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ABSTRACT: Ethephon is a common plant growth regulator containing phosphoric acid group. Its main function is to
release ethylene and promote the release of ethylene from plants, so as to accelerate the ripening and yield increase of
crops. Ethephon is widely used in agricultural production due to its economic availability. However, the lack of
scientific and effective guidance in production practice, unreasonable or excessive use of ethephon phenomenon,

affect people’s health and lead to environmental pollution. Ethephon residues in plant-derived foods are low and often
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require trace analysis, but due to the special physical properties of ethephon, such as large polarity, difficult

volatilization and no chromogenic groups, and plant-derived food has many kinds and complex matrix, so it cannot be

incorporated into the existing methods for multi-residue analysis of pesticides. However, the current mainstream

detection methods have complicated steps and high risk, causing certain difficulties for analysis and detection.

Therefore, this paper started from domestic and foreign research on ethephon residue analysis methods, reviewed the

pretreatment methods and detection methods, summarized the advantages and disadvantages of existing analysis

methods, and expounded its development trend, so as to provide a reference for researchers to develop simple,

economical and reliable new methods, and provide a basis for food quality and safety research.
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(plant growth regulators, PGRs)y—Fhl"! 54—k 5 |
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Fig.1 Chemical formula of ethephon

RIS 2 BT AR A B RS L H AR
MR . P SEERANAR T A K% BR PR &t (maximum residues
limits, MRLs). ZMF#E 3% = & 5 i 8 S i s T4
Y. WRLRIAR . BEEE . KA. AL VR SR
A IRBRCRENLIAA T3 TR 68 MY BRSErEah, i
59 YA ZARFIIRT Y, A RZEATE SR T LR R Bk R AR
MGE L, Kl REik 86.76%, SRR 90%. SCHRH
WF IRk e AR A SOV o 26 v A7 A 18
IEFITE L

BEZMYEEER A Ew A, hFhEAHRAL

R BB RREe e, 245 8 Rl IS A i RAs N R IZ AT,

HEF AR 1 PP 2 b 20T R AT TIoR, I RS A 2t
AR bt Bl 22, TR I, A2 AT RS
YRS R P BRAE2G Al BORIB AL . AR T it
AREACE S 25 AR SR T A 55 2 1 e
R, AR A AR R AT BT T TR B AR AT
HX IR, WA 25 045 BN BD B2 108 T, B
X 2GR Rl P2 vh 2 BRI AFLAE 77 A T 0PRSS, EM RS

AL T R RTE . R N 2R TE, B R AR
AR S RS, ANUEEE IR i L %R R
SR, [RJ HEBOR PR UEZS HIACR .

YT, ANSCES AR N SMER IR R b P 2
A VB B A D0 P PR PR DAk BE 59 B B R AT ik,
W ST R . R A I E AR B DT IR R A
2%, WIRE BT A

1 BIREAE

O AR AE ) ZOTR, TEAR IR 50 v A I A
BOR, WK WEE . BRAL H R SRR Rl v SRR
B o B RTHRE 2R F DL T AL B 7 AT BB B |
T - R 25 B (liquid-liquid  extraction, LLE). [&4H 2% Btk
(solid phase extraction, SPE), QuEChERS 7%(quick, easy,
cheap, effective, rugged and safe) M % 4% 24 P 1 42 B s
(quick polar pesticides extraction method, QuPPe),

1.1 EERE

HI T M R BB RER, TE A i ik J5T 480 Tl B 1) 1
BT, AT RAZ A — Bl R B R kA A
JH s VR =20: 1(V:V) R R BR AR iR B2 1, R Tl
RN T5.4%~T7.5% . 25— eV i B 7K =6:4(V: V) $RE
KEFWHKEF], F NaOH BRI pH £ 8, Wil
74.15%~96.17%. f3 LAk SR BGE SERE S P i 2
WA, B RO )R, RO 88.3%~96.8%, fliift
RCEAF RN SGE o R RAERE, B A v R
IR, HX TR AR A G
1.2 &-RERE

