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Abstract: A gas chromatography-tandem mass spectrometric (GC-MS/MS) method with isotope-labeled internal standards was developed
for the determination of organotin pesticide residues such as cyhexatin, azocylotin, fentin-acetate, triphenyltin hydroxide and fenbutatin oxide in
vegetables and fruits. Samples were extracted with 1% glacial aceticacid-acetonitrile, derivatized with sodium tetraethyl borate, purified with a
PC/NH,-SPE column, eluted with n-hexane-acetone (99:1, V/V), and determined using an EI source. The results showed that good linearity
was found in the concentration range of 0.05~1.00 mg/L for the determination of the three organotin pesticides, with all the correlation
coefficients higher than 0.998. The recovery rates of organotin ranges in the negative samples spiked at the three levels (0.04, 0.10 and 0.20
mg/kg) ranged from 81.64% to 106.23%, with the relative standard derivations (RSDs) all lower than 6.33% (n=6). The limits of quantification
(LOQ) of the proposed method for cyhexatin, fentin-acetate, and fenbutatin oxide were 0.01, 0.009 and 0.039 mg/kg, respectively. This method
is stable, reliable and highly sensitive, thereby suitable for the determination of organotin pesticide residues in agricultural products such as fruits
and vegetables. This method also provides a reference for the determination of organotin pesticide residues in other foods.

Key words: gas chromatography-tandemmass spectrometry (GC-MS/MS); internal standard method; sodium tetraethyl boride; cyhexatin;
fentin-acetate; fenbutatin oxide
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RAGFEA =W, =), BRY (KB
HHY (CHRESEMAE) METHE, flin=my)
AT DA RS AR50, Biva 4 i, E9m gl T
Biva R, 1A, K TS TRNAL
WL Bk SRS K R SRR R ) &% e £ e i
FKFEH. FE, FHBRAR N0 YA R
FH, BRIZIEEY, BT RGN E R,
fefr 2t i R B R P P SR B R R 52 B, X g I A 2
ROGUHATR N, L Z b2 5| RCRE R A I SR
Cl, P eiEGE . S AGTE AT B R AN R,
W2 FABIET, ISR AT EE R
Bl ST GG AR N ARG B A R0,
] Y AN ST T o0 ok B e PR L AR, 3R
E & i 2 e E bR GB 2763-2019 HXf /K B ANG
HEIGRNE YR B AT, o =g iR
HIEEN 0.1~2 mgkg, =34 0.1~0.3 mg/kg, EiE
(ZHIEZT) 0.1~5 mgkg, FHEY (ZHFERAR
8 0.1 mg/kg, KT 0.5~10 mg/kg. EFRITH,
PAHASAE], ik B AR i e SR E
SRGERYHRRTRERER 0.02~0.2 mgkg,
TR E 0.05~20 mg/kg: BRELARGRIR EARMERE,
HIR B R N 0.1 mg/kg.

H AT NS B an G USRS i 7
AL, P A I 2 B AR O S
e RO AR - SR R S AR R
U0 AR FBME i A AR g, VR (-
JFR By AR - R vk B B v I R U RS
PE, BRI AR RS T, R E AL
BREINT, RS AR TSI (1 RS EE AT
B, ANREA SO IR 2540 5 | B R SR AT A4S
SRR, A RS R R A R R BUE, Hie
T Z AN, IR 5RO
AP (GC-MS) MLL, X FEEAHN & 241 &
ar, UM - = DU ARAT RS B A A BT
PE. BHETERZ S ARSI MRERINA NSRS
Y, AH AR WEBEFH AR E & E R 2
FREAMISCE, BT AR S0 ZH 43 i T AR LU A AN
SEREFERIE BN, 8 RIS 3 PAREDN E REFE—
SEFERE LV BR T AT AL TR BT 5] R R 2 B TR A
R, RIS SR R . AL LAY 2N AT
A, SR AR - R IR 1 [ 2% AL ARl o SR
AT Y. ERY. KT B ENBIR AN
TR o

1 HRSES

L1 EEMNHELRE

7890B/7000C “SAH G- S A, K24
AF]; Allegra X-30R [=yid 0L, 32 E DL 5e 2 22 /R
AT Turbo Vap LV EMRAY, [ Biotage A#];
230Volt $E3% %, 3£ Talboys A#]; Milli-Q &1k
445, FHE Millipore 22 7]; PB1502-L ML 73 Hrk-F,
I AR RN 2 A

B : =304 (Al 98%) R4 (4 98%),
I H & Dr.Ehrenstorfer AF], X #ts#Edm (100
ug/mL, 4ifE>97%), W H RS FRAREYIT o0,
ZHRHYdis (4iE 98.1%), MH %K C/DN
Isotopes A F]

IECkE. N (EakaD), EE CONW AR 4
(taigal), @mERwAR; PUIETIMEEY (NaBEt,
4l 98%), [ Stem chemicals A7) ; FIEE (G4,
TEEER AR VKESER (O3Ara), [E 2L
HBR A ; PC/NH,-SPE [ AHZEHUH: (1000 mg/6 mL),
TN SRR B R A B oK RN CRERZ0
e B R AR AR s S8 CRIRZD, R
WAL TR AR A .

