
Introduction

Brinjal (also known as eggplant and aubergine) and 
okra (lady’s finger) are the two most common and popular 
vegetable crops grown extensively throughout India. India 
is the largest producer of okra in the world [1]. The major 

insect pests of brinjal are shoot and fruit borer (Leucinodes 
orbonalis Guenee), hadda beetle (Epilachna spp.), Jassid, 
(Amrascabiguttulabiguttula Ishida), aphid (Aphis gossypii 
Glover), stem borer  (Euzopheraperticella Ragonot), 
white fly (Bemisiatabaci Gennadius), and the lace wing 
bug (Urentiusechinus Distant) [2]. The brinjal shoot and 
fruit borer causes shading of flower buds and reduces the 
brinjal yield, causing up to 70% damage to the crop at 
fruiting stage and making it unfit for human consumption 
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abstract

This study reports on the dissipation of acephate residues on brinjal and okra and the formation of the 
metabolite methamidophos. The QuEChERS method in conjunction with gas chromatography (GC) and 
gas chromatography-mass spectrometry (GC-MS) was used for analyzing acephate and methamidophos in 
brinjal and okra. The limit of detection (LOD) and limit of quantification (LOQ) were 0.003 and 0.01 mg 
kg-1 for both compounds, respectively. The recoveries were between 76.6-99.5% with the relative standard 
deviation (RSD) between 3.2-11.8% (n = 6). The measurement uncertainty (MU) was between 9.9-17.5% 
at 95% confidence level. The initial residues of acephate were 8.61 and 13.63 mg kg-1 on brinjal, and 8.44 
and 15.05 mg kg-1 on okra from treatments at the standard and double doses of 560 and 1,120 g a.i. ha-1, 
respectively. The concentration of methamidophos increased up to the third day on brinjal and okra and 
decreased thereafter. Methamidophos was more persistent than acephate. The pre-harvest intervals (PHI) 
required for dissipation of the combined residues of acephate and methamidophos to below the European 
Union maximum residue limits were 47 days for brinjal and 25 days for okra. The results of the study can 
be utilized for use of acephate in plant protection of brinjal and okra.
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[3-4]. Okra plants are attacked by a large number of insects 
during different growth stages. The major insect pest of 
okra is the fruit borer, which directly reduces the yield of 
marketable fruits [5]. 

Acephate (O,S-dimethyl acetylphosphoramidothioate) 
is an important systemic organophosphorus insecticide 
widely used in agriculture. Methamidophos (O,S-dimethyl  
phosphoramidothioate), a toxic metabolite of acephate, is 
a widely used organophosphorus insecticide with systemic 
properties and is effective against chewing and sucking in-
sects. Methamidophos is much more toxic than acephate. 
The acute dermal toxicity for methamidophos DL50 in rats 
is 130 mg kg-1, and that of acephate 2,000 mg kg-1 [6]. 
Acephate was rapidly translocated and incorporated into 
plants when taken up from soil. It is primarily metabolized 
into methamidophos in plants and in leaves, and equaled 
2-10% of the soil-applied acephate [7].  Methamidophos 
is a more potent organophosphate than acephate [8]. 
Acephate was most effective against shoot and fruit borer 
of brinjal [9-10]. Acephate is used in combination with 
other insecticides for control of insect pests of brinjal 
and okra [11-12]. It is also used individually for control 
of a large number of insect pests of okra, including fruit 
borer [5]. Acephate is commonly detected in honey, 
spices, and vegetables [13-15]. The residue of acephate 
in vegetables is of serious concern because it is gradually 
metabolized to more toxic methamidophos, which may  
be hazardous to human health [16]. Dissipation of 
acephate on brinjal has been studied in a different agro 
climatic zone in India where residues of methamidophos 
are not reported [17]. Information on the dissipation of 
acephate on okra is scarce. The present study was carried 
out to study dissipation of acephate on brinjal and okra 
and its transformation to methamidophos. The analytical 
method used for analysis of acephate and methami- 
dophos on brinjal and okra was validated as per SANCO 
(2013) [18].

