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Determination of residues of 9 kinds of pesticides in black tea and green tea
by multi-walled carbon nanotubes coupled with gas chromatography-tandem
mass spectrometry

JI Shu-Liang, WANG Fang, WANG Jian-Guo, BI Xiao-Yi, WU Yun, LEI Kai’

(Beijing Tongzhou District Center for Disease Control and Prevention, Beijing 101100, China)

ABSTRACT: Objective To establish a method for the determination of 9 kinds of pesticide residues in black tea
and green tea based on multi-walled carbon nanotubes (MWCNTs) combined with gas chromatography-tandem mass
spectrometry (GC-MS/MS). Methods The key parameters were optimized by single factor experiment, including
the amount of MWCNTs, ultrasonic extraction time and extraction solvent, and the methodological performance was

evaluated, including linear range, detection limit, quantification limit, accuracy and precision. Results The linear
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relationship of this method was excellent, with correlation coefficients all greater than 0.99. The limits of detection

and limits of quantitation were 0.002—0.004 mg/kg and 0.007-0.012 mg/kg, respectively. The recoveries of 9 kinds of

pesticides in black tea and green tea were 71.52%—118.80%, and the relative standard deviation were 1.00%—6.92%.

Conclusion This study successfully establishes a pesticide residue detection method based on MWCNTs combined

with GC-MS/MS, which has the advantages of high sensitivity, high recovery rate and low solvent consumption, and

significantly improves the detection efficiency. The actual sample detection shows that this method is suitable for the

rapid screening of commercially available tea, and provides reliable technical support for the regulatory authorities.

KEY WORDS: tea; multi-walled carbon nanotubes; gas chromatography-tandem mass spectrometry; pesticide residues
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F1 9MRY GC-MS/MS FHEH
Table 1 GC-MS/MS analysis parameters of 9 kinds of pesticides

. /min BT (M2 WV BT eV

Kk 7.102  157.9/97.0 15 157.9/1140 5

R ld 9.229  196.9/169.0 15 198.9/171.0 15

KMERREE  9.387  120.0/92.0 10 1359/108.0 15

g 10.668  327.8/246.8 15  246.8/2269 20

BRZEIE 12,039 181.2/166.2 10 181.2/1652 25

FEHEE  12.176  181.1/152.1 25 207.9/1810 5

AR

12.683  181.0/152.0 20
Bl

197.0/141.0 10

FUEURAEE  14.005  156.9/107.1 15 198.9/157.0 10

FEULEEEE  14.154  156.9/107.1 15 198.9/157.0 10
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Fig.l1 Different extraction solvents for black tea
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Fig.2 Different extraction solvents for green tea
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Fig.3 Different ultrasonic extraction times for black tea
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Fig.4 Different ultrasonic extraction times for green tea
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Fig.5 Different dosages of MWCNTs in black tea
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0.002~0.004 mg/kg, LOQs 24 0.007~0.012 mg/kg, %k
#E774(GB 23200.113—2018 (B AL LA E K bnifE Y
PR 208 Fiefe 25 K HACH AR R e I e <ORE ta -
IR ) B LOQs (0.01~0.05 mg/kg)F&A%, REE T
FRTE, S5RIER 2. 3 3. RS RE T R L E AR E SR
WS RO BR T 28 2 2 B BT T, IR AR 24 5% BE (G
HEE AR T AT s

*2 FAEESY
Table 2 Parameters of methodology

RS 5

&Y HX  Lops LOoQs X LODs  LOQs

¥ Nmg/ke) /(mg/kg) FAL /(mg/kg) /(mg/kg)
KW 09949 0.003  0.010 0.9936 0.004  0.012
BEAEME  0.9961  0.002  0.007 0.9983 0.002  0.007
KBRS 0.9946  0.003  0.009 0.9952 0.004  0.012
W 0.9987  0.003  0.010 0.9980 0.002  0.007
ECPRZME  0.9956  0.004  0.012 0.9952 0.003  0.010
FHEZEEE  0.9920  0.003  0.009 0.9934 0.002  0.007

=R
_ 09924 0.003  0.010 0.9935 0.003  0.010
Lol
FHUKZEEE 0.9905  0.004  0.012 0.9911 0.003  0.010
=G
%gb 0.9944 0.004  0.012 0.9963 0.003  0.010
H

R A7 22 GB 23200.113—2018 &% QuEChERS #:
A3 FIAFER A FE SR BEAT I X L, DLER 3, ZEIREM: ATk
D T PRI R L AR R A R, b T R L B,
AR5 T RrIEE ], BT R

FIRERY AR s, [MIBTHROR IR AEAR . b m ek A
IS PP . DA S INARK P BORE A ELE TR 6 IRIHFE,
THRA BARAZ XS O NS 85 B . 2055 h 9 Rl 24 1 [l il
JEFEH 71.52%~118.80%, AHXTHR il 2 (relative standard
deviations, RSD) N 1.25%~6.92%; ¢4 9 Ffezh iy A1k
RN 71.67%~112.80%, RSDs 9 1.00%~6.82%, ix7H]
Ty B AT R MERA PR FIORS 25 B, Refg I e s it b e 25k
B BT R, SRR 4. K S,

