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ABSTRACT: Objective To establish a method for rapid determination of 13 kinds of organochlorine pesticide
residues in 79 batches of commercial Ziziphi Spinosae Semen based on Carb/NH,-solid phase extraction purification and
gas chromatography tandem mass spectrometry (GC-MS/MS), and evaluate the exposure risk of organochlorine
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acetonitrile and purified by Carb/NH, SPE column. The multiple reactions monitoring (MRM) mode was used to

detect 13 organochlorine residues. Results The 13 kinds of organochlorine pesticides and their peak area had good

linear relationships in the range of 5-400 g/kg (+*>1.996), and the limits of detection were all below 3 pg/kg. The

method was applied for determination of 13 kinds of pesticides in 79 batches of Ziziphi Spinosae Semens. Among the

samples, one batch was found contamination with heptachlor and trans-chlordane, and the detected concentrations
were 0.0025 mg/kg (below the limit standards of 0.05 mg/kg). Chronic exposure risk %ADI were 3.95E-03 and
1.96E-02, indicating no significant health risk. Conclusion The Carb/NH,-SPE-GC-MS/MS method is simple,

rapid and sensitive, which can accurately and quantitatively analyze the multi-component pesticide residues in Ziziphi

Spinosae Semen.

KEY WORDS: organochlorine pesticide; solid phase extraction; gas chromatography-tandem mass spectrometry;

multiple reactions monitoring; Ziziphi Spinosae Semen
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2 2 A~ N RSB W) BR & (Ziziphi Spinosae Semen,
ZSS) TR F, A FIREVIL . Kb, dtkrs
e X, HARME. T S0 . A2, AT
BRI, EEE | REZT . W me g, R
Hs RE TS R R R BS54 Z R &AL
JINGEH, 52 R A ) BRI R I R T s gs,  AnAn] 46 7
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(organochlorine pesticides)f&" 15 A% HU, PIHOR HUsR
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FEE b P SR i T IOR B R, S e AR R
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PO P e T A M e R L AR BT TR
T3\ v R R AR AR SR A R A
R RIZHORIE S A 5 T AR5 B AR & Wy o
W . R £ & N W (multiple reaction monitoring,
MRM) # = Y B B 5T i [ (tandem mass  spectrometry,
MS/MS) T 4 i B R & 20 BE ke i Hh 2 5% B B AR i &)
T AT AR EOR, AR Ea P EAARE T2
o

e R 251 AR 25 5% B A b U2 R A A D
e AE 2 A BT A I Ao A R Y SC B IR YT, A G R A B T
(RO AEEL R [RAREUEE A AEiE Z B PR BB R s
AT B AR . IRk R R R — S R R, 18
QuEChERS kP17 [ A A g 200 R A el A B2

TR SR AR B 24T AR SCORe P 1 A BTG T AR
PR PR I HAn i, FEAR T, B s 4 SRS ) e 4 1
IRAN TAEGE TR AL, T H A R, L PR
4. BEEVEL . T AL

R OG T A T ok 22 4 JXUBS Ak oy il e 212227,
79T PR A2 25 b A 2 5% B B AR TR e A, 1R
AL B ) RS PG S A 4 o T R AR DA £
Fe, DB Z I AT, JF Az NI,
WFFE AR A 2 5% B 1) XURS: A AR AT 8 LA o AR SRS
T IEARACIR - AR G35 — = PO ER IR B DU R
=i 13 P BRI 2G50 o 1207 IR IR | Emf PR, 52
1, TSGR A ZOR, RERSAR L i N T IR
{RERNAR 2GR B O E o RSk B s Sk b, 70 XA
PLESEAR 2555 B HEA T I £ KU A, DR £ 2 e AN 1k
RN DI 7 HRTPAS AT HLER R AR 24 1 i R A A XU
ARBL, RSB Ak 18 A1) B2 R B A A LSS I 22 4 fil
B L AR SE B O TR A R 24 5k B EA T XURS: PRA,
VU HUAy Hh 24 b1 rp o 245 B KURE PEAG B2 16 2%

2 PRSI

21 UESEHF

7890B-7010 M (3% - = F DU AT 53 B R 143 (55 [
Agilent 24 H]); GX-274 4= H Bh A ZEBUL AL IR AR BRA R
N F]); SF-TGL-20A B0 ML EHFIEN IR TS A TR
2 nl); NV-15G AR (GEE Agela A F]),

ROk AF LTS . Bevg . ILAREAT .

