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4k QUEChERSHI Ab 3 77 v IR HUGRIANFAL 77 3, B0 F Z G TR, N-TA 3 2 Z i Aom S i kA7 194k, DA
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Simultaneous Determination of 11 Pesticides in Rosa roxburghii by QUEChERS-Ultra-high Performance Liquid
Chromatography-Tandem Mass Spectrometry
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Abstract: Objective: A method for the determination of 11 common pesticides in Rosa roxburghii Tratt. was established
using QUEChERS (quick, easy, cheap, effective, rugged, and safe) extraction and ultra-high performance liquid
chromatography-tandem mass spectrometry (HPLC-MS/MS). Methods: The QUEChERS conditions were optimized by
performing spiked recovery tests. Acetonitrile was used for extraction, and primary secondary amine (PSA) and graphitized
carbon black (GCB) were used for purification. The chromatographic separation was achieved using gradient elution with
a mobile phase consisting of 0.1% formic acid water and acetonitrile at a flow rate of 0.4 mL/min. In the positive ion mode
using an electrospray ionization source, the fragmentor voltage, collision energy and ion pairs for each pesticide were
optimized to obtain the best response, and the pesticides were quantified by matrix-matched calibration. Results: The limits
of detection (LODs) for all pesticides were in the range of 1.31-8.56 nug/kg, and the limits of quantitation (LOQs) ranged
from 4.13-43.57 ng/kg. The correlation coefficients (R) of the calibration curves were in the range of 0.991 2-0.999 9. The

average recoveries at three spiked levels ranged from 84.5% to 103.8% (n = 6) with relative standard deviations (RSDs)
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of 1.2%-8.5%. Conclusion: This method was rapid, sensitive and precise, and could provide technical support for the
determination of pesticide residues in R. roxburghii.

Keywords: Rosa roxburghii; quick, easy, cheap, effective, rugged, and safe; ultra-high performance liquid chromatography-
tandem mass spectrometry; pesticide residues
DOI:10.7506/spkx1002-6630-20210629-339
FE S 0657.7

E[BE W

Wk, B, XA, 5. QUEChERS-UPLC-MS/MSiE (A JIIE HIFL b 11 MUk 2550 [J]. & dh B, 2022, 43(16):
309-316. DOI:10.7506/spkx1002-6630-20210629-339.  http://www.spkx.net.cn

YAO Xiaolong, HAN Lei, LIU Xudong, et al. Simultaneous determination of 11 pesticides in Rosa roxburghii by

Wiikbr G A VEg T 1002-6630 (2022) 16-0309-08

QuEChERS-ultra-high performance liquid chromatography-tandem mass spectrometry[J]. Food Science, 2022, 43(16):

309-316. (in Chinese with English abstract) DOI:10.7506/spkx1002-6630-20210629-339.  http://www.spkx.net.cn

HZL (Rosa roxburghii Tratt.) 48210, J&8E%H
BREEMUEMEY), XA ER. R, R, KA,
KRBT, HARFES . EZFEE FRA T RIRERK.
JUk B, O, HAR (BRTED , B R A 0.
WAME S R E RS R A EELSO . W, =
M~ WAL WIFE A THARR, PEZ, HA s AR
ERBR R, WRIZEFFARISA . fIRL RS
BOZMAEA R, AEBRMME TR LAY MR A
PLER . A p-75 &0 A B LS (superoxide
dismutase, SOD) %, Hr, 100 gl B LW/, &
VC 2054~2 725 mg. VP 5980~12 895 mg. SODJL/J
32100 U, miBad Brebk. MG, MRESEKE, 2432
TR “VCZE” f1 “=F2Z2 %87, EHArHR L5E
=RKRZ