Tk Ak, MAS. AT PEASERESW T T .

1.2 A VA 7K e 4

PRAERE ST IR =R EIESA N8
FRAEfn & 0.1000 g, FHAEREfFHE A 100 mL A&
i, BPECHI 1000 mg/L R, BT 4 CUKFH
TRAFec s 2 1.0 mL 2K T bR 25, A
BIHERZR 10 mL FEMH, BT 4 CUKFIRIERSH

ZRHE)-dys BRAERE VR FREX 0.1000 g —2RHE
-dis T 100 mL 25 &, FH R ff e 5 B0,
BT 4 COKFRATASEH

ZRFEY)-ds BRAE TAEW: BX 1.0 mL =Z83E85-d ;s
PrAERE A, AR 1.0 mg/L 4 H

FEJUIR A - =R EE -y s BRERS IRV FH A e
BB A PRI = 25 8-ds e TAE, IAE
1.0 mL FE 0 2 EEEREOR H, AE RAIPRAER IR
FE53 0 50, 100+ 200+ 500, 1000 pg/L (5 =Kt
#-dys5 500 ug/L).

1.3 FRaraE

13.1 &R

FRELS g CRH3 0.01 @) iRFET 50 mL 25004
B, TN 500 pL 3RFEA 1.0 mg/L =2K3E4-d,s WARIA
W, I 15 mL UKBEFR- 2 (1:99, VIVD, eI
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2min, IA S5 g &AM, #&5% 30 min, 5000 r/min &
O Smin, HUCEEETEE S, B 15 mL VKBS R-
I (1:99, VIV), HEE FlREE, AIHRIGE, T
35 CRBHIRERA AT T AN 1 mL HEEE TR
By, ZAWE 1 mL, %A 15 mL W& P74
1.3.2 474
] _FIRSEBOR I 5 mL ZR- Z RN MR
(pH4.5) & 1 mL MY ZIEMILANAR (2 g/100 mL),
FAHE S Tein as IRIR G ATAE )M 25 min, JIA 2 mL
IECUERR AT A=), W2, 5000 r/min &> 5 min
JE B EIEW, R
133 34k
J6H 6 mL 1E Uitk PC/NH,-SPE [H]#HZEEX
FE CRENIEIFZ) 1.5 om JC/KBREREY, ARl s
KRR ZN, H LR ENRIGRERE 2
PC/NH,-SPE #£, ] 15 mL 1E 27l (99:1, VIV)
T, WA, 35 CTFEmMEIET, H
IECREIRFEE 0.45 pm AALIEGEJEE RS 1 mL,
BEAT AR - R I I 5 o
134 ARERERGITE
53 BN [R1AR BE AR R AR VR & - = 2R 5 4-dis A
ER BT 15 mL EO0EF, A SmL -2
BN (pH 4.5) J2 1 mL DY ZBERIME AR (2 ¢/100
mL), FIREEIRGATERN 25 min, SREHIA 2
mL 1E Ce R IATAE =4, TR 2T, 5000 r/min B5.0> 5 min
JE BB, AT A - SR IR I E .

14 540 & - 8 RBP4 1

141 AAa& L5104

i DB-5 B A (30 mx0.25 mmx0.25 pm);
HEREINRIE: 260 °C, AR 8BS &R 4h
[$>99.999%); HEFEE: 1.0 uL; FEFTHE: WILAIEE
980 C, ff4% 1 min, LA 20 ‘C/min (EETHELE
200 C, fRFF 1 min, FFLL 5 C/min RIS
280 C, {R¥F 10 min.
142  #IRFHEEMT

HF & TR (BIYED: ML : 280 C;
BURIREE: 230 Cs RlEESA: &S SR MRM
B, A E R B X B - B

1.5 #AEAHE

X H  MassHunter GC/MS  Acquisition
B.070.01.1805 #ifFiEAT ¥l >R4E, RH] MassHunter
Workstation Software B.07.00 HAFEATEds 7 #r ik
H, PEZERH Microsoft Excel 2010 {44741

