug/kg) RSD/% RSD/%

2.5 I 84.46 8.61
i} 82.51 9.97 7.41

111 85.21 3.78

5 I 82.64 5.97
i} 85.45 5.63 5.79

il 81.39 5.88

[REDLLH

10 I 82.38 5.55
i} 81.62 5.64 5.14

111 81.75 5.42

20 I 86.06 3.53
il 80.30 6.84 6.50

il 81.63 7.66

2.5 I 81.39 422
i} 82.04 8.19 5.30

111 82.74 3.45

5 I 87.10 4.41
11 84.97 7.99 6.32

il 82.75 6.41

= IR

10 I 83.91 8.80
i1 88.53 1.59 6.62

11 81.70 5.89

20 I 80.53 5.25
i} 87.23 4.97 5.70

il 80.36 2.10




%2 PR, A WRORH € - DR DU AR AT R U B NG A 8 A = 2 HR B 703
= 6(%)
AN/ A EiIAL]
FE 1187 BI{E/%
(ng/kg) RSD/% RSD/%
2.5 1 85.10 7.08
11 8491 6.37 5.97
11 82.56 5.13
5 I 81.22 6.79
i 84.24 6.00 5.28
I 82.06 2.57
I e
10 1 82.60 7.78
11 82.62 4.87 6.24
11 82.67 7.21
20 I 82.62 5.78
1 83.77 7.71 6.2
I 84.52 6.39
2.5 1 82.06 4.66
11 82.47 5.05 5.71
1 87.74 5.53
5 I 81.09 2.49
i 84.78 7.13 5.85
I 81.60 6.79
EillE L
10 1 80.92 6.05
11 85.65 3.59 5.32
11 87.20 3.76
20 I 80.45 438
i 88.23 2.61 6.06
I 85.00 7.06
2.5 1 82.54 5.47
1T 84.42 8.17 5.94
111 85.69 4.25
5 I 82.12 7.00
i 80.44 6.22 6.82
I 86.16 6.59
IR
10 I 82.20 5.36
1T 81.12 4.94 5.84
il 85.17 7.01
20 I 83.95 8.64
1 82.72 6.44 5.95
1 84.51 2.30
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+® 6(1%)
N/ #HEA HE 1A
FEfh E1IRV BIME/%
(ng’kg) RSD/% RSD/%
2.5 1 78.31 4.83
hii 84.58 6.92 7.04
1 82.32 7.87
5 I 84.63 4.85
hii 86.19 6.37 5.76
11T 81.07 5.20
A s
10 1 79.23 7.21
hii 83.18 6.38 6.22
i 82.24 5.26
20 I 84.93 8.10
i 81.86 3.87 6.91
11T 84.02 8.69
2.5 1 79.04 545
I 83.18 3.71 4.73
1 81.06 437
5 I 84.99 4.63
i 87.09 3.82 3.79
11T 84.50 2.79
AR
10 1 85.29 7.50
hii 84.85 5.63 5.78
i 84.25 5.27
20 I 85.98 5.60
i 84.61 6.22 6.74
1T 81.32 8.43
2.5 1 83.50 6.04
hii 82.89 6.85 6.69
1 81.50 8.38
5 I 80.58 7.03
i 80.32 8.51 6.68
i 81.19 5.83
=N
10 1 84.37 7.59
i 80.93 5.81 6.67
I 82.96 7.24
20 I 84.37 6.51
i 80.96 2.96 5.13
I 86.65 3.36
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