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[ Abstract] Objective To establish a direct injection ultra-performance liquid chromatography-tandem
mass spectrometry (UPLC-MS/MS) for the rapid detection of 12 typical pyrethroid insecticides in water.
Methods The water sample to be measured was filtered by filter paper, then added with internal standard
working solution, vortexed, centrifuged to take the supernatant, and filtered. The separation was

performed on a phenomenex Gemini C18 column with 110 pm (50 mm X 3.0 mm, 3 pm). A multi-reaction
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monitoring model was used to simultaneously determine 12 pyrethroids in water samples. The method was
thoroughly validated for selectivity, linearity, accuracy, precision, matrix effect, and recovery. Results
The limits of detection of the analytes in the water samples were 0.2-2.0 ng/mL (or pg/L, the same
below) , and the lower limits of quantification were 0.5-5.0 ng/ml., showing good linear relationship
within their linear ranges (7=>0.99). The accuracies ranged from 89.87%-104.37% , and the intra-day and
inter-day precisions ranged from 2.35%-10.58% . The recoveries were 79.79%—-101.58% , and the matrix
effects were 85.83%-111.51%. Conclusion We successfully established a sensitive,, accurate, and rapid
direct injection UPLC-MS/MS method suitable for qualitative and quantitative analysis of 12 pyrethroids in
water.

[Key words] pyrethroid; ultra-performance liquid chromatography-tandem mass spectrometry (UPLC-
MS/MS);
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MS) R I A LA T T LI YR A 2D 3R
AR AT 5 A , B RO TR E SO A e G
WA, 0 T ARG R T 0 22 R UL I H 2 TR 2 % Tt
U, 25 T AT AE S BOL AR |52 e B oA e

o L] S N e VAN B S S
BB 4 R A Ah P R SO AR €5 - HR K B
(ultra-performance
mass spectrometry, UPLC-MS/MS) £ Il £ R i &
RAGEE 53 A7 5, T K b 12 Fof B D) R o 2 1 2K
A HUR) Y E PR E O P . B TR R AR R X R
BEK M, B RGN i R IE . T T R R
B v L © OB T S bR 4R S A rh KRR R A I
Ji& B 7E U0 B 2 TR bR S I g R T A ) R
U IO FH I 5

liquid chromatography-tandem

bR 7

FEMESRKF Triple-Quad™7500 = 5 PUH%
FFBEAX (3£ [E AB SCIEX /A ], Acquity UPLC™I-
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Millipore AFS-10 7K1k 2248 (3¢ [ Merck A7)

fiik %4 Fig (etofenprox) | % %4 Bk (tetramethrin) | 3§
A H A Mg (eyfluthrin) | = 95 B2 B8 (cyhalothrin) |
XA G (fenvalerate ) 5 55 25 B (cypermethrin) 54
%4 g (permethrin) | V% % 4§ Fig (deltamethrin) | 9 24
% Mg (fluvalinate) . 55 7K 4 5 (bifenthrin) | % &0 I %
fik (flucythrinate) . H 550 34 fig (fenpropathrin) 0% 24
fii-d5 (fenvalerate-d5 ) HI P ith 4 W, 45 YR Jo 2 R 8 4%
0.1 mg/mLCED g/L) , #30 [ 4l A4 b 38 3 5% £
PRSI AT (R ) . S (g al ), BB (035
afi ), B R g (o 2 ) AT H R (fa g 2l) Y90 7 1 ifg
U S I B B A R 2 | 8 4K i Millipore
AFS-10 7K Btk R G0 4%

B B
WA AR R AR R B 12 B A L5 A

Fiks 2 245 ) A U % V0038 L TiC AL 1 000 ng/mL ( B
wg/L, TR TR & 25 W, A R g OGS 2 F H
WA R ZE e o 10 F1100 ng/mL AR A T AR .

WAR TAER  BGE 85U BR-d5 MR,
P 0 A 1 pg/mL (BRI mg/ L) B N bR TRV W, %%
o PrA TR W e 8 FH mn 3 & F 20 °C vk AR
e

I fR SRR

=AM A HKEERA T ER R
B th 3 7K, 2t K A 5 R L, BLE H bR T
oo WEEKFEG 4 CHORAE, H T 7 k5 il 25 K2 IE
i1 £ J% o B 5 41 (quality control, QC)EE .

