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ABSTRACT  
 

A rapid and sensitive single residual method (SRM) for the determination of ethephon which resemble a 
very polar, non-QuEChERS-amenable and plant growth regulator was developed. This method is applicable for 
determination of ethephon in vegetables, fruits and herbs. This method is simply based on extraction of 
ethephon with deionized water with using an equal amount of dichloro methane in order to purify the aqueous 
face of ethephon extract then, centrifuge, filtering using an acrodisck to be directly injected by HPLC coupled 
tandem mass spectrometry (LC-MS/MS). Different recovery tests have been done on grape, tomato and lentil 
samples to test the performance of this method. The result showed that the average recoveries is in the accepted 
general recovery range (70 -120%). The results also showed that this method is linear up to 5μg/kg level and has 
a lower Limit of quantitation equal to 0.01μg/kg.  
 
Key words: Ethephon, LC-MS/MS, Grape, Tomatoes and lentils.  
 
Introduction 
 

Ethephon (Z-chloroethyl) phosphonic acid) is one of most common plant growth regulators (PGRs) and 
used on various crops to regulate fruit set and flowering for growth and hasten maturity (Abdelgadir, et al., 
2010), reduce the risk of lodging ( Hau et al., 2000), promote uniform color, loosen fruit, delay flowering reduce 
plant height (Byers et al., 2003) and increase stalk strength (Basra,  et al., 2000).Its mode of action is via 
liberation of ethylene (its active  metabolite) which is absorbed by the plant and interferes in the growth process, 
including seed  germination, fruit maturation and flower wilt (Roberts et al., 1998). 
Statistics indicate that the growth rate of sales of PGRs has been as high as 15% per year, and that sales 
increased faster than for herbicides and insecticides in the period between 1960 and 1983 (Shen et al., 
2001).The increased application of PGRs has led to more concerns about their presence in different 
commodities. It was shown that Ethephon potentially increases estrogenic activity by acting on the 
hypothalamic–pituitary axis as an anticholinesterase (Reynolds et al., 2004). 

Considering the potential risks posed by Ethephon, a rapid method for pursuing routine analysis is clearly 
needed. However, ethephon residues cannot be determined by commonly used multiresidue methods, mainly 
due to its high polarity and acidic character, which lead this compound to be present in aqueous samples as its 
anionic form. The EU Regulation number 39612005 specified maximum residue limit (MRL) of 0.7 mg/kg for 
ethephon in grapes .The Egyptian exports grapes have suffered from rejection due to high levels of ethephon for 
example the EU rapid alert system for food and feed (RASFF) has notified a rejection case in UK on 8/10/2012 
due to the presence of ethephon in grapes (1.3 mg/kg) imported from Egypt. So, that it is very important to 
develop, validate and accredit a single and reliable test method for determination of ethephon in grapes (and 
other fruits and vegetables) meanwhile to protect the local consumers from the expected risk of contaminated 
commodities with such compound. 

Considering the mentioned previous, the present work is aimed to control the exportation consignments 
of them to EU and minimize the possibility of rejection at the EU borders to developing a sensitive method for 
the analysis of ethephon using high-performance liquid chromatography/tandem mass spectrometry 
(HPLC/MS/MS). As well as to validate easy and rapid method to satisfy the requirement of the codex and EU 
guidelines.  

  

Materials and Methods 
 

Experimental work was carried out to develop an original method as published in EU Reference 
Laboratories for Residues of Pesticides (EU Reference Laboratories for single residue method, 2010).   
It could summarized the steps of the method as follows: 

http://onlinelibrary.wiley.com/doi/10.1002/rcm.5225/full
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Reagents and materials 
HPLC-grade methanol was purchased from Merck (Darmstat, Germany), Deionized water (<18M_cm 

resistivity) was obtained from a Milli-Q SP Reagent Water System (Millipore, Bedford, MA, USA),Ammonia 
solution was purchased from Riedel-de Häen, Formic acid was purchased from Riedel-de Häen. Ethephon was 
purchased from (Dr.Ehrenstorfer). 

