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IAs BT SRR IR MR | MR IR Sk
[ A I 4 I 7N 7Y e T
FEHIKTF 95% , 5 [F Dr. Ehrenstorfer 2 5] ; N-JN 2
2 g (PSA) W BF 57 (40 ~ 60 wm) | f7 224k Jx BB
(GCB) MW fff 7 (120 ~ 400 mesh ) | £ BE i 44 K
( Cleaner NANO-carb) (10 ~ 20 nm), X 7 Bonna-
Agela A H]; OV IEC KE, 3540, 32 [E Thermo 2
Al BER , el At st fk2=in A |l 5 e e 66 BB,
R SIS A IR A F]
1.2 (U FE5EE

7890A —7200 AV AH (L35 - PR AT — €A 7B 1] 5T
TEAX, 2 [ HEB B 28 7] 5 SR -2DS BUK R %
% H AR Taitec 23] ;X -30R HU7% i 34 %R B AL,
DUE & PR RFERT R ( E) A PR A F; N-EVAPL12
RIGIANL, S E OA -SYS 23 Al ; R -215 RUjehs 78 %
%, B Buchi A7) ; TM - 1FN ZIB EIR A 88, H A
Asone NH)
1.3 ZWH*E
1.3.1 REGARAER RGBS

HERFREL 10 mg (K56 2 0. 01 mg) 4 25 bR iy
S350 10 mL 250, Y s fiff o 2% 28 220 132 T o)
TR JE A 1000 mg/L A AR TAE VR W, ¥ 8 it
&5 T 25 mL 25 HEREC T ROT R B 10 me/L fY
TRAFRE TR,
1.3.2 HSaraz

ZEMERE SR TR R O 16 H R B R R, BRI

5.0 g B3R T 50 mL 45 35 R M 85048 A 10,0
mL RTS8 1% BETR NG P AL 1 min, DL 1 x
10* t/min &0 5 min, S mL FER T 5 —12A
45 mg NANO —carb .75 mg PSA .25 mg GCB W& [ 551 %
15 mL B0 4, LLZ) 2 200 v/min BHE 1 min 15],
LA 1 x10* r/min B5.0> 3 min, FH4 mL FIERZE 80
mL 3.0 7E 40 CHEZE 229 0.5 mL, A Z T
T°,0.5 mL IF O be 2 2, o B A F AU €35 - DUk
FE="RATH R B oAt
1.3.3 &diht

3% A, VF - 1701 ms & 40 4 A (30 m x
0.25 mm x0.25 um) ; F2 7 FHR &40 w1 i A iR R
80 °C, LA 40 °C/min FHiff % 220 °C, FLL 8 °C/min
THE % 280 °C, 4 #F 2 min; 2 & K, 4l
=99.999% , Wi ¥ 1.2 mL/min; #F FE 10 R .
270 °C ;R R 2 R E . 280 C ;& . 1 Ly FEFE TS
AT
1.3.4 JFditt

H3Ed (ED &1, FRERE R 70 eV, 4T
22 R 50 pA B IR E R 230 °C, HA LA
S, B FHETEE (m/2) 9 50 ~ 600 u, SRR N
2 spec/s , T HER B [B] A 6 min
1.3.5 AR ERBIEFEHESL

e T R ST 13 R 2514 AL
BRI K% 2E ( personal compound database and
library, PCDL) , P & i B FHARFE B L3 1,

F1 13 FRZZFR CAS 5 fh2pal K kS

Tab.1 Compound names, CAS numbers, formula and mass references of 13 pesticides
- %ﬁtfiﬂ%ﬂ st ERET ETERT 1 VR T2 AR T3 1%%5'4‘!‘@/

