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Abstract: A method for the simultaneous determination of fenbutatin oxide, triphenyltin and

cyhexatin in apples and cabbages was developed by gas chromatography-mass spectrometry
coupled with two different ionization techniques, electron impact ( EI) ionization and positive
chemical ionization ( PCI). At first, the samples were digested by hydrobromic acid, and
extracted by acetone-hexane (1:2, v/v). The extracts were derivatized by sodium tetraethylbo-
rate as the derivatization reagent, and cleaned up by the Florisil SPE columns. Finally, the
samples were analyzed by GC-EI/MS and GC-PCI/MS in selected ion monitoring ( SIM) mode.
The results showed that good linearities were obtained with correlation coefficients (7°) greater
than 0. 997 for fenbutatin oxide in the range of 75-500 wg/L in both foods, triphenyltin in the
range of 50—1 000 pwg/L in cabbages and 50-500 pg/L in apples and cyhexatin in the range of 50
-1 000 wg/L in the two foods. The accuracy was checked at three spiked levels (50, 100 and
200 wg/kg) in cabbages and apples. The limits of detection (LODs, S/N=3) were 0.01-0. 05
mg/kg (EI) and 0. 01-0. 02 mg/kg (PCI), and the limits of quantifications (LOQs, S/N=10)
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were 0. 03-0. 16 mg/kg (EI) and 0. 02-0. 06 mg/kg ( PCI). The average recoveries ranged from
59.24%-97.36% (apples) and 50. 54%-94. 54% ( cabbages) in the mode of EI, and the corre-
sponding values were 65. 38% —95. 86% and 62. 56% -90. 44% in the mode of PCI. The relative
standard deviations (RSDs) were all less than 6.9% (n=6). The PCI method can be used to
improve the accuracy in comparing with the EI, in terms of good selectivity and high sensitivity.

Key words: gas chromatography-mass spectrometry ( GC-MS); electron impact ionization

(EI) ; positive chemical ionization (PCI) ; fentutatin oxide; triphenyltin; cyhexatin
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pore A ) ; NH 03079 2 Wk 46 1% ( 3¢ E Horizon
XcelVap A H)) .

FRUE f K T8 (4l 98%) & Ak = KB
(ZlFE99% ) F — 38 (4l B 98% ) ¥ [ 7 = Dr.
Ehrenstorfer/\ @ ,

IEC e R (43520, 55 5 Burik & Jackson
43H)) 3 Florisil EAHA U (1000 mg/6 mL) P4z
FEA AL 4 (sodium tetraethylborate , NaBEt, , 4fi &
98%) ( L E LB A A RAR) ; AR
1k 86 ( ethyl magnesium bromide, 3¢ [ Sigma-
Aldrich 23 F]) s oK BRI (T T 650 CXks 4
h DL b)) PKBSTR LR, STk AR SRR (4
Bral, B s AR R B A BR A ) o SRR SRR
FE S B VEIR HA SR B0k SR A 1L
1.2 fREBRAIEH

B VAt 45 V. MERRARER 3 Aha HLBI bR ifE S 45 5
mg, 735l FH A B i 5 o 25 28 50 L, e il o i vk
JE¥I2 100 mg/L 19 3 Mg ML bRl s, T4 C
P IARAT o

PR TAEW 20 RS B 1 mL b 3R A5 v % 45
T 10 mL 25500, JF TP R AR R 2 20 B T
10. 0 mg/L (IR A bR e T AR ; FH PR % 255 B, i
B R 1,000,500 ,200 100 F1 50 pg/L HY &
HIFRUE TAER
1.3 HABLE

PRI ARIBORE 10 g (K5 2 0.01 g) , & T 50
mL B0 F A 10 mL K (1 mL S0RER 127 1
h, A 2 g S AL F1 20 mL 5 F-1F %% (1 :2,



SR, 45 UM - i 5 o i B/ T A L R O I

114

TAE PSRRI 3 Ficfy HL) A 24 5% 7

- 1179 -

v/V) VAW, PRFEFEHL 10 min, P4 8 000 r/min &5 .0> 3
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Table 1 Relative molecular mass (M, ), retention times and monitoring ions of the
three derivatization products in GC-EI/MS and GC-PCI/MS

GC-EI/MS GC-PCI/MS
Derivatization product M, Retention Monitored Retention Monitored
time/min ions (m/z) time/min ions (m/z)
Tricyclohexyl ethyl tin 398 5.988 313, 315*, 369 6.346 313, 315*, 369
Triphenyl ethyl tin 380 5.941 347, 349", 351 6.905 301, 303", 351
Tris (2-methyl-2-phenylpropyl) ethyl tin 548 10.266 413, 415", 519 10.551 413, 415*, 519

EI. electron impact; PCI; positive chemical ionization; * quantitative ion, Sn
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B 1 3#MENSBITEN YR REHEE (PCI)
Fig. 1 MS fragmentation diagrams of the three
organictin derivatization products ( PCI)
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Fig. 2 Mass spectra of the three organictin
derivatization products ( PCI)
a. tris ( 2-methyl-2-phenylpropyl) ethyl tin; b. triphenyl ethyl
tin; c. tricyclohexyl ethyl tin.
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Fig. 3 Effects of different derivatization reagents on the
peak areas of derivatization products under the
two ion sources
NaBEt, ;: sodium tetraethylborate; EtBrMg: ethyl magnesium

bromide.
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Fig. 4 Selected ion monitoring ( SIM) chromatograms
of the three derivatization products in a nega-
tive cabbage sample and a spiked cabbage sam-
ple by GC-EI/MS and GC-PCI/MS
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Fig. 5 SIM chromatograms of a mixed standard

solution (1 mg/L)
1. triphenyl ethyl tin; 2. tricyclohexyl ethyl tin; 3. tris (2-

methyl-2-phenylpropyl) ethyl tin.
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Table 2 Linear ranges, regression equations, correlation coefficients (r?), limits of detection (LODs) and
limits of quantification (LOQs) of the three derivatization products in negative cabbage samples