Stock solution of ethephon was diluted with water to prepare calibration mixture solutions at concentration 
levels 0.005, 0.01, 0.05 and 0.5μg/ml. 
 
Solvent extraction procedure 

A representative portion of the sample (1Kg of 2Kg) was homogenized in a Bapitaurus food chopper 
(Taurus, Berlin, Germany).  10.0g (W) For fresh sample was weighed or 2.0g (W) for herbs samples was 
weighed in 50ml PFTE tube, 10 ml of de-ionized water was added to the samples then shaking for one minute to 
dissolve.  10.0 ml Dichloromethane was added and then was shacked vigorously for one minute. For spiking 
tests  samples was used that previously analyzed and was proved to be Ethephon free, then appropriate volume 
of the spiking mixture solution (e.g. 100μl of 5 µg/ml standard solution to get 0.05 mg/kg spiking level)was 
added. The sample was centrifuged at 3000 rcf for 5 min, and then the aqueous upper layer was filtered using 
Acrodisck into vial.  Finally 5μl of the sample was injected into LC-MS/MS system. 

 
Instrumentation 
HPLC 

HPLC analyses were performed on a C18 column ZORBAX SB-C8 4.6 x 250 mm, 5 μm particle size 
and were operated at room temperature. The injection volume was 5 µl. The flow of a gradient elution program 
was 0.3 mL/min, which one reservoir was contained 10mM ammonium formate solution in methanol-water 
(1:9) and the other was contained methanol. LC mobile phase 5.0mM ammonium formate solution in 
methanol/water (1:9): dilute 100ml of LC mobile phase stock solution with 900ml methanol/water (1:9), the PH 
should be 8.5  0.1, was adjusted if necessary. Standard preparation was prepared 1000 μg/ml reference 
standard solutions of ethephon in 20ml glass tube and then was dissolved in water. Matrix-matched standards 
were used to correct for matrix effect. 

 
LCMSMS 

The ESI source was used in the positive mode, and N2 nebulizer, curtain, and other gas settings were 
optimized according to recommendations made by the manufacturer; source temperature was 400ºC, ion spray 
potential was 5500 V, declustering potential and collision energy were optimized using a Harvard apparatus 
syringe pump by introducing individual pesticide solutions into the MS instrument to allow optimization of the 
MS/MS conditions. The Multiple Reaction Monitoring mode (MRM) was used in which one MRM was used for 
quantitation. 
Calculation and Validation design 
Ethephon calculation 
Ethephon concentration Cs (mg/kg) is calculated as follows: 

MFF
W

Vtot
CiCs 

 

Ci   = Concentration in injection (µg/ml). 
Vtot = Total volume of extraction (ml). 
W   = Sample weight (g). 
F= factor due to sample water content (F=2 for fresh samples, F=5 for dry samples) 
MF = matrix effect factor  
 
Matrix effect factor calculation 

Matrix matched standard (to minimize errors caused by matrix induced effects during chromatography) 
was used to calculate the matrix effect factor. A matrix-matched standard was prepared by diluting blank matrix 
extract with standard solution through choosing similar commodities (grape for grape samples, tomato for 
tomatoes samples and so on.). It is better not to dilute the matrix by more than 20% to avoid errors were caused 
by differences in the matrix-induced enhancement effect between sample extract and matrix-matched standard. 
Briefly; 50µl of standard solution with concentration level of 0.5µg/ml could be added to 450µl blank matrix 
extract to get matrix-matched standard with concentration of 0.05 µg/ml, the dilution in matrix will be only 
10%. 
MF= Matrix effect factor which equal;  

foundmtx

mtx

C

C
MF
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Cmtrx-exp: Expected concentration of matrix-matched standard 
Cmtrx-found: Found concentration of matrix-matched standard 
 
Method Performance 

The different validation parameters and uncertainty estimation was done as the requirements of Codex 
guidelines and Eurachem guidelines including the following parameters,  
(Eurachem Guide, 1998;EURACHEM / CITAC Guide CG 4, 2000). 
 