13 PR 2RI S0 A LR AR Y T,
JREWREE R 100 pg/mL, AR 1 PR ARAEE TR A e dl:
A3 MERATR AR 0.20 mL _FiArdEfh, FHIECHERZE 1 mL,
Bl A% 2.00 pg/mL MIFRIERE R IR . ARIEICPRTR 2L, BREETRRE
JLR AR AR 1A

1 B AL R B E A BUNMEG mL)(EEE% A ), B
XK. L. ECs(fagkal, 22F Fisher Scientific 2 ).
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22 KWHE
22.1 #Hsuhl&

HEIFRBGRI I A 254143 K 3.0 g, I 15.0 mL 24,
=¥ 10 min, & ILEN 2 g, #73% 6 min, 5000 r/min %.0> 5 min,
B4 38 WO ARG O R, PRI 20 5 52 PR R B
5000 r/min B.0> 5 min, G2 LIER BT, Bk
FER WAL

K 4 B 2 AR 2K BUSCRE A 88 4k s BB A SR A /N
5.0 mL ZJE-H G0, vv)yBmkek, 2475000 24k
W2, SLBIEIA LR b, B 10 mL YRR
BRI ZY 5 mL, fURARZERT, HIECHKER, K
ERTHAECHEEAZE | mL, 5B, FE,

222 &iELH

{3 HP-5MS(30 mx0.25 mm, 0.25 pm) {3 3 B 404
K 30 SR 4iE =99.999%; HEEEIRE: 200 °C 4
W WA 120 °CRJF LA 8 °C/min FEFFFHEE 200 °C,
SRJE LA 2 °C/min FEFTHE E 208 °C, L 0.2 °C/min FHE
2 210 °CHFLA 2 °C/min FHE 2 230 °C A3 : 1.2 mL/min,
PR 1 uL; ST AN TERE .
223 JRig&At

T35 i B IR (BT SRR 70 eV, B TR E
230 °C; #:MREE 280 °C; WFIAEIRET] 4.5 min; RFHS:
RA(GERE =99. 999%); “HES GC-Solution T-Euk, 13 Ff
A 24 A3 1A P B S ) B2 A A ) MRML S50 (% 2)

F1 BHRANELRER

Table 1 Basic information of 13 kinds of pesticides

HCAA TR BELAAFR s FRUELE/(ng/mL) AN 5E &/ (ug/mL)
INEAR hexachlorobenzene CClg 100 +0.12
A heptachlor C1oH;sCl, 100 +0.11
3RS aldrin C1,HsCig 100 £0.11
LU 7 N ) heptachlorexo-epoxide(isomer B) C,oHsCl, 100 +0.07
FAEFt oxychlordane C1oHyCl0 100 +0.13
J-AELA heptachlorendo-epoxide(isomer A) C,oHsCl, 100 +0.11
SEF trans-chlordane C1oHeClg 100 £0.036
S Ft B-endosulfan CoHeCl05S 100 £0.12
it cis-chlordane C1oH4Clg 100 £0.045
I dieldrin C1,H;Cl40 100 +0.12
Sk G endrin C1,HsCl0 100 £0.14
a-fi ¥ a-endosulfan CyH4Cls0:S 100 £0.12
T FH R L endosulfan sulfate CoH(Cls04S 100 £0.12
F2 BHKANKREBRE., TEBTFHELSBF
Table 2 Retention time, quantitative and qualitative ions of 13 kinds of pesticides
K2 i B4 B 1) /min ERET EMEET EPEE T 2
NAR 9.1 283.8/248.8; 15 248.9/179; 30 285.8/250.9; 15
L& 11.7 271.7/236.9; 15 336.6/142.9; 15 236.9/142.9; 25
IR 12.8 262.9/192.9; 35 264.9/229.9; 20 236.9/143; 25
M-3R L 14.3 352.8/262.9; 15 262.9/193; 35 236.9/143; 25
AAEST 14.3 114.9/51.1; 25 184.9/121; 15 236.9/142.9; 25
R-BELE 14.4 182.9/154.9; 15 216.9/181.9; 20 252.9/182.9; 35
SRS 15.3 271.9/236.9; 15 372.8/265.9; 15 236.8/118.9; 25
pEiFt 15.8 206.9/172; 15 194.9/158.9; 10 276.9/240.9; 5
-5+ 16.0 271.9/236.9; 15 372.9/265.9; 20 374.9/300.8; 10
L/ Qail 17.2 262.9/193; 35 237/142.9; 25 345/262.7; 5
Sk R 18.4 262.8/193; 35 316.7/100.8; 10 244.8/173; 30
a-ti ¥ 19.1 262.8/192.9; 30 194.9/125; 20 236.8/118.9; 25
i S R £ 22.3 271.9/237; 15 273.8/238.9; 15 386.6/288.7; 5