materials and methods

Chemicals and Reagents

Reference standards of acephate (purity 98.8%) and 
methamidophos (purity 97.7%) were procured from 
Sigma Aldrich Chemicals Pvt. Ltd, India. The formulation 
acephate 75% SP was obtained from the local market. 
Analytical-grade hexane, acetone, magnesium sulfate, 
anhydrous sodium sulphate, and anhydrous sodium  
acetate were procured from Ranbaxy Fine Chemicals, 
Bangalore, India. The HPLC grade acetonitrile used was 
procured from Spectrochem Pvt. Ltd, India. Primary 
secondary amine (PSA), particle size 40 µm, was 
procured from Agilent Technologies, Pvt. Ltd, India. 
Magnesium sulfate was activated by heating in a muffle 
furnace at 600ºC for 6h and kept in desiccators prior  
to use. Anhydrous sodium sulphate was activated in a hot 
air oven at 110ºC for 6 h and kept in desiccators prior to 
use.  

Preparation of Standard Solutions

Stock solutions of acephate and methamidophos 
(500 µg mL-1) were prepared in n-hexane:acetone (9:1). 
Working standard solutions were prepared by further 
dilutions of the stock solutions. Calibration standards of 
acephate and methamidophos were prepared in the range 
of 0.003-1 µg mL-1. Matrix matched standards were 
prepared by adding the insecticides to the blank extracts 
of brinjal and okra. A blank sample (1 mL) was evaporated 
to dryness under a stream of nitrogen using a Turbovap 
LV Concentration Workstation (Zymark Corporation, 
Hopkinton, MA, USA), and 1 mL of working standard 
solution was added at the required concentrations.

Field Study

The residue study of acephate on okra and brinjal was 
carried out at the experimental farm of I.I.H.R., Bangalore, 
India as per good agricultural practices (GAP) during 
December 2014 to March 2015. Acephate (75% SP) 
application was given two times at two concentrations, 
i.e., standard dose 560 g a.i. ha-1 and double dose 1,120 
g a.i. ha-1 of the formulated product. The first spray was 
given at the flowering stage; the next spray was given after  
10 days. Five 5×5 m plots were selected for every  
treatment and each treatment was replicated thrice. 
Untreated control was kept for comparison for both trials. 
Application of the pesticides was carried out using a 
knapsack sprayer. The spray volume used was 500 L ha-1. 
Residues of acephate and methamidophos on brinjal and 
okra were analyzed on 0 (2 h), 1, 3, 5, 7, 10, 15, 20, 25, and 
30 days after last spray. 

Brinjal and okra samples were collected from each 
treated plot on every sampling day. Samples from three 
replicates were pooled together to make a sample size of 
approximately 5 kg. A quarter of each brinjal and a part 
of each okra were added together to form a sub-sample 
of approximately 1 kg. The samples were cut into small 
pieces and homogenized in a blender. The homogenized 
samples (15 g) in three replicates were used for analysis. 
Field soil was collected after 30 days. From each plot 
soil samples were collected at 0-15 cm depth and 
pooled together to make a sample size of approximately 
5 kg. The soil samples were air dried in the laboratory, 
powdered, and passed through a 2 mm sieve. Twenty 
gram representative sample in three replicates were used 
to analyze the insecticides.

Sample Preparation, Extraction, 
and Clean up

Brinjal and okra samples were extracted and purified 
according to the QuEChERS method. The homogenized 
sample (15 g) was weighed into a 50-mL polypropylene 
centrifuge tube to which 15 mL HPLC grade acetonitrile 
was added. Anhydrous magnesium sulphate (6 g) and 
sodium acetate (1.5 g) was added to the tube and mixed 
thoroughly by spinning for 2 min in a vortex mixer. The 
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tubes were centrifuged at 4,100 rpm for 10 min using a 
Restek centrifuge (Q-Sep 3000, Bellefonte, PA 16823, 
USA). The upper acetonitrile extract (3 mL) was placed 
in a 15-mL polypropylene centrifuge tube and subjected 
to dispersive solid phase extraction (dSPE) clean-up. To 
the tube containing the samples we added 150 mg PSA 
and 450 mg anhydrous magnesium sulphate and shook 
vigorously for 1 min. The tubes were centrifuged at  
4,100 rpm for 10 min. One mL of the final acetonitrile 
extract was concentrated in a low volume concentrator 
(TurboVap LV concentration workstation) under nitrogen 
and re-dissolved in 1 mL of hexane:acetone (9:1). The 
samples were transferred to 1.5 mL chromatographic vials 
for analysis by GC and GC-MS.