FAEH S B SR G U I A Y KR AR IR
BESE T Fo 44, 7 DV 58 s 5 WS SR K M I A7 T 3R
XARZHR O ZBERRA ST, T4 CTPRELRE
Fie A SCHY UPLC-MS/MS J5 32 #4741

FEMBIALER  JKHF PR B B AR R uE AR uE )
B100 pL BE SR B 2 mL B 08 P, IR n A
900 pL AR TAEW o KRB WIRIEZ) 30 s, 885 LA
13 400 r/min &0 3 min , I KE.LFE 6 em, H
S AR B 29 200 pl RIS, 83T 0.22 pm P8 AR L
UE o K UEVR BB AL B A ShERE /N SEAE R

R &G

&% & {35 45 H phenomenex Gemini C18
110 A (50 mm>3.0 mm, 3 um) , ¥ 31 #0 A
2 mmol/L H R 2 vh W (% 0.01% W R ) , i 3 A
By W R RS B e G, VR AR )P R : 0~1 min
(40%B) , 1.0~5.0 min (95%B) , 5.0~9.0 min
(95%B) , 9.0~9.1 min (40%B) , 9.1~11.0 min

(40%B), i N 0.5 mL/min, EFER K 10 pl..
JrEF R LS 55 B 1 R B T (positive
electrospray ionization , EST+ ) A% x4 , 22 ) bz W il
(multiple reaction monitoring, MRM ) #& = £ ] ; filf
i X (collisionally activated dissociation gas, CAD)
A6 psi, B, W 55 H, K (ion spray voltage, ISV) &
3500 V3 B F IR BE (ion source temperature, TEM )
350 °C ;< %5 “< (curtain gas, CUR) 35 psi, 546X
(ion source gas 1, GAS 1)45 psi, §ff B < (ion source
gas 2,GAS 2)60 psi. AL MRM &S LK 1.
R1 12F ST AFRE MRM F04R & B 5]
Tab 1 MRM and retention times for 12 analytes and internal

standard substance

394.0 177.0* 23
Etofenprox 6.13

394.0 135.0 37

. 349.1 164.0* 25

Tetramethrin 5.31 4 *

349.1 135.0 30

. 450.9 190.9%* 19
Cyfluthrin 5.59

450.9 205.9 65

. 467.1 225.0* 20
Cyhalothrin 5.56

467.1 140.8 61

437.0 167.0%* 19
Fenvalerat 5.72

crvaerde 437.0 180.8 64

. . 433.1 191.0* 20
Cypermethrin 5.65

435.1 193.0 20

. 408.0 183.0* 19
Permethrin 6.03

410.0 183.0 19

. 523.0 281.0* 25
Deltamethrin 5.67

523.0 506.0 15

. 503.0 181.0* 40
Fluvalinate 5.76

503.0 208.0 17

. . 440.3 181.1%* 21
Bifenthrin 6.07

440.3 166.2 45

. 469.0 199.0* 25
Flucythrinate 5.45

469.0 412.0 16

. 350.2 125.0* 15
Fenpropathrin 5.56

367.2 125.0 15

Fenvalerate-d5 5.70 442.0 167.0%* 19

CE: Collision energy. *Quantitative transition.
FEFWIE A SCHT L7 A R SRR (K
P K FR (limit of detection, LOD) | 2 & FR (limit
of quantitation, LOQ) HE®f B kG % B , 2Rk A7)l
Y DU T g 3R B T N SR 5% ] ik E A A 2

2% (American Academy of Forensic Sciences ) #5 i 2=
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B2l 78 0 5 B B TEA T B

WAEE W10 A R IR I 25 FOKEE, 43 51l 3%
FECRIT SC 7 2 R AT R 1 Ak B 25 KR R P U
Py 2 5 T e 12 R BB H 48 R S A R A

Z LOD . LOQ. f # & Aok 55 B R UEINER
G H AR S P LOQ £ 200 ng/mL. K iRA
TAEV WO N 225 FK R T B R 0,501,
2.5.10.20.50,100,150 F1 200 ng/mL f Jinbx K #¢
FEXF A AL WKV 04T 3R E R VAL . LA REFR BT
Y 1) e B VR R R AR R () L 5 B F 5 P A Y U T
FUHAE R WAL AR (y) o DIE B (S/N) =3 By W &
J9 LOD, Ph S/N=10 H AH XF 45 #E i 22 (relative
standard deviation, RSD) /N F 20%, # # & 7
80%6~120% MM JE I LOQ,