Recovery tests 

The method recovery for Ethephon was tested by performing repeated spike for grapes, tomatoes and 
lentils samples at different concentration levels 0.02, 0.05, 0.2, 0.5 and 5 mg/Kg. 

 
Limit of detection (LD) 

Limit of detection is the minimum concentration of analyte in the test sample that can be measured 
with a stated probability of the analyte which is present at a concentration level above than in the blank 
sample. The limit of detection is estimated as 3s of sample blanks fortified at lowest acceptable 
concentration level.  

 
Limit of quantitation (LOQ) 

The limit of quantitation is the minimum concentration of analyte in the test sample that can be 
determined with acceptable precision and recovery under the stated conditions of the test. The lowest 
practical limit of quantitation was estimated by using repeated spiked samples at about the expected lowest 
quantitation level on grapes, tomatoes and lentils samples. 

  
Trueness: 

The trueness of a method is an expression of how close the mean of a set of results (produced by the 
method) to the true value. To check trueness of the method, spiked samples were used at different levels on 
grapes, tomatoes and lentils samples. The results were shown at Tables.1, 2, and 3. 

 
Proficiency test: 

The accuracy of the method has been confirmed also by participating in EU-SRM program, the 
Table (5) was shown accepted z-score. 

 
Repeatability 

Repeatability is the closeness of agreement between successive results obtained with the same 
method on identical test material, under the same conditions (same operator, same apparatus, same 
laboratory and short intervals of time). The results were shown in Tables.1, 2, and 3. 
 
Validation Procedure 

The validation study was conducted for 3 matrixes (Tomato, grape and lentils) spiked at 5 concentration 
levels (0.02, 0.05, 0.2, 0.5, and 5 mg/kg). Six replicate determination of recovery were performed for each 
matrix and concentration levels. Extraction and cleanup were performed as described above. To compensate for 
signal suppression and enhancement phenomena in ESI interface caused by matrix components, matrix-matched 
standards were used for determination of method recovery. 

 
Result and Discussion 

 
LC/MS/MS 

The Discovery C18 column provided good retention and peak shape for analyte. Ethephon was eluted 
from the column before reaching 100% methanol; however, the gradient was set to rinse the LC column with 
100% methanol at the end of the run to avoid possible retention of noneluted matrix components on the column. 
MS/MS analysis in ion trap was used to achieve good specificity of detection and to improve signal-to-noise 
(S/N) ratio of target analytes. For all compounds the (de)protonated molecular ion was the most abundant in full 
MS spectrum. Therefore, this molecular ion was selected for fragmentation in the ion trap, and characteristic 
secondary fragment ions were monitored. 
At the same trend (Anastassiades et al., 2010) was analyzed ethephon in grape using a single residue method 
(SRM) coupled with LC-MS/MS. 
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Method Recovery and Repeatability 

The average recoveries and relative standard deviation on each level were calculated to be in the 
acceptable recoveries (70-120%) and CV% (<20%) as shown in Tables 1, 2 and 3 for grapes, tomatoes and 
lentils, respectively, at the same trend (Shigeyuki et al., 2002; Chu et al., 2001  and Tseng et al., 2000) were 
determined the recovery for analysis of ethephon ( 78.6-109%), (92-98%), and (88.3-98.6%)  respectively. 
 
Linearity of Calibration 

Calibraton curves (peak area versus concentration) and response factors (peak area/concentration) plotted 
against analyte concentration. The data in these plots were obtained from 3 consecutive calibration batches 
(within the same analytical sequence) of standards in methanol–water (1 + 1, v/v). Comparable linearity was 
also obtained for standard prepared in matrix. Linearity of response over the whole calibration range was good. 

  
Limits of Detection and Quantitation 

The limit of detection (LOD) calculated as a sample concentration at which an S/N ratio of 3 was 
achieved. The limit of detection (LD) and the limit of quantitation (LOQ) of ethephon by the present method in 
this study were 0.004 mg/kg and 0.01 mg/kg, respectively for the studied commodities (grape, tomatoes and 
lentils), on the  

 
Table 1: Average recoveries and relative standard deviation on grape samples were spiked with 5 different ethephon 

concentration levels from 0.02 to 5 mg/ kg  

Lv No. 

