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Determination of terbufos, terbufos-sulfone and terbufos-sulfoxide residues
in plant origin foodstuffs by high performance liquid
chromatography-tandem mass spectrometry

CHEN Yong', HE Wang-Fu', WU Jun-Jie?, XU Dun-Ming”", HU Qiu-Ting',
QIU Yi-Ting', WANG Rui-Long'

(1. Integrated Technical Service Center, Zhangzhou Customs, Zhangzhou 363005, China;
2. Technology Center, Xiamen Customs, Xiamen 361013, China)

ABSTRACT: Objective To establish a method for the determination of terbufos, terbufos-sulfone and
terbufos-sulfoxide residues in plant-based foods by high performance liquid chromatography-tandem mass
spectrometry. Methods The samples were extracted with acetonitrile or acetonitrile containing 1% acetic acid, the
extracts were cleaned up by dispersive solid phase extraction, and separated by CORTECS C;3(100 mmx2.1 mm,
2.7 pm) column using 0.1% ammonium acetate in methanol and 0.1% formate + ammonium acetate as mobile phase
at the flow of 0.3 mL/min by gradient elute, and the column temperature was maintained at 35 °C. Target compounds

were analyzed by positive electrospray ionization tandem mass spectrometry under multiple reaction monitoring
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mode. Quantification was achieved using matrix-matched standard calibrations as the external standard. Results

The correlation coefficients of the 3 compounds were all greater than 0.997, and the limits of quantitation were lower

than 0.005 mg/kg. Recoveries of 3 compounds in 10 matrixes (mandarin, apple, shallot, cucumber, brocolli, spinach,

carrot, peanut, rice and tea) at fortification levels of 0.005, 0.01, 0.05 mg/kg ranged from 79.2% to 105%, and relative

standard deviations (RSDs) were 1.2%-20.1%. Conclusion This method is simple, sensitive, environmentally

friendly, with good recovery and precision, which is suitable for detecting terbufos and its oxidative

analogues(-sulfone, -sulfoxide) residues in plant origin foodstuffs.

KEY WORDS: terbufos; terbufos-sulfone; terbufos-sulfoxide; high performance liquid chromatography-tandem

mass spectrometry; plant origin foodstuffs
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Herpn] R Ak o i R R T BB IURURRE T BB AN, S
P T BBEAR L, 200 HLR sh vk A b Ol AR 199
SN PIRNEE 1586 5 045 PR W A% 4% T Bl A Y B
M. GB2763—2019 { & WM& EEbaME &Pk
KA IR ) VIR E Y . iR . KRR ARk
PR T B IR BN 0.01 me/ke, AT R
WERBR & 0.02 mg/kg, F¢ T GimE sk A DURE T B
KEAELYIEM . POZ R, DT HBEE R

E N BT AR ERHES, BR T SN/T 3768—2014
CH RS T Z R0 DL A 2 58 B3 DN e s SOAH (6 -
Jigk ) Pl ey TSRS PR K %] 0.005 me/kg, HAThRifE
WITCIERZKT- o BEAN, R T B AR A I R o AE
AR R 2 Ao

KRS i) 418 S LR R AR o 1 (SR I £ R A T B, A
HBR K 0.001 mg/kg. 175 MFUDR A B ANAE M i il i
AT R T e, A Y 0.004 mg/kg, F
R BUR W R AT T RS 66 R HLBEA 2,
B TR ERBR M 0.8 pe/kg. KBk PE 2R FAUM (3
{CREIERSE . KRR T i X LA bR, AR . Fr
T BB T GRsE R, B4 0.013~0.045 mg/kg.
AU ORI AR e 3 S Bk FA M T 4 R SR e T
T & AL (N, AR, KPR 0.12~0.63 pg/kg. b
WHGE T IEAEAE LT R BRE: (DRI x4 8 —, BTk
MBI, QF A7 RIS T Hims; ()R H PRI
2 [ A E 51 A R A FRE 0.005 mg/kg. AWFFE L) %0k
A - T T FH 9 b = AR T B, e X O ) i
Rl Ak, wEE 10 AU MRS, EEBRSE . K
B /SRR K0 5 ORI TR GG TE, DA
S A E R G A bR, BRI R 2 0.005 mg/kg S
WI5 o
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1.1 XE5RF

1290 series JAH (0,351 (32 [# Agilent 24 ]); Qtrap 5500
R (GEE AB 24w, T25 B A bLERE KA A H);
Milli-Q 5 47K % 4= %% (3 [ Millipore 23 #]); Sigma 3-30K &
WA HELDHL(ERE Sigma /A H]); XP205 i K (&
0.01 mg, FHLAFREEIA R,

. 2 (figal, f5E Merck 2AH]); HlE., 2.
IR (059, it Fluka A F]); QUEChERs #REUERf
QuEChER ¥+t fu (b [l SR, AHLRIEE(0.22 pm,
%[ PALL 23 +]).

