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Simultaneous determination of 12 kinds of nicotine pesticides in fruits by
ultra performance liquid chromatography-tandem mass spectrometry
coupled with cold induced liquid-liquid extraction
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ABSTRACT: Objective To establish a detection method for 12 kinds of nicotine pesticides in fruits by ultra performance
liquid chromatography-tandem mass spectrometry coupled with cold induced liquid-liquid extraction. Methods Fruit

samples were extracted using acetonitrile, and after salting out, shaking, and centrifugation, they were subjected to freeze
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induced liquid-liquid extraction using acetonitrile water solution for further enrichment and purification. Combined with ultra

performance liquid chromatography mass spectrometry, data was collected using a multi reaction monitoring mode, and

quantified using isotope internal standard method. Results

The linear range of 12 kinds of nicotine compounds was 1-500

ng/mL, and the method showed good linearity (+*>0.999). The limits of detection were 2.15-3.60 pg/kg, and the method

limits of quantification were 7.11-13.01 pg/kg. The recovery rates of 12 kinds of nicotine compounds were 73.1%—126.7%,

and the relative standard deviations were 3.5%—13.3%. Conclusion This method is easy to operate, has high precision, and

good stability, and is suitable for screening and detecting nicotine like compounds in fruit samples.

KEY WORDS: ultra performance liquid chromatography-tandem mass spectrometry; fruits; nicotine pesticides
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FmE, 0. PR . PR (g4, 95 Fisher A R]);
TRIREE . AALEh . BERRGN . FrEmem . rigmRE g
ali, i B RAT R A BRI BT(50 mL %, &
TR W) 12 FEBIEAR 2R G AR ot: ke | o
WE UM, WEHUER | PRAHUNE , E U nik bk, SeBER
WE bR 1 bk | R HOBE | S O L SRtk g R (5
WEE 100 mg/L, REFI/REEAF]); 9 FhlEA R AbR: Bkl
Jfig-D3 | W HUHe-D3 | 4 hE HUE-D3 | itk HUik-D4 | S(BEIK-D4 |
WE HUPK-D3 . MEHUEE-D3 | WEHUMk-D4 | FUNE HLUH G -D3 (R
B 100 mg/L, RHREEA F]).

QTRAP 6500 i =0 AH 1L (3EE SCIEX A R]);
R MS 3 Basic iEiAHE 4 (T8 IKA AF]); Centrifuge
5810 R =¥ VR B IL(E I SEAR A F); Milli-Q 1Q 7005
HB 47K 4% (35 [ Millipore 23 ]); DW-40L262 #BRIEVKFE
/KA ]); Thermo Fisher TM Accucore aQ {8,354+ (150 mmx
2.1 mm, 2.6 pm)(3[E THERMO 2 #]).

1.2 RRAEH

WBhAE A M MERRREL 979 mL 27K, A 1 mL
R, A 0.315 g HR%EE, M VEAR. FRINA 20 mL HEE,
HEAEIRA], 3 0.22 um JEIRE .

WA B AR MERRREL 19 mL 281K, A 1 mL
FIR, A 0315 g HiRek, MAEM. 78 980 mL H fiEH
A Bk, RIS, i 0.22 pm JERAS .

9 Flr [l 2 25 PN FR e FH (1.0 mg/L): 43 1) v 3ty I B
1.00 mL fywkdifiz-D3 ., WEd-D3 . JEBERZ-D3 | ikl
WR-D4 | SMEMR-D4 ., BEHUPK-D3 | BEHUE-D3 | BEHUIHK-D4 |
FUNE RHNE-D3 RIS AR, FHCEEZZE 10 mL, 153
FTHH R 10 me/L BRI ARSI . TRI 1.00 mL A
Vs, FZIEESE 10 mL, B85 EHKEH 1.0 mg/L
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12 FERE AR 2 F R A A (1.0 mg/L): W 1.0 mL
TRATIMERTR, AR, MR R 10 mg/L MRk
REWW . AR R ER A &, 1558 RE
RN 1.0 mg/L 4 12 Rl Bsbn i TR & (3 T

