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Abstract: A modified QUEChERS method, based on multi-walled carbon nanotubes ( MWC-
NTs), was established for the detection of 10 pyrethroid pesticides ( cyfluthrin, flucythrinate,
fenpropathrin, bifenthrin, cyhalothrin, permethrin, cypermethrin, etofenprox, fenvalerate,

deltamethrin) in tea, in combination with gas chromatography-tandem mass spectrometry ( GC-
MS/MS). The purification effects and dosages of four carbon nanomaterials, viz. single-walled
carbon nanotubes ( SWCNTs ), MWCNTs, amino-modified MWCNTs, and graphene, were
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compared. An orthogonal experimental design was used to determine the optimal experimental
conditions for sample pretreatment. The experimental factors governing the process were ana-
lyzed using variance. The results showed that the optimized sample pretreatment parameters
were as follows. Acetonitrile was used as the extraction solvent with ultrasonic extraction for 35
min, while 60 mg MWCNTs, 200 mg PSA, and 200 mg C18, were used as purifiers. The effects
of the extraction solvent and the carbon nanomaterials used on the recoveries of the 10 pyre-
throid pesticides were significantly different (p<0.001), and the effect of extraction time on
the recoveries was statistically different (p<0.05). The dosage of carbon nanomaterials had no
significant effect on the recoveries (p>0.05). Good linearities were observed for the 10 pyre-
throid pesticides in the concentration range of 0. 01 -2 mg/L. The limits of detection ( LODs)
and limits of quantification (LOQs) were in the ranges of 0. 001-0. 01 mg/kg and 0. 005-0. 04
mg/kg, respectively. The average recoveries of the pyrethroid pesticides spiked into blank sam-
ples of green tea were 91.4%-109. 7%, and the relative standard deviations were 0. 12%-9. 80%
(n=6). Furthermore, the matrix effects (MEs) of scented green tea, green tea, and black tea
were evaluated. It was found that the addition of MWCNTSs to the purifier can effectively reduce
the matrix effect in green tea and black tea matrices. The developed method and the national
standard method were used to detect the residues of the 10 pyrethroid pesticides in 120 tea sam-
ples available in the market. The results showed that cyfluthrin, deltamethrin, fenvalerate, per-
methrin, fenpropathrin, cypermethrin, bifenthrin and cyhalothrin were detected, and the con-
tents obtained with the two methods were similar. Although pyrethroids were detected in most
tea samples, the contents of all pesticide residues were below the maximum residue limits
(MRLs). Therefore, the developed method is suitable for the rapid quantitative analysis of pes-
ticide residues in tea.

Key words: multi-walled carbon nanotubes ( MWCNTSs); gas chromatography-tandem mass
spectrometry ( GC-MS/MS) ; pyrethroid pesticides; tea; matrix effect (ME)
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( cyhalothrin ) J H CATO Research Chemicals
Inc.; & & % s ( cypermethrin ) | B¢ 78 %4 g
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FREUASH 2.0 g(+0.01 g) T 50 mL HZE &0
BN 12 mL SR HREL, I HEIR AT 1 min, #8745
35 min; LA 6 g NaCl, #%JiE 1 min; A -18 TRk
30 min, 4 000 g &5.0> 5 min; B FIEW, ARk 4E 2
2 mL, %% % &4 60 mg MWCNTSs 200 mg PSA I
200 mg C18 FikifY 15 mL &0, i%E 1 min,
4000 g #5.0 3 min, B 1 mL it 0. 22 pm A HLIERE,
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1.3.3 GC-MS/MS 4 #7

3% 4% 2 37 Agilent HP-5MS UI (434 (15
mx0. 25 mmx0. 25 pm) B PEFEE 1 uL; 231
R HIEE =99.999% ; #EFE 7 2 AN A = (i
F1 W& 1.2 mL/min, & 3% 4 2 3 & 1.4
mL/min ; BEFE TR . 250 T, MR W1 LG TR 100
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LA 20 C/min T} 3] 250 T, A4 &5 LA 10
C/min 7+ 300 C, /44 4 min; J5i247 2 min,