TR -V A TR 5 R B AN AR IS B9 ROk 4385 B A fk
EYERIT, Dk EERAEE R H Y. CHO e 5]
FAFERTIMAZE S ECK, mERGEOE, A
—80 °CUKFAE = AR 2, FECEHIECKZ, LakFE
BRIGEE R H Y, ZIEMB RN 82%~108%. 1t
2 RO, B - ORI B e AR ALK
THFER R, T H AR AL PR AR A it S BT 7] B2 Hh B
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6 A A T 2 — TP SR 0 5 e e 3 e O e
VLR Ty S RE A TR R L L kA . FEZ AT
IS b 22 2R FH B s - Sk e A 5 25 K SRR -
V5 SV SUR R R A F I B EBORRF | A I - 39 14 2 s
EREE MAX ., 2% R A0 OB ., iR
78.3%~95.1% o # 373FEAE I Y 0.1% FH I /K #8 75 Ab BB T,
FREZE WAX K, A 10%2% 40 BB vE b, mcR R
90%~102%., 2428 g ] 19 FF R /KA P 4 B DG RE i,
% Cig /IMEAMEE, [ 94%~105%, GASPARINI 2501
i 0.1%H BR7K-10%Z IEHBUR B A, 4 HLB AR,
I 70%~105% o FAR B AH AR B AT LIRIS BN T
[FEISCR, (H—Fh g G kR E R 2 AL, TR AR 4l
FE SR TR S A U Y B AR ik G e B GG 0 43 A o

1.4 X RH QuUEChERS 5%

QUuEChERS 1 i J&— il ik [ AH 25 BRI B 5 i1 4 43
AR M FT AR FE 7 i, Howe 2 W T KSR L B gk
5% BRI L AR P A, (Rl B v i B K 25 B
FMATGK MgSOy, 5 /KM BAE L Ko, i
TE VR 2 AR 2 e A R I O . SEAT AR S PO Al K AR
B ERFE SR 0 2 0m A, BE BRI A TS A 58k ik
(graphitized carbon black, GCB) 5 N- N 3 & — %
(N-propylenediamine, PSA), 8 HE .0 5 A9 _E 35 W& 2 f AL
TERE, [EIRA 80.5%~92.7%, 1%L HR B 3 % A 4K,
4 QUEChERS WL HBR/K DR, MiifE— SR 4R & T
HAb R , R4 QUEChERS #: H RTAR 255 B e e b i
FAM D515, AH T 20 R S M PR AR 25 (R Rk vk 5, (A5 B
A QuEChERS kb ¥R 5 Bt R, 77 HIBR KA BE,
FEGAL IR R F O
1.5 fTEWE

IRFIAFLE | FE R AR M R S T Bl AR
FRA g o 7 (LAY BUA 20 R A LA D 8 A
(] (3R LR B A A A AR Ry, A S AR R R
&Y. GB 23200.16—2016 (&L eEFERfE & $
ARG RIRA R A ) KATEARHE NY/T 1016—2006 { /K2R
i AR FIER BRI E SRR ) T R AL T
FEHEBCR B 1 2GR, SRBURAHE R P i, 1206
IR A R I ORI TR I . 3 R e s AR FEA A Ak
N AP RRCR, A T B SR A AT &, B,
WA B i s R, AAES R N AR E, A A
FAFT ey, R b S S D A4 11 4 fi w2 PR
A fE S R AR R R S A TR W R R LAt AT A A
Dk, RERE R A e, DAIBLREfER . e fpagi]

K AR AL B B AR BROCR 85 A b i 20 R, SR BORIIMA
JR 218 = W ER AR, e 20 R A Sy 3k 2 05 R E
FFRI, TS N 82.3%~90.8% . Wik v 7 2 23 T Ak HY
FESR BUR B P 0 2R, A TR NG = LR s A
Bt [PBCREETE 2 93%~102%, fH = HI3LREE A bend
TR . IR B B, AR . EASR Pl A ik
FREESR IR S i O IR A, TR QBRI AE T, $RIUR
A ETJEIMA N SHELGEAIH] N,O- B (= B ZEfk b
FE) T LR RE S O BEAR AT A, R AT A AT L (L
L RELE ) Z M A, [0 84.3%~95.1%. Ji e e 4125
AP R R BOR B 0 LR, S5 N-(FF TR e
JiE )-N- H K5 = 9 & Wt I [N-(terbutyl dimethylsilane)
-n-methyl trifluoroacetamide, MTBSTFAIEA T A=, [EICR
H 81.3%~105.0% {E A5 SCHRARIE 1] MTBSTFA fis 4= 1L
B, FLROVAR R H ) O ik A B E 0 Ak bk
BORATIRAFE AT A B, IR S e | falk R, i
R, AFIT HE R TAEM ST
16 BMRBREERE