IR, A ARG AR AN TR, &R
WRI A ok . BRI MHEE . ZER . RN SR,
HFEWMANGOHRL N, B AL R e R,
REMMG Y, BERE. M. MR, DU TisEmn i
BT ) BB . AR EAR S B IR B I K
R AE I AL AR P B AR, RIE I B A S X
TR, AR T IR, A 2RI PR L it
WL HERREEBE R ECERE. e k. 2R FHEM.
AR HIBERG . BEE R MEBEEE . MRS R R R
TR 71 DA R o 550 DAIE B PR B v 8 UL H 1 . AE RIS
UM fIGB 2763—2021 (£ iR 25 i Kk B R ) 1
Bt AR R E A SR B R A 2 d KR B R &, b b
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Z /D UL RO I RS I B 2 A s A IE R, #A R
Fio B, HEIFRAIZ FHRHRAPOE ST TR
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HRT, KSR rb AR 2586 D0 7 1A AR ikl
AR 1 - R IR B L O L RO i -
HREE R B BB R AT AR B 45 R 45 QUEChERS

20-22]

(quick, easy, cheap, effective, rugged and safe) %%,

AR R BOE L, B A HGER4E, P QUEChER ST
MUEA: 22 )l e A SR v AR 245 5% B R i AL BT i, i
T R TR A PR A, TR B K A A DN ] A
B, BN T AR 2R B PO AT A B AR I B
4-QuEChERSE T) 12 N T 63 - £ 5T 1% 70 B SR 5
RAFREA A BT O SCRRIRIE SO (3% HR
J R i T AL v 2 AR HLEUR 2Bk B I BT, (EAR
LRI R E, ARG ERIBRAL IR
A, H A EEA 5o fr— S s . AR EEZER)
Ky, PrUl@afi@ s — ol EEtE . R k. R v
B PR (- B DR By o [ T AR B
I, BABZMYEAR. SOD. A HLER LRI B F 3
F2RE Y T, 2R ARG AT, SRR,
e 772 A 5 T 1 2 O 0 7 SR A ) 5 R P v ke 12 7= A 5
Wi, SO B R 2k B AR I L TE R A, T BLE
FLHIQUEChERS J7 ¥ LA RETH /2 I B v A< 24 5k BE AG T )
oK A FUALAE 78 23 R A B A 7 B A R 2
Eab b, Btk QuEChERS B 4 HH J5 vk AN 5 4614
48 G i e OO s - B RS % Cultra-high performance
liquid chromatography-tandem mass spectrometry, UPLC-
MS/MS) Al 3 57—l [ i pRos A i AL b 11 AR
R Z I A7, Bell R R BLR 25 2 5k 81 4y i ks
MFEKR, R B A SRR 2 kil . ALk 2y
A HASH DA R 2 v e AR SR R R A
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BEAR 11 P 24 br o . SR R M (Al >
98%) . WLHimk (4fifE >98%) | FELpE (4ipE>
99%) . WEHUBK (4ifE>99%) . LR (4ifE>
99%) MW M (4ifE>98%) . Wil (4>
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99%) . =M (4l >99%) R b T AR
HAHMRAR, MEPREEENE (2 >99%) . BN (4l

FE>97%) % [E Dr. Ehrenstorfer/A @) ; 5% HL 7 FH ik fig
(4lifF>95%) LGSR AR AR A

Ci;s (40~60 pm) . N-H& 2L % (primary
secondary amine, PSA) (40~60 pm) R
MUNRBEARAA, P EiEL (Florisil)
(100~200 H)>  EZALELAETIARAR; Ak
{b15 2 (graphitized carbon black, GCB)  _LifgfifHi T
AUBEARAR TAKERRE (irdd) REETT
AKRAHRFARA A FAh. HiE. HiR. 2RRa
Be. &k, VKEEER (oA AiralD) KA TR K
WA R A\ 2K (rtrad) HRNAUTH
BRAW: i (rirad R R T A AR AT R
Avls N (il EEB AT FER (Bl
Rl E AR R AR 2K e ERa
PRAT: 022 pmyEsk  J7IMERSARAR: 1 mLyE
WA VLVH R R ERST AR M BR A |l 2 mLAE SO
Z[E Agilent/A ] .