TR AR e AR WA L R AR VR A FH
FINFRIE S W, (1 40%Z I8 KW s, 159505
HHE /4 0. 1.00, 5.00, 10.00, 50.00, 100.00., 200.00
500.00 ng/mL 119 12 RS IR G AR HE RSN, 9 FilRIAL
F PR S 20.0 ng/mL.
1.3 FEmATE
1.3.1  H ey BAEF1r 5

B SRR (18 FURE 4 B SR v A RIS AT o B
BURESAF I GB 2763—2021 B it B FhriE &5
AR 2 5 R R B Ak YR E BT o X AR/ N AR i, B
FEJG AT AL B X F AR 1 H AT STRE A, AT ZEXTFR
BB FRTET LA # S A/ N AR XA . ek
Lo S AR AR AT 25 SRR S, TR R RS U BUN R
SN B R AL BUR MRE SR IR, IR AT, H
VY 3 VA BORE 5 B A A U R AL S R A ST, TR
IR o FERE S RAE BT 18 CCIR T IRAT -
132 eI

FREL 10 gif B (RS #1122 0.01 g)F 50 mL UKL
FEJE A 0.20 mL R R NFREAM . 10 mL 2, &%
1 min, SRIGMA 4 g GRAREE. 1 g &ILEN. 1 g FPAEmRMN .
0.5 g FPIFIR A AN M 1 ¥+, 35 b0 s, Tzl
P%¥% 1 min Ji7, 4 °C. 10000 r/min B5.0> 5 min, FiFRE4E.
133 §4£. %1t

WHC 1 mL FWIREELE T, A LS mL 4K, 3
BEIRA] . JUE T-40 °CKAET A 30 min, B 2 Z A
200 puL, FCETHFE S, FEHINE .
1.4 {XEEH
1.4.1 #AEELZM

f4,7% 4% : Thermo Fisher TM Accucore aQ (150 mmx
2.1 mm, 2.6 um). A A K H EE=98:2(F% 5 mmol
R4 A1 0.1% T iR ), B AH b F /K =98:2(% 5 mmol H /g
B 0.1%FER). MIEVEBMAF: 0~4.0 min, 20% B;

4.0~5.5 min, 40% B; 5.5~10.5 min, 100% B; 10.5~13.9 min,
100% B; 13.9~15.0 min, 100% A; 15.0~20.0 min, 100% A,

W 0.4 mL/min, FEif: 35°C, #FFER: 2 pL,
142 REASHE I

Ho I 25 1 YR (IE 2 80, mess s 5.5 kv, BT
VIR : 500 °C, A/ 35 psio MEZ5/T: 60 psio Al
K 60 psic AFES: Medium, I £ 87 I
#23 (multiple reaction monitoring, MRM), HARS L3 1,

*1 BiRHaMRIESH

Table 1 Mass spectrum parameters of target compound

ST = BT =N 4
(m/z) (m/z) /V /V
N 139.0% 17
Wk U 203.1 40
157.0 13
o 225.1% 16
e U 271.1 30
136.0 40
N 211.1% 18
I6E H s 292.0 20
181.1 31
136.0% 50
PR L 3232 151.1 30 40
277.0 20
X 169.1%* 19
5E L 250.0 10
132.0 24
175.1% 25
M H b 256.1 20
209.1 22
- 181.0% 20
B0 262.0 20
132.1 40
N 136.0% 28
g LR 223.1 20
56.2 20
136.0% 30
IGE H Bk 253.0 20
90.1 50
N 321.2% 18
WR HLUE 1 367.2 20
263.1 22
N 306.1% 35
WR HLBE 2 367.2 20
137.1 31
N 173.9% 13
e A 278.0 20
153.9 40
- 136.1% 25
SR I I 289.0 20
90.0 60
wk Hiffz-D3 206.0 132.0 17 20
1€ H i -D3 253.0 172.1 17 10
Jhi e HUHE-D3 274.0 228.1 17 10
Nk HL0bk-D4 260.1 213.1 21 20
S MEMK-D4 266.0 185.0 21 10
WE HLBK-D3 226.0 136.2 30 10
1 i -D3 295.0 2142 17 20
18€ H Bk -D4 257.1 136.1 30 20
FEUNE HHe NI -D3 281.2 177.1 14 20