A representative 20 g soil sample in triplicate was 
extracted using 30 mL acetonitrile:water (2:1) after shaking 
for 2 hrs on a mechanical shaker and centrifuged in a  
Remi R-4 centrifuge at 10,000 rpm for 10 min. The  
solvent extract was placed in a measuring cylinder with 
stopper to which 10 mL of saturated sodium chloride so-
lution was added. The measuring cylinder was tumbled to 
mix the contents thoroughly and kept for 3 hrs to allow the 
layers to separate. Three mL of the upper acetonitrile layer 
was taken in a centrifuge tube and subjected to dSPE clean-
up as described above. One mL of the acetonitrile extract 
was concentrated in a low volume concentrator under 
nitrogen and re-dissolved in 1 mL of hexane:acetone (9:1) 
for the analysis of acephate and methamidophos residues. 

Analysis by GC and GC-MS

GC analysis of acephate and methamidophos was 
carried out using a Shimadzu gas chromatograph (model 
GC-2010) equipped with flame photometric detector 
(FPD) and an auto-sampler (Model AOC-20i). Capillary 
column DB-5MS (30 m × 0.25 mm, 0.25 µm film thick-
ness; stationary phase, 5% phenyl/95% dimethylarylene 
siloxane) was used for analysis. The injector was kept at 
split mode with a split ratio of 10. The column oven was 
initially maintained at 80ºC with a hold time of 1 min, 
increased at 15ºC min1־ to 150ºC with a hold time of 
5 min, increased at 4ºC min1־ to 250ºC with a hold time of 
5 min. The temperatures of the injector and detector were 
maintained at 250ºC and 290ºC, respectively. Ultra high 
pure nitrogen (99.999% purity) was used as the carrier  
gas at a flow rate of 1 mL min1־. Ultra high pure hydrogen 
and zero air flow rates were maintained at 80 and  
120 mL min1־, respectively. One µL of sample was injected 
using the auto-sampler. The retention times of acephate 
and methamidophos under the above operating conditions 
were 8.2 and 5.6 min, respectively.  

Confirmation of the presence of acephate and 
methamidophos in brinjal and okra samples was 
carried out by gas chromatography mass spectrometry  
(GC-MS). A Shimadzu GC-MS equipped with QP 
2010 plus detector was operated in electron ionization 
(EI) mode at the ionization energy of 70 eV. Capillary 
column Restek, Rtx (30 m × 0.25 mm, 0.25 µm film 
thickness; stationary phase, 14% cyanopropylphenyl/86%  

dimethyl polysiloxane) was used for analysis. Ultra high 
pure helium (99.999% purity) was used as carrier gas and 
the flow rate was 1 mL min1־. The GC was operated in 
splitless mode. The temperatures of the injector and ion 
source were at 250ºC and 200ºC, respectively. Column 
oven temperature maintained was similar to that of GC 
analysis. Acephate and methamidophos analysis was 
carried out by scan mode and compared with the NIST 
database.

Method Validation

The analytical method was validated for analysis of 
acephate and methamidophos in brinjal, okra, and soil 
according to the guidelines for the method validation and 
quality control procedures for pesticide residue analysis 
in food and feed [18]. The method was validated based 
on such parameters as selectivity, accuracy and precision, 
linearity, limit of detection (LOD), limit of quantification 
(LOQ), matrix effect, and measurement uncertainty (MU). 
Accuracy was determined in terms of recovery. In order to 
estimate the accuracy of the method, recovery experiments 
were conducted by spiking pesticide-free samples of 
brinjal, okra, and soil with acephate and methamidophos 
individually. The spiking levels were 0.01, 0.05, 0.1, 0.5, 
and 1 mg kg-1 with six replications each. The precision 
of each compound was evaluated at five levels (0.01, 
0.05, 0.1, 0.5, and 1 mg kg-1). Six samples at each level 
for each matrix were analyzed in different days (intra- 
and inter-day). Precision of the method was expressed as 
the percentage of relative standard deviation (% RSD). 
Linearity was studied with six calibration points (0.003, 
0.01, 0.05, 0.1, 0.5, and 1 µg mL1־) using standards 
prepared in organic solvents as well as in matrix-matched 
standards of brinjal, okra, and soil. The linearity curve 
was plotted with concentration versus instrument signal 
response. The LOQ was defined as the minimum level 
at which the analytes could be reliably detected at a 
signal:noise ratio of ≥10. The LOD was determined by 
multiplying the standard deviation of the recoveries at the 
LOQ with student’s t value at 99% confidence limit (SD 
LOQ × t99).  

