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Determination of ethephon residues in vegetables and

fruits bysilane derivation gas chromatography

,2

EZ’EX 1.2 ﬁ%
WANG Jie-bin'* HONG Xia'*
AR

ZHOU Xin-kui'*
L HR A BB 50 R 22

?xl

QIAN Yin-wen'*
K EE

ZHANG Yan-jun'*
730010;2. H ol R A

CHAI Zong-long"*
K&

ZHANG Ya-zin'?
R IR A R AR HR 220

g X

730010)

(1. Gansu Institute of Business and Technology . Lanzhou, Gansu 730010, China ;
2. Gansu Zhongshang Food Quality Test and Detection Co., Ltd., Lanzhou, Gansu 730010, China)

WE . A2iMEHREKRFUHAZRGEO AT A-A
A8 &% (GC-FPD) de il 7 ik  # o 22 W BE A 5 3R, TRk iR &
R R T Lo A b 2 AP AR AR A R B AT A &0
T g AT AR R R KGR A m 35 (BRI 7 )6 A&
BmE Shirk e E, EREF: AR T RIS T A
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Abstract: A silane derivatization gas chromatography (GC-FPD) de-
tection method was established to determine the residual amount of
ethylene in vegetables and fruits. Samples from ultrasonic extraction
by methanol, liquid-liquid extraction by ether, and concentrated
blow drying,were compared the derivative effects of 2 kinds of sila-
nylation reagents under different derivatization conditions. After that,
they were determined by gas chromatograph with flame photometric

detector (P filter), external scalar method. The optimum derivation
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was as follows.Adding 100 L. BSTFA and 50 pL acetonitrile to the
dry extract , derivation 35 min in the oven at 65 C. The external has
good linear relationship in the concentration ranged from 10 to
5 000 pg/L, and the correlation coefficient was above 0.999, with
the detection limit of 1 pg/kg and the limits of quantification of
3 pug/kg. The recovery rate of ethephon in different substrates at 3
concentrations was 84.3% ~95.1% . and the relative standard devia-
tion was 1.31% ~3.92%. The method was simple, strong anti-inter-
ference ability, sensitive and stable, and was suitable for the deter-
mination of ethephon residues in vegetables and fruits.

Keywords: trimethyl silanization; gas chromatography; BSTFA;
MSTFA; ethephon
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SE VA AN GBI AT R EE B 5 7R 0 O DT R e 45
SR AR L L 32 TO0 A AR R DR /N A0 IR B A A 1 R e K
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(RO RS H WA A

A FIRRHE [ GBW(E)0819091:100 pg/mL ., b 5 1
SR EY ARG R STAE A |

= H I BURE BE (TMIS) - 46 =98 06 (& AR sE 4D . b
HRBEHEARAA.
1.1.2 FREAUR B
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TABEIR A %% Vortex 2 B, R (J7 DU 8 % & A R
NI
1.2 A&k
.21 e TAEMRYBCH  MERE IR 1 mL 29 Rl AR )
Bi(100 pg/mL)F 10 mL 784t v, P B 4 B 20 B L e
L 10 g/ mL ) 0 R AR HE G 45 T, 0~ 4 °C kA8 HAR- A7
AL B 46 00 7 R L — A BRI s oA kA VP VY O T B
FUIE 22V B bR o AR R AR o AR IR T L B A .
1.2.2 fiEAR M ECH  AEFFRE 0.01 ¢ 5% AR B IR I
S IEMRT 5 mL N-HJE-N-C= B 5L a4 38D = 9 2 Bk Mk
(MSTFA) B N, O-3 = H 3 fif e 36 ) = 5 £ Bk i (BSTFA)
W FE R A 10 pL = H O3 BGE BE L VR AT BC R
MSTFA fii i 7 1 BSTFA 17 4 4k 5, 0~4 °C yk 4 o
IO 20 S5 i 3 B R A
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123 AUAR &M B4R DB-17 £ 38 B 4 8 4 [30 m X
0.53 mm(P42) X 0.50 pum s HEARE IR B . 220 °C s THE AT
120 °C (2 min)—10 °C/min—>220 “C (1 min) ; JE#E 20 A4
TRHERE ;s SEAE R - 1 oL G A8 IR R 240 CH R AT AR
(99.999% Lk 1) 3 i # : 5 mL/min; 25 K : 100 mL/min; &K :
75 mL/min; B :60 mL/min,

1.2.4 B A AT AL 3R

(1) BT 4« VE LA AL 4 B i T B R S
B SR AT R R IR P E —20~—16 CIRAF.