WA A 258 B3 S SL 0 E fF QuEChERS ik 2
filh b2 0 T B DU A Ak A 24 5 B 1 QuPPe ko ik [
FHOK -T2 Ak Y B Ak PRAE S, SR P PRS0 Y8 VR B R X R BBOR
AT A A, 8RR AR BB R T B o i
30, TREE X & R B A 2- R R 2 e B R
(2-hydroxyethanephosphonic acid, HEPA)UEATAG I, E 451
HTFREE . SR 205 5E B AR SILVA 228
T QuPPe 5 (AL X484 v 1) LR 5k B AT A, [
W 70%~120%. QuPPe JETHRTHIFE, {H i T FEH |
BRI, XPRE AL AL AN S 58 42, SRIBUR K RS
BB Z, SRR, SRR, B HRA,
AR Z IR UARER R, LR 45 AR A S A S
HIrAL 5% o

2 RMFIE

N R 58 AR, VRAH % vk T vk ) O B
e, AR5 8w AR Oy A R
EEPO RS - TR v . (BN R S
R PR . RS EAR, IO JC R X 25
BRI R, DR AR SOOI I ARGA .

2.1 @ik
2.1.1 &AAMEiEx

IR FHEL AR . AR, &G AR B
i FH S AH €4 753 (gas chromatography, GC), {HZ x5 41k
Ji AT AR i kA I . H R E 5 bR fE (GB
23200.16-2016 { & L ERIRME KRB+ 255 F)
BRI E SO AL ) ) R R AT AR E(NY/T
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1016-2006) H A5 I &7 B £ i J58 0t S 36 v 1 2 9 R ik B 68
FR 8o S EGE L . SAH IS R A G
M #$ (flame photometric detector, FPD)Z* 24311 S w46 )
#% (nitrogen phosphorous detector, NPD)CHPEAT /041, A4S
kA PV P AR i 1 o T SR R LR R B BE, AG PR
e BRA N 1.3 pg/kg, X HRUE 2 (relative standard
deviations, RSDs) N 1.31%~3.92%, J7 A i FRANE, W
E PR UMERAH CBR 2R, (B AE LR E 2, H 52 F]
£ ARSI A TR, MESe IR P I 42
2.12 MEAMEEE

i 25 5 AH 4 4% 7% (headspace gas chromatography,
HS-GC)F| I 4 FIFE ik PR v 52 $ABR 401 ol 2 0 1Y
TR TR, BTk 22 R AR BR . RIS
SMMEE TR S (flame ionization detector, FID)1** 31,
g 2% AP X R B SR T DA M R, KR
47 0.03 mg/kg, ERBRN 0.1 mg/kg, RSDs N 2.87%~3.90%,
WOITEE—E O T AR R R . X PR A AT AR
5k, (BT 2BAE GC-FID Hiyminiizs, HsHR
AR S O, AT EIE 2RI 5% B ReT,
W S 77 A A B R
213 BF&kx

BTG5 DL PR ES Fac o TR B, 36 A T R
WA Y . CIRFIMMESR, G TK, B8 8T
P, EAFETF ST TR T TRE
Rl o A bR SRR AT, BT
B, SO R TR R B ik, R
FR 0.03 mg/kg, ERFRE 0.1 mg/kg, RSDs i 1.9%~4.7%, Hi4:
R 5 e S o ) 5 TSR b Z S AR B2 19 3k, RSDs
3.71%~4.67%, BRAEMIME, BoE AT RMBEREL . &
SRAEFR IR T 8 i ik Jr R PR, Hdh e 2,
BT A I8 B A R SR N T 508 T - Bk ik o
22 BiE-FRIEE