The measurement uncertainty is a parameter associated 
with the results of a measurement that expresses the 
dispersion of the true values. Uncertainty components 
associated with the potential sources were identified. The 
components were recovery, purity of the certified reference 
material, preparation of standard solutions, weight of 
sample taken for analysis, volume of solvent used, 
calibration of balance, and volumetric glass wares and 
temperature, etc. Relative uncertainty of each component 
was calculated. All individual uncertainties were 
computed and the combined uncertainty was estimated. 
The expanded uncertainty was determined by using the 
coverage factor K = 2 to give a confidence level of 95% 
[19]. Matrix interference is one of the major problems of 
pesticide residue analysis in food commodities. It may 
lead to reporting of false negative or false positive results. 
To avoid such problems, matrix matched standards were 
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prepared as described above. Calibration curves were 
drawn and the same was used for quantification of the 
insecticides.

Data Analysis

The residue data was subjected to the first-order kinetic 
equation Ct = C0 e

-kt, where Ct represents the concentration 
of pesticide at time t, C0 represents the initial concentration, 
and k is the degradation rate constant. The half-life was 
calculated using the equation t1/2 = . The residue data 
were subjected to statistical analysis to determine pre-
harvest interval as per Hoskins (1961) [20].

results and Discussion

Results of Method Validation

Satisfactory results were obtained for all the validation 
parameters studied as per SANCO (2013) for analysis of 
acephate and methamidophos on brinjal and okra [18]. 
The recoveries of the two compounds from brinjal and 
okra are presented in Table 1. The recoveries of acephate 
were within 76.63-97.33%, and that of methamidophos 
81.62-99.50% from the three matrices, which were 
within the satisfactory range of 70-120% [18]. The 
precision (RSD) of the analytical method studied with 
six replicate measurements were within 3.3-11.8% for 
intraday analyses and <15% for interday analyses. The 
calibration curve was linear in the range of 0.003-1.0 µg 
mL-1 for acephate and methamidophos and the correlation 
coefficients, (R2), were >0.99. The method was highly 
selective as chromatographic peaks could be distinguished 
easily without interference from matrix peaks. The 
matrix effect was almost negligible as the analysis was 
carried out by GC-FPD. The LOD and LOQ of both 
compounds were 0.003 and 0.01 mg kg-1, respectively, in 
all the matrices. The combined uncertainties were within  
9.9-17.5%, indicating that the true value remained within 
this range. The uncertainties were highest at the LOQ 
level and decreased when the spiked concentration was 
increased. 

Residues of Acephate and Methamidophos 
on Brinjal and Okra

Initial residue deposits of acephate on brinjal were 
8.61 and 13.63 mg kg-1 from treatment at the standard 
and double doses of 560 and 1,120 g a.i. ha-1, respectively 
(Table 2). Acephate residues dissipated fast from 
brinjal but remained up to 25 and 30 days, respectively. 
Methamidophos residues were detected as initial residue 
deposits (0.16 and 0.29 mg kg-1), which increased up to 
the third day and decreased afterward. Methamidophos 
residues were about 2% of the acephate residues initially, 
which increased to 57.4-67.6%. Acephate degraded faster 
than methamidophos. Though methamidophos residue 
level was low compared to acephate, it remained on 
brinjal up to 25 and 30 days. The dissipation of acephate 
and methamidophos residues on brinjal is presented 
in Fig. 1. As the residue definition of acephate includes 
acephate and methamidophos, the residues of both 
compounds were added to study its dissipation behavior. 
The combined residues thus calculated were 8.77 
and 13.92 mg kg-1 on 0-day. The residues (acephate + 
methamidophos) dissipated by about 21% after one day, 
40.8-41.2% after three days, and about 82% after 10 days. 
After 15 days nearly 90% residues had dissipated from 
brinjal, but it persisted at a low level up to 25 and 30 days. 
From standard dose treatment the combined residues were 
<LOQ after 30 days. 