Kl 2 B AN B B LOQ K b LR 4 AR K
R QCHE S THFAR o B FKEE A 12 Ff
PLBR A8 TR 2 0 TR A TR VA R, TG R T
0.5.1.2.5.50.150 ng/mL i QC #£ & , F& B8 Aif ik 7
AT RE ST AL B L RS AR A 6 AT R
ain, $5 T ST 0 5 VA AR IR H L HOORT  EE AE
BE L FEERIE 4 K THEH RDR B R . R %
RSD KAl . LOQAE S Y H 1 . H 81K % & RSD
AR £20% , H4 QCHE & 1 RSD {E A g

A
6.0 r _ Etofenprox
—— Tetramethrin
50 Cyﬂuthrin‘
Cyhalothrin
- — Fenvalerate
2 4.0 Cypermethrin
N Permethrin
x 30k Deltamethrin
B Fluvalinate
g — Bifenthrin
8 2.0 } — Flucythrinate
= —— Fenpropathrin |1
1.0 t k

0 1 2 3 4 5 6 7 8 9
t/min

A1

12

B 15% ., SRk BRI A A A S S BR VR
RA TEBBMIRENE 7 RMERE . LOQM
st 8 VA A BE 7E 80 %0 ~120 %0 , Ho 4y QC A i 11 o 1 &2
TE85%~115% .

KRR A wDlc R B QC FE S AP A A U
I e VA B i HEAT 8 . B AVR B N 34 64
IR . A LR R R AR WV B 4l
S 6 T[] SR 51 25 1 RE 1 4 U, OF S Jn e T
VB B B o 5 C AR 6 R R [l S TR 1 25 (R L 42
HRUHT AT 7 e B A AR A . C 5 B Y I T A AR
T WSCR B 5 A 10 1 B AR 6 58 TR0 .

zk HL
T ik FIHIE
B 10 AR SRR A 25 B K RE SRR BT

Ak BRF TE DN AL S 0 LY R B IR ] Ak 24 T8 P9 IR
P 0 LA R AR T4 . 25 H KRB Je 28 KRR IR
T2 7 A5 0 40 ) TR DL 1 =S KRR Y 3 T
TR AR Z2 A P IR S T 7 A Y e 0
R 25 b A& W B H: P B 16 AR L B I Ji] 7 11
WL R MBI NEE TGS, Jr k& u®
R4f.

B

12 — Etofenprox
Tetramethrin
1ok Cyfluthrin
Cyhalothrin
s Fenvalerate
208 Cypermethrin
= Permethrin
= Deltamethrin
2 06F Fluvalinate
-y Bifenthrin
£ ! Flucythrinate
E B Fenpropathrin
02
| il
W ,
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ZEKEA)SZEAKEM 2T RFEERFHT (BB EIEE

Fig1 The chromatograms of blank wastewater (A) and blank wastewater fortified with 12 types of pyrethroid insecticides (B)

LM E LOD.LOQ F2.M45 7K 125
HAR M iy et \LOD M LOQ. FF A K i th £k
TE 2 M0 et B4 A OC R B (r) > 0,995, 7K
H 4% 4 19 LOD i [l & 0.2~2.0 ng/mL, LOQ 7 [
4 0.5~5.0 ng/mL.

M E A kS E L A ALE WK R R 6
FE LR 3. Ak 12 B AR 43 B 04 oE B R Y TR R
89.87%0~104.37%. H W ¥ % & H 2350~
10.58% o % 7 Ik B KE % B 5 o o B X0 R R A
BoR.
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Fz2 Kb R2FHoHYWHEYETEE,HXF%,LODFLOQ

Tab 2 Linear ranges, correlation coefficient, LOD and LOQ of 12 analytes in water

Etofenprox 1.0-200.0 0.999 12 0.5 1.0
Tetramethrin 0.5—-200.0 0.997 77 0.2 0.5
Cyfluthrin 1.0-200.0 0.999 35 0.5 1.0
Cyhalothrin 1.0-200.0 0.999 60 0.5 1.0
Fenvalerate 5.0—200.0 0.999 08 2.0 5.0
Cypermethrin 1.0—200.0 0.999 56 0.5 1.0
Permethrin 0.5-200.0 0.999 59 0.2 0.5
Deltamethrin 1.0—200.0 0.999 11 0.5 1.0
Fluvalinate 0.5=200.0 0.999 44 0.2 0.5
Bifenthrin 0.5-200.0 0.998 62 0.2 0.5
Flucythrinate 1.0—200.0 0.999 08 0.5 1.0
Fenpropathrin 0.5-200.0 0.999 29 0.2 0.5