Ex 

Conc. 

(mg/kg) 

Grape Recovery % 
Mean 

Rec. % 

SD 

(Rec.%) 
CV% 

R1 R2 R3 R4 R5 R6 

1 0.02 0.017 0.019 0.018 0.021 0.019 0.019 94 6.65 7.1 

2 0.05 0.045 0.049 0.054 0.053 0.044 0.043 96 9.47 9.9 

3 0.2 0.175 0.156 0.149 0.195 0.161 0.181 85 8.62 10.2 

4 0.5 0.45 0.469 0.488 0.50 0.478 0.491 96 3.59 3.7 

5 5 3.794 3.697 3.697 3.892 3.876 3.811 76 1.684 2.2 

 R: Replicate, Rec:Recovery,SD:Standard Deviation,CV:Cofficient Variation 

Table 2: Average recoveries and relative standard deviation on tomatoes samples were spiked with 5 different ethephon 
concentration levels from 0.02 to 5 mg/kg 

Level  No. Expected 

(mg/kg) 

Tomato Recovery % Mean 

Rec. % 

SD 

(Rec.%) 

CV% 

R1 R2 R3 R4 R5 R6 

1 0.02 0.02 0.018 0.019 0.018 0.021 0.19 96 5.85 6.1 

2 0.05 0.05 0.046 0.055 0.051 0.037 0.047 95 12.24 12.8 

3 0.2 0.179 0.207 0.169 0.207 0.174 0.175 93 8.45 9.1 

4 0.5 0.496 0.502 0.491 0.504 0.513 0.522 101 2.26 2.2 

5 5 3.794 3.697 3.697 3.892 3.876 3.811 76 1.684 2.2 

R: Replicate, Rec:Recovery, SD:Standard Deviation, CV:Cofficient Variation 
Table 3: Average recoveries and relative standard deviation on lentils samples were spiked with 5 different ethephon 

concentration levels from 0.01 to 5 mg/ kg 
Level  No. Expected 

(mg/kg) 

Lentils Recovery % Mean 

Rec. % 

SD 

(Rec.%) 

CV% 

R1 R2 R3 R4 R5 R6 

1 0.01 0.009 0.010 0.010 0.010 0.010 0.010 99 4.23 4.3 

2 0.05 0.058 0.06 0.058 0.06 0.054 0.059 116 4.46 3.8 

3 0.2 0.185 0.191 0.211 0.227 0.191 0.185 99 8.50 8.6 

4 0.5 0.464 0.512 0.524 0.496 0.512 0.506 101 4.4 4.4 

5 5 4.83 4.76 4.88 4.86 4.79 4.71 96 1.29 1.3 

R: Replicate, Rec:Recovery, SD:Standard Deviation, CV:Cofficient Variation 

otherwise (Shigeyuki et al., 2002; Chu et al., 2001 and Tseng et al., 2000) were determined the LOD for 
analysis of ethephon 11 pg, 0.025 mg/kg and 0.1 ppm respectively. 

The spiked samples were used to check the trueness of the method at different levels on grapes, tomatoes 
and lentils samples were shown a bias lower than 20% as explored in Table (4) for grapes, tomatoes and lentils 
samples. During participating in EU-SRM program, the current method shown accepted z-score as shown in 
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Table (5).Repeatability experiments were done by the analysis of real contaminated grape samples which shows 
an accepted mean, standard deviation and CV% were 0.088, .0015 and 2 respectively as shown in Table (6), on 
the otherwise (Shigeyuki et al.,2002; Chu et al., 2001 and Tseng et al., 2000) were determined the CV% for 
analysis of ethephon (2.65-6.41%) and (3.99%-7.94%), and (2.2-7.5%) respectively. 
 
Table 4: The calculated values for bias of different spiked levels on grapes, tomatoes and lentils samples. 