Initial residue deposits of acephate on okra were 8.44 
and 15.05 mg kg-1 and that of methamidophos 0.14 and 
0.21 mg kg-1 from treatments at the standard and double 
doses of 560 and 1,120 g a.i. ha-1, respectively (Table 3). 
Acephate residues dissipated gradually and remained on 
okra up to 15 and 20 days from treatments at the standard 
and double doses, respectively. Methamidophos residue 
levels increased up to the third day and decreased thereafter 
to remain for 15 and 20 days, respectively. Methamidophos 
formed 1.4-1.6% of acephate initially, which increased up 
to 61-64% after seven days. The dissipation of acephate 
and methamidophos residues on okra is presented in Fig. 2. 
The combined residues (acephate + methamidophos) were 
8.58 and 15.26 mg kg-1 on the 0-day on okra. The residue 
dissipation from okra was a very fast process. After one 

Table 1. Recovery of acephate and methamidophos from brinjal and soil at various spiked levels.

Spiked 
concentration 

(mg kg-1)

Recovery  (%) ± SD*

Okra Brinjal Soil

Acephate Methamidophos Acephate Methamidophos Acephate Methamidophos

0.01 80.47±9.5 84.23±8.7 76.63±8.2 81.62±7.7 82.46±7.4 84.05±9.1

0.05 88.36±8.8 90.76±8.2 80.95±6.2 83.28±7.4 86.03±6.6 91.25±7.8

0.10 91.52±7.5 96.40±7.3 85.60±4.7 88.03±6.4 90.26±5.4 92.08±6.7

0.50 93.80±6.2 98.02±6.8 89.34±3.5 88.96±5.8 93.48±4.1 94.34±5.6

1.00 97.33±5.0 99.50±4.5 94.26±3.1 91.72±4.9 96.30±3.8 95.78±4.3

*Average of six replicate analyses ± SD
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day, 18.7-21.8% residues (acephate + methamidophos) 
had dissipated; this increased to >50% after three days. 
After seven days, about 85% of residues had dissipated 
from okra. The combined residues reached <LOQ after 

20 and 25 days from treatments at the standard and 
double doses of 560 and 1,120 g a.i. ha-1, respectively. 
Methamidophos residue level was much lower than that 
of acephate, but it was detected in okra as long as acephate 
residues could be detected. 

The initial residue levels of acephate were high  
on brinjal (8.61 and 13.63 mg kg-1) and okra (8.44 and 
15.05 mg kg-1). In both studies acephate + methamidophos 
residues degraded faster in the initial stages of the study 
period (7-10 days), but remained on brinjal and okra for 30 
and 20 days, respectively. Pesticides that penetrate into the 
fruit surfaces become solubilized in the plant waxes and 
dissipate slowly. Pesticides remaining on the surface of 
the plant may degrade faster and the amount adsorbed by 
the plant may degrade slowly. Being systemic insecticides, 
acephate and methamidophos may get adsorbed by brinjal 
and okra and reduce the amount available for degradation 
due to environmental factors [21]. Residues of acephate 
and its insecticidal metabolite methamidophos were 
detected in the fruit for up to four weeks after being 
given as trunk injection to avocado trees [22]. Between 
the two vegetables, acephate residues persisted longer on 
brinjal compared to okra. Brinjal is a slow-growing crop 
compared to okra. Depending on the variety, brinjal crop 
takes 70-85 days from transplanting to harvest and okra 
crop takes 55-65 days from sowing to harvest. The growth 

Table 2. Residues of acephate and methamidophos on brinjal and soil.

Days after 
 treatment

Untreated 
control

Residues of  acephate and methamidophos on brinjal ± SD* (mg kg-1)
Treatment at 560 g a.i. ha-1 Treatment at 1120 g a.i. ha-1

Acephate Methamidophos Total Acephate Methamidophos Total

0 ND 8.61±0.12 0.16±0.01 8.77±0.13 13.63±0.76 0.29±0.03 13.92±0.80

1 ND 6.47±0.44 0.39±0.02 6.86±0.45 
(21.8) 10.31±0.55 0.74±0.05 11.05±0.60

(20.6)

3 ND 4.56±0.24 0.60±0.05 5.16±0.29
(41.2) 7.30±0.46 0.94±0.02 8.24±0.48

(40.8)