R4 AFTP I TBERRAE 3 MARKETHF
El4 250 RSDs
Table 4 Average recovery rates and RSDs of 9 kinds of target
pesticides in black tea at 3 spiked levels (N=6)

0.05 mg/kg 2.50 mg/kg 5.00 mg/kg

G EigE RsDs  [UKE RSDs ML RSDs
/% 1% /% /% /% 1%

KW 11298 1.25 9531  6.18 9461 1.75
FIEM 11382 326  96.03 6.84 9671 3.06
KEERLHE 11675 4.14 10497 470 103.30 4.95
I 86.18  6.71 94.67 4.84 98.62 4.64
WORZEE  75.90  6.01 86.72  6.08  92.73  6.26
A 2EEE  118.80  6.80 8574  6.92  93.52 6.58
AN 102.60  6.87 8527 424 8850 6.62
FEULZHEE 10990 260 9074 656  97.01 5.29
MF AR 10112 3.29 76.03  3.71 7152 427

RS GEDIMERREE 3 HIFRKETHFE
Bl 50 RSDs
Table 5 Average recovery rates and RSDs of 9 kinds of target
pesticides in green tea at 3 spiked levels

*3 SERFEREMNLER 0.05 mg/kg 2.5 mg/kg 5.0 mg/kg
Table 3 Comparison results with national standard method latey] [ ®  RSDs [EYg® RSDs [EUE3%  RSDs
- tutk 1% 1% % 1% 1% 1%
I - ¥ .
H QuEChERS‘Pg‘GBBZOO'lB 2018 QUECHERS 7 KERWE  109.12 117 81.74 3.44  88.07  3.28
PEBUA T K E24
EW«ZJ 0mL 28 1SmL ZHE-RAEE 10 mL 20 FAEME 10647 446 9356 538 10043  2.45
- IKBERRME  109.87 452 9221 671 9871  2.00
I:I7r\‘»‘/\;f|/‘< A~ =] A~ "
el - c 0 il UEE 7733 349 7204 682 9011  2.53
200 mg f1 221k —
£’ R 46T 11280  5.72 86.54  6.35 83.15 233
25 (graphitized carbon 75 GCB
MWC{\J“? black, GCB). = me : FI& 50 110.10 1.86 81.10 676 8328  1.89
S
LT 400 mgPSA, 0 mEPSA, EUCC]
50 mg PSA. ; .. 50mg Cpg. " 9945 1.00  73.17 6.52 73.04  1.92
400 mg +/\ ek bt
100 mg MgSO,4 s A B 150 mg MgSO,
BEHE R RERE Cis s FEURAEEE 11120 621 77.86  6.68 9216 131
1200 mg MgSO, TR UK
~ H
LOQs/(mg/kg) 0.007~0.012 0.010~0.050 0.015~0.030 - 110.80 4.17 7222 6.64 7167 2.12
A H
oalling ] R e BE Ed55)
WBEM=6)/% <692 <15.00 <12.00

242 BEHRELSHEE
1E 3 FmdRK ¥ F(0.05, 2.50, 5.00 mg/kg), Ik
FE A5 PR 2558 B FRAEEFRAERY 10~100 3%, BEIDISZBRkE i

2.5 SERREEARAGN

N FHEENT 1750 10 i B AR (20 2% 5 1, 455 S
R, RAAER R R ECN 100% (5/5), LLHUEE |
B 4G . &34 15 0 3, MRLs 4 10, 5. 5 mg/kg; 4455
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it 2 H 80% (4/5), LAHUMERE . BORSEME . SEAENR N &,
BARFREE N 10, 5, 10 mg/kg; KE&WE . AMFRBL R
H, Mk PR AR 2 5% B AR KR R Ol 8 T AR Ok T2
T o I 25 S 2R B 7 vk RS AT 80 P S Bt it A A5
HE SR E SR T TR BOR R

3 4 i

AHFFE 3T () MWCNTs-QuEChERS %54 GC-MS/MS
T IEAE TR A 2 5% A R B B e R AR
271, Bt g1 A 25 mg MWCNTs, 4 %500 2 b 2% &
LT, 5155 QUEChERS MLL, 751kl %iaE,
K BEUE, RSD<7%, T SCHRIRIE AT 8%~12%2), il R
TR gEnk, DLAb)S 6 FHR R P 5 22 S Ml A =Gk
fdr 9 P 2575 15 min NHEZR 7S, LOD iK% 0.002 mg/kg,
BEFFRE(GB 23200.113—2018) R BT 2 1%, TTH
HEFUIR AR

LRI AME, K 10 TR REA, o g
JiE . BRORAENR . FRUSER . SURAEIR S EEE RS, A
WEAE TR B 7 v XU T S SR AL T B S # . #% MWCNTSs
RTF ATk, 456 BETHESENS, SCBL T 22804k
21 S A, O 2R AR B R TS e o AR AL
TR R
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