FETBRE . R T BRBEON . R T BB AR 2 AR HEY) 5T
(100 pg/mL, AV FFASFTARI BT NI, 4350 B IBGE
B _ERARiE, FZASECHIAL 1 pg/mL AYTR RS HERE &0,
4 °CUATFRENCLRAT o I - /K 5 TR0 A [ Y A 1
VRV, BARCBLA
1.2 ZWIE
1.2.1 ASara

(AR, B3 A SRR S ¢ T 50 mL 2.0
i, A 10 mL ZJE, SRIEIMAREERE(N S 4 ¢ KR
MRtk 1 g EALEA. 1 g FPIERRENLA I 0.5 g AP IR A M),
W EEE T, BIZIYEY 1 minJ5F 4200 r/min 2.0 5 min.
W 6 mL EVE IS TR (N5 900 mg JC/K B RREE |
150 mg PSA J% 150 mg Cyg), #JiEIRAT 1 min, 4200 r/min £
> 5 min, HERFIR 1 mL B3R T 10 mLiREH, ZRE
EF, A 1 mL HEEK A, S ALIERE, FHFIE

(AR R AR S g F 50 mL B, 110 mL
HKIHERA), #9530 min, fA 10 mL 2, SR INASRE
AN 4 g TOKBRRREE . 1 g &Ik, 6 LE0ig s,
FUR% 1 min 5T 4200 r/min #.0 5 min, HAALERF(1).

G)FEMAELFREL 1 g T 50 mL .0, A 10 mL
CIE-BEFRVE WL, ARG IMASRBERL(N & 6 g TOKBRLRREE |
1.5 ¢ FEERAN), & Fe.0E %, MZRY | min 5F
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4200 r/min B.0> 5 mine WHL 8 mL _EiERIMBN SR T (M
2 1200 mg JC/K B lR%E .400 mg PSA .400 mg C5 J2 200 mg
GCB), WHEIES] 1 min, 4200 r/min 25.0> 5 min, {fERHIZHL
1 mL F3H®T 10 mL &S, ZRELT, MMA 1 mL H
FE+K G0, FAFLUERE, FHFIE.
122 &4t
{3 4E: CORTECS Ci5#1(100 mmx2.1 mm, 2.7 pm),
B 0.1%H FR-0.1% L FRE /K WL(A AH)FT 0.1% H iR-
HEE VSR (B AH); B8 BEM )P : 2.00 min(50% B
#H)—5.00 min(80% B #)—7.00 min(90% B #)—
9.00 min(95% B # )—11.00 min(95% B # )—
12.00 min(50% B #H)—16.00 min(50% B #H); #:ii: 35 °C;
P 300 pL/min; #EAEE: 10 pL,
123 Skt
%FHEEDE%?E%‘%EE%‘ 2 RN AR S . F2
SR BT R 5500 V; B TIRIRE 300 °C; AUAT
mrjj 30.0 psi; BEZESJIE S 60.0 psi; HHEHIIHSE S
20.0 psi, HASHAEILE 1.

xR1 FTRBEESLVIETR. W)PRIESHK
Table 1 Mass spectrometry acquisition parameters of terbufos
and its oxidative analogues(-sulfone, -sulfoxide)
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K R A, JeikkE] 0.005 mg/kg 7K. ZIKE%ﬁé%XIJ
AL K (T 0.1% R 0.1% 2 Rk )/ H (2
0.1% L TR E) TR h AR, 5 T BB IR S E T i e 7 AR ) 326
BEMANH, B F, F8 TR s HMAHT . B 1 &H:
R FAAIGE B TSR 25 A Fi B, 3 /\Flﬁfrmﬂ AR
AIHETE, FR T B BUCI B BA AT Ak,
3AMEA TR 0.005 mg/kg BIRGIIER . ABIFSE & AT
T B R T B T B 1 R TR A . e X ROy ik
KH 650 °C, HE AR HER(0.020 mg/L)10 IX, 3 Fifba
YIRS A 1.04%~9.92%, 1K 300 °CEE Fidid &,
WEEE R 1.03%~2.90%, HHBUGE, AFREMTT &
TGRS X H ARy B R 2w, P 2 3R B S U B X
3 A AP AR R AN B2, X T BB A &