2932 B2 A TR R I 2 e

%10 &

224 BHEREARE I

K F R Pl FH AR AR % ADLH 45 A 20 (8 P e i 1
RS, %ADI M/ B, 24%ADI< 100 B, FR K
Wrl L% Rz, M%ADI>100%E}, FRA A2 T
KUK o %ADI 42 88X (1)

%ADI = (CxP)/(ADIxbw) x 100 (1)

TR %ADI (i, AP e ADI BLH GB
2763-2016"K [EIF 12 dty i ARIE- i AR 2SO R R R PR AL ),
-5 ADI 5 0.0001 mg/kg, [ FH? ADI 24 0.0005 mg/kg., C
KPR AR B E, BOP IR EE, S mg/kg; P
Syt BT A Bl ([ 2 SR BB R A R
HOH 10~15 g, S AFIRAE b)), ADI 4 H feifiE
AR, B0k me/kg; bw AIRTE, BAN ke, 4 60 kg T,

3 HER50H

3.1 FEERHMmK

AR5 PR MRM T 9 3 588 4 147454 24 (4 43 #r,
Horp 1 XX T T, 5 2 X T A
Bro R T ARAR S I S 1% 2% A AGRAIEXT 23 BT 00 2k A 1
FIMERYE, SRR AT 7. TR AR R
— RINFGES BT Tk, MRM (4 AT AR
R S A RS, el TR 5 MRM S5 Ak A4
Wit o SE—HAE m/z 50~400 Y FRI N DL S F i 2R et
SA BRSPS R R . EEEHATE mz RS
XiF 2 AR RIS . S B E MRM BT [R]
eI ZE R RS 7 W) . HET, KZ40 GC-MS/MS
TIRST 2 i TR e B (BD TR, H R 1K B R0
RGPEMEINE . Gl ik b2 kAg T BRAR MBS 45 14 Fn
OYBRCR . R AR 2GR B IR RE, AR L 1)
B 1 2k 100 ng/mL JEFUINAR TR A S 2 FJi(total ion
current, TIC) &%,

Wi LR
4.0x10° - AHESt
- 25 1%
[ —— 100 ng/mLEE BRI
-E5t

TR

2.0x10° | &

0.0

B} [8]/min

B1 13 42 100 ng/mL JEJRE R GC-MS/MS 3% ]
Fig.1 GC-MS/MS chromatogram of a standard mixture solution at
100 ng/mL solvent
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W IR AR F 2 e ) gk UEA T R 0L 5 A AR O
ISR T A . RAZG ML R, BB 5 R 25w
WCERAE 72.1%~89.1%, HAVRZGIERBIMLT 70%, JLH
ANEEAR AR 34.9% 0L (18 2), - B L) B e m
Tl e, DRI, SR FH A A8 Bk AR 2 My ik de 28T LA 3k
AR A DR EE L

120
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&7

40

R T

P2 rp 2 sk S AR IO 5 LA
Fig.2 Comparison of sample preparation effect employed the
method in China Pharmacopeia and solid phase extraction method