12 5%

UPLC-MS/MSAY (4351290 Infinity TS i 20H AR €
WEACR6470 = VU AT SUEA)  KEAgilent/A ]
MS200% E B A4 BUMERRIX SR A IR A A 1-16
N EEEOHL M ESigmas T, CK2000 5 i £ 4

U JERFCER AR A R A ; BY-400BHY
EOHl bR AR B RA T AL10443 4T KT

MR E-ER 2 A .
1.3 ik
1.3.1  FEAATALEE

FREL10.0 g2 % B J5 (1 0 B4R i B T-50 mLEg O
B, MA15 mL& & R BGH (285 W lIR G 32
10 min, ZRJGHIKIANLO0 g& AL, 4.0 g /KB ER
B, ¥R¥%5 min, F4 000 r/min(»5 min, H{1.5 mL_E
THR B3 150 mg o /KB R BE + & i ik 146 77 (50 mg
PSA+5mg GCB) 12 mLE0E F, 2 000 r/minid i
3 min, 12 000 r/min® 05 min, F1 mLyE 5 Fig
WE0.22 pmPEME, HLUPLC-MS/MSHI
132 FrEva i e e i)

11 Bl ZhRAE B (100 pg/mL) = 43 FIHERFR &
ORI 210.001 g) 11 PR 25hriEst, H CREHE, 5
BC A A 100 pg/mLIIARHERER, T4 CUKFRA BUIRAT -

FrRUEVRAVER (1 pg/mL) - HERRFSELLL Rl 25 bR uk
BER 0.1 mLT 10 mLAEE T, MM EAR210 mL,
T4 CURFERIRARAT o

WA AE LAE M 2. 22 A 1 mLAS B AL,
5. 10, 20, 40 uL 1 pg/mLIR A bR &M, FHCIEE
RAEZIEE, WHIE0.001, 0.005, 0.01, 0.02. 0.04 pg/mL
WA FIARHER & TAEVE R, DU

B b e TAEMZe: 20 A 1 mLZS SR AL,
5. 10, 20. 40 uL 1 png/mLIE A brdERE &R, FZA
FE AR B E A B2, Tl A0.001. 0.005, 0.01,
0.02. 0.04 pg/mLIFEFIbRAER & TAEEWR, IECILH .
133 A&
1331 Bt

i FE: Agilent Eclipse Plus C gk (2.1 mm X
50 mm, 1.8 um) ; FiE: 30 °C; Ji#: 0.4 mL/min;
FefE: SuL; WBHH: ARN01%TFERIEW, BN, ¥
e 5 WA 1; IZ47I A 5 min,

#1  UPLCERIETEIRRYT

Table1  Gradient elution program for UPLC
S5 v HWE AT /%
i /min i/ /mﬁ%ﬁ% 580 %
(mL/min) A 0.1% F RV B2
0 0.4 90 10
3 0.4 10 90
5 0.4 90 10
1332 JFEEM

BFUR R A W TR 1) R 5 e U
B AR EE TR Ay 2 RNK
M (multiple reaction monitoring, MRM) #i=; ¥
BERA®: 250 ‘CHAI11.0 L/ming WiMEHLE: 500 V; B4H
EHE: 4000V; FHSIET: 45 psis TSR E AR
e 300 ‘CHIS L/min; TS FAA. MR, 8B5S
B maiE A
134 FEibATAEZ AL
1341  $2H

FREX10.0 g&) % 25 F R i B T 50 mLE O (3
ANEFES AFAT) , IINEREYIE B30 minfs, A
15 mLEE BRI R 3% 32 B 10 min, ZRJ5IIA1.0 gtk
B, 4.0 gCKIRERES, RS min, #RJ54 000 r/min 0>
5min, B EEWIL0.22 pm G, TS AR 251
IR SRR . B L0 IR HIR- 5. 1%
BR-Z 5 0.1%UKEERR- 205 1%UKEERR- 2 H5 . 1% % K-
CIEVERNFEBGR, 25 525 2% 1 770 0] AR 24 2 B (1) 5
M, SEEGPIRE L.
1342  #ik