AR T

1.5 HUEALIE

A BF 5% - OriginPro 2021 (64-bit), Ji A 5 :
9.8.0.200, XfAHICELHEIEA T4 L f#FH SPSS 19.0 H13CI& KL
RO S A T SE 40 HT
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Fig.l Recoveries of different extraction solvents (n=6)
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Fig.2 Distribution of enrichment factors for 12 kinds of pesticides
under different proportions of acetonitrile water solution
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24 REhERYESE
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F R AR R i s AR T H ARG S0 3 SRR B, DFSR s SRR,
18 1] A AH R 7K iE=98:2(%% 5 mmol H R 1 0.1%H1 %), B
AN IR K =98:2(& 5 mmol FIERELFI 0.1%H BR) M sh
HAEE, 12 FEARMES YRR 3, HERIEIEE xR, 12
Rl H ARG A k1 LR 3,

2.5 EFRMN

i B 1 IR AL PR A BB A R T L BY), -
BRI TG B ARy, Wkas AL R IOR . 1 iz as 3L
PRI W ] o R FE T I ZE 1.0~100 pg/L AYFE IR A hm il
VR, 5 Al R e b o R R LRSI, DL E ARk
G BN HARBR(Y), BT N REAAR(X, ng/L)%:
BRI M S o AR 25 T VR 1T 6 ) B 5 0 ) L o)
R o il 2 O 55 [RIE 3R PIAR)RER I LU (B R P JE TR,
FARPEIEN T 0.8~1.2 ZIH], M RIEFRNA &, X
R &5 R B AT 50, A RRR T FIRTEE, WRBHAAE
FEFFRONE, RIS, R0, Seab 2k BRI, 12 Rl
2 ME {HAE 78.5%~132.1%Z 1], A4 Hinfb 5917
TEFESRRON, A AR I T8y Yo G 225 SR G S, AR 9
FHRML R ARRHE TAREINZR, T A5 AR I IR B A oty >k 1)
SR ASWFGEAT 9 A E AR FXT L 1 9 i ) 467 2 AR AE i,
HoAx 30 BhRp il mds RS2 8, #5E R 2 A bsat 7
e, HARILER 20 $HR IR PPM LN A ik, T
OV VR A T 5% 1 b3 5 s e ) PO s o P 2 (5 TRl o7 3
AR RER G LU, SCB085 AR, 12 FhEmsfe 2 i 5k
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TRV PG P45 R, FEE T SE Bt e AN, T UM
TR 2 (B [ R AR AR R T DE B hrifl TAE T £ .
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Fig.3 MRM chromatograms of 12 kinds of nicotine pesticides

Fz2 1L2MEEECEINEMETEE. HXE%. LODs #1 LOQs

Table 2 Linear range, correlation coefficients, LODs and LOQs of 12 kinds of nicotine pesticides

k& RV Fl/(ng/L) R E(r) LODs/(ng/kg) LOQs/(ug/kg) [ {3 Z Pz
Wk 1~500 0.9961 2.50 8.28 Wk i iz -D3
P WE H 1~500 0.9992 3.13 10.30 i WE HUE-D3
WE HLIR 1~500 0.9995 2.60 8.84 IBE U -D3
FRAE g 1~500 0.9999 3.01 9.93 A IE HE-D3
5 i Jiz 1~500 0.9992 2.15 7.10 WE U f#-D3
M e b 1~500 0.9975 2.20 7.36 i 2 ibk-D4
SE 1~500 0.9991 3.10 10.36 S EMR-D4
g bR 1~500 0.9992 2.25 7.43 IE dLPk-D3
WE H I 1~500 0.9961 2.30 7.79 IBE HUIHR-D4
WR HL 0z 1 1~500 0.9995 2.45 8.09 W Hibk-D4
WR Ho iz 2 1~500 0.9985 3.40 11.45 W Hubk-D4
FNE HUNE 1~500 0.9992 3.60 13.01 FERE RN -D3
EEN TR 1~500 0.9975 2.54 8.38 FANE R AENE-D3

Kt BR(limit of detection, LOD); & B (limit of quantitation, LOQ).