3.3 REUATIAESE

R A P A R I 3, LI B G DU ) A 245 40
PEZE SRR, RTINS it i B 790 ) e % BOR B i o AR S
KRHCBROHEE . L. B SR Berf 4R s kA
Jg, AREB, AN B AR AR, HA
REFE MR BUITA AR 250N, NI 2 R LR AE 78 M BRI K
ZRCRZ, [N R @R, 8 1S
BRANEREC); 2 1 R W At v 70 xR 2 Ak 21
AP, FLIMIE A0 200 A, BEBTT A/, IR
A, ZN 5L SPE ALMIDLRL, HRAEREDY.
ARSI R LI IO )
3.4 REEERAFIAEMERE

ARSOR 4 A 2l [ AR A HOSCRE B, 7T 35 48 0]
WES T EAEHOR MR 2, HeB T R 1 URUEIBER A
8 2 IRV IR B He g, il 3 7R, AR Rk
Ji SRR | AL RS TREA DR, TS . AT
B H B R A5 AT BEAE 5 — UM DR M R AR R A 2 — K
ARBEAGE, AWK, B 18548 W) AT
LRI, R U — R
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Fig.3 Optimization the amount of elution solvent
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T A o S 2%, X AR 25 R BR A I A — 2 1
SO, AR REAT LT AR R, A 2L R] RE AT AL T e 5
BV o BESLANINKFEA 5.0, 10.0, 20.0, 50.0, 100.0,
200.0, 400.0 pg/kg 3L bR A fh 26 UGS R 07 500 B o R
2R, AT XTEL 2 A i 2 G kR ok ) 28 ok Ak 3
S BORE B IR OOV AT A5 2%, TEM R, SPE ik Ab B )
R BRAEATH 61.5% M A 25 A5 7E H TR 1 50 3
30.8% A G AFFESE UMk &0, WL 4. Rk, A T S
24 3L A UK 40 5| S B4 5 TR 5 B R e U, S
0 R UL Jo DG P v o4 T 2 AR AV 5 O 28, e 2 AR A 5
pEN iU e O
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Fig. 4 Matrix effect of 13 kinds of pesticides in Ziziphi Spinosae
Semen solution

3.6 ZMHEXRASKER

TR TN 5~400 pg/ke Yo FIN, FAZETECHIAK 7
AU L TR A AR R IA W, AR E I (6 S T
ATIGE, 43R%T 13 B 25 B Ao P e e AR X HLve 8 kA 72
YRR, derARnemis, LLS/IN=10 5E SRR 25 U s
B, SEREM: FRIER 13 FRAARZE M RS E 5%
JO7 e T AR S TR R A R SE 2R, DR R BN R T 0.996,
BARL AR BRI/ T | pg/kg, BARZEERIE 3,

3.7 ARMEWERMEEE

HG AL IR A PR E I 28 AN I B R AR b, 4301
BT MR 9 10, 50, 100 pg/kg BINERRE S, R K
AT 3 IR, FEF— RS N TR, A
O AR B A X5 B A 22 (relative standard deviation,
RSD). £5 328 13 Pl 25 LA #E 3 AT KT (10,50,
100 pg/kg), JOARENSCRILE R 75.0%~116.2%, RSD(n=3)
H117%~17.0%, BRANGERSN, 205 5y EDSCR FAR TR
THE i 22 W6 T 224k 247 5% R ) v %) o R RO 98 R A BEOR
MESERLE 4. a5 bRBEEHTROESFYM,
(B HAE Z 3R B AR 25 Hr I, A Bs b e BB HLA 75 08
MR IR A LS A AT AR SR A TR B 7, DRIt oS
AR PR R A, (H A % B AR RN T 10%, i
JE R R B0,

3.8 M RATKRE RERXK T,

FHATT BN 79 HERRE AR UET T 40 E, X
AL AR ERAREST 2 Ry, LEEEA
0.00251 mg/kg, ESHE N 0.00253 mg/kg, K 2015
B EZG L, A AR 2 AR B K B B R T E R KAk B
FREEARIE(0.05 mg/kg). A HLEARZ T AT EALH 30 R4,
ERIEES E oA T B i s B (2T o ik 92 LN S I
A %ADI {4 1.96E-02, & J}%ADI {4 3.95E-03 (34/)\
F 100%). HULEER AT LA, AZGlal & HEZHR AR
BRA IR R B/ N TR 2R, U B R
ARy, HME AR A RS, EEan iz
W o R e EE T/ NEIEY, IR A Z, R
T REARAR TR A S [ A ke XU AR S350 11 00 R S s A R
A WEAE, PREEILIG IR FH 24 % 4 .