2] (m/z) (m/z) (m/z) (m/z) min

IR 43121 -43 -3 C4H4CIN; 0, 57.069 9 208. 026 7 128.001 0 181.016 3 7.20
DU L Bk e 112281 -77 -3 C;3H CL,F,N;0 336.052 1 338.049 2 170. 976 3 158.976 3 7.59
T A e 66246 —88 -6 Cy3H,5CL, N, 158.9763 248.094 9 160.973 3 250. 092 3 7. 64
L A g 79983 - 71 -4 C,H,,CL,N,0 83.047 8 213.993 3 82.0399 215.990 4 8. 44
EZ ¢ 76738 =62 -0 C,5Hy CIN; O 236.058 5 125.013 4 167. 024 0 238.056 2 8.57
3 e 76674 -21 -0 CigHp3F,N;0 123.024 1 164. 063 0 219.061 6 95.0292 8. 65
ST s 85509 - 19 -9 C,¢H5F,N,;Si 233.059 3 206. 054 4 234.062 6 165. 069 9 8.97
i 83657 —24 -3 C,sHy; CLN;O 268.003 9 270. 001 9 70.039 9 232.0272 9.45
TR s e 94361 -06 -5 C,sH,3CIN; 0 222.0429 138.994 5 125.0153 82.0413 9.58
= IRmg 41814 -78 -2 CyH,N;S 189.0355 162.024 6 161.016 8 135.0137 10.08
A e 107534 =96 -3 C,sHy, CIN; 0 125.013 4 250. 074 2 70.039 9 83.049 1 10. 86
T T 116255 -48 -2 C3H;,BrCL,N;0 172.955 6 174.9519 294.908 8 292.9117 11. 15
TH- T 125116 -23 -6 C,,H,, CIN; 0 125.013 4 70.039 9 83.049 1 82.0399 11.97
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Fig. 1 Total ion chromatogram of 13 pesticides

2% BB T R T R IO ik, AR AR
ﬁ/iﬂ1$ﬂ?l)igﬁ%ﬂ, I 1.4 x10* t/min $2HL
1 min, B B IS 43 5 KR NG 3 WG Bk
T3k, 2) MR, =R R R E TR S VAL
KIS, A MR EC 1.3 .5 min, 3) B, EiR
TR E T KRG L, % 3 150 1/min, 435
FEHL 5 .10 .30 min,

P AT B BT S S R 7 71% ~ 102% , 4%
24y [P AR Y AH X AR 1A 22 (RSD) BR 2 % 30 min 42
IR = e e A A, FL AR S BT /N F 20% (DL
#2).

2 AFFIBGRAET 13 P25 i

Tab.2 Recoveries of 13 pesticides under different extract conditions %
EE:

£
Y5 1 min 7% 5 min %% 10 min 727% 30 min #E 1 min #EA 3 min H#H 5 min
= IR 76.3 £12.7 77.2 £5.5 90.3 +3.4 96.6 +21.9 79.3 +10.9 92.2+7.3 89.3+5.3
7Y G ik e 90.4 +7. 1 84.4+1.2 86.6 =10.3 89.4+2.9 85.2+4.5 89.0 £4.3 93.1+8.3
ST 92.3+8.4 84.2 +0.8 90.2 +3.2 90.5+3.7 87.3 5.4 89.1£5.6 96.0+2.9
L I 97.2 £11.0 90.3 6.5 98.2+1.5 100.7 +2.9 97.4 +6.2 95.9 6.0 93.6+7.7
2L 87.3+5.4 81.9+2.2 84.1+10.2 88.3+3.9 81.2+4.3 93.1+2.4 91.8+3.3
oy st 79.2 £6.3 80.4 2.0 84.3+4.5 82.1+3.9 75.4 +4.6 80.6+3.2 87.2+1.4
EaN LY 91.0£8.3 85.7+2.2 87.8 +10.0 92.4+7.2 87.5+5.2 91.1 4.5 97.1+7.5
s 79.7+7.6 71.4+2.5 78.5 1.3 77.2 £6.9 73.1+4.9 77.2 £5.6 83.5+3.7
TR s e 86.3 +6.4 80.9+1.6 88.3+1.5 85.6+7.7 79.2 £6. 4 84.6+4.7 87.1+5.6
=R 101.3+1.4 76.6 +12.2 95.0+1.7 95.3+9.8 78.4 5.1 82.4£6.6 87.2+2. 4
JAG I 86.4 +7.4 80.8+1.9 85.0+2.3 84.5+4.7 81.1+6.8 93.0+4.2 92.3+3.3
TR 82.4+8.2 81.8 +11.0 79.2 +11.3 79.1+2.7 76.3 6.0 82.5 +4. 1 91.5+2.4
A T e 85.4+7.7 82.3+9.6 84.1+5.4 84.8+1.3 79.7 9.8 84.2+9.0 82.7+4.2
AVE 87.3+7.5 81.4+4.6 87.0+5. 1 88.2+5.3 81.6+6.2 87.3 £5.2 90.1+4.5