270

2 FER5vHS

2.1 FTAEMRA LT

BEWVEGIR MR NGHER, MELLE
A EIE ST, R FRES AT 8 S 4
AHPHRRINE Y FATIE o H FHIATAE V23 2
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BTN, B AT A AR E HAR B
K3 5 ZARSR R BARAE T KA ML Hhadb ATl >,
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A, BAERBONEB 5 =AU KR I &
SERRRAN B AT 3L AT AR, BT R
AT, RO R, TR RIATA
YIWET AR E . AT Al 1 SR £ 3
RN ENATAE AT LRI, 3% 1.4 264405 5
FHIFIHR B A WLEIEAT AT, TEM RIS 58
XIATAEPIE T AR M B, &5 5R L 1. 25 RK AR
VY 2 TR E AT A R A D TR R O, e
PR, BRIMAR S8 1% F DU 2 ST AM A i A= 55),
A N =R SR =R, =G IIATEY)
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AN KIERATA SR IR LS 2% DY 2 BRI Ak A DY ik
AT AR RS e BT =3I AN = T AR
NZIRCEECIY), AL EInA 7 =200
B LLIE S, SR 2. 5, 2 2%Y o5k
PRACEN AT AT AR 6 R HLERRAL SR i AR 4
TR T4 2% Z I AN DY SR IR T AL AT AR

Y, BRI TSR R R . FASEE
W 2% VY 2R KR E T AR, IRRCELA o
200 - %2% VY 2 FE BN ER AN KV T
180 F lll}o. CIERNERAA DY S R I 1A
160 F 7/
£ ol %
/
3 o
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Fig.2 Effect of NaBEt,solvents on derivatization efficiency of

organo-tin compounds
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Fig.3 Effect of derivatization time on derivatization efficiency of
organo-tin compounds
AW BT AR S REIN 18] 1A AT BE X AT AR R ™
S, KON AR ST Re e T,

SN AR A L 0 i, I B AR I 2 3 20U
A TE 4z, HZIR 1.4 AR TR —IREER) 3 R B
WAV IR T A AT AT, BT
ANFIRTA R AR e AT A R SO, S5 R0 3.
SERRIATARS A 25 min B, BRTRTEAHE
b, HR 2 M NIRRT A AR O, ATAERCR
AT, PRIEASIRIEREATAIS (5] 25 min.

24 EAERAEHLE

ERIPNEZ gL SN IR R L oal | DaRrS
W, G FE Florisil AT 4L, FHIERR G &
PP YR Z 2 im0 NRITR
AR T, 454 PC/NH,-SPE ML
S R T RS K R A 2 R R i AT AL B
A RAHACCERRYE, 5 Florisil HE154b 25 B34 7%}
Foo AEBRREERIIN 1 mg/kg IR EFRIEIER, $REL
DY 2 M BNEBATAE J5 73598 F PC/NH,-SPE
[ AHAS U Florisil B AHA U ZEAT 1346, BIF TP FR
AN [ ] A RS EURE: ok = A 7 W T A i ] 5
R 4,

400 -
350 -

» -
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50 L

% PC/NH2-SPE
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Fig.4 Effect of cleanupfororgano-tin compounds between
PC/NH2-SPE and Florisil
SR, MFZFMET, w2 PC/NH,-SPE H
b, = CORE RS =R E OGN =(2-H13E-2-
HRIE P IE) I AT AR N K T4 Florisil 1§+t
RS, PRIAR GRS R A PC/NH,-SPE HEEAT 1K

F 1 MIREFIMREEREER
Table 1 Comparison of external standard method and internal standard method

) NGRS M AT
B Ao . > . =
MRS (ng/L) ECE /% MK SE S (ug/L) = HCE /%
=34 530.25 106.03 512.05 102.96
Z24 402.07 464.89 92.98
KT 4 301.88 396.69 73.90
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25 WRREREMIMIER EEZFILE

HEREFREL 5 g CRERAE 0.01 g) FHEAFET 50 mL
B, 4RI 500 pL RN 1.0 mg/L VRS
PR = 2R )-dys brifE TAEW, HEL S g RS
£]0.01 g T 50 mL FOEH, RAIA 500 uL #
FE 1.0 mg/L FREFRERR .. PRI 1.3
PEHL TR G EHLE, SR IE 1.
M1 HTLLEH, FHECTAMRE, ARSI E
FERIEISCR BT . NN = 38548-d,s ARV
REAE [ B H A LA S A PE T AR B R o () 301 2K
AT b A SIZ6 K FH A Beies N

26 JILHEAEE T E

%10 14.376 min
=N O LEY

Counts
—r D W W ¢
no
T T T T T T T T T T T

S
W
T

1 1 1 1 1 1 1 1 1
13.6 13.8 140 142 144 14.6 148 150 15.2

RAERS A / min
14.304 min

=
=

hououhouhouououhon

=R O

Counts
SO —NNWLABNLO RS

C_1 1 1 1 1 1 1 1 1 1
134 13.6 13.8 14.0 142 144 14.6 148 150 152
RAERF A / min

23.915 min
Z(2-HHE-2- RN AR 2 H )

X

(=]
©

Counts
O — WL A AN —

Louohououhouhououn

230 232 234 236 23.8 240 242 244 246 248
SREEM[A] / min
& 5 SHIFR MRM 23X & iEE
Fig.5 MRM Chromatograms of three derivatization products
3 MAE N EAT A H R EET Q1 A
(50~580 m/z), 33| e4AmIEE, ERed R, i
T U B IO B AR N BE R 7, EAT R S,
N % o P v e 5 e L R R S AR T
T AR R SR AT R RE . 3 Rl
WUBATAEDI BRI BTG 2% ILAE 2.
FEEE AR AT T, 3 P WL L ETT A
YIS 3| REFRr B RCR, WK 5.