K3 KB LMATYHERE BZEME OBEE

Tab 3 Accuracies, precisions and inter-day precisions of 12 analytes in water

Etofenprox 1 89.87 3.03 8.69
2 90.20 5.01 5.74

50 98.22 4.02 5.95

150 104.37 7.02 5.43

Tetramethrin 0.5 94.20 7.19 7.14
1 93.17 4.04 6.42

50 102.30 3.37 4.44

150 99.65 5.89 5.17

Cyfluthrin 1 99.98 7.42 5.47
2 103.04 5.97 7.12

50 99.89 2.63 3.50

150 100.31 4.57 4.03

Cyhalothrin 1 102.25 3.76 6.77
2 95.81 6.29 7.18

50 100.32 8.05 5.57

150 96.99 5.09 4.89

Fenvalerate 5 97.39 9.07 7.17
10 94.12 6.36 5.68

50 100.97 2.98 3.93

150 100.84 5.26 4.87

Cypermethrin 1 91.98 4.49 6.82
2 91.76 7.27 8.44

50 99.41 2.61 3.40

150 100.17 5.59 3.82

Permethrin 0.5 102.48 3.38 6.04
1 102.81 6.30 6.07

50 101.27 2.35 4.92

150 101.70 6.60 6.44

Deltamethrin 1 100.94 5.58 6.93

2 93.24 4.01 7.47
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(8% 3)

50 100.68 5.47 4.88
150 98.83 4.55 4.57
Fluvalinate 0.5 102.23 2.65 5.99
1 99.07 7.33 8.64
50 102.23 2.65 6.38
150 99.07 7.33 6.71
Bifenthrin 0.5 100.92 8.67 8.23
1 98.79 7.48 6.98
50 104.15 3.64 4.61
150 100.56 5.93 4.64
Flucythrinate 1 97.76 5.41 6.31
2 96.81 4.57 6.40
50 97.95 2.36 4.62
150 102.51 6.12 4.95
Fenpropathrin 0.5 94.17 3.44 7.85
1 96.90 10.58 7.12
50 98.01 4.71 4.38
150 104.30 7.58 5.20
R R Fe R R [ ISCR R L RN 4 R (83 4)

L% 40 12 F0 B #5450 B W A8 7K g Il iR Sy
79.79%~101.58% , F& B A A 85.83 % ~111.51%,
AL A TR B AR BE R IR R

R4 ke 12 T4 H 0BG [E] 4 2R 0B B R

Tab 4 Recoveries and matrix effects of 12 analytes in water

Etofenprox 2 84.88 92.84
150 83.77 98.46
Tetramethrin 1 101.58 99.54
150 93.34 99.77
Cyfluthrin 2 88.49 85.83
150 89.60 94.59
Cyhalothrin 2 86.31 93.58
150 87.96 97.41
Fenvalerate 10 94.52 96.99
150 88.14 99.03
Cypermethrin 2 97.45 88.54
150 85.24 96.86
Permethrin 1 85.94 97.02
150 81.52 91.43
Deltamethrin 2 81.51 87.23
150 85.89 92.01
Fluvalinate 1 97.90 107.72

150 91.85 101.78

Bifenthrin 1 93.68 89.85
150 82.15 90.92
Flucythrinate 2 79.79 111.51
150 86.05 110.61
Fenpropathrin 1 89.80 108.79
150 81.31 100.75