(2) R RBAE A 10.00 ¢ TR LM B, ImA
0.5 mL HEZERFR AN 25 mL BB, /75 8 %% 5 min, i I8
T 50 mL R M 2 5RO 15 mL H SR —
WA IR T 50 mL RMA R P I ERRAE ., 1
T 10 mL B3R ERE WA 15 mL .08 78 TR A
ST F 30~35 C/KB L4 % 1.5 mL, il A 0.5 mL HI B
IRV WA 8 mL JEIK LMk, ST AR G L CE 10 min, K E K
BMAD—RZBEEOLEDRBWMA 1 mL JEK 2 BEFE
2 WO A LR W F 30~35 T LIRGHEY
0.5 mL ", RS 55 B 2 AR R B L 0.5 mL 1 2
kTG VR B0 A B I B IR — RS RO P BT R A
1.2.5 firA St

(1) 477 A 1) 1 28 4%

O W 15.0 pL Z 4 FI AR HEY) BT (10 pg/ml) 2 2 mL
HEFENI L J AR TS A 100 wL MSTFA F1 50 pL 2§ .
15 A4 A6/ N 75 5 A MEAS #E 65 “CATZE 40 min U7

@ W 15.0 pl Z 4 A AR HEY) BT (10 pg/ml) 2 2 mL
BERE/NEL AR WR TS IA 100 uL BSTFA #1 50 pl Z
i A AG /NN 55 )5 A LA 7E 65 CAITAE 40 min;

® WU 15.0 pL 24 FIARAED) BT (10 pg/mL) % 2 mL
FERE/NIE /ST JE A 100 pL MSTFA Hl 50 pL Mgz
A3 A= A /NN 55 )5 A MEAR 7E 65 CATAE 40 min;

@ WL 15.0 pL 24 FARAED) BT (10 pg/ml) % 2 mL
BRI B AR TS MA 100 wL MSTFA 1 50 pL HERE,
3 He A /NI 35 5 A BEARTE 65 CATTZE 40 ming

© W 10.0 pL Z 4 FI AR HEY) BT (10 pg/mL) 2 2 mL
PERE/NI . AR T/ INA 1.2.2 th F 46T i3 19 MSTFA fi
A AR AT AR AR /NN 55 5 A BEF FE 65 “C AT AR 40 min;

© W 10.0 pL Z % FIFR HEY R (10 pg/ml) E 2 mL
PERE/NI L B TR A 1.2.2 P Je it i i1 BSTFA fif 2L
A5 L AT AR A /NI 55 J5 A BEFR 7 65 “C A AR 40 min;

ARG AT E =W B E 250 pL 48 F AR
st R BRI E L F A R

(2) A1 He 1500 5 9 50 Ll 41 1 328 4 400 A < 43 3] IR B 10,0,
12.5,15.0,17.5, 20.0, 22.5, 25. 0 puL Z % | 45 #E 4 5
(10 pg/mL) % 2 mL PEAE/N IR, ZER W TR A 100 pL
BSTFA 8 MSTFA %, BHKIX A 0,25,50,75,100,125,
150 pL I ZHE CRefi AR R SR AR BE 3 O 1 pg/mL) , 3
FER N 55 J5 A BER 60 “C AT A 40 min, ¥ X1 2 % i, KA1 2E
PRI R & 250 pl 4P BRI SO P R A
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(3) A IR L e IR 9 21 15.0 oL 0 ) A ) o
(10 pg/ml) % 2 ml #ERE/N . B AW T B A 100 L
BSTEFA #1 50 pl. Z 5. #E#E /NN 55 5 T A BE46 . 43 00 7E
40,45,50,55,60,65,70,75,80 ‘C Ffij 4 40 min, ¥ # F =
BT A P2 W e B 3 250 L B, BRI ACRE SO b o AR
W 7E

(4) 75 Az I 1) A 3 43 - W B 10 2 15 L 4 A v 400 I
(10 pg/mL) E 2 mL #HE/DE, AWK T 5, A 100 4L
BSTFA Fl 50 pL Z K. A7 4 46 /Ni 25 J5 i A BE 4R 65 °C
BEATAT A SR 5 A3 2B SN B PR WK R 5510, 15, 20, 25,
30,35,40,45,50 min, WM EREE . KM ETYEBE
250 pL A4 BRSSO R R E
2 #ikG5itie
2.1 fTERFIMIERE

