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Determination of dicofol, chlorfenapyr, and six kinds of pyrethroids in tea leaves by gas
chromatography tandem mass spectrometry combined with QUEChERs pretreatment ZHANG
Yun, LI Deng-kun, LIU Xiang-ping, ZHAO Shi-quan (Physical and Chemical Laboratory, Nanjing
Municipal Center for Disease Control and Prevention, Nanjing, Jiangsu 210003, China)

Abstract:

[Background] The pesticide residues in tea leaves are widely concerned. At present it is rarely
reported that gas chromatography tandem mass spectrometry is used to simultaneously
determine dicofol, chlorfenapyr, and six kinds of pyrethroids.

[Objective] This study aims to establish a method for simultaneous determination of dicofol,
chlorfenapyr, and six kinds of pyrethroids in tea leaves by gas chromatography tandem mass
spectrometry (GC-MS/MS) combined with QUEChERs method for pretreatment.

[Methods] First, 20 g tea leaves were accurately weighted into a centrifuge tube, soaked in water,
shaken and extracted with acetonitrile-acetic acid, dehydrated with magnesium sulfate, and
salted with sodium chloride. Second, the upper organic extracts were purified and centrifuged in
a disperse solid phase extraction tube containing magnesium sulfate, N-propyl ethylenediamine,
octadecylsilane bonded silica gel, and graphited carbon black, concentrated by nitrogen blowing,
and then added with internal standard heptachlor exo-epoxide isomer B and ethyl acetate.
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After DB-5MS column separation, the target chemicals were determined by gas chromatography-tandem mass spectrometry with multi-
reaction monitoring mode, quantified with retention time and ion pairs, and quantified by internal standard method. Retail tea leaf
samples were collected to simultaneously determine dicofol, chlorfenapyr, and six kinds of pyrethriods according to the above established
method, then the linear ranges, limits of detection, quantitative limits, recoveries, and precisions were calculated.

[Results] The linear ranges of the selected eight kinds of pesticides were 10-500 ug-L™, the correlation coefficients were all greater
than 0.998, the method limits of detection (S/N=3) were 0.51-12.93 ug-kg™, the quantitative limits (S/N=10) were 1.69-43.10 ug-kg™. At
three spiked levels of 0.150, 0.375, and 1.500 ug-kg™, the recoveries were from 74.4% to 110.0%, and the relative standard deviations
were from 2.38% to 14.40% (n=7), all less than 20%. Of the collected tea leaf samples, 54 samples were detected positive of mixed
pesticide residues, and 1 sample positive of single pesticide residues; 1 samples were unqualified for cyhalothrin, and 3 samples for
fenvalerate.

[Conclusion] The method is easy, fast, and suitable for rapid screening and quantification of the eight pesticides in large quantities of tea

samples.

Keywords: tea; gas-chromatography tandem mass spectrometry; multi-reaction monitoring; pesticide residues; QUEChERs
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1 ME5REE
1.1 NEB5iAF

7890B-7000C S AE G 3 - = B YK BRI BX B X
(=E Agilent) , B0\ (32E Thermo fisher) , RI{Y
(EE Agilent) , BB ZENXRITES 2 (FIMNAF
R/R), 2RI (3F L Mettler-Toledo) , =R A
e ({2[E Eppendorf) , 1700 RIS Z M # 5 (L&
Anpel) , B8 & 3 ] F (5= [E Agilent) , 15mx0.25 mmx
0.25pum DB-5 MS 8 18 14 (Ultra Inert) & 15 1% (3£
Agilent) , ¥ & QuEChERs 32 BX & (6g 7T 7K Bt BR £:.
1.5gBE B8 §9, 3= [E Agilent) , #72Y QUEChERs & b B
[1200 mg i B $£. 400mg N- A & Z Z B& (N-propy!
ethylenediamine, PSA). 400 mg +/\ Iz EEKESH
(octadecylsilane bonded silica gel, Ci5) & 200 mg & &
1t 7% 2 (graphited carbon black, GCB) , 3£ [H Agilent] ,
ZHE. AR, 2E- 28, [EC k. 228 (L,
=[E Merck) o PR | = RARIHEE 1000 mg-L? (R
RIFERIFMRFR) « SREFE 1000 mg L (AL RIZERFID)
6 MIMPRR GBS 100mgL* (3EE 02si) « AIMIINAE
SB 100mg-L* (ALFIRERI) o
1.2 N2BFH
1.2.1 BIEEMF HEABAARS (299.999%) ; #HiF
1EE 280°C, HEFE 1L ; ROMHME, 2.0min/m
HFHoRiA ; &I : DB-5 MS Ultra Inert+ B F 5
B&i=4%l (EPC) +DB-5 MS Ultra Inert ; Bi%tE 1558
790.9mLmin?, BEF2REN 1.1 mLmin? ; 5
TBIERF © 60°CHRTF 1.0min, LL40°C-mint FHZE 170°C,
BL10°C-min? FA £ 310°C, R 3 min ; FEITHFR
Wkt - R OE S 2 psi (1psi=6.895kPa) , EPCE
7750psi, 38 310°C, i=1TE{E] 5 min.
122 g BFHBEER:70ev; BEFREE !
280°C ; BITUARAT Q1 : 180°C ; f[FIUMRAT Q2 : 180°C ;
R R E : 310°C; WiES . RS, 1.5mLmin™;
KBRS 8%, 2.25mlmin™ ; JAFIER : 5min ; 1€
MA : MRM,
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somLEBRIBOER, N 10mL4EICRITES , 5
B 30min, BN 15mLZEE- 2B ((FFRkk99 1 1) &
HIEEN, #E QUEChERsIEEN B K 1 FiM AR+,
BIZIEH 1min[54200rmin (B ¥R 75em) B
0y 5Smin, TREX8 mL_EERIIEIAE 1200 mg FREREE.