27 JEW LM E. B REER

HY 50, 100 200. 500 1000 pg/L 5 ANk E
(PR A -— Ry s BRUERS BT, 4% 2.5 Hakihd
SERERE 1 ul, DAARHERE IEWROR P R AL bR, W AROA
PAFRez bR LR, AR NEE 3. BL SN=3 ek
HPE, DLSIN=10 i e =R, 458K 3. 4R R
3 PP HUESAT A AMA R REII KT 0.998, =3
B ZHIEGROE T BT AR RNAE 50~1000 pg/L
REWRELE N2 RITFEEXRR, MRS HAN
0.03x10™, 0.03x10™ F10.12x10" mg/kg, YIAEN 2 H
W AMRAER 2K

R 2 3 MHENBITEMNREERTE., MNETFhiEsEE
Table 2 Retention time, monitoring ion pairs and collision energy of three derivatization products

o o FEBFt BTt
A A WG E/min -~ B F(mf) - -
m/z FAERLE/eV m/z FiERLE/eV
315>231
ZIRCATHES 14.376 315 231>149 5 25
315>151
349>195
ZRATHL 14.304 351 351>197 30 30
351>120
415>275
= (2-FH2FEAL) TS 23.915 415 415>275 20 30
415>197
366>120
ZXAEAD, s 14.251 366 366>202 30 30
364>200
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=3 3MBNHITEMNLIESTE. BXERY. KHRFMESR
Table 3 Linear equations, correlation coefficient, limit of determination (LOD) and limit of quantitation (LOQ) for three derivatization

products
LT s v 2o 2 A PR/ B/
A %, 2 %

A A /mg/ke) ENcva:d EEF T (mg'kg'lxlo'l) (mg'kg‘lxlo‘l)
=34 0.05~1.0 y=335066x+59.299 0.9997 0.003 0.010
2524 0.05~1.0 y=640463x+2309 0.9996 0.003 0.009
RKT4 0.05~1.0 y=21036x-694.78 0.9989 0.012 0.039

2.8 R A AT E &

6] S HERE S TR0 0.04. 0.104 0.20 mg/kg VR
Hr-ZREEG-d)s R HER BV, KR E 6 AT
7o FEIARRE TR AL EE, 28I, AT e it
ITIE, THEIIFREICR ARG, SRNEK 4. 45
BRI, ATHERMCETEREY 81.64%~106.23%, FHXf
PR 24 1.10%~6.30%.

4 3 MBNGITEYRRMEISERFAEEE
Table 4 Recoveries and relative standard deviations (RSD) of
three derivatization products (n=6)

HIA  RAeg B AT AE
e Nmgkg) EWCE/% 1k E RSD/%

0.04 106.23 4.87
=4 010 101.11 2.80
0.20 100.53 291
0.04 97.36 4.65
E@4 010 92.92 1.78
0.20 97.70 2.02
0.04 81.64 6.33
XTH 010 88.39 1.16
0.20 94.71 3.40

29 SERH RN

B /KRS 6 AN, IR 1.3 kAt
BT AU G- TS e, 2R IE S,

BIRKH A S
5 HERAMEER
Table 5 Sample test results
e & /(mg/kg)
v - -
=34 %R KT4
FEH ND ND 0.014
bk ND ND ND
HHAE ND ND ND
T 0.0060 ND ND
P A ND 0.0048 ND
L% ND ND ND

3 g

ASCR VY O FEMAANET A, SO B - B I 1%
[FIA 2R AFRENE R AU R 2R « 1757 ]
R TEHE N 81.64%~106.23% , AH X b E i 25 19
1.16%~6.33% (n=6), —H4%. = RKEGHKTHM
JEEEMRA SN 0.10%107 . 0.09x107 . 0.39x10™
mg/kg, FFEDITINEMEDR, BERRSN, BfA
RIGPER. et rrs s, HSAMRENEH NS
FARVFREANIITIFAL, RN 2R AR E R —E
FEPE BIHRRE RN, e &5 s v, nTHT
IR AR T A WU 2R B A, FE
FAh B A HUB A 2055 B (ARSI A4
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