Level Expected (mg/kg) Grape Bias% Tomatoes Bias % Lentils Bias % 
1 0.02 6 4 1 
2 0.05 4 5 16 
3 0.2 15 7 1 
4 0.5 4 1 1 
5 5 24 4 4 

 
Table 5: Z-score of the current method during participating in EU-SRM program. 

EURL 

Round No. 

Lab 

No. 
Date Report Issued Matrix Analyte Assigned value Results Z- Score 

SRM 5 98 Dec. 2010 Apple puree Ethephon 0.35 0.31 -0.457 

SRM75 136 Jul. 2012 D.Lentils Ethephon 0.21 0.163 -0.9 

 
MS optimization 

 The negative electrospray full-scan spectra of ethephon was obtained by infusion of 2.5 μg/mL 
standard solution in acetonitrile: water (50:50 v/v), at a flow rate of 10 µL/min (Figure 1).  Two ions at m/z 143 
and m/z 145 corresponding to deprotonated ethephon respectively were observed and optimized at a cone 
voltage of 15 V (Figure 1(a)). When  m/z 143 was used as precursor, two product ions were observed in the 
MS/MS spectrum. The most abundant (m/z 107) was optimized at 5 eV collision energy (Figure 1(c), bottom), 
and it could be explained by the loss of HCl. 
Figure (1.a) show the full MRM chromatogram of  Ethephon whereas  the  molecular mass of ethephon was 145 
and 143 which  used as qualification, while; it is fragments mass , 107, was used for quantification as shown in 
Fig.(1.b.) and the mass spectrum for ethephon is shown in Fig.(1.C). 
 
Table 6: Repeatability experiment for real contaminated grape sample 

Real contaminated Grape sample 
Mean Sd CV% 

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 

0.09 0.088 0.086 0.088 0.091 0.087 0.087 0.089 0.088 0.088 0.088 0.0015 2 

XIC of -MRM (6 pairs): 143.000/107.000 Da ID: Ethyphone143/107 from Sample 6 (130915_St 0.5 ug/ml Glyphosate&Ethephone_C8) of ... Max. 7.2e5 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5
Time, min

0.0

2.0e5

4.0e5

6.0e5

7.2e5

In
te

ns
ity

, c
ps

5.13

a

XIC of -MRM (6 pairs): 145.000/107.000 Da ID: Ethyphone145/107 from Sample 6 (130915_St 0.5 ug/ml Glyphosate&Ethephone_C8) of ... Max. 2.2e5 cps.

0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5
Time, min

0.0

5.0e4

1.0e5

1.5e5

2.0e5

In
te

ns
ity

, c
ps

5.12

b

 -MRM (6 pairs): 5.063 to 5.304 min from Sample 6 (130915_St 0.5 ug/ml Glyphosate&Ethephone_C8) of 130915_ Ethephone.wiff (Turb... Max. 3.0e5 cps.

143.000/107.000 145.000/107.000 168.000/63.000 168.000/124.000 168.000/150.000 168.000/81.000
Q1/Q3 Masses, Da

0.0

5.0e4

1.0e5

1.5e5

2.0e5

2.5e5

In
te

ns
ity

, c
ps

c

 

Fig 1.a: MRM chromatogram of ethephon. Fig (1.b): The quantifier mass for ethephon. Fig (1.c): The mass 
spectra for ethephon 
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Conclusion 

The developed method for the analysis of ethephon using high-performance liquid 
chromatography/tandem mass spectrometry (HPLC/MS/MS) does not only resemble an easy and rapid method 
but also it has a lower limit of detection and quantitation that enable us to satisfy the requirement of the codex 
and EU guidelines. It was validated using different three matrices (Grapes, tomatoes and lentils) spiked at the 
0.02– 5.0µg. The good performance of the method demonstrated that it is suitable for routine analyses in cases 
where a large number of samples need to be processed. The validated method is suitable for analysis of 
ethephon in grapes, tomatoes and lentils according to the MRLs established.  
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