400 mg PSA. 400 mg Cis 52 200 mg GCB B9 15 mL 7381 [E
AL ED, SRIEES 1 min, 4200rmin? (BOFR
7.5cm) B0 Smin, EFIREN2mL EIER, 40°CTFA
RWMEIETF, MA10uL IRIREER, IDAN1mLZD
BRZFEER, IHFLIERE, BFNE,
1.3.2 AUEAREEE] P23ERREN 6 FEES 500 uL,
ZEARWE. RAEBZsouL, E5omLBEME, &
PRZEEEBZEZIE, B 10.0mg LUESIVEFRERAR,
IR ILES. NARMERRECH | ERREIMNFE A8
500uL, ZERZBEEARZE SmL, BEAY 10.0mg L BREHR
EFERR, IR,
133 EfarnslsE RSB RARE
HFEMRFEAERER (617) , RREF R IEH
TERSRK, BRARAKSKT, 250N 1mLZER
ZEBEER, 3HILEEEISMBLOERRDES,
FIEERERR,
1.3.4 TEERZEECH| MR —E2R &S EME
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SEE (BR) F, FRTEHIME], SRETEER
3FER,
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B0, ZRRWEIR T 285 - 28 (1KFREb 99 @ 1)
ZRENAE - E2k (AL 1 9) 3 Mt FIXTF I
FERVIRENE ., ZREENIBAEREUATI, SN K%Z
HRAERSHIRINE, B BRFIRINGE
55, IUBERRLVBEFRET. AE-ECKRA
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B, AR - EC ARV ERAKIER, B 2%
RRAEBRUERGTRBE™, SE5EZEXAZHE-
ZERVENIREUA T,

2.1.2 QuEChERs I E1HYI%EEE  1E QUEChERs R BLi%E
BT, Agilent 22 5] 4 7= B9 5982-5158 73 BUIa 7 &1& FH
F AOACTTE Y, ARRIRMEENER. FLEHESR. SR
RNEERRYRAE, BRIITRAZZFA &
FERCERY, ANSRIR AT Agilent A & ==Y 5982-
6670 93 BRI &, & I 5982-6670 7 5982-5158 HY &
Bt EARIDT 200mg GCB, SIFEMHFABEERFIBEN
b, ERREVRIBEG X TS, B EEEREARRK
L, BRI T BN BB RENE TR,
213 EFEWMEN  IGERKREERECDESISERYN
HENXA : H@EFRT Bt &Y UM E MR 52 X3
FNYNE BN, WHEIEERN DA AR
MBTF e, BRI AT LA E R EF (matrix
factor, MF) 3R/, MF B] B BAr L SELA R+
MmN (ES RERE T = 8 E BRI &R ER
EbE (B8 KERT Y, MFEKXT 150% A E N
&, /hNF70% HERIER, FRRIRTIRERN SFHRKE
BB BRI A F I E] 1, SEI0EREA 8 FhA 2 MF B/
F70%, RIVAEFIGR, HILRATIEMLLRIKE
B RN R B RE IR0,

2.2 NEBEMH

221 ERE sSHMBEIMMEEMIELSBREF, AR
SfHEINTREDRBE AEHE 4B FEE
X% 2 1NE D BMERTE 20.75 min BERSEIF 9D &S,
& BiF, 8 FAKZG7E 20.75 min FHEIZEF T, MRM IR
RNEBFREEEILE 2,

70, _
010 pg-L?
60| 020 ug-L?
n 050 pg-L?
S001Hm 1 100 pg-L?
@200 pg-L?
40 E500pg-L?!
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Figure 1 Matrix effect factors for 8 pesticides at different concentrations

o

4.50x10°
4.00x105 |- 3 2.00x10* ®
3.50x105 1.50x104F 5 7
3.00%10° 1.00x10*
N 200X 5.00x10%