ERACHI IR AT, R—IERZEE L, B
1.5 mL_ & 2 26 150 mg Jo /KRR EEANA Bl AL AT R
2mLELE D, 452 000 r/mini®jig3 min, 12 000 r/min
205 min, A1 mLyF 528 E EIEW0E0.22 pmiE
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B, SRS 24 0 Bl SR R b c 2550
LG I IR o
1.4 B iS5 EE L %
I #iE B 7 Agilent A 7 [JMassHunter Data & 507
Acquisition 10.084F T K4, K HIMassHunter Quantitative =
Analysis 10.0%Fi#H47 € 29071, K Qualitative Analysis 0 0 T > ] 1 5
10. 0% #R i 17 E PEAM 17, R FIPython % F218 & 1 & i
Matplotlib = J7 i 174 . 5
2219
100
2 RGN g
X
'H+ 50 -
2.1 BRI B
AL . R RE . SR (E) . i r R SE 0
RSV, TR R AR P AR e R R R B T 0 1 2 3 4 5
S, R IE S T A FIMRMAEL R 77 R — 4R 52 ik I i) /min
YRR BARR, a5 R K2, iA)E11 ik Zin E 1o
MRME & 25 i B B TR . 100 1 ‘
§
i
K2 1 HRA IS .
Table2  Mass spectrometric parameters of 11 pesticides E:
=
K Al fRE mlz B i
] L I A 0 : : : : :
EREIE MH 301 40612510 4060715210 120 29/89 0 1 2 3 4 5
o M+H] 1489 256012089 2560617500 80 1212 fi [7l/min
WM RE T M+H] 3142 388.1/193.8 388.11/163.10 95 8120 F
e [M+H] 2110 2330721 233.03/56.00 110 20156 0381
e Hu M+H] 0455 223.1/73.0  223.00/90.00 100 73/41 < 100
LHER M+H] 0381 192.1/65.1 192.08/105.00 95 53/45 o
T M+H] 2580 289.1/70.1 289.12/125.00 114 17/41 g 50
SOETER  MH] 2219 483.90859 48380145290 105 816 =
] M+H]" 2991 31401161 3133522210 85 810 i
W M+H] 2622 40413721  404.13/45.20 120 13/69 0 0 i é é 4'1 é
U] M+H]" 2639 2941/412  293.70/39.20 100 45/121 X
i 18] /min
A G
100 4 2.991 1004 2.622
8 S
= i
g 50 g 50 -
z z
0 T T T 1 0
0 2 3 4 5 0 1 2 3 4 5
I 8] /min I 8] /min
B H
3.011 0.455
100 100 -
& &
i i
g 50 g 50
= z
0 T T T 1 0 T T T T T 1
0 2 3 4 5 0 1 2 3 4 5
B 18] /min i 18] /min
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L e i, 8 B LRI b A S R R KA
< 1007 FUKEE AR = S PR IEE, R Ik A 48 7 5 $R T
% N
z ] 222 ik
=
0 4 ABREEFIERL IR 11 Fhefe2h Bk bl
0 i é é 4'1 é Table4  Total recoveries of 11 pesticides with different sorbents
i /A /min . " [/ %
A bl BROME O B B
3 50 mg C,q 85 33 93 80
3.142 50 mg PSA 92 88 103 97
100 A g
8 50 mg Florisil 88 31 103 82
g 50 mg GCB 64 17 83 53
f;{ 50 1 50 mg C,3+50 mg PSA 92 77 111 95
z 50 mg C,,+50 mg GCB 63 21 85 52
0 50 mg C 3+ 50 mg Florisil 82 45 121 83
0 i 7 3 ;‘ 1 50 mg PSA+50 mg Florisil 86 52 102 85
i ) /min 50 mg GCB+50 mg Florisil 67 12 89 52
50 mg PSA+50 mg GCB 54 22 83 51
50 mg PSA+25 mg GCB 68 26 89 62
K 2.639 50 mg PSA+12 mg GCB 74 25 93 73
§ 1007 50 mg PSA+5 mg GCB 84 81 95 86
=
*g 50 QuEChERS J5 %% FI 1§ b #4815 C s« PSA. Florisil
® FIGCB. C nl SRR, PSAT]HRIH &M RTENE
0 S | O HUER. @R — SRR RS, GCBTTF K 04 5 4
o ! imr3 o R A 2, (E0h S 2 1 B I A A 0 R I
N [A]/min