Linear GC-EI/MS GC-PCI/MS
Derivatization product range/ Regression ) LOD/ LOQ/ Regression 5 LOD/ LOQ/
(pg/L) equation (mg/kg) (mg/kg) equation (mg/kg) (mg/kg)
Tricyclohexyl ethyl tin 50-1000 Y=31.5X-32.9 0.998 0.01 0.03 Y=21.9X+10.1 0.998  0.01 0.03
Triphenyl ethyl tin 50-1000 Y=36.9X-40.4 0.998  0.01 0.03 Y=25.4X+10.9 0.999  0.01 0.03
Tris (2-methyl-2-phenylpropyl) ethyl tin ~75-500 Y=23.6X-11.1 0.997  0.05 0.16 Y=62.2X-23.5 0.998  0.02 0.06

Y. peak area of quantitative ion; X. mass concentration, pg/L.

x3 PAMERERDIMITEXTYNEEEE BTG E HXRE L HRNESR
Table 3 Linear ranges, regression equations, r?, LODs and LOQs of the three derivatization
products in negative apple samples

Linear GC-EI/MS GC-PCI/MS
Derivatization product range/ Regression ) LOD/ LOQ/ Regression LOD/ LOQ/
(ng/L) equation (mg/kg) (mg/kg) equation (mg/kg) (mg/kg)
Tricyclohexyl ethyl tin 50-1000 Y=29.7X-31.8 0.998 0.01 0.04 Y=20.4X+12.6 0.998 0.01 0.02
Triphenyl ethyl tin 50-500 Y=33.4X-20.7 0.997 0.01 0.03 Y=22.9X+13.1 0.997 0.01 0.03
Tris (2-methyl-2-phenylpropyl) ethyl tin 75-500 Y=26.4X-41.7 0.997  0.05 0.16  Y=51.2X-20.3 0.998  0.02 0.06

Y. peak area of quantitative ion; X mass concentration, pg/L.

242 HEREHERETE

EFATESER (10,0 @) FIF3E(10. 0 g) e 43
SANA 50,100 1200 wL 10 mg/L HIR & rifE TAE
W AN 524 T 50,100 1200 pg/kg) , T
1. 3 AT HE R AT A Ak, 435I 7E GC-EL/MS F
GC-PCI/MS Wy SEg0 56 F T AE , B A oK P47
1806 ANRE i T IR, TR 3 A LB 73
(RT3 1 AH X A 7 I 25 (RSD) |, 45 58 43 51 WL 3% 4

(GC-EI/MS) F15£ 5( GC-PCI/MS) ., 45K, 1E
GC-EI/MS L5 5514 F, 3 Ffs WL #E S SR A X
H g 7 24 1810 A B A 59.24% ~ 97.36% FI
50. 54% ~94. 54% , KX bR ER 250 2. 1% ~ 6. 4% Fl
3.9%~8. 5% ; 7 GC-PCI/MS 1,3 Fi A3 HLA5 163 5
HE S P B33 [ 53 50 65. 83% ~ 95. 86% il
62. 56% ~90. 44% , AHXT A5 M 25 4 2. 2% ~ 5. 8% Fl
2.7%~5. 4%,

% 4 XM GC-E/MS MEMERMAZFF 3 #EVISHMIREKEMBNITERE (n=6)
Table 4 Recoveries and relative standard deviations (RSDs) of the three organotins spiked in apple and
cabbage samples by GC-EI/MS (n=6)

. Added/ Apple Cabbage
Organotin (ng/kg)  Found/(pg/kg)  Recovery/% RSD/%  Found/(pg/kg)  Recovery/%  RSD/%
Cyhexatin 50 48.68 97.36 41 45.46 90.92 43
100 92.28 92.28 4.6 81.68 81.68 6.1
200 186.65 93.33 2.2 175.50 87.75 5.0
Triphenyltin 50 38.66 77.32 6.1 36.35 72.70 6.9
100 80.60 80.60 5.8 87.32 87.32 4.9
200 179.04 89.52 6.4 189.08 94.54 47
Fenbutatin oxide 50 29.62 59.24 5.3 25.27 50.54 3.9
100 65.57 65.57 3.6 61.33 61.33 8.5
200 134.55 67.28 2.1 131.81 65.91 5.8

x5 XM GC-PCI/MS MERFERFMAEF 3 MBS MIREEMBIIRERZE (n=6)
Table 5 Recoveries and RSDs of the three organotins spiked in apple and cabbage samples by GC-PCI/MS (n=6)

Organotin Added/ Apple Cabbage
(png/kg) Found/ ( ng/kg) Recovery/% RSD/% Found/ ( ng/kg) Recovery/% RSD/%
Cyhexatin 50 43.47 86.94 3.3 41.46 82.92 5.4
100 83.42 83.42 2.4 75.82 75.81 3.6
200 191.71 95.86 3.9 180.88 90.44 2.7
Triphenyltin 50 41.73 83.46 4.1 40.27 80.54 5.0
100 85.27 85.27 2.7 83.62 83.62 2.8
200 170.54 85.27 5.8 180.07 90.04 5.4
Fenbutatin oxide 50 34.19 68.38 2.2 31.28 62.56 5.2
100 65.83 65.83 3.8 68.46 68.46 5.3

200 142.15 71.08 2.6 131.24 65.62 3.7
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