ROIEMEER KN A IR A =
SR TR R 7Y, HLZoAk ORI 5.53 ng/mL

S

FiEEA MRS FEKMEN HIR LG Y
FAL B 52, R AT B 0 06T RN R A WE S AE
DA A A AILAH A ) 25 0 T % LG T 3 AN [ 7K A
T E bR 5T e iy 5 R B IR K A B AIOR o 3 Fl
KA 50 & A 2 mmol/L H R 2 A1 0.01% F R
By K # W, & A 5 mmol/L 2 R £ F10.01% H IR 1
KIEW , &4 20 mmol/L Z R £ F1 0.1 % H R 8y iy
KW 45K R, VP B A HLA , LA 2 mmol/L
HR B2 5 0. 01 % H R (Y 7K %5 W A 7K A B4 8 A4 1A
N Birfb &Y s+ i LA R 8 4 H e Ly
fF5Hsm. 1280 B bR 579 0y 20 8 15 DL 1A 2.
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ig I &l Etofenprox ;g [ 531 Teteamethrin 14r Cyfluthrin
= 14} = 60} =12
2 2} S50} B 1o}
= 1 S
% s E 401 z 08
£ 06 &30r |
5 0.4 £ 20r c 0471
= 02} E 10} E 02}
0 . - ) 0 " - . 0
4 5 6 7 8 4 5 6 7 3 4 5 6 7 8
t/min t/min t/min
6.0 2.0 ¢ 5.72 8.0
=50F 5.56 Cyhalothrin Fenvalerate 1) 5.65 Cypermethrin
g™ 15} § 60t
"‘E 4.0 -nE '"E 5.0F
X 30 X 1.0+ X 40+t
= = E
G 20f £ £ 30
3 5 05 820
E1of E E Yol
R | I I L
4 5 6 7 8 4 5 6 7 8 + 5 6 7 8
t/min t/min t/min
580 121 5.67 14,
— 30 5.97 . . — 126 5.76 .
o Permethrin % 1.0 Deltamethrin g Fluvalinate
995 & S 1ot
=) 2 08 =)
% 2.0 = i =~ iRl
EREL = z06f
2 10f Sl 2 04t
E 05} 02} = 02}
0 L AN L s 0 L L . 1 0 L L '
4 5 6 7 8 4 5 6 7 8 4 b [ 7 8
t/min t/min t/min
5.56
_ 6.07 _ _ 5
40 Bifenthrin 30 5.45 Flucythrinate 12 Fenpropathrin
= R - L
530+t & § 0.8
1 3 201 S 06t
20t Z 15t R
Py Py z 04}
g 10} gl £
i E 05 z 02
0 L L y 0 . ¥ ) y 0 1 I L ¥
4 5 6 7 8 4 5 6 7 8 4 5 6 7 8
t/min t/min t/min
B2 nMEEYHNESFE

Fig 2 Single ion chromatogram of 12 compounds

JT Rk LA B T R R S R
(CAD.TEM .GAS1.ISV) Xt HAx ¥ Ji B 5 i o 7F
ALK — S8 FE b, PR R A 3 DS BOR A, LU
WA R AT LM o 25 G % B R IR IR ROR (&
3) A TRESH :CAD J 6, TEM 4 350 'C,GAS1
A 45 psi, ISV 3500 V,

FEMRE JE k% SR R A kB, KR
Bk 2 i 24 2% R A A I H SR A TBOEE 2 AT i Ak
FH G [ AE A I VRO AR U R A IO R
B A R R — B 1~30 mL, 4 A b B A [R]
K R DT, 2 R GC-MS L1 /D

I3 WF 98 K F UPLC-MS/MS 322 il 2 $0L B3 5 44 1k
KWz 10F.

FEGZ R A5 SR H f 26 B L 48 A 9 k4
TR AL ) B RN AR AR A B A IR SR A
fH FERE AT AR, B IR A A T
143 BT A RN i 2% o FER N 3k D e, 5 3
ik 3 ] GC-MS ¥ A He , A 58 1) UPLC-
MS/MS & 9138 T B 42 3 KR o A, A 1 2 %
T AR B R A3 BT R 5 %, ELG SOR RS e fE A K
U o AR IEIETF UPLC & 43 B 50CF I MS/MS 1
o R S M e 22 B O W A R A B AR
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=+ Cyfluthrin

== Cyhalothrin
+ Fenvalerate
+ Permethrin

Fluvalinate

Cypermethrin

—+— Deltamethrin

—— Bifenthrin
=+ Flucvthrinate
1.0=10 —+— Fenpropathrin
i
B
2 g0x10
5 - - ]J-‘lcnpnl\pmhrin
g 5 Y Flucvthrinate
2 60410 LA T Riferithrin
g Fluvalinate
I " { Deltamethrin
;‘ 4.0=10 Permethrin
B Cypermethrin
= 2010 Fenvalerate
/ Cyhalothrin
0 4 Cvfluthrin

4 5 6 7 8 9 10 1

—+—Cyfluthrin

——Bifenthrin

Fenpropathrin
* Flucythrinate
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Fig 3 Optimization of CAD, TEM, GAS1, and ISV for 10 target compounds
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