LIRSy F LW A5 5 5 Rk e AR R R AR RO A
GENE s ARG HL 88 T N-H - N-(= P gk ke 38 = 91 2 BE Mk
(MSTFA)FI N, O-3C=H e fif o 3D = 5 & Bk i (BSTFA)
5 LR RIS 8 19 5 48 2 AR TF & A Rk e Ak I 1 T AT
WREEA 1 pg/mL (¥ 8 FRR MV W AE 25 7 AR S5 A T A 301
R LE W) — (= W IR RE B 50 2 45 B 46 FPD #0003 | Ay i
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2.2 FTERFFAFLL G A EF

miE 7 oA, L MSTFA 8y ik 4% Ak 32 500 oL A
100 pL 2B #F A7 4 A 4k R A% 31 10 7= 4 g 1 R B K DA
BSTFA 1 Ry kbt il 00 B A 50 L & W 2047 A A f6
N A ) ) 7= iy e v AR AR K L 0 e B BL A  E OR TR AR iR
B 5R FAAE R T A 32 BO 5% 35 A im A 100 L. BSTFA 50 pL
it X B AT AT
2.3 FTHBENER

B 8 AT M, B be A R B TF 45 C &2 A I bR & R B
65 °C M TROE . Z U5 T 5w U L 0 E R A B Y AR
fho BT R & S SO A 4 R T At A N K A
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Figure 2 Chromatograms of ethephon derivatives and blank control obtained from derived conditions @
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Figure 4 Chromatograms of ethephon derivatives and blank control obtained from derived conditions @
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Figure 5 Chromatograms of ethephon derivatives and blank control obtained from derived conditions @
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Figure 6 Chromatograms of ethephon derivatives and blank control obtained from derived conditions ©

2.4 fTHERE XS

L9 FTHLLTE 30 min 78 A B SR 7 ) 0 W T FR B T
R . U6 B Uk B A7 AR b BT &5 . O AR IE R o8 & LA
35 min {1k 55 f 2L B ]
2.5 FAEWMRAEML, ZMER,BAXEY,LEHR

AR S 6 7 1, P ER S AR R TG R 10,20, 50,
100,200,500,1 000,2 000,5 000 pg/L FRHEER » AT FX 2,
75 7R B SR R e BEE R AT e [ 0T 2 A o T . S TR 3R IR
I ZARRNRAE T H T R A OC R B B o PR IR 1.

35 000

30 000

% 25000
= 20 000
E 15 000
10 000 —o—MSTFART A=
5000 —=—BSTFAfi{ 4=
0

LTI

0 25 50 75 100 125 150
A 2 AR
The add volume of acetonitrile/ .1,

B 7 2 AT AR A S R F AR %A 60 T A AR A B

Figure 7 Comparison diagram of the derivatization effects of
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B3 1 AT SR AR EE N 10~5 000 pg/L B2 HESE R £1 FRAERFZHEANHEEFREAXREY
Bl M2 RZE R ¥ AE 0.999 VL b 7 ¥ ) B K & FR Table 1 Linear equation, correlation coefficient of
(S/N=3)HK 1 pg/kg, EmMR(S/N=100H 3 png/keg, FF & ethephon in different substrates
SR M T B R B 1 5 I AT KR R?
2.6 EIYRFBEZE PHLORi Y=32.209X —234.21 0.999 7

A R P SR R it 35 J5 o R AT U R A o S SO T s [l B Y=33.119X —336.77 0.999 1
Wik B 7 520,100 pg/keg 3 AR AT T L35 A 1K 56 7 i W YR T 00991
HEAT AR5 A K OF T 6 . ZHRAITE 5 FR R YTR0AsX 0608 0,000
o T 1 L 2 AR O 2 L2 5. fify  YZa0RXTaon0 099