n=5,
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M5 min f& BOROR S 4, SF 2 Wl 3
90. 1% ; ¥15i 1 min, 7% 10,30 min 75 3 min 42
WOSOR T B T, ASOR W L B, - 2 el i R AR
87% ~88% Zifi; Hiax 2 Pk 220 81% et . 43
5 B PR IBOCR (IR I) AR AR (R A 5 T, R I
WO 50 1 min AR RiTAL PR U5
2.3 HIERIAYED L IR

Hayward 25" 047 T 25 MR EEAE N 1) 227 Fifk
EpEEANRS NS N 20 MR | IRV E oaTT R RN 1N
ARG PSA 5 GCB 1 ECPSA [ #H 2% HUH: Al
TPT & A ZE B L B i A T PSA 5 carbon X Plus
(1) COA [EIAHZEBURE AT ¥ Ak, 28 SUAH 8335 — BRI I
TSI  %F HegE 145 R s . 3 A 22 BOkE v, &
# 500 mg PSA #1500 mg GCB 1) TPT [ AHAE BUH: 4%
gy 2 Fh 50 R B AT (4 Ak RDBOHCR . Hou 451
TES3HCE AR AR 3 R T, 6 NANO —carb 1 PSA
SEATRE AL T AR R A SRR N Y 78 Rl
2 5% BRSO £ 3% — = DO B B J5 3% 3 A
¥ WF5E il i X NANO - carb #1 PSA (L HE AR AL,
S 1V HARYI AR AE T, 3RS T R A R L
RIS B A SR A2 ) e A € i 0 3 4
Wirh 6 FhIUPRR BEATRL , 45 2R R ZRERR KA
BEJTT AR S ORI W PO R R A TSR T C
A B A A AR A P A A 2 Y S R
3T,

ARSI Y SR AL DRV 1R DR R AL
MR 4 B s BEITORIE 2 PSA il GCBM 1 3
B BT AT A A 0 A0 25 ke v ) S 2 v
PR —Z BERRAIRAT 1T SRR R £ )2
SPAT IR S5, LA DT 0 I B AR e L S
% FRSCHR b AL 7 VR A TR X SR IO
R AT A B2 B o ) R 3 Rl g b SEORL
(NANO—carb \PSA \GCB) i) 6 L b 7 Rl A 14k
(K831 0.5 mg) . HARELIERIITE N :1)75 mg
NANO - carb, 125 mg PSA .25 mg GCB;2) 75 mg
NANO —carb 125 mg PSA;3)45 mg NANO —carb .75
mg PSA 25 mg GCB;4)45 mg NANO - carb,75 mg
PSA;5) 100 mg NANO - carb, 150 mg PSA 25 mg
GCB;6)100 mg NANO —carb 150 mg PSA,

6 M RITC LU A4 i AL DR D7 S0 T 13 Rl 2y

R T L IR 2, 4677 %8 RSD 97E 20% LAY, MR
2 AT LA T 5 3 Mk 5,13 Rk 26511
FISCRITE 80% ~105% |, W sh# /)N, AR IS R 1
DA SE . AN TE TR 4 ST REECRZN
IR R AL B by, i FLEA ] GCB, 74 T3
b H R AE SR R P R B, 1% R b B
WARTTZE 3 Won IR WG B (0, 75 5 38 1 T
TG Y, 25 0, Be 85 % 3 1R Mk i e Ak JEORE
FCLE
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Fig.2  Recoveries of 13 pesticides on different

conditions of purification fillers
2.4 KR EERMEETEE DN

T FH 25 R il A 0 25 T3 T 45 () Al AR SR
KRS R LS o W b 11 it 5 1 B B T, 1) G
9 A R BB B 1) ZR SR A B VA T, TR AT AN T
Bk, ZRMESEH A OC R E DA R (LOD ) #1
AR (LOQ) WK 3 ME 4, 7£2 ~1 000 pg/kg
1) £ 41 BBl PN, 53 5% R St T 4% 35k I v s o il 4 1)
MR RAF, 2 FOE A AH C RE(RY) ¥ 1
0.995 LA I,

