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A B S T R A C T 
General agricultural use of pesticides carries with it potential hazards to man and directly by exposure to toxic residues 
in food and indirectly to the environment. This study was carried out to identify the bioaccumulation of organophosphate 
pesticide residues in two commonly consumed vegetables (Abelmoschus esculentus and Spinacia oleracea) collected 
from random local markets located in the Tirunelveli region, Tamil Nadu (India). The samples were randomly collected 
from different markets and analyzed by Gas Chromatography-Mass Spectrometry (GC-MS) method for the detection of 
organophosphate pesticides (OP). Organophosphate pesticide is widely used among farmers for crop protection. The 
result of the study revealed that collected samples of Abelmoschus esculentus and Spinacia oleracea were contaminated 
with some organophosphate substances. There is an urgent need to develop pesticide monitoring and surveillance 
systems at the farmer’s level, educating farmers and promoting the use of greener pesticides to mitigate the health 
effects of pesticides. 
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Global population growth has increased the demand for 

food almost everywhere. Food production must be raised to 

meet increasing consumer demand. There is strong evidence 

that many countries of the world utilize chemical pesticides 

extensively to increase agricultural productivity to fulfill a 

growing demand for food. Globally, about 900 chemical 

pesticides are used in food, crops, and the treatment of soil for 

both legal and illegal purposes [1]. The Indian economy is 

based primarily on agriculture; more than 60-70% of its 

population depends on agriculture. The population growth in 

India, which leads to an increase in food grain production, as 

well as crop loss minimization, is growing [2]. With 109 million 

metric tons of vegetables produced, India ranks second in 

production after China, generating 13.4% of global production. 

Researchers have determined that about 50-70% of vegetables 

in the country are contaminated with insecticide residue [3]. 

The most widely used and important group belongs to the 

organophosphorus group [4]. It is known that many 

organophosphates are potent nerve agents, and they work by 

inhibiting acetylcholinesterase (AChE) in nerve cells. 

Inhalation, ingestion, and dermal absorption are all routes by 

which organophosphorus may be absorbed. It has long been 

observed that their chronic effects are more severe than their 

acute effects. The brain develops through the release of 

neurotransmitters such as acetylcholine (which can be damaged 

by organophosphate pesticides), and some organophosphate 

pesticides are neurotoxic, even at low concentrations [5]. 

Traditionally, vegetable production has largely been carried out 

on a commercial basis in the villages. Some farmers have 

garden plots in their homes. The market serves as the only 

source of vegetables for urban residents. Most commonly 

cultivated vegetables include Abelmoschus esculentus and 

Spinacia oleracea because they provide farmers with greater 

returns on their investments. Many farmers apply excessive 

amounts of pesticides to increase yields and quality as well as 

to combat insects and pests. Many researchers have reported 

that this causes the contamination of vegetables with pesticide 

residues [6-9]. Some developed countries have established a 

Maximum Residue Limit (MRL) of substances that can be 

present in food and cosmetics. Among the food products, food 

units should not exceed the acceptable daily intake (ADI) and 

potential daily intake (PDI). Pesticides are usually sprayed 1-2 

days after vegetables are harvested. Pesticide residue levels 

should therefore be determined in crops such as okra and 

spinach. Nowadays, in developed countries, pesticide residue 

analysis focuses more on subtle issues, such as testing the 

environment for very low pesticide concentrations. 

As a result of all these factors, the purpose of this study 

is to evaluate the presence of persistent organic pollutants 
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(PoPs) as well as determine whether harmful residues of 

organophosphate pesticides are present in vegetables such as 

Abelmoschus esculentus and Spinacia oleracea. The outcome 

of the investigation will provide the risk associated with 

exposure to pesticides in Abelmoschus esculentus and Spinacia 

oleracea which will be helpful for the scientific communities in 

the evaluation of pesticide residue propose of safety period and 

make safe production to the end-user. 

 

MATERIALS AND METHODS 
 

Listed below are the analytical grade chemicals used for 

each experiment. 