5 ND 2.99±0.10 0.49±0.03 3.48±0.14
(60.3) 5.11±0.78 0.69±0.10 5.80±0.89

(58.3)

7 ND 1.99±0.25 0.29±0.03 2.28±0.27
(74.0) 3.22±0.16 0.55±0.04 3.77±0.21

(72.9)

10 ND 1.35±0.15 0.26±0.02 1.61±0.18
(81.6) 1.92±0.27 0.45±0.05 2.37±0.33

(82.9)

15 ND 0.66±0.09 0.23±0.02 0.89±0.11
(89.8) 1.16±0.07 0.30±0.03 1.46±0.10 

(89.5)

20 ND 0.39±0.04 0.10±0.01 0.49±0.05
(94.4) 0.60±0.02 0.18±0.02 0.78±0.04

(94.4)

25 ND 0.16±0.01 0.09±0.01 0.25±0.02
(97.1) 0.38±0.05 0.13±0.01 0.51±0.06 

(96.33)

30 ND <LOQ <LOQ <LOQ 0.13±0.02 0.09±0.01 0.22±0.03
(98.4)

Field soil
 after 30 days ND <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

*Average of three replicate analyses ± SD
Figures in the parenthesis are the percent dissipation of (acephate + methamidophos) residues.
ND- Not detected

 
Fig. 1. Dissipation of acephate and methamidophos on brinjal.
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dilution effect plays a major role in reducing pesticide 
residue levels in crops [23-24]. Reduced growth dilution 
effect may be a reason for longer persistence of acephate 
and methamidophos on brinjal. It has been reported by 
Antonious (1995) [25] that acephate persisted longer on 
capsicum (slow-growing crop) compared to cucumber 
(fast-growing crop). 

In both studies a small amount of methamidophos was 
detected initially, which increased up to three days and 
was reduced thereafter. Concentration of methamidophos 
was 1.4-2.0% of acephate initially, which increased to 
64-67.6%. Methamidophos residue levels were lower 
compared to that of acephate, but it was more persistent 
compared to acephate. Deacetylation of acephate (formation 
of its metabolite) was detectable for one day following 
acephate treatment to capsicum [25]. As the application 
of acephate was given to brinjal and okra crops, the 
formation of methamidophos was expected only through 
metabolism of acephate. When acephate was applied to 
olive, methamidophos residues were always detected [26]. 
Residues of methamidophos were detected in all samples 
of tomatoes except those for 0 day [27]. Acephate and 
methamidophos are systemic in nature and highly water 
soluble. Acephate penetrates into the fruit, where it is 
transformed to methamidophos [28]. Methamidophos 
was found to be more persistent than acephate [29]. 
Transformation of acephate to methamidophos and the 
persistent nature of methamidophos could be the reason 
for detection of methamidophos up to 30 days in brinjal 
and okra. 

Residues in Soil

Acephate and methamidophos residues were not de-
tected in the field soil after 30 days. In the current study 

Days after 
 treatment

Untreated 
control

Residues of  acephate and methamidophos on okra ± SD (mg kg-1)

Treatment at 560 g a.i. ha-1 Treatment at 1120 g a.i. ha-1

Acephate Methamidophos Total Acephate Methamidophos Total

0 ND 8.44±1.09 0.14±0.02 8.58±1.12 15.05±1.48 0.21±0.02 15.26±1.50

1 ND 5.28±0.88 0.43±0.05 6.71±0.93
(21.8) 11.71±1.75 0.69±0.07 12.40±1.82

(18.7)

3 ND 3.21±0.66 0.84±0.20 4.05±0.86
(52.8) 6.04±0.76 1.54±0.31 7.28±1.07

(50.3)

5 ND 1.60±0.25 0.75±0.13 2.35±0.38
(72.6) 3.46±0.33 1.14±0.15 4.60±0.48

(69.8)

7 ND 0.72±0.12 0.44±0.11 1.16±0.23
(86.4) 1.33±0.21 0.86±0.17 2.19±0.38

(85.6)

10 ND 0.32±0.04 0.17±0.02 0.49±0.06
(94.2) 0.78±0.18 0.27±0.01 1.05±0.19

(93.1)

15 ND 0.15±0.02 0.05±0.005 0.20±0.02
(97.6) 0.28±0.02 0.16±0.01 0.44±0.03

(97.1)

20 ND <LOQ <LOQ <LOQ 0.08±0.007 0.05±0.005 0.13±0.012
(99.1)

25 ND <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

Field soil
 after 30 days ND <LOQ <LOQ <LOQ <LOQ <LOQ <LOQ

*Average of three replicate analyses ± SD
Figures in the parenthesis are the percent dissipation of (acephate + methamidophos) residues.
ND - Not detected

Table 3. Residues of acephate and methamidophos on okra and soil.