g m, HiFIZeE YN REECZ L%, ATk

?M\AFH THEEM 300 °C,

100
»0.1%H iR
< 80 +0.1%7, ik
@ 60 /[M+NH4]+
240 00.1%H iR
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0
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Fig.l Response contrast in different instrument
conditions(0.020 mg/L)
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Fig.2 Response contrast under different ion source temperatures(0.020 mg/L)
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&l 3 SHe il 0.020 me/L 9HRE T Giid A T BRI 1L
T AR RV YR 119 6 8 IR o S O 5 SR T e,
FIREREAE TR T MR . RE TR URIAR TR A T o
W EPE AT, 3 e 2y g g e, a5k 7.092.
4.675 F1 4.644 min, P FFAHPIIE € 0 E Pk E BT .

Ji i 5T 5 MR B A 0.002 . 0.005. 0.010, 0.020 I
0.030 mg/L [YZEFTVCRLIE SARMER R, LA R 251y
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Fig.3 Total ion chromatogram of terbufos, terbufos-sulfone and terbufos-sulfoxide standard samples
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Table 2 Calibration curve parameters

L S
Sk CIEp AL PSS &
/(ng/L)
T IR Y=4.77¢""X+174 2~30 0.9989
T BRI Y=678X+65 2~30 0.9991
R T B AN Y=8.11e"%X+72.4 2~30 0.9977
#x3 EMHERNSERBAR
Table 3 Optimal case of extractions used in different samples
EY HE b A KA piRas G 4 Kk P
T H El E3 E3 E3 E3 E2 E2
FET BB (E2) (E2) (E2) (E1) (E2) (E2) IG5
T BB El E2 E2 E3 E2 El El
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B dn 2 4 R R I A 4R

12

222 HTikeikE

FeAb T H R R 3 R S g T
Mo

Cl: % 900 mg Jo/KBRAREE . 150 mg PSA;

C2: % 900 mg Jo/KARFREE . 150 mg PSA % 150 mg Cig;

C3: % 1200 mg JC/K AR EE . 400 mg PSA 400 mg Cg
& 200 mg GCB.

SRS NN RAL B4 BERREE . ROK 6 RIS
R FH E2 BURIE, A4 . ZHk 2 PR ALEE SR A EL 4R
B4 BT VR I B (A 7K F: 0.005 mg/kg), BERIEE
st 6 UCOEAT, RIS C1 A C2 B4R AT AL TR
I IEME L, ARSIt A%k 4 B
N BAE b MG, RA GEFLE . SORFERE LR
7R HTAR R A E2 RURBUE A IC C2 BG4S MR ILAL A,
AL | Btk 2 Al IR IAE SR E1 4R BUEFAIC C2 ks
K EAERALA A o XZRM R E1~E3 #4 8L C1~C3 9 Fidl &
ZEg, RMEA B3 # C3 AfFY, FHEWIEH 109,
R, R0 7= AT AL R VR B B 1 R SR B3 $RHUE
& C3 b E N B AR AL .
23 FHERNERYN

TRORE 0 T IO 3 3l A AE B RN, R AT O IR
R0 w78 S QAN = X 3 F 3 o LA 73 1) O N/ 0
X 3 5T &4 R AT & AE AL 3 BT AL N (matrix  effect,
ME, %)=[( & Jii VG [t 1% i 1 2% A% 238 / 4l v 50 o 1 ol 2 )
F)-11x1001, M |ME[<20%, #8553 R, JoT R BUEME
T, 24 20%<|ME|<50%, NHEHRT, HME>50%, N
RURIEIR, WATUR U it A M TRl

FBATRSE 2.2.1 T HEATRTALFR, Tl BR BT VT Al i

RN, DA EE AR E R, V) BCH] R R i 4l
FIbRER VIR ERHERN £, #% DL BT ME 45251
W3 5. & S ATLLE W, 3 ML a WA 10 R, BRT
KAFNTEAERE S h S5 L I A, LR AE i o 55 3 I
KA AT LR 5 o DU P s i 5 Y 004 1 8 e e v LA RS
BEILRAON, Wi E e R, ARSI ERERH
LU AR IR T T AT
2.4 MNAREYEEIEER

PEREAAG . SEARL . KA. BN, PUAE. gk, e
booAEA L ROKAZE MBI ERE AL, BL0.005. 0.01 Al
0.05 mg/kg A NIARAKEHEATIL 8 % P9 FRAS N DRSS
WINT 3 Ak G IR GRS, ##E 30 min, 5
ANKFPERE 6 I, SRIERFE 6, HICER 79.2%~105%,
A X A5 U g 22 (relative standard deviations, RSDs) &
1.2%~20.1%, G424 5% B Rl 2K .
25 KWHRSEER