R 2 FREBEBERS ZEHEMRE K E

Table 2 The recovery rate of ethephon in different sample substrates

FEMRA FImE/(ug » kgD WEfE/ (pg + kg™ I/ (g kg 1) IR/ %

5.00 1.66 4.10 4.55 4.44 88.7

& 20.00 18.35 18.45 18.08 18.29 91.5
100.00 87.33 94.90 88.42 90.22 90.2

5.00 1.89 1.67 4.71 4.70 95.1

B 20.00 17.96 18.83 18.15 18.31 91.6
100.00 89.20 91.12 86.29 88.87 88.9

5.00 1.82 4.18 4.78 4.59 91.9

T 20.00 17.99 17.72 17.36 17.69 88.4
100.00 91.88 93.78 90.59 92.08 92.1

5.00 4.50 4.48 4.14 4.37 87.5

FIE 20.00 18.45 17.69 17.83 17.99 89.9
100.00 88.16 87.73 82.28 86.06 86.1

5.00 1.27 4.33 4.05 4.22 84.3

Wik 20.00 17.13 18.20 18.41 17.91 89.6
100.00 91.12 94.87 92.27 92.75 92.8

R3 TRAERERPZHEANBENIRERE

Table 3 The relative standard deviation of ethephon in different sample substrates

B2 L Vi RSD/ %
(pg+ kg™ 1 2 3 4 5 6

5.00 2 116.017 1989.515 2 070.026 1971.405 1 984.028 2 016.622 2.81

g 20.00 8§ 823.345 8 465.537 8 546.673 8§ 728.982 8 602.625 9 082.843 2.57
100.00 44 057.580 45 478.460 43 846.170 46 771.990 45 213.030 44 818.760 2.36

5.00 1984.904 2 112.639 2 029.899 2 003.247 1 985.527 2 181.648 3.92

Bl 20.00 8 616.350 8 561.278 8 911.645 9 085.837 8 671.201 8 800.223 2.27
100.00 45 063.690 45 342.790 46 282.540 44 379.340 46 788.520 46 526.050 2.17

5.00 1963.517 2 043.075 1930.006 2 045.801 2 013.396 1 974.073 2.34

e 20.00 8 986.173 9 189.304 8 862.442 8 797.964 8 811.946 9 154.740 1.92
100.00 44 166.820 46 370.480 46 084.830 45 556.200 44 933.300 46 563.780 2.02

5.00 2 069.646 2 042.514 1952425 1911.054 2 045.072 1 987.341 3.08

5 20.00 8 581.385 8 806.203 8 750.554 8 633.142 8 678.513 8 494,042 1.31
100.00 44 839.810 43 911.680 46 236.090 45 210.050 46 522.130 46 436.520 2.30

5.00 1900.616 2 043.153 1986.717 1 969.886 1 911.548 1 948.063 2.67

A 20.00 8 890.598 8 622.748 8 931.074 8 706.926 8 520.384 8 866.178 1.89

100.00 44 047.950 46 205.310 45 394.670 4

o

782.730 44 175.870 46 262.960 2.17
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Table 4 Test results of ethephon under different

detection methods

- e R o L/
ek BA%  RAB (mgekg D
GB 23200.16—2016 6 0 0.01
T 7 A £ 3 ok LS 4 1 0.1
ENEW RN 10 0 0.001

H1 e 4 T TR AR 3 A T 20 A B R 05
IR A SR X — RO AR LB 2 4 7E GC-FID |
F14 W 07— B » F5C 2 i R 09 R B B o AR Y T R 2 AT IR
FATER LG A 5 2 B A & 77 £ O T30 Hh 3L
PHME . Hede GB 23200.16—2016 J7 3k A i 2 %0 e fi5 A 15
BB T S 20 A AN AR BE 5 T 35 4 B R X C= e e )
LI R BG FAE GC-FPD b wi {6 % = T /5 % . H. GB
23200.16—2016 J7 1517 A= It Al 35 60 WY e ol 4 3k 7 A A 4
YERY GRS LA By A7 o ASHTSE o vk 5 PR vy RBUKE .
il 2 2T e B AG I » ELA WL A A I A
3 &k

A 5 7 B PR A 5 23 T 0 i A b O e o A A R
3 A R A R B L AT A AL L A I ) A DR ER AR R AR
6 A5 B R AT 2R A5 A CHE R T Y SR BUY P A 100 p L BST-
FAFI 50 pL ZJ . THAE P 65 CHTAE 35 min) s 3 T =
FERE AT AR UM €1 3 I 3 KR R R R B Y
PR AS N 23T 7 . A5 AR W %07 1 WAL R A A T 0
A A A 3 T O ST A A M e e T R R e A A AU
ik b ) g R TR e B I A [ A A3 A X =
FEBERE) LR AT T PURE J1 5% RER AT St gk S R FRPE L & 5 B
WA T R [SCR FOR % 2 8 5 28 K R 2
5% B A 1) H RGN T DAy 2 A e 2 ) 5 A T A
RMES%,
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