T A SR ST A AG DN S5k 1 7 5 T Ok B, HE R
THORE B RR RGE A A0 BT BE B A 2 B B AR AL G IR A A,
S S aER AR, vTLLSCEER et e . HAETIR
TEAE BRI 206 R 5% B i e Tk, N AR &2 1 i -
JEiE R EEA SRS -k R A - BT
BT O - RS 5 R KA P - TRk
221 AABEE-TEE

SIS - BT (gas chromatography-mass spectrometry,
GC-MS), FI A €18 1Y 43 12 68 1 (0 IR &9 vh i 4 53 4
B, 0 SR AT T A BT RS B 7 R A b, Rk R B
FLAS AR (0 1o 20 R TR 3 1) g R R Il )
K F 22 )2 v Wil (multiple reaction monitoring, MRM) 5=
SRR L BRI CIER], SRR E R, R R e
B4 0.2, 0.6 ng/kg, RSDs /NTF 5.4%. VEMULA %1558

TR L[R2 A A e R ] 7 ) 2 R g TR
(vinylphosphonic acid, VPA)ZEIT4r#TilllE, Aot FR & i
By 1. 2 ng/kg, RSDs /NT 15%. iZikm i BRAK, (A
ST BRI A AL R .
222 RABEE-FiEE

(V)M (35 - B i vk

TRORR 35 - B N 5 B XA S il AT A A, R RTRIA
HyrTHiae s . R EUE S I s B TR . B arE
PN At R TR T SNV/T 4522—2016 (i F1 25t il i
LW FVER R B DM E O R - BT R g ) R E A
Al 55 P 9 AH €5 15 - B8 3 5T 3% 5 (liquid - chromatography-
tandem mass spectrometry, LC-MS/MS)K:il| 2,45 F145% &4 i1
9% 224 FH B, 5 35 B8 F-IF (electron spray ionization, ESI)fi
BB B9 22 RO W A S A A 24344 X IR 451
SR JH 8 RCVBROR €2 3% - B R J5T 3 v A I A AE b &0 R R R
SERFR M 0.04 mg/kg, RSDs 2 7.2%~11.2%. k222020 4k,
S, AP IR DO O35 ) e 4 2 I DA 2 (selective
reaction monitoring, SRM)XT 5k i i 24 Fl 5% B A 7 4er
W, #HFR 0.01 mg/kg, RSDs /NT 7.35%, i LA IR AU
Ko xR AS R IR, REEEDHY T
5 SR A 8 1 - B R BT R 5 (ultra performance  liquid
chromatography- tandem mass spectrometry, UPLC-MS/MS),
SR MRMIERS TR, KR 0.15 mg/kg, RSD i
4.72%. B4R ] UPLC-MS/MS ¥ MRM iF & T
R, TEET PR HE 0.04 mgke, ERE 0.13 mgkg,
RSD 4 4.9%~6.6%.

Q) B Bk

B L EAR AT LUAS IR 5 v 0 R Y R BR
BT BRI R LSS, HaFa Iyl Es
FRARZ, R foft T Al S 4 - 2 0 i e A ) g 52 Bl
UK, T HATRE M T H AR S PR SR AR LSS X 3R 3R
PR, Ay s fol 0 €0 i - P DR B0 O 412 v G 11 PR M
RGP e N B F 0% - %74 (ion chromatography
mass spectrometry, [C-MS)IBF7¢ Fud >, f5 ARSI %
TAEBR P E AR FIER B T, KR 0.2 pg/L, &
PR 0.7 pg/L, REAEHCAT bl FEAG I AT 2 o [ AMEI £ 0
Mk 1IC-MS L5 £ . W ADAMS FHOR
MELTON %4725 2 QuPPe FipabH 5 IE 4. T RTS8 4%
Yy CAE R BR B BRI ik, Rl FRy 0.05 mg/kg. AR,
GASPRAINT S WERGIINAR SR . /N2 iy 2R o v o
16T QuPPe M RTANE 7 13t H AN, T B T Cii- = 73 B S
% (ion chromatography-high resolution mass spectrometry,
IC-HRMS), 7 FULLMS #& N ic 5% 297 FI) v ot i,
Bifi J5 7247 S W il (parallel reaction monitoring, PRM)FRR;
HEATATRE, PWAREERE, EREROY 0.05 mg/kg, RSDs AN
1L 20%. L RBUER R, TERTIN 2050 5% BR f i oA —