A~KIRINBE e AR R SCACRIPEEL ., S
e, ZBR. WEREE. TER R, b, mEre kR =
Pl 10 R e

Fig.1  Chromatograms of quantitative ion pairs of 11 pesticides

22 FEAETALERA AL A R
221  42H

#3 ABIPEBUT LML Rk 2h 2R R

Table 3  Total recoveries of 11 pesticides with different extraction methods

SREGH _ [ LI&(Z«E/E A

AR I /ME KE BiE

205 99 94 107 99

R 87 22 97 72

R 86 21 95 78

LR W5 72 56 74 70

0.1% FR- 2. Ii% 87 22 97 72

1% 1%- 2. 74 17 93 63

0.1%IKBETR- 2N 74 21 89 74

1% VKBS R - 2.1 74 16 95 73

1% K- 2.1 73 16 100 73

BRON . WEE. LR O S T b4 B B
(KB HOR A, S5 R IR LS ) 3 R 3 AL A 52 B
I, SFESCREEIAFI99% (£3) . WERIFTLLEH,
g RE, 11 FRZ TR E63% ~T4% 2

F, BEARIL R RO, R, AHFFE % %C . PSA.
Florisil f1GCB VU Fh 14k A4 ) 5o fd A 5 20 & 4 FH A5
PIESCR R . BRPSASL, At b 7738 % D HUk 24
A ERIWH, JCH RS GCBIIE LA Rk, &
A BRAGFEWRMWAL (R4) « NRAETFEH, 8
T ¥ ET 0 2R g I PS A S AN R & I GCBYR A 18 JE &
O, BEGCBMR S, FIWCRAE EFH, HGCB
JFi NS mgh B R AR, TAE) T 86%, [FIAF b
WL RN IIPS AR s g G . RE50 mg PSA S
5 mg GCBE & LI IR (86%) ASWIPSAHAlF1E,
B (97%) , HEARINGCBE LA S E B £ 0
R, IR T s RS A RS YRS, A E
ASSEIG e 241435 50 mg PSA+5 mg GCBAFE i -
23 HIEEM
231 RMEVERE. KTHIPR. T PR AR TR

BT O b a4, RS ERIALRE S 4R BUOR
HE1.3. 2795 b A VA Y YRR R BT R EE 43l 090001
0.005. 0.01, 0.02. 0.04 pg/mL[¥FEFARERSER, &
UPLC-MS/MSIIE 5, LAREFpAR 2558 & 5 1 I i FU A9
AAFR, AR 2 SRR A VA VR R B R B O R A AR, 2 AR
M, 48R ER, 11 FR2Z57£0.001~0.04 ng/mLEH A
B RIFMEHERR, HXRE (R ¥WAT0.99, LA
{50 LE R =3l B4 PR (limits of detection, LOD) , DA
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=

Ry =107 =R (limits of quantitation, LOQ) , 11 Ff
RALODN1.31~8.56 uglkg, LOQN4.13~43.57 pg/kg,
iR NFEKS.

#5 1Rl iR HIOCHRE. B . LODKXLOQ
Table 5  Linear equations, correlation coefficients, ion suppression
percentages, LODs and LOQs of 11 pesticides