B4 mTE D (BD BT, B TR
280 C; LB AER 70 eV RlfE M B M RS IR 4E
R 4 min; RN Z W I (MRM) £, H
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Table 1 Experimental parameters for GC-MS/MS analysis
of 10 pyrethroid pesticides

titati
Ql?an ! '1ve CE/  Qualitative ion pairs CEs/
Compound ion pair
eV (m/z) eV
(m/z)
Cyfluthrin 198.9>170.1 25 162.9>127.0; 162.9>90.9 5; 15

Flucythrinate 156.9>107.1 15 156.9>77.0; 198.9>157.0  35; 10
Fenpropathrin 181.1>152.1 25 264.9>210.0; 207.9>181.0 10; 5

Bifenthrin 181.2>165.2 25 181.2>166.2; 166.2>165.2 10; 20
Cyhalothrin ~ 197.0>141.0 10 208.0>181.0; 197.0>161.0 5; 5
Permethrin ~ 183.0>77.1 35 184.0>169.1; 183.1>168.0 15; 20

Cypermethrin 163.0>91.0 10 163.0>127.0; 164.9>91.0 5; 10
163.0>107.1 20 183.1>168.0; 376.0>163.1 5; 25
Fenvalerate 167.0>125.1 5 224.9>119.0; 208.9>141.1 15; 15
Deltamethrin  252.9>93.0 15 252.9>174.0; 250.7>172.0 5; 5

Etofenprox

CE collision energy.
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AN JECKE PR B LR LR 5 R LY )
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Bl 1, 25 10 FPUIRR R A5 HR IS A 245 76 H it | IF
CLE IR | 2R T . 2 TP 2 RO T Se 23851 1B 4
W 75. 4% ~ 133. 8% . 56. 0% ~ 132.3% . 89. 9% ~
134. 6% ,100. 3% ~ 150. 1% .89. 0% ~ 104. 8% , H:1,
TF O e 4 B S 90 50 2 TR R 550186 4 i Tl ISR 3 A1k
FH st R 0 A TR 288 [l A e (g (15 L H A 24 1] 1m0l
REFRAR, AR EGIEFENT LR OB 4
G 3 PP R T IE 2SR
2.2 A [ERENET a3 [ W A &0

3 BITE 0.1 mg/kg 25 FUIAR SR ASHE & dom
A 12 mL ZJiE, #E 1 min, 40 kHz #5754 B 45 5
5.20,35.50.65 min, 7% H A 24 i [al i Za 45 51 U
K2, 25T, 10 FhblRBR He 2 g s 42 L 5,20,
35.50.65 min B3 IR 5114 54. 9% ,76. 4%
87.1% .87.3% .86. 3%, HEULIT[H] 5~35 min B}, %
H AR 8]0 3 B AN [ B2 SO TR A 1 R 2 1 T
#OFE 35~65 min B, 25 MR TR, 4265
JE 10 FULBR HUAE RIS A 25 AR I DR A I, e %
RPN E] 20 .35 .50 min T IEASIRE
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Fig. 1 Effect of extraction solvent on the recoveries of target pesticides (n=3)
Ultrasonic extraction was performed for 35 min (40 kHz) , using 30 mg MWCNTs, 200 mg PSA, and 200 mg C18 as purifiers.
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Fig. 3 Effects of four kinds of carbon nanomaterials and their dosages on the recoveries of target pesticides (n=3)
The extraction solvent used was acetonitrile and ultrasonic extraction was performed for 35 min (40 kHz).
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B ISR 84, 5% A i, A 880 1 J2 18] ) 1A 3R Al
I FF ¥ A 55 SR 52 381 52 i 17 5 249 o HLFH =, TRD
AR S A SR I RR RO . SRR R
J& , ¥ SWCNTs MWCNTSs |, %4 H: 1k 22 BE Tk 44 K 5
3 TR AR AR SRy Ak ] s 358 60 44 K A1 L
FHH 4 30,60 .90 mg #EATIEASIRE