A T TR (60%~120% ) ) F5 fER 8 TR JBE A A 46 1
FE, 10 FhE S 946 FRAE 0.00002~0.00192 mg/kg 8], LA 10
5 15 W B (S/N) B 8 J 32 8 B PR, 100 FIRE O 14 2 B BRAE
0.00005~0.00459 mg/kg [A] . A 5T, 3 Flib-&4 B4
E 1 R T 0.005 mg/kg 7K, W LA &£ GB 2763—2019
(M T EERME iR 2R R )Y H
A PN FXFRE T T R AR (. AR 1 R =
Ko FEATHE A A INAR HE L) K 5| 5 HR 4 i b i) SCik
Jrk AR, AR R T RN YIRS
DI 3 F &9, [RIEHAGIFRIA ] 0.005 me/kg B9 57

F4 BAEROSERKES

Table 4 Optimal combination in different samples

BB % % b Gk KA PR Bk 4 Kok Znt
El c2 c2
E2 c2 c2 c2 c2 C2
E3 C3
RS 3 MLAE 10 TEFR PR RB (%)
Table 5 Matrix effect of 3 compounds in 10 matrices (%)
L& Mg W RA #IR O Wk @k WE b e KRk
T W 17 0 -5 -4 -3 -3 4 -47 -3 0
T BN 11 4 39 16 15 18 12 0 3 13
T BRI 8 8 2 4 6 6 5 8 4 8
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R 6 10 FEFTPEFT ME R E S KU U R FHE B E (n=6)

Table 6 Recoveries and RSDs of terbufos and its oxidative analogues in 10 matrices(n=6)

. Nt/ SB[ /% K%

i (mg/ke) BT BT B TRBER A TR B TR A5 TR

0.005 88.6 86.3 94.1 6.2 12.3 3.6

A 0.01 96.2 89.8 95.3 9.1 14.6 32

0.05 90.8 92.4 99.3 6.9 6.9 5.0

0.005 93.5 98.1 92.6 9.2 3.6 22

R 0.01 88.6 93.8 932 4.0 5.5 2.0

0.05 94.8 97.9 97.4 1.8 22 3.5

0.005 91.6 80.5 95.8 3.7 7.4 32

KA 0.01 101 89.3 93.2 9.7 5.0 6.9

0.05 102 84.2 93.1 6.4 10.7 3.7

0.005 92.7 98.8 98.4 7.1 6.8 2.0

I 0.01 98.6 90.6 97.7 7.0 183 12

0.05 93.4 91.2 97.0 5.3 7.1 1.8

0.005 84.5 87.9 102 49 12.6 5.6

[y 0.01 81.2 89.1 97.4 4.4 11.2 3.0

0.05 91.4 80.8 96.6 12 15.2 25

0.005 91.6 86.2 95.4 1.6 12.1 3.5

fiEa 0.01 92.4 86.9 98.8 1.7 9.5 3.5

0.05 96.0 88.4 96.7 3.8 11.4 8.2

0.005 87.7 83.5 93.6 9.2 14.2 1.9

LEEZAN 0.01 83.1 79.2 96.6 55 14.6 3.2

0.05 89.4 81.8 99.8 3.7 6.6 5.0

0.005 88.8 86.2 88.4 12.9 12.9 12.9

P2 0.01 86.4 86.5 85.7 11.3 113 113

0.05 90.1 92.6 92.6 8.0 8.0 8.0

0.005 102 97.2 97.4 8.4 8.4 8.4

Kok 0.01 89.5 84.6 103.4 3.1 11.0 8.0

0.05 97.6 89.6 101 49 8.7 7.0

0.005 105 87.8 94.2 10.5 11.6 3.9

Zent 0.01 923 90.4 91.8 11.5 20.1 7.2

0.05 86.2 87.9 102 7.3 14.7 5.4

2.6 SEFREEmRAVIE 3 &

S FRACHIFSE B 2 57 0 Jr W T B . . K |
BN PEEAE. SR, MU b AL JORRIZEN 10 KBFFERI QUECHERS i h FIZ A 5 ACHUH H 0
FERLHEATINGE, S55RAE 10 FRESh rp X R AG Y B3R 3 Rl TSI 5 AL DR AL R R TR A AR (. TR 5k
sk . W HEIOTR | R I R A PR AL 5
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