Fig. 2. Dissipation of acephate and methamidophos on 
okra.
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the application of acephate was given to the brinjal and 
okra plants. The possibility of acephate residues in the 
soil was from spillage of spray solutions and spray drift 
during application. The thick foliage of brinjal and okra 
plants could have prevented excessive spillage of spray 
solutions. The residues in soil could have degraded as 
the half-lives for acephate in topsoils were only 0.4 to 
2.6 days [30]. The crops were irrigated at regular inter-
vals and acephate could have leached underground as it is 
highly soluble in water. The dissipation rate of acephate 
and methamidophos in soil was increased with increasing 
soil moisture content [31]. Acephate is poorly sorbed to 
soil, thus the risk of leaching to the aquatic environment 
is high [32].  Degradation of acephate in soil can happen 
due to the presence of soil microorganisms [33]. The 
combination of all the above factors could be responsible 
for acephate degradation in the field soil. 

Dissipation Kinetics

Dissipation of acephate (acephate + methamidophos) 
followed first-order kinetics, which could be described  
by fitting the data into the equation Ct = C0 e

-kt. The half-
life of degradation (DT50) was expressed as the time 
within which the concentration was reduced by 50%. The 
combined residues dissipated at the half-lives of 5.0 and 
5.2 days from brinjal; 2.7 and 3.0 days from okra from 
treatments at the standard and double doses of 560 and 
1,120 g a.i. ha-1, respectively. The shorter half-life on okra 
compared to brinjal could be attributed to the fast-growing 
nature of the okra crop, where dilution of the insecticide 
due to growth was more. The half-life of acephate was  
3.7 days on cucumber fruits compared to six days on 
capsicum fruits [25]. On mango the reported half-life of 
acephate was five days, and it was eight days on cotton 
plant [34-35]. PHI is the elapsed time gap between the 
last spray application to a crop and the first harvest. This 
time is given to allow the residues in the crop to dissipate 
to below its MRL. The pre-harvest interval (PHI) was 
calculated as per statistical analysis by Hoskins (1961) [20]. 
The prescribed MRL for acephate and methamidophos 
residues on brinjal and okra is 0.01 mg kg-1 [36]. The PHIs 
thus calculated for the combined residues of acephate 
and methamidophos to reduce below MRL were 47 and  
53 days for brinjal and 25 and 31 days for okra, for 
treatments at the standard and double doses, respectively. 
The PHI of acephate varied widely on different crops. On 
capsicum the PHI was 12 days in the open field and 16 
days under controlled environmental conditions [37]. The 
required PHI for mango was 30 days [34].

Conclusion

The analytical method was suitable for analysis of 
acephate and methamidophos in brinjal and soil at the 
MRL (0.01 mg kg-1). The recoveries of both compounds 
were within the satisfactory range. Acephate residues from 
the standard dose treatment of 560 g a.i. ha-1 persisted 

on brinjal and okra for 25 and 15 days, respectively. 
Methamidophos, the metabolite of acephate, was detected 
up to 25 and 15 days. Though methamidophos residue 
level was lower compared to acephate, it was detected 
in brinjal and okra as long as acephate was detected. 
Acephate is rapidly translocated from soil to plant and 
translocation occurs in the direction of roots to foliage, 
not from foliage to root [38].  But the chances of acephate 
entering into successive crops was ruled out as the field soil 
was free from residues of acephate and methamidophos 
after 30 days. The combined residues of acephate and 
methamidophos degraded at the half-life of 5.0-5.2 days 
on brinjal and 2.7-3.0 days on okra. At the standard dose 
treatment the PHI required for the residues to dissipate 
below MRL was 47 days for brinjal and 25 days for okra. 
Therefore, the application of acephate should be given at 
the early stages of crop growth to avoid having residues 
above MRL in the harvested produce. 
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