24 EXRWIGITRAFESH

1£ QUEChERS 72K H 200 mg PSA £ 200 mg
C18 iy fb 7] B L ml I, AR F AR 28 S B0 25 1 oK
FH2s AEESRES EAT Ly (3%) IEAC IR 33, IR
s bREh 2 1, RS IUER I ROk L&
2, I EE R R 2 BT LR 3, 5 223 WLk 4,

45 B W] QUEChERS ¥: 52 i [ R KR 9 A
(FRHUE ) L C (B KL (B (FEELETH] ) F1 D
(CBRAKAP R ) (W2 3) 3 ACHRBUA TR 75 1 K
A A 2 A AKF SR i B (B HR E]) 7E 2 7K
- A 2 AR R DGR & C (AN [T RR 99K 44
B TE 2 KF e HAt 2 AN KPR 5, D (B
YRR ) 78 2 K LR A 2 7K F iR
F(UER 3) s T Z 8 R AT LU, A (FREUE
F) (CORRAARATRE) XoF [T 11 52 e HLAT A 5 25
4225 (p<0.001) , B(HLHUFE] ) X6 2152 1 52
A B¢ 22 5 (p<0.05) , D(BRGIKF B &)
Xf USRS AN 25 (p>0.05) (WK 4)

WIEASIA I 45 5, i 16 0 e e 2 4k - O
BRI 5 B 75 B HAT (] 35 min; 60 mg MWC-
NTs 200 mg PSA #1200 mg C18 Kk,

2.5 ERMBIESN

PEBUERAS 2145 A4S 3 Bl LN, %F 10 Al
R HAGHEAR 2576 A R 5 i i () ME 1 79Ff, 45
LI 4,

1£ 0. 05 mg/kg /KT, 4 HArR 251 ME 4
MHEFESRAS LLAS AL T 40002 2. 37% ~20. 85% |
0.61% ~45. 10% . 27. 64% ~ 102. 18% ; 7£ 0. 1 mg/kg
KPR 8 AL AEZR 5301 0. 19% ~ 84. 88%
0. 65% ~ 65.91% . 24. 99% ~ 172.20% ; 7£ 0. 5 mg/kg
KT, FESRAS LL A AL B 43 ol 0.47% ~
13. 43% .0. 66% ~34. 88% . 16. 43% ~50. 77% , R, %%
HAR 4 25 76 42 25 h ME 46 % {8 35 Bl R 0. 19% ~
84. 88% ,TELL 25 M 0.61% ~ 65.91% , TEAEZE H
16.43% ~172.20%, FIUL, A7 6T 10 Bl lx H 28
BEISAGHELL A5 52 ME T8N FES AR,
LS %2 ME T K,

% 2 QuEChERS FEXKWIZITARKFER
Table 2 Orthogonally optimized experimental parameters
at different levels of the QuEChERS method

Factors
A B C D
Level X
(solvent) (ultrasonic ( carbon (dosage of carbon

time/min) nanomaterials) nanomaterials/mg)

1 acetonitrile 20 SWCNTs 30

2 acetone 35 MWCNTSs 60

3 ethyl acetate 50 amino modified 90
MWCNTs

% 3 QuEChERS % Ly(3*) EXIXIIZ T LBERRE
MESIER
Table 3 Results of L,(3*) orthogonal optimization

experiments and range analysis of the
QuEChERS method

Columns Average

No. A B C D  recovery/%
1 1 1 1 1 89.5
2 1 2 2 2 99.0
3 1 3 3 3 89.0
4 2 1 2 3 85.3

5 2 2 3 1 81.4
6 2 3 1 2 80.9
7 3 1 3 2 84.3

8 3 2 1 3 84.7
9 3 3 2 1 85.6
K, 271.5 259.1 255.1 256.5

K, 247.6 265.1 269.9 264.2

K, 254.5 255.5 254.6 259.0

k| 92.5 86.4 850 855

k, 82.5 88.4  90.0 88.1

ks, 84.8 852 849 86.3

R 10.0 3.2 5.1 2.6

Order A>C>B>D
Optimal level A, B, C, D,

#* 4 QuEChERS EZEEHFEFHER
Table 4 Results of multi-factor analysis of variance
of the QUEChERS method

Source Type Il sum Mean P Sig.
of squares square

A 491.53 2 245.76 49.30  0.000 ***
B 46.79 2 23.40 4.69  0.023"
C 150.03 2 75.02 15.05  0.000 """
D 31.26 2 15.63 3.14  0.068

Error 89.73 18 4.99

Total 809.35 26

* . p<0. 05 implies a statistical difference.
## % . p<0. 001 implies a very significant statistical difference.