2814

B dn 2 4 R R I A 4R
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SEPEH, (HE OIS mas & o, LR

(3)FEAKAE ] - o i ik

SR SR AR A 0 BT 8 Ak G W, LE R R S 1) €
TERE R IC IR ORER, R R AR T AH 14 2% K A FH £ 3%
(hydrophilic interaction chromatography, HILIC)R] 45 4F Hh 43
Mribt b b &4, HAVOT 28058 sy 7335 K VE (@
- TR EA AR A vh 2RI B BRI ik, REBR 25 pg/ke,
RSDs  5%~11%. LOPEZ %1\ Ji7 Fi b ks 76 4 2850 S5 4K
BRI 2 4 R R B, o B 10 pg/kg, RSDs
4.6%~16.4%. MANZANO-SANCHEZ %P0k ad~y 1 3%
IRAE L - T 3 B B T A L T S SRR A TR
E R 25~50 pg/kg, RSDs N 6.7%~15.8%. IT4EH1% )51
FEESMIBI T IZ R, KRR, AT R L TR R
BRI AR AT TN 23R o T4 A AR £ i v LI
BRER I AT O I S BB A5 L2 1.

3 53R

CHRIER 1z, I BA SRR RERIE, SR
Hoor 7R/ ARRE . mARrE . MEUE . X EAMIUR. T

A G P R AR BT A DA — e R . e HR 7R it
SRTHR, APPSO . fikigIE 2 . REUEAL, XK
B U AE RS B /INA RIE, DRI 5 2 R 3453 14 A
Sy R A X £ ik rh 08 R I B A

RS I £ & b 20 R0 55 B 0 i Ak 3 5 3 R RS W
LA TRRER, BIRFAE-SAEZL. BE
QuEChERS 741 QuPPe #: (AN, £ B A shikaiih
PRV £, Z2 B0 DU 256 2 1 S i FH X W R b 38y vk T
MR = o DU B A3 . S s A 12 1) 0 K e
PO R TG BT AT A WA 635 - TS %, e B R KA
FAERE- TR e BB, RS TR . SRR
F 5% 1 2% B B B3 B ik, 45 BUBT K IR Im A4k,
A Z AR L vk, DA ERG . DU A
M 2GR R R AR, T & RO . O ) ek
AGr I i, A6 A RS I Y A, DA AR SE PR TH 3 Wa
HORFEER . MR e 0T B R AT AR, 85
Ay A 7 1 S Rk A B 2, BT 20 48
i, DRERIT . B0 HAY, TR R 0 T 9 4,
R N T AR fil FEAS 22 0 5

x1 EYREERPIEARBINGEDLES

Table 1 Summary of analytical methods for ethephon residues in plant-derived foods

95 [[IP0BLDiRzS LSRRI SCiik
NS, R Fi d-SPE LC-MS [9, 44]
i ER . BT KFE Fon . e B EGE LC-MS [12-13, 43]
M. T, EAKL B HEARIBOL IC-MS [14]
F A LLE LC-MS [15]
% AN 103 N o SPE LC-MS [16]
BT, bk QuPPe-SPE LC-MS [17-18]
Tk, EAE, MEE SPE IC-MS [19]
BRI E Tk
HIN . B, SR T QuEChERS LC-MS [20]
Gk QuPPe LC-MS [28]
Wi, B, EE. R QuPPe IC-MS [46-47]
T, WA, S W, TRK B RGE HS-GC-FID [33-39]
TH LLE IC-CD [40]
. &R, B, FE SPE IC-CD [41]
kg . T T HIEREGE HILIC-MS [48-50]
TR AL L RRE Wb LLE+fT4E GC-MS [22, 25]
BRML, B B R, R WA, BT LLE+fii4 GC-FPD [23-24, 31]
[ 42 00 5 7
F ik LLE+fii4E GC-NPD [32]
NN d-SPEHiTA: GC-MS [42]
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