4 &

AWTEES TR 13 MR LA 2
B B A O O N R T 3 o 5 X At e 2
PRI B M TS RA S E M. SRR,
AT R [T | AR i 22 484 5 A 24 5% B A
FEROY R G 3 Xe o s v AT HUSRAR 2 5% PR A R T T
€, UEHIZT A BA RIS FITE . A R 251 HARIE &
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Table 3 Regression equations, correlation coefficients, linear ranges, and limits of detection of 13 kinds of pesticides
b &) ey LIFE Y LMV (ng/kg) i R/ (pg/kg)
INAR Y=1452.7067X-5086.3593 0.998 5~400 0.003
L& Y=377.2747X-2007.9034 0.998 5~400 0.01
IR Y=660.1722X-2754.5251 0.999 5~400 0.01
M-3R LR Y=210.0410X-1244.2041 0.996 5~400 0.15
FAEFt Y=611.3243X-572.7090 0.999 5~400 1
S-HELHE Y=117.4736X-120.3905 0.999 5~400 0.15
FASY Y=581.3478X-3074.5457 0.998 5~400 0.1
Bt Y=22.8980X-73.1524 0.998 5~400 0.3
- ¥=557.6191X-2402.3844 0.998 5~400 0.3
KGR Y=224.2393X-1105.3835 0.999 5~400 1
S 3K G Y=474.5659X-1640.5707 0.999 5~400 0.3
o-fiFt Y=42.9300X-297.5691 0.996 5~400 3
B PHT IR £ Y=11.9457X-97.0994 0.999 5~400 0.3
R4 13FHRAE 2 MAILESETHEWERRSD), BEE. BEMNSH(N=3)
Table 4 Distribution of recovery results (RSD), precision and stability of 13 kinds of pesticides with the 2 pretreatment methods (n=3)
[B R (RSD)/% (n=3) K% BE %
ey FREM/%
10 pg/kg 50 pg/kg 100 pg/kg H 1] HN
NEAEK 64.4(7.01) 51.1(3.54) 62.1(5.88) 2.53 3.92 5.88
L& 103.5(2.02) 100.9(6.03) 77.7(7.63) 2.28 3.88 7.63
SCEGH] 105.5(9.03) 77.9(2.69) 79.2(9.30) 4.08 5.60 9.30
- 24 4 S 84.4(15.4) 91.5(3.85) 113.2(10.2) 2.47 5.55 10.22
A 107.5(2.18) 90.0(1.63) 72.8(3.77) 2.36 2.64 3.77
J-HEALE 77.3(7.93) 83.2(2.56) 79.2(5.11) 2.33 5.24 5.11
SRS 100.0(6.70) 84.1(5.62) 92.1(11.7) 2.15 6.87 11.7
B Ft 99.6(4.10) 84.0 (1.93) 75.0(3.50) 5.26 2.82 3.50
Jii-58F+ 84.9(1.17) 81.4(5.03) 92.1(3.69) 1.98 3.93 3.69
2K R 116.2(6.70) 76.8(5.83) 95.9(5.58) 1.77 8.01 5.58
SRR 98.6(8.98) 95.5(17.0) 101.0(2.61) 2.87 6.39 2.61
o-Bi St 86.0(11.9) 91.2(7.73) 107.3(5.74) 491 3.07 5.74
B ST AR £ 114.7(3.57) 101.4(3.39) 102.6(4.79) 5.44 4.16 4.79

FIEL(%ADDIIMRT 1. 4 RKH, F24h i A8 AR i A
2T REAN 20 v [ B A SL A AR B S . B TR A 2h
MR, BREERONA, XUBS DAL AR Fr AR 5 KU 45 2R, I
B 24 i M A PR SR WA, B 1 AN 25 E AT
Yo, fEE VAR R, ALY AT DRSS
AP, BRI RS . WA I AR B T
R S5 2RI oR o AT T 5 v 3 [ P 25l A AR

K, B B P2 i T
SE Mk
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