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# E: BRY # QuEChERS-H# SRR AH (1% - HR KT 1% 7% (ultra performance liquid chromatography-tandem
mass spectrometry, UPLC-MS/MS ) [r] Hf A0 SR bk e ik 15 1 A1 0 WA 25 58 B I A vk sk BRUBURE i 2
NG, N-NE:Z — ¥ (primary secondary amine, PSA)+{7 851k 7% B (graphitized carbon black, GCB)43H{ K f 71
Hefk, SR (AR 0.1% H R ZK 5 W (BYVE il sl AR BEAT 46 BE VR IBE, o315 17 FH H I 25 1F 25 -1~ i (electrospray
ionization, ESI"), XL & F Wil (multiple reaction monitoring, MR )R E X5 I M ik B ik A1 G e B 1) <8 2 B 1~
EVEEFHATIEI, SMrikaht, R WU UG P AR R . B IR S EO AT B AR T Y
PRIA T FIFER], FIFH UPLC-MS/MS 7€ 6 min P9 52 BMLMAR DA PR A SS9 43 85 BT . 2 FRRZG7E 0.001~
0.100 mg/L {5 [ P 5 B HY RUFAIZAMEIC R (r>0.999), K HiBRHy 0.001 mg/kg, Tk iR 0.0025 mg/kg., 78
K- 0.0025, 0.0050, 0.0100, 0.1000 mg/kg Fi, MM AT ZEHRAR B9 -2 IR 72.9%~96.1%, ARX 45
2SN 3.5%~8.0% (N=5); JXMAEELEBB P 1) -3 [ENRN 78.4%~88.5%, AHXIFRIEMZE N 2.5%~11.8% (n=5),
g0 AU TR TR B . R R . R RO AR SR 2 R FE A DT K, i T B
WA Tk T P G e AR 2457k B [ g ARG
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(UPLC-MS/MS). Methods Pepper samples were extracted with acetonitrile, cleaned up with primary secondary
amine (PSA)+graphitized carbon black (GCB), and separated by mobile system of methanol and 0.1% formic acid
with gradient elution, then monitored for the quantitative ions and qualitative ions of pyraclostrobin and tebuconazole
with multiple reactions monitoring (MRM) mode using electrospray ionization, and quantified with external standard
method. Results This method made it possible that the simultaneous separation analysis was completed within 6
minutes using UPLC-MS/MS by modifying the mobile phase system and mass tune parameters in the instrumental
method, and extraction solvent and purifying agent in the sample preparation. In the range of 0.001-0.100 mg/L, the
linearity of pyraclostrobin and tebuconazole turned out excellent (r>0.999), and the limits of detection were
0.001 mg/kg, and the limits of quantitation of were 0.0025 mg/kg. With the spike level of 0.0025, 0.0050, 0.0100,
0.1000 mg/kg, the average recoveries of pyraclostrobin in peppers ranged from 72.9% to 96.1% and the relative
standard deviations ranged from 3.5% to 8.0% (n=5), the average recoveries of tebuconazole in peppers ranged from
78.4% to 88.5% with the RSDs ranged from 2.5% to 11.8% (n=5). Conclusion The accuracy and precision of the
method were appropriate for the pesticide residue analysis with a quick detection speed and high sensitivity, which is
suitable for the simultaneous determination of pyrazole and tebuconol pesticide residues in pepper.

KEY WORDS: pyraclostrobin; tebuconazole; pepper; QUEChERS; ultra performance liquid chromatography-tandem

mass spectrometry; pesticide residues
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SEFBrz o Horh, nHome ik G P A e R R UL 2 RO
DA e Pk D S 2 P A ] O 0 5 2 ) ke ) — e Y 4 3
WIRRRERE AR R, @ HS AR bel EARINHF
3ok T AT ) 2R AR P A2 Tk R BRTSOR), fE R I 2
TEMM . 1555 57 FhEY) FsiC i adis, nbmiimks
FEBR AT LABTIA FREE . OB . SUR SR 1), 4 Al it i
sy B i K e R AR | AR KA
G RORR AR . ORI Y R L AR
KRR Z—, BEARPIAKE . Bk KR NEZSE
e EE R E, ERECIEHH. SERAF 40 FIEY)
AL, GB 2763—2019 (I ih 4 EFZAME i
PRI RFRFEBRE ) Tl 60 IR B PR i ik B BR
(maximum residues limits, MRLs)Fl 59 3 AR MRL, H:
TR A KB 22) A9 MRLs {843910 0.5, 2 mg/kg. H
F7, G ) b Pk BT I 114y o A A ik U R AT £
- TR, R e B v TR AT S gk R
€3 - U OB € 3-SR AR A
B, SRS OG5 BTSRRI AR K,

RO 3 - ST TR B AT I R ABEAL T 0.01 mg/kg, MELLH
& ARG B KT BORE A A DN 5 5K, TR, A S N — A
AR REOE BTk g, APPSR T
QuEChERS Jy i i SRt 554 s, 1L ik QUEChERS
HTAL B3 75 B A 26, U0 SR P e 8GR € 3 - R K o
¥ (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS)# vy, — K5 %5 B . HEM BE 17
A NY/T 788—2018 (RAEY A 24 5% B il g v N ) 225K,
KRB e SO TG, ELRE R B e
i G IAR 252 B 20 AT 573, S BROAU o e A T R LA
gk B R AR AR SR

1 MR5ERE

1.1 E5RF

Acquity UPLC BEH C;s 434 (100 mmx2.1 mm,
1.7 pm). I-Class/Xevo TQD i = 0B 613 - — 2 DU AT 5T
TEA(3E [ Waters 23 w]); TY2002 BT RN IEF5EFH R
AL PR H]); UMV-2 28R TR &t bt RIS R
HARA ], TDZ5-WS GREHZL.OHL. H1650-W 535
B O AL G B I AN R LB & A PR /A |l ); FOSS
Homogenizer 2094 RU EHL(PH 2248 0122 F); Master-S30UV
LKL RS A IR FD) .

N P AT i L MRS R (100 mg/L, ARk R RSB
ORI T, NG . B EE(ESAE, il SR A BRA F);
HIR (A6 88%, FEBk CHH/RA W), S kN, To/KmiREE
(rdrat, [ 258 AL 2R304 BRZA ) Filter Unit 38 15
(0.22 um), N-NFEZ —Ji¢(primary secondary amine, PSA,
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40~60 pm). A1 881k WK% 2 (graphitized carbon black, GCB,
120~400 mesh)( 8 44 3L A /R BH A R A F); 48 4li 7K i
Master-S30UV 4l /K HLH £% o

1.2 LWIE

1.2.1 AFsara

(1) RAEFIRE S ] 25

H (A BT 38 M X T S AT S ) FH ] SR 48 A BROGT
WERESR R R, INAGE BT Ukopae, RS, DUrkgin =
200 g, %A HIAEH, -18 “CHROGHE A

()42

HERFRBCHABUEE i 10.0 g T 50 mL T DU LM B 04
H, BA 20 mL ZJE, E 5 min, RKIIA 3 g EAbEaF
3 g JO/KBIEREE, WHE 1 min, 4000 t/min &5.0> 5 min; B
1.5 mL R3S, frdfk.

(3)4tik

# EWEW S ZE 2 mL 208 (F 50 mg PSA+10 mg
GCB+150 mg Jo/KERAREE)H, 14HE 1 min, 12000 r/min 2
L 3 min, 1f 0.22 um PR AT O/ INI, Rk
A
1.2.2 R4l G- B BT

()BRAH 335 451

ACQUITY UPLC BEH Cjs i4:(100 mmx2.1 mm,
1.7 pm); FEIR 40 °C; A A FHEE, B 4 0.1%H BR/K %
W WA 0.3 mL/min, HEFRAFR 1 ul; BAEEVRINARF:
WIHE A 5% A; 0~2.0 min, A H S%ZMEIEINE 95%; 2.0~
4.0 min i, 1#4F5 95% A; 4.0~4.2 min I, A H1 95%ZR PR
% 5%; 4.2~6.0 min I, {545 5% A,

Q)4

BFUR: 1E B FHLI5E 2 7 (electrospray ionization,
EST"); B4 HE: 3.0 kv, BEFIA LKA Hal
R(99.999%); Wi B 600 L/h; AEFLI S I &
50 L/h.

RS G0A50(99.999%); A HIARE: 400 °C; B F
JRIRIE: 150 °C; HARALIRER At Masslynx 4.1, LUER ST
X\ RE PR R R R B B R T A AT, LA I B v
FE R TR E AT, 2 FRZGRY RIS S HOLE 1.

=1 MREBRERS A X EE R RIE S8

Table 1 Mass spectrometric parameters of pyraclostrobin
and tebuconazole

REGETE il 2 b
ke 2 FXF(m/z fLH R/ V
A2y Imin Brxfmiz)  HEfLE L FE IV
388.0/163.2 12 22
L et Pk 4 3.09 .
388.0/194.0 12 12
. 308.0/124.9" 20 34
Jral i3 3.06
308.0/151.0 20 24

o OAE B TR

1.2.3 ARt vh KA @I E K10

JYRIREEL 1 mL Y9 100 mg/L A nH M fk T e A G e e
FrUefRE, FZIEEAS) 10 mL, BCRUFRRWIE J 10 mg/L
FIR G R R . PR B0 Jr LBl il 0.001
0.002, 0.005. 0.010, 0.020. 0.050. 0.100 mg/L HJFRFH5r
HERRZR TAER

H2s FLRYBABRE i, F508 1.2 Wb 79200, 4K
Bz BB . B R B 10 mg/L AOTR-AAREE AR
Sy B YR T o R AR R AR M VR, A SR A vV VR e
afi QNEEH], MEEBARER R AT 1.2.1 H b5 0 BIURUR
T e

PRI PR i, VA I 2 P Ok e i S P 0 G e e
ARG AR, € 0.0025, 0.0050, 0.0100, 0.1000 mg/kg
4 NIRRT, FEANREIRE 5 T, A AR, $iiR
1.2.1 PRI A TS0, A TSN B3R 52 5
1.24 SMFEEE

ISR E &, LIRSV IR 5T B R B O R AR AR, LA
FE B Y g I AR A AR, ZehlbniEfi 2 . 7EAH
RIS A4, AT RR IR i rh e 245k P 4

¢ = PG Vig <y o
Aﬁ; xm xvﬁ

K COMBER AR 2GR B i, me/kg; A v NFESETROE =
BTG R A R ARV TRE T X I A C
ARHER R B, mg/Ls Vo AR HETS AR AR, pl; V w
RS BOHERE AT, uL; Ly S SR IBOE M i A ML RO IARR,
mL; m SRR BT, g,
1.2.5 R sUs 9

FL T AUV (matrix effects, ME)J& 48 7 5 7 B bn 0t )
A ¥ Bl o s A ) 32— o 22 A S ARG 00 4 5 i Y
BT A 58 SR AR BU AR R 23 1 35 5 S A o i 19
TP 2 Fi e 25 E BB BBOR g JE st s, AA(2)
i+%:[18—19]:

ME =

x100% 2)

o ME 385800 A Sh s RIARE 2y R AHE B
REFARE L R RR

M4-20%<ME<20%, & 50 il DL 20 8%, FH R A
Mk E B AT, 24 20% < ME< 50%%-50% < ME < -20%,
LA G SR B U S G2, FH AL A o 2 e T i Y
T o3 32 50 000 X6 A3 BT RS 24 ME>50% 5K <-50%,
B RN A TR AL, PG AR i T A B 3 il
-50%<ME<50%",

2 GER5HH

2.1 REEEMRK
RTSEEX HARE A Y AT s B, R R
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B, ARFRSNNHET K, FEEK . ZIE0.1%H
T 7K V85 R FTT R FE+0. 1% R IR KIS T 4 i sh A R 22 5 (3%
W TE Je RS B o &5 SRR, FE A R AR e BE
(0.1 mg/LYZMAT, RMeEfE ZE+K B EE+K L ZH5+0.1%
FH R 70 8 VR Y PRE+0. 1% P IR 7K V8 TR A A 37 0 K st e i oy
o et et e’ ¢, MEMRBKERERLE 4 Fhii shAR ik R 5t
IR AR A R et e &L e, ARIELL BSIIEEIR, &
e s T b S i 141 15 7 20 15 +0.1% FR R 7K 075 R FRY BE+0.1%
BT /K VA VAR o T sl R A 2R 1 o (DX 500 R B g, 25
R BA P, e 2o 0. 1% P R /K T WA R T
RSP R SRR R

R T LA R B R R K S AR R R B A X 2 Bk
A R R VT R I, AR B OE 8 T R
+0.05% MK VAR . TR EE+0. 1% I B K IR . W BE+0.2%
F R /KA T 3 AN [ 3 A A 22 kb 3 mee e %) i )37 { % £
TEWETE R RZ I . S5 SR R, TEMIRIUEREYRE (0.1 mg/L)4%
PEF, 3 Rl shAe A 2 H g ms ) 0 (5 43 00 5.48e*
1.26e°, 4.27¢*, Hidr, FHE+0.1% FH R 7K 44 28 %o o7 €0 1 0
Wi 7 A v, DR O A 3 % Y E+0. 1% R R K VB A B T
M7 B B SAR AR ZR

22 FRiERHMHK

SR T [ S0 5 e e ke 7 A 1S A R 19 A RS
A, AT B T AR BEHR(ESTS EST) . AH
BYEHEE . ARIBEFSRE . ASRBENIRE 2
T Al A B o~ i g 3 B (R 2, 5 SR, R ) A
WEE(0.1 mg/L)AAMETT, ESTT (I w12 TG £ 15 1 1) 0 17
SRIE (e'~e)5 T ESI™ (e), H B A Xeh 13 s e £ 15 - 4 v
o7 B B I AN W] L (ESTVRT ESIHI R ey, Y EHMAT i E
H 2.0~3.0 KV I, 2 il 2R 5 10 g 5k o ot B 240 A5 PR 1Y
HENTG BT, JHAE 3.0~3.5 KV IRF, 01 R GRS AR 1k
TEBGE S 350~600 L/h JL I, B B R
WK, B e N R S 0k AR B R R
250~550 °CYEEIN, BEE TS, 2 B2k 5
JEARAE AN S (e*~e®) . it LA EILAS B, At
ESI'HE Bt . BANEHIE 3.0 kV, BEIAFIf i 600 L/h,
TV IRLEE 400 °C, VRN SRS S5
2.3 HIACIESZEHLIL
2.3.1  RIUEF AL

T LT H AR AL S P R R I, AR5 4 S
g T HIE ZIEMZIE K (4:1, V:V) 3 R0 % s
P s Pk B T B BRI R . FRIEL 1 AT,
PP 75 e R A ik T T ) 2 BROROR AR, TSR A AR
60%~80% 2 [8], Z M5 /K(4:1, V:V)HIZ 5 AE J 3 B 371 1
Al LA 2 Rk AP0 DA F] 80%LA I, {HZIEHREUA
FIEWCRAM T M5 K 4:1, VIV R E I, FHikE s

A AR B T
232 AEHEL

T REARAABUEE J5T 1 520, [ B (P32 e st D i e
Pk DA T [ WA S5 A 24 % B A BT I BESR, ASTIF S 43 ) 5 5%
T 50 mg PSA. 50 mg PSA+50 mg GCB. 50 mg PSA+40 mg
GCB. 50 mg PSA+25 mg GCB. 50 mg PSA+10 mg GCB(%>
BIIA 150 mg JoKBRBREE)S Fhidetb 30 Xt UL R v 2 Fh
24 5% BB (AL RUR (n=5) EH &l 2 FT 1, 50 mg PSA+50 mg
GCB. 50 mg PSA+40 mg GCB #1 50 mg PSA+25 mg GCB
Ab PR AHE G T 2 Fhfe 24519 Ui 251K, 50 mg PSA ki b
FRIAE S 2 A2y IR i, BN R AR 24 5% B S L
3K, 50 mg PSA+10 mg GCB LI AbBLEY) 2 Fhac 2558 & 12l
WCRFF A ER, HILE#: 50 mg PSA+10 mg GCB(HIA
150 mg Jo/KBREREE)VE R e AT A PR A AL 5]

B [
140 . @ MEPREBKETE
120 }
100 |
80 |
60 |
40 |
20

ENKCR /%

RRRRRNN

7
=
G

RBUATH

B ASTRIBRIGE R0 B 2 Tl 24 [ iR B 2 e
(0.1 mg/kg, n=5)
Fig.l1 Effects of different extraction solvents on the recoveries of 2
kinds of pesticides in peppers (0.1 mg/kg, n=5)

Ik @1, V)

140
120 |
100 |
80 |
60 |
40 |
20 |

o LM EE
@ ML ik R

EIC /%

50 mg PSA+ 50 mg PSA+ 50mgPSA+ 50mgPSA 50 mg PSA+

25mg GCB 40mg GCB 10 mg GCB 50 mg GCB

HrAl
Bl 2 AR BRR 2 Bl 25 DR i #20 (0.1 mg/kg,
n=5)

Fig.2 Effects of different purifying agents on the recoveries of 2
kinds of pesticides in peppers (0.1 mg/kg, n=5)

2.4 FIIERIS M SE R E B
LA bt v P R R D G P R 114 S5 R RE O R AR R (X,
mg/L), FE T B 50T 14 W T AR R N AR B (Y) 22 1 9 7R A o
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M2 ML AR eI £, 25 R W% 2. 2 FRZGTE 0.001~
0.100 mg/LyE BN, MR R r KT 0.999, HE LR
UFIERPE R R o

FE IR 1.2.5 19(2) 20T 5 2 Pl R 2 7 UL o $E U v
0 R RSN AR, 4 R s, R Tl T T R R e T R
JE T T I T AL 1B 4 1 -5.5% -2, 1%, 3@ T 59
V18 56 I 0 559 A5 I, P P B A0 R DA 20, R R A o
M e BPaT . 2 Ak 25 9 2 £ BR (limits of quantitation,

~96.1%, AIRTHRAEMZZE R 3.5%~8.0%, JHM: [ 7E BHL i
SEA Ny 78.4%~88.5%, FEXTFRUENN 22 7 2.5%~11.8%,
ZE b, ARG BT R B 5k VR B ORGSR 25k
VA A BT 0 EESR o bk e Tk DR R R e R L BHURE
0.0025 mg/kg WMIKF R g DL 3. 4,

2 MMBEAEFUKMEE R ST IE

Table 2 Linear equations of pyraclostrobin and tebuconazole

A2y FE T etk e
LOQs)>» 0.0025 mg/kg, KiHiFR(limits of detection, LODs) -
0.001 mg/ke, T EARZGFR B AT AYEDR — LI Y=175895X+204.6
N 5 Bl Y=166170X+193.5
25 FENRBEREERE
- i) Y=44517X+30.3
£ 0.0025. 0.0050, 0.0100, 0.1000 mg/kg AYJNFRK TR )
SR, A AR o 0 TR CR Y 72.9% i Y=43615%+58.75
P Bk T P
100 3.08
o
= L
= L
0 I 1 1 1 1 1 1 1 1 1 oty 1 1 1 1 1 1 1 1 1 1 1 1 1
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00
% B8 I} A /min
&3 nmse ik B R 7E B A9 0.0025 mg/kg W inZK - 1 a3 1]
Fig.3 Recovery chromatogram of pyraclostrobin in peppers at the spike level of 0.0025 mg/kg
Pl
100 — 3.07
-
.E‘ -
=
2.00 3.29 30
r . 2.52 -
0 | | I | | | Y DAY | S | s | AN | | Ly il | | m\ | | A
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00
£ ER s} ] /min

B4 SmEEEAEBR Y 0.0025 mg/kg RN RN 3% F
Fig.4 Recovery chromatogram of tebuconazole in peppers at the spike level of 0.0025 mg/kg

2.6 SEPREEmRINE

AT 6 /> H )5t A 2 Fh A 2515019 6 4y B
S AT S BRI 6 BB SaEf TR, S5 ER, 6
AN H (AR AR O BORRE S A K, AT A BEALAIRLN 6 1
BMRE RN, PEANECE DL 2% 4, BURIRE 3 ] LR
5. K6,

MBI LA, X B WS P &R
ST TR A S, Mk e P DA IR A RSP Y Bk B A 0.018~
0.087 mg/kg Z[H], & THAEHM FAY MRL {4 0.5 mg/ke;
TG A A BB 19 5% B ELE 0.025~0.097 mg/kg Z [, A%
T HAEHAM A MRL {8 2 mg/kgo XF T8 T B AR AU
it LA TRE TRT TR 0 ORI 2 e 2 1 3% BR e IR T 0 e
1R 0.0025 mg/kg, 774 MRLs 23K
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3 LSt

Tk A B GA B 0.0025 mg/kg, T SCHEK R IE
0.01 mg/kg, (AR HLAAE S I E] 2 6 min, £5 F, A

AW o PR ACER T S AR R BT I SR SEHENT ()7 1 AR | S NT R b, WERE | R Ry

3. T QuEChERS- 15 R0 A €8 335 - 5 156 Joi 33 32 00 22 SR Tl o 25 75 ORI 11022 4 fe PR AL T — b 5 5 A0 1 e
PR R AR 2 FRZTIIRET . Y

=4

R FNFRALAE G R I B B R A I B R R B B

Table 4 Residues of pyraclostrobin and tebuconazole in unknown pepper samples

FE S 2 I e Pk TR i 5% BH B /(mg/kg) TP B 1/ (mg/kg)
Nmg-1 0.018 0.025
Nmg-2 0.031 0.048

Jx-1 0.084 0.084
Jx-2 0.087 0.090
Sc-1 0.052 0.097
Sc-2 0.060 0.081
Ck-1 <0.0025 <0.0025
Ck-2 <0.0025 <0.0025
Ck-3 <0.0025 <0.0025
Ck-4 <0.0025 <0.0025
Ck-5 <0.0025 <0.0025
Ck-6 <0.0025 <0.0025

I Nmg: WS RAFE M Ix: TEPERFIFER Sc: TR IR fh; Che R MR AR fh o

EL P Tk i P

100 - 3'i)9
o
= -
E

2.52
3 A 349
0 Il Il 1 Il Il Il 1 Il Il )|\ 1 _.L! Il /N 1 Il Il o | 1 1 Il Il 1 1 Il
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 450 5.00 5.50 6.00
£ BRI [A)/min
P 5 R RHBHOARARE (it b A Pk T i S 28 € 35 ]
Fig.5 Typical chromatogram of pyraclostrobin in the unknown pepper sample
i

100 - 3.08
o 5.13
E B 5.02<

4.91
2.94 3,17 3,48
200 "X Qp7 7 3
027 0.86 2.03 N\ A EN A
P I S S doeiecees o SN i N
0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00

A% B4 i 8] /min

6 R AIBIOABURE: ity i e el 2 €0 1% ]

Fig.6 Typical chromatogram of tebuconazole in the unknown pepper sample
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