2.50x10° -
E 2.00x10° -
1.50%x10° -
1.00x105F 4 4
5.00x10¢ [ P T, sell 7 s
0 i i i i N n ! n h ;
9 10 11 12 13 14 15 16 17 18 19
t/min
] 1 ZSURIHEZ ; 2 (RBAE ; 3 BXKSER ; 4 REHEE ;5 &
SEFhE 4 1NE) ;6 (RFPEE 4 NE) ;7 (HLHE Q1E) ;
8 I REHFE ; 9 FALEB (WHN)o
2 8WMRHAGMRMEX R B FREBILE
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2.2.2 FUEZE AEF A G9250AA-Agilent RZGFNIR
RIS MRM BUBFEHEERRFN &Y 3 B X,
HA1WEFAFTFEERD T, Fh 12N BFXIH
FEMED . BIBLREERIERMG, BESMHLSE
YRGBT B, BFX. RMAIEES. BNEFE
Etb. 4% MRMIRT THY 8 FA G YR EBY B, BF
Xt N BEFFELERRERERR 1

0
158 163 168 173

®1 SMRAGHFREE. BNBEFFEELURMIERES

Table 1 Retention time, ion pair abundance ratio, and collision energy of 8 pesticides

%% @258 /min BFIL _ BFXg2 _ BFxd3 _

it {ERES /ev HENBFEEL /% htiEREE /ev  MBEWBEFEELL/% it {ERES /ev BB FEELL /%
= SRIHE 10.087 139.0>110.59 (15) " 100.0 250.0>138.9 (15) 13.0 — —
RERE 11.775 136.9>102.0 (15) ° 100.0 246.9>227.0 (15) 61.5 327.8>246.8 (15) 51.0
B ES 13.690 181.2>165.2 (25) " 100.0 181.2>166.2 (10) 77.4 166.2>165.2 (20) 433
SEE % 14.668 208.0>181.0 (5) 71.7 197.0>141.0 (10) 74.4 181.1>152.0 (25) * 100.0
AasWE 15.98~16.25  162.9>90.09 (15) " 100.0 162.9>127.0 (5) 76.4 198.9>170.1 (25) 36.5
S &% 16.26~16.58  163.0>91.00 (10) " 100.0 163.0>127.0 (5) 90.1 164.9>91.0 (10) 58.2
FXHE 17.14~17.46  167.0>125.1 (5) * 100.0 208.9>141.1 (15) 25.9 181.0>152.1 (20) 98.5
RE S 17.937 252.9>93.00 (15) " 100.0 250.7>172.0 (5) 423 181.0>152.1 (25) 14.5
TEta B (RHFR) 10.589 352.8>262.9 (15) 100.0 354.8>264.9 (15) 77.0 262.9>193.0 62.7
[+ EEB T
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2.3 T{EhLELEM 512, MERIEER

FEARRIEEM T sMARAGHAD L HIE HXR
. MR, E2MRIE 2, LM RESEE 10~500pgL?,
HRAREBIIART 0.998, L35S RFLLITRIRESE
HNEMRRER, L10EFESBREERRIREENTE
S HR,

R2 SMRAKMFTE. MXRBRIQHIR. EEMR
Table 2 Linear range, linear equation, correlation coefficient, and
detection limit of 8 pesticides

RY £MHIE BEFERH KER/ (keke’) TEER/ (ngke?)

ZSRWEE v=3.63p-0.07 0.999 3.29 10.97
RERE ¥=0.4490+0.114  0.999 3.31 11.03
BERGRE  ¥=26.51p+16.11  0.999 0.51 1.69
SEEHEE v=3.50p-0.110 0.999 3.26 10.87
ASE8HE v=2.12p+1.13 0.998 12.93 43.10
SEHEE  Y=1.43p+0.48 0.999 8.65 28.83
SUN%EE v=3.25p+3.59 0.999 7.50 25.00
REWEE  v=2.21p+0.04 0.999 8.72 29.07

2.4 [OX, BEE

FREX 2.00g F MR H il #F (BB E 0.01g) F
5omLBOE P, 1 1EARIK, 213 fE AN
%, EiRX A9 5078 00.150. 0.375. 1.500 mg-kg™* AY
BREMEFRRR, 8H7HF1T. A EANEBIKERE
74.4%~110.0%, HXI 156 R ZE SCE 79 2.38%~14.40%
(n=7) , EEIREREINT 20%, BIRERIIEEELS
RHR3,

®3 STRGADHICUERAFERE (n=7)

Table 3 Accuracy and precision of 8 pesticides (n=7)