2.6 ZMSEE. KRERFAMESMR

FelR 1.2 ikl 12 Fumesik b A R AR N
PbrifE AR . 12 R AL S LTS HOCR
LR 20 S EIKCRAE L, TRIN 12 R 105 iR
BRRUETRI, HHE 1.3 ATARR VRANEE, DL S/IN=3 e H
FRAEA PRI LOD, DL S/N=10 i€ 4 BFrfb 918 LOQ., 5
IEE IR, 12 PR AL A PI#E 1~500 ng/mL £ty
N T IELRE R AF(2 > 0.999), LOD 4 2.15~3.60 pg/kg, LOQ
3 7.10~13.01 pg/kg.

2.7 FEREEEMERE
PeEAE AN, A4 3 FOKCRAEM BT, b &

3 TP LAY 12 PR A 2R ED BT, TR SR A 8 YK
SEAT AR B WCSE 5, TR bR [ET 5 F0 2 45 5 (4 A X AR
AR 7% (relative standard deviation, RSD), 3044 KB (H
UL 3), 3 bR 12 BRI AR 25 1 2 [l i
73.1%~126.7%, RSDs } 3.5%~13.3%, 2B L0
WERR P, ReUE PELE, TS TFRACREE S 12 RS Ak
2y .
2.8 LRREEmRINE

FFABE T @S 7 % 200 43 7K SRAEA HEF G,
12 FhUEBE AR 26 RN 35.5%, Hirh, Wl Bspue i N
<2.60~56.3 pg/kg, WM E H<2.15~86.7 pg/kg, BEH
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PR BT R1<2.25~35.9 pglkg, HABALES PR H R

Fz 3 MFRERZERS RSDs(%, n=6)
Table 3 Spiked recoveries and RSDs (%, n=6)

15 ng/kg 100 pg/kg 800 ng/kg
fein T2 RSDs T RSDs FH RSDs
& e P&
Wk ke 832 117 93.6 8.9 101.6 3.5

WERER . 867 109 90.5 8.5 96.7 7.6
WE g 84.9 9.9 94.9 7.1 97.9 6.8
W kg 843 9.7 85.6 8.0 90.7 5.4
5 H e 85.1 11.0 91.6 7.4 94.2 3.8
HAEELUN 85.7 109 92.5 6.4 95.8 6.9
SAVEI 73.1 8.7 89.0 8.5 93.5 8.1
It DK 88.8 102 93.2 8.3 98.8 5.8
5t Bk 85.7 105 98.3 8.1 97.6 7.2
WRAEE 1T 80.6 9.7 99.3 5.5 90.2 3.5
WREBE2 914 117 89.3 7.2 96.4 6.7
WEHERE 833 114 977 6.3 94.6 5.5
Lk mED 1267 13.3 94.6 8.9 102.6 3.8

e Pt RS W DU AR ME R R B v 12 R B A 25
K0 T 3 200 /K SRFE S HEF TR . X PP A4y
PRI 25 S PO XT ¢ KA, UGG, K B6 K v
a=0.05, Z5REH P>0.05, ANREFLL RN A3HT 5 A6 45
RAETEESR . R IT G B LR g5 R —2, &
TS A S AR A 2RI 1A IRl 1207 LOD
LOQ I it RS Mo 000 A o458 00 v R 25 4 245 A
ik, Wl R KSR TR 2 A 2RI T R

ASBIE S IV VR 75 S O A TR AR X i 2 A T 4
Ak, A5 v RO C3l - Tk A T AR, SR
Al 3 AR R E o, ST T KRR R 2RI
BYIRAGIN Tk o S HABASIN T I L, %07 AR A
RIPEZ R R ELr, TR b b Z R K 24
Fig bR s 2 ARSI LA
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