WZE 5 G- FATRE R MBI L (Ry ) AMIET 3 3t
BB, RO T 10 THREE E R, 76 2 FhL i
H 13 PR 25 R BRTE 1 ~ 20 pe/ke, &2 BRTE
2 ~50 pe/kg, 45 [T LI MRL 2R
2.5  hnEYIEE S 1

HEATUS ISR (%) BT v 224 10 50,100 pg/kg
ZRREI AN IR E 72% ~ 110% , R* ¥ KT
0.995, 2 FhZEmtrf 13 Flfe 245 i 75 in [ S g ik 45
W5 ME6,
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Tab.3 Matrix methodology results of green tea Tab.4 Matrix methodology results of Puer tea
pe/kg pe/kg
%% EUMRL LOD LOQ M R? #F  EUMRL LOD LOQ i R?
= 50 20 50 50 ~1000  0.998 4 L] 50 20 50 50 ~1000  0.998 4
PUGREEHE 20 2 5 5~1000 0.9999 PUsg S 20 1 5 5~1000 0.9997
Az 100 1 5 5~1000 0.9996 Az 100 1 2 2~1000 0.9997
oL e 50 20 50 50 ~1000  0.999 8 O e it 50 20 50 50 ~1000  0.9960
EZ U 20 2 5 5~1000 0.9999 EZ25 20 5 10 10~1000 0.9998
e 50 2 5 5~1000 0.9999 A A st 50 5 10 10~1000 0.9998
AL M 50 1 2 2~1000 0.9998 R 50 2 5 5~1000 0.9998
o A st 50 5 10 10~1000 0.9999 o A st 50 2 5 5~1000 0.9999
RMEEE 50 5 10 10~1000 0.9987 MR 50 5 10 10~1000 0.9999
= IR 50 20 50 50 ~1000 0.9983 = IR 50 20 50 50 ~1000  0.9993
JAG e 50 1 5 5~1000 0.9985 R A st 50 5 10 10 ~1000  0.9999
A e 50 5 10 10~1000 0.9988 o R e 50 5 10 10~1000 0.9995
T 100 20 50 50 ~1000 0.9974 R 100 20 50 50~1000 0.999 8
R5 GRIRELBTES N A1 IS R
Tab.5 Recovery experiment results of green tea matrix
Z R R/ (pg-kg™") [T R/ % 2 Jndri/ (pg-kg™") IR/ %
10 72.3%7.7 10 74.0 3.3
= 50 75.3 +6.2 S 50 83.3+7.5
100 109.5 £17.2 100 85.5+3.3
10 78.0 5.3 10 76.0 +6.3
1Y S gk e 50 92.3+6.4 TR W e 50 93.4+8.3
100 96.3 1.7 100 88.8 6.5
10 74.9 +3.8 10 82.8+4.6
TG TR P 50 88.1£6.7 BN 50 96.4 £10.2
100 86.3 £3.2 100 93.1+5.4
10 72.327.9 10 90.0+7.9
L W 50 95.5+13. 1 iy 50 93.4+6.2
100 92.5+7.3 100 88.4+4.2
10 74.8 1.5 10 74.2 +9.8
EZ Y 50 83.3+7.5 e e 50 90.0+7.9
100 91.3+6.6 100 79.0 +7.4
10 72.0+1.8 10 71.4 £5.7
A e 50 72.4+5.6 IH- T 50 81.3 +4.4
100 83.3 £4.5 100 81.4+8.9
10 77.0+2.3
SR 50 96.4 +8.3
100 88.3£7.5
n=5,
2.6 EFHMEEMR HIFELL 100% VE RPN FabR, 45 R WL 3, BE M IE
FERUSON P 7 A 100 pe/kg 2 BEGREEBHG AR TABCR SIS E, £20% LA

AR SR A R, A S E SRR AFORISEEBRUN, S SR IERAUY , IE 3
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Tab.6 Recovery experiment results of Puer tea matrix