A RN RIRE RN EREAN
3 0.150mg-kg” 0.375mgkg” 1.500mg-kg™
R &/ — — —
(mgkg?) TIE ABXIRE FI9E ABXMRE FE ABXIARE
WX /% RE/% WE/% RE/% WE/% RE/%
ZSXIHEE ND 93.7 7.30 93.7 7.42 89.0  14.40
RO ND 79.7 8.68 97.6 7.65 93.2 7.38
BXR B ND 74.4 6.34 80.2 6.78 81.6 9.24

SESFE 0052 1045 7.19 97.2 416 1100 8.93
AmSaEmMEE ND 102.9 8.08 956 1230 94.8 9.87

SEHEE ND 106.8  10.60 97.4 5.12 105.0 9.81
SUXFEEs ND 109.0 12.50 97.4 5.12 95.5 6.05
REHEE ND 105.8 8.21 100.4 2.38 102.0 7.91

[GE] ND : ki H,

2.5 HFmillE

60 A M IFmE, sS4 QRS REER, 110
O HEBFRAHR, KH P =SURBE. RRME. 67
PR RS NGB RN R 40

R4 60 FEMHP=RAREEE. REMF. 6 HINRRREEEZE
REGFEBER
Table 4 Pesticide residues of dicofol, chlofenapyr, and 6
pyrethroids in selected commercial tea samples

®% vkl AR
- W MUIRE / (mg-kg”) R /% BIRHR BIFR /%
=SRIRER 3 0.002~0.006 5.00 0 0.00
plezf: 30 0.031~3.059 50.00 0 0.00
i Tt 53 0.016~1.080 88.30 0 0.00
SmawiE 44 0.019~7.690 73.30 1 1.67
i 2 0.282~0.428 3.33 0 0.00
SEHs 36 0.029~1.160 60.00 0 0.00
SREEE 24 0.026~1.023 40.00 3 5.00
REHES 1 1.935 1.67 0 0.00

3 itig

NSRS 3588 GB 23200.113—2018 FAESMHAYRTRL IR
75 7% 5% Fl QUEChERs 75 A XS #E amit (TR MR 1, 8
FREAY 30 mx0.25 mmx0.25 pm ISR 7 A R IX
£ B 7R R DB-5MS 15 mx0.25 mmx0.25 um B i i,
HEaMNE—REeEERHENE ZREERS, F4
RWRFFE, B TERBAD FURARREZMNEFEO
WRIE, BT KD FUEMNBIBFRITER, EK
TeEFERES, BT PR A, ALWAHT
KHEMEZMRE, BEZMREHETF GB 23200.113—2018
XYL 8 MR AMWEEMR, ALIHTENEINENIE
FEMLR, T GB 23200.113—2018 R L EIWERFNFE
FENER

75 S2 36 7 37 BY QUEChERs 75 7% B B U K SEE 19
74.4%~110.0%, HEXIHRE R ZE 79 2.38%~14.40%, M &
FEZEER 3 333 A L BB A A B R 72%~114%.
XS AR R E 9 7.8%~16.7% (n=6) , B FPAETRLIE A
EEWE, BEEERTRANES, HAEIEE
RAZFGREMNMHER, HIBEXSLLAEENEZRGT,
QUEChERs EIR#E. B, BE, BRSO, 25
SCIR SRR REAR T H SR, #E RSk ) mha b
1275 7% QUEChERs A S EIMEZEBUA L X BI4E R 54550
KRN R —Ko

BANESIZR, #NSFER B RAGEIEIERN
1R BB 8] 5 AR AT A I8 YR S BT {E] 4B L 4%, ABRY
RENTE+2.5% 2N, BFFELLSRIMITRAKE
FRAED L BB FEE >50%, DIFETRE £20% ;
AT EFEELL >20%~50%, AIFHEITRE +25% ; 18
B FFEELL >10%~20%, AIFHEIRE £30% ; 18X
BFFEE<10%, AIFEITRE £50%, KA RFHF
BNEMBEFFEELIFEHENE, WIAAERF
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SEBRRA, ARLRHEFHPRESsHER
WY, HHE91.67% ; HF40MPRFKRE3I70E
REGKE, T 2.50% ; BR1DRF0E 1 FHRE
(REEEEE) , HRs4MEQW 2 MK 2 # L ERE,
¥ H % 90.00%, HBITE6.67%, HH 30 HUXFEIB
1%, 113 8BS HEEBIT. mERMHY s RIGHERX
RY, R1PRFIHE 1 FRE, HEFRHF 8FARE
WERH, sFREPUKREE. SASHE. 87X
HEKHRES, AR8%ikE. —SRWENREEE
1 EM, AREKIMEHFRREF REFIRGESE
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