 

1. Acetonitrile, 2. Acetone, 3. Buffer solution (phosphate), 4. 

Sodium chloride 5. Sodium sulfate, 6. Toluene. The samples for 

the study were collected from different vendors at the 

Tirunelveli vegetable market, Tamil Nadu (India)..All the 

samples were mixed well and made the laboratory samples of 

1kg were in clean polythene bags to avoid contamination same 

procedure for each vegetable.  1.0kg of each of the following 

two vegetables 1. Okra (Abelmoschus esculentus) and 2. 

Spinach (Spinacia oleracea) was obtained from different 

vendors to prepare composite samples for the detection of 

pesticides if any were present. 

As reported by [10] following acetonitrile extraction 

methods, for determining organophosphate pesticide levels in 

vegetables. Using 20g of each vegetable, we added 20mL of 

distilled water to it. 50mL of acetonitrile was then added to the 

mixture after standing for 15 minutes, and the mixture was then 

homogenized with a pestle and mortar. After filtering by 

suction, the sample was collected. The sample was 

homogenized and suction filtered once again after 20 mL of 

acetonitrile was added to the remaining residue on the filter 

paper. By adding acetonitrile to both filtrates, the volume of the 

resulting solution was elevated to 100mL. After this was done, 

20mL of the resulting solution was added to 10 g of NaCl, 

followed by 20mL of 0.5 mL/L of phosphate buffer (pH 7.0) 

and shaken. The aqueous layer was removed by allowing the 

solution to stand until it became clear. Anhydrous sodium 

sulfate was used to dry the organic layer at 40˚c and filter it. A 

ratio of 3:1 between toluene and acetonitrile was then made by 

adding 2mL from the sample. 

To analyze the samples, the following conditions were 

followed: Gas Chromatography-Mass Spectrometry (GC/MS 

model GC 2030, Shimadzu). 

As a result of the extraction step, acetonitrile/toluene 

(3:1) was conditioned on a mini-column made of graphite 

carbon and aminopropylilianized silica gel layer (500 mg/500 

mg). As the column eluted (20mL of acetonitrile/3:1), the entire 

volume of effluent was collected. We concentrated the effluent 

to 1mL or less at a temperature of 40˚c or lower. The solution 

can be dried using 5mL of acetone. The residue was made up to 

1mL by adding acetone: n-hexane (1:1) mixture. 

Finally, GC/MS was used to analyze and determine the 

level of pesticides present in the extracts. A time-based analysis 

of the analytical standards was also done to identify the 

pesticide. GCMS provided information such as identification, 

quantification, and analysis of the compound. Furthermore, 

IUPAC name, molecular formula, molecular structure, 

molecular weight, and fragment pattern were detected. 

 

RESULTS AND DISCUSSION 

  

In this study, (Fig 1) shows the acetonitrile extraction of 

tested samples and instruments to analyze the status of 

organophosphate pesticide residues in Abelmoschus esculentus 

and Spinacia oleracea was analyzed using Gas 

Chromatography-Mass Spectrophotometry (GC-MS) and their 

results were evaluated. 

 

  

Fig 1 Acetonitrile extraction of Abelmoschus esculentus and 
Spinacia oleracea for GC-MS 

 

To conduct this study, GC-MS was used to detect 

organophosphate pesticide residues on Abelmoschus 

esculentus(okra). Various organic compounds were found in 

the vegetable samples analyzed by the chromatograph. The 

following Figure2 illustrates peaks in the Abelmoschus 

esculentus sample due to different organic compounds. The 

major organic compounds present in Abelmoschus esculentus 

samples according to their peak were Phosphoric acid, dimethyl 

1-methyl-3-(methylamino)-3-oxo-1-propenyl ester, (Z)-, 

Monocrotophos, Phosphoric acid, dimethyl pentyl ester, 3-oxo-

18-nor-ent-ros-4-ene-15.beta.,16-acetonide,  2-

(Heptyloxycarbonyl) benzoic acid, Diethyl Phthalate. 