HFR Jibr/ (pg-kg™") [T/ % S IERE/ (ng-kg™") Bl %
10 71.9%9.3 10 89.5+4.4

= W 50 80.0+5.3 S L 50 77.8 +3.9
100 96.0 £11.1 100 85.4 +6.2
10 90.4 +8.2 10 98.1 £8.2

Y ek s 50 95.5+5.1 FRTA A 50 95.7 £3.8
100 90.8 6.3 100 93.6 6.3
10 92.2+7.6 10 80.1+7.4

T T 50 96.5 +4.2 N 50 95.2 5.0
100 86.6 +6.5 100 96.0 +4.9
10 73.4 8.3 10 96.5 +11.4

L M 50 99.0+4.9 i 50 92.7+5.3
100 90.8 +8. 1 100 94.3+5.6
10 92.7+5.9 10 89.3+6.7

2R 50 96.5 +6. 4 T s 50 92.5+5.5
100 92.2 +4.2 100 89.6 +7.4
10 93.4£2.3 10 79.8 £6.7

Ay WA T 50 94.7 +5.2 TH- T 1 50 93.2 +4.3
100 97.3+1.8 100 91.4+3.4
10 99.1£6.6

LR e 50 97.2 £4.2
100 93.9+8.8

n=5,

gy )

B3 BRI TH 2R L TR

Fig.3 Matrix effect of green tea and Puer tea

A LA 4 R 2R 25 2 Fhoe it rp L LR B o
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HAHZRAE e, X AT RE R T T a e R A IS, HrP Y

TR B U8 2R A s B T
2.7 KEREESBIRET

il AL AL IS 10 i A B D7 32 K0 16 3] Tl 5 A%
FE AT 15 BT B AR S 13 B =R 2
T, 2 RAEM A 1 B 2R L SR AR A
Rt 1 8 iR 31, 47 we/kg, M 2SR Y
1 155 &84 15. 88 pe/ke,

ZALMELERR B MRL bR BR 0 20 pe/kg, W
31 GIREs A 1 Bl oR bR 78 H APR b R 98
S Rl E—— PR ERR 4 10 pe/kg, WIZRAS
A 225 A 1 0 b, 1 7E B N BAT Y GB
2763—2016"" Hxsf T3k Fft 3 L A AR AR 4 A A
A 25 HA AR JheHm g 88 K SR b i i
R ACVFHR R BR i, /b AR it b i BROE A S
BArHr .

3 & it

WFFEESL T2 R 13 Ff = MR 24 19 1
FAGIN T o R SR 23 T AR A BG4, %) 1
T ORBURHEC L T3 S8 BEAT XS L, A S BORR Al Ak
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Determination of 13 Triazole Pesticide Residues in Tea by Dispersive
Solid Phase Extraction Combined with Gas Chromatography-
Quadrupole-Time of Flight Mass Spectrometry

TENG Xiaoyu'?, LI Jianxun'?, HU Xueyan’, PANG Guofang'*, FAN Chunlin®*
(1. School of Food and Chemical Engineering, Beijing Technology and Business University , Beijing 100048 , China;
g g ying 8 y,beying
2. Chinese Academy of Inspection and Quarantine ,Beijing 100176 ,China)

Abstract: A method for simultaneous determination of 13 triazole pesticide residues in tea by gas chroma-
tography-quadrupole-time of flight mass spectrometry was established. Samples were extracted homoge-
neously with 1% (volume fraction ) acetonitrile acetate. The extracts were purified in a centrifugal tube
containing three kinds of purification fillers: multi-walled carbon nano, N-propyl ethylenediamine, and
graphitized carbon black. Capillary column VF —1701 ms was used to collect the samples under the
fullscan mode. Thirteen kinds of tea samples were quantified by the external standard method. The
results showed that the detection limit of the experimental method was 1 —50 pg/kg. The recovery of 13
pesticides was 72% —110% at the levels of 10, 50, and 100 pwg/kg. The relative standard deviation was
less than 18% (n =5), and the correlation coefficient was greater than 0. 995. The established method
is accurate, sensitive, solvent-saving, convenient, and rapid, and can meet the qualitative and quantita-

tive detection requirements of 13 triazole pesticide residues in tea.

Keywords: tea; dispersive solid phase exiraction; gas chromatography-quadrupole-time of flight mass

spectrometry ; triazole; pesticide residues
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