2.6 HiEFERE

FHZS A 4% 25 B i 222 3 T ) — 2 800 o e vk B
0.005.0.01.0.02.0.05.0.2.0.5.1.2 mg/L R4
FRUETR I, X261 56 R ATA 6 R B () AT % 55,
DL 3 M b (S/N=3) %R 1 & HA4FE 4 LOD, LA
S/N = 10%F B (1 7 &8 AE A LOQ™ | 45 S WL K5 .
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Fig. 4 Matrix effects of the target pesticides at different contents in green tea, black tea, and scented green tea matrices
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Table 5 Linear ranges, correlation coefficients (r?), LODs, and LOQs for the target pesticides in green tea

Compound Linear equation 2 Linear range/ LOD/ LOQ/ GB 23200.113-2018
(mg/L) (mg/kg) (mg/kg) LOQ/ (mg/kg) >
Cyfluthrin y=2.9838x10°2r-6.3133x10” 0.9998 0.01-2 0.01 0.03 0.05
Flucythrinate y=1.5012x10°2-2.2586x10* 0.9997 0.01-2 0.005 0.01 0.05
Fenpropathrin y=3.0136x10°2+2.1241x10° 0.9994 0.01-2 0.002 0.005 0.05
Bifenthrin y=2.7954x10%2x+1.4523%10* 0.9994 0.01-2 0.001 0.005 0.05
Cyhalothrin ¥=2.9891x10°x-1.5338x10* 0.9998 0.01-2 0.002 0.005 0.05
Permethrin yY=7.6320x10°x+2.7869x 10* 0.9989 0.01-2 0.005 0.01 0.05
Cypermethrin yY=2.5306x10°x-1.1162x10° 0.9999 0.01-2 0.01 0.03 0.05
Etofenprox y=3.0639x10°2-2.1589% 10* 0.9999 0.01-2 0.005 0.01 -
Fenvalerate y=1.2430x10%2+3.7634x10° 0.9996 0.01-2 0.005 0.01 0.01
Deltamethrin y=1.9471x10°x-3.9377x10° 0.9994 0.01-2 0.01 0.04 0.05
y: peak area; x; mass concentration, mg/L; —. not given.

® 6 ZFPZERKAE I NMIFKETHEYEKRMENIRERE (n=6)

Table 6 Average recoveries and RSDs of the target pesticides in green tea at three spiked levels (n=6)

LOQ™ 2L0Q 10LOQ
Compound
Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
Cyfluthrin 108.5 1.72 106.9 5.63 106.4 2.32
Flucythrinate 107.0 0.76 101.5 0.80 102.3 7.10
Fenpropathrin 98.5 9.80 108.7 5.11 109.2 1.09
Bifenthrin 102.0 2.53 100.7 6.30 100.3 6.66
Cyhalothrin 97.5 1.14 109.2 1.25 105.2 4.23
Permethrin 106.0 6.85 102.3 3.10 106.4 9.77
Cypermethrin 107.0 8.80 99.5 3.04 102.3 6.29
Etofenprox 104.7 6.82 107.3 8.07 100.8 4.21
Fenvalerate 102.6 0.12 109.7 6.21 109.3 3.69
Deltamethrin 105.8 6.03 106.4 6.73 91.4 5.54

* The LOQ for deltamethrin is 0. 04 mg/kg, the LOQ for cyfluthrin and cypermethrin is 0. 03 mg/kg, the LOQ for flucythrinate, per-
methrin, etofenprox and fenvalerate is 0. 01 mg/kg, and the LOQ for the remaining three compounds is 0. 005 mg/kg.
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