Monocrotophos is the only organophosphate compound 

found in the Abelmoschus esculentus sample (Table 1, Fig 2-3) 

revealed that an organophosphate compound was present in the 

Abelmoschus esculentus extract (monocrotophos). The 

Monocrotophos insecticide has been found effective for 

controlling insect pests on different crops [11]. 

 

0 

Fig 2 Chromatogram of Abelmoschus esculentus in GC-MS 
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Table 1 List of detected organic compounds with organophosphate pesticides in Abelmoschus esculentus 

Name of the compound 
Molecular 

weight 

Molecular 

2D structure 

Molecular 

formula 
IUPAC name 

Organophosphate 

compound 

Phosphoric acid, dimethyl 

1-methyl-3-(methylamino)-

3-oxo-1-propenyl ester, (Z)- 

223.16 

g/mol  

C7H14NO5P dimethyl [(Z)-4-(methylamino)-4-

oxobut-2-en-2-yl] phosphate  

- 

Monocrotophos 223.16 

g/mol  

C7H14NO5P dimethyl [(E)-4-(methylamino)-4-

oxobut-2-en-2-yl] phosphate 

√ 

Phosphoric acid, dimethyl 

pentyl ester 

196.18 

g/mol  
C7H17O4P dimethyl pentyl phosphate - 

3-oxo-18-nor-ent-ros-4-ene-

15.beta.,16-acetonide 

346.5 

g/mol  

C22H34O3 7-(2,2-dimethyl-1,3-dioxolan-4-yl)-

1,4b,7-trimethyl-4,4a,5,6,8,8a,9,10-

octahydro-3H-phenanthren-2-one 

- 

2-(Heptyloxycarbonyl) 

benzoic acid 

264.32 

g/mol 

 

C15H20O4 2-heptoxycarbonylbenzoic acid - 

Diethyl Phthalate 222.24 

g/mol  

C12H14O4 diethyl benzene-1,2-dicarboxylate - 

 

Fig 3 Examination of the gas chromatography of the Abelmoschus 
esculentus extract 

 

And also carry in the same study, GC-MS was used to 

identify organophosphate pesticide residues on Spinacia 

oleracea (spinach). (Fig 4) showing the peaks detected in the 

Spinacia oleracea sample due to different organic compounds 

has been provided. As determined by their peak concentrations 

in Spinacia oleracea samples, the most prevalent organic 

compounds were Cyclohexanone, 2-cyclohexylidene, 2-

(1Cyclohexenyl) cyclohexanone, Phosphoric acid, dimethyl 1-

methyl-3-(methylamino)-3-oxo-1-propenyl ester, (Z)-, 

Monocrotophos, Bis (2-ethylhexyl) phthalate, Diisooctyl 

phthalate,2-(Heptyloxycarbonyl) benzoic acid. Among the 

seven compounds, Monocrotophos and Bis (2-ethylhexyl) 

phthalate are documented as organophosphate compounds in 

Spinacia oleracea samples (Table 2, Fig 5) illustrates the 

presence of (Bis(2-ethylhexyl) phthalate) which is used as a 

semivolatile pesticide. (Fig 6) displays another pesticide is 

known as Monocrotophos. 

 

 

Fig 4 Chromatogram of Spinacia oleracea in GCMS 

Table 2 List of detected organic compounds with organophosphate pesticides in Spinacia oleracea 

Name of the compound 
Molecular 

weight 

Molecular 

2D structure 

Molecular 

formula 
IUPAC name 

Organophosphate 

compound 

Cyclohexanone, 2-

cyclohexylidene- 

178.27 

g/mol 
 

C12H18O 2-cyclohexylidenecyclohexan-1-one - 

2-(1-Cyclohexenyl) 

cyclohexanone 

178.27 

g/mol   

C12H18O  2-(cyclohexen-1-yl)cyclohexan-1-

one  

- 

Phosphoric acid, dimethyl 

1-methyl-3-(methylamino)-

3-oxo-1-propenyl ester, (Z)- 

223.16 

g/mol  
 

C7H14NO5P dimethyl [(Z)-4-(methylamino)-4-

oxobut-2-en-2-yl] phosphate   

- 

Monocrotophos 223.16 

g/mol   

C7H14NO5P  dimethyl [(E)-4-(methylamino)-4-

oxobut-2-en-2-yl] phosphate  

√ 

Bis(2-ethylhexyl) phthalate 390.6 

g/mol 
 

C24H38O4 bis(2-ethylhexyl) benzene-1,2-

dicarboxylate  

√ 

Diisooctyl phthalate 

 

390.6g/

mol  
 

C24H38O4  bis(6-methylheptyl) benzene-1,2-

dicarboxylate 

- 

2-(Heptyloxycarbonyl) 

benzoic acid 
 

264.32g

/mol 
 

C15H20O4 2-heptoxycarbonylbenzoic acid - 
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Fig 5-6 Examination of the gas chromatography of the Spinacia 
oleracea extract 

 
Study findings of the chromatogram of Abelmoschus 

esculentus (okra) and Spinacia oleracea(spinach) Samples 

show proof of efficacy Abelmoschus esculentus contains six (6) 

organic compounds of which one (1) compound 

Monocrotophos was marked as Organophosphate 

compound.  In the Spinacia oleracea sample, there was 

evidence of seven (7) organic compounds of which two (2) 

compounds Bis(2-ethylhexyl) phthalate and Organophosphates 

were marked as Monocrotophos. As a result, Monocrotophos is 

highly toxic through all routes of exposure. Symptoms of 

exposure, regardless of route, may include pallor, abdominal 

cramps, vision changes, eye pain, dizziness, stomach cramps, 

and nausea.  A detailed set of guidelines for classifying 

pesticides by hazard and the recommended WHO edition from 

2004 are available [12]. In terms of WHO classification, 

monocrotophos is classified as class 1b (i.e.) as a highly toxic 

hazardous pesticide. An irregular heartbeat, involuntary 

defecation, and affect the central nervous system are also 

possible in severe cases. It is possible to die from respiratory 

failure. It has been shown that pesticide exposure can reduce 

both women's and men's fertility [13-14]. 

Abelmoschus esculentus(okra) is an extremely fast-

growing vegetable and needs to be harvested every three days, 

the longer residual life after consumption could harm human 

health. Because Monocrotophos is most effective on okra crops, 

it should only be applied for this purpose. Pesticide applications 

are safe if the okra is harvested after the 15th, 17th, and 19th days 

following application [15]. Further, good agricultural practices 

help minimize pesticide residues in food. 

A similar result was also reported by [16] found In Indian 

spinach also 14 compounds were detected as organic of which 

3 were chlorinated and they were pentane, 3-(2,2-dichloro-3-

methylcyclopropyl), 1-chloro heptacosane, and nomanoyl 

chloride-SS. According to [17], spinach was contaminated with 

permethrin. Although all concentrations were below the 

respective action limits set by the EPA, all were still below the 

levels of concern. Organic-labeled samples had significantly 

less pesticide content than non-organic samples, but some 

pesticides were still detected. Permethrin was detected even in 

samples from the laboratory with only 1ppb. Pumpkin leaves, 

spinach leaves, and sorrel leaves that were found to contain 

residues of pesticides [18]. This study confirmed that most 

growers using agrochemicals were responsible for residue 

levels in vegetables that exceeded the maximum residue levels 

and posed a health issue since these popular or common 

vegetables are regularly consumed by the population. And also 

[19], observed that Nursery and primary school children were 

intake Bis (2-ethylhexyl) phthalate (DEHP) via school lunches. 

The lowest concentration of DEHP was found in spinach. The 

phthalate esters in soils contaminated with phthalate esters 

appear to inhibit the growth of spinach and pea seedlings [20]. 

These concentrations are similar to what may be found in