) - b vzy AT oo/ LOQ/
K ER STt HRAH i (ke (ughe)
=138 0755+3 7894 09993

T R I
i ol —081 85 838

IR HEL =26693x—20992 09973
BAL =180160—99.206 09933

it ’ 0.01 405 415
e HAEL =18137x—19281 09978
: A =417 048x+43 554 09933

u@igﬁ i 4 ' -091 147 7.18
s HE =395 0x+29675 09978
A y=1 12430437041 0.9995

B ’ =050 2,67 4357
i y=55897x—18.344  0.9994

=
A2

o
=

. it y=41 821x+18434 09971
g Uk —0.72 131 11.80
= a-11862 09954

=
*2

o
=

. y=150991x+3 0949 09993
SR —095 412 413
7=6984x+756.04  0.9933

=
*2

o
=

. 7 J=69861x+40385 09985
T —0.79 223 12.15
y=147.640+21428 09953

=
b=

EEES gl y=22185x+49741 09997

i —082 2,09 2827
it WA =393050+397.07 09972
A y=15799+827.77  0.9979

ik i —095 5.63 591

ikt 158115410559 09919
WH =245490r+18016 09912

W —0.86 261 37,61

A y=33375x—2692 09967

B WR e84l T40322 09982
T —057 1.76 11.09

" WAL 35819082567 09999

I AN A LC-MS/M S A il % B v R B B
Gl B IESTHR[41-4413R3E, B TR A N

Q. K‘TI_KS
%?Tfﬂfﬁﬂi%@:T

o K R DUACFR v i R A2 . KOMAlVE 5|
PR 2R (R} 2

B FHNEI 2O, FORTCHER AL : 4 8574
HRTOF, R FE AT B ARk &9 1 I 5 1716 5 i
BESRVEF: 48 A0 5N TR, FRORAE ST H bx
AP I T AEAEFE R AN o I8 B 11 PR 25 1E
FIRLEE T P B2, SEI0AE ORI AR i A
K ok bk SRR A1 1 BT AR 24 357 2 5 D S 2 1 2 I A 1) ek
RL (K5 , BETFIHR ML ES R T0.1, KR AR
BTN R RE MR, T SRR S bR oA Y 2R AT AR IE
232 JNEMERE SREE LR

TERIZLRE S AR N 1L Bl B bR AR 24 P TR A b HE T TR
PRI 4> %1100, 1000, 5000 pg/kg. HFE6H 41,
11 iR 25 10~ 78 I Rl %2 7E84.5% ~ 103.8% ], AH

SRR ZE (n=6) {£1.2%~8.5%2 8], JiiHAHITIH
B MEG Y, W2 RARE AT E RS,

A6 11 ARG LA R 345 00 Iod i AR s ol i %

Table 6 Recoveries and RSDs of 11 pesticides in spiked R. roxburghii

%] TRINE/ (uglkg) BRI % A BRI 25/ %

100 86.3 37
EN RN 1 000 88.3 6.7
5000 93.9 2.0
100 103.8 3.7
=R 1 000 99.3 5.3
5000 97.0 29
100 97.7 4.1
L e ik B 1 1 000 100.8 2.4
5000 97.6 2.7
100 97.6 2.0
TR pE 1 000 97.3 2.1
5000 95.1 4.0
100 94.7 4.1
g 1 000 99.3 34
5000 97.3 35
100 95.4 4.45
ZHR 1 000 97.0 2.6
5000 89.9 5.8
100 94.5 5.0
JIf5 B e 1 000 92.9 8.5
5000 99.3 43
@ 100 101.3 3.0

SR
s 1 000 96.2 3.7
5000 99.0 4.1
100 95.2 48
ik B B 1 000 97.8 24
5000 96.1 33
100 91.4 42
W% B 1 000 95.2 33
5000 97.3 1.2
100 92.9 7.4
= e 1 000 87.6 42
5000 84.5 23

3 & #

FESLT TR AS DA L 11 R R ZTRE
UPLC-MS/MSJj k. ZITiERBE R EE ML,
St RE) 7L SRR, 11 FE AR 250 77 ¥ LODYE
1.31~8.56 pg/kg2 [A], LOQYE4.13~43.57 pg/kg2 |f],
RVEF O 2B (R) #£0.991 2~0.999 9 [i]; ~F¥g¥sin
[ TER4.5% ~103.8% 2 [F], MXFriEZE (n=6) TE
1.2%~8.5% 2 ). & ikuerfy. Pk, BRIER R, 191k
RORGF, X T HEEBUR BB I H0E . B marill 2%
BT M B A R B8 = J7 A I 7 37 B AR R ik P 45 R
A E B SR A2 RLaR, TN T AR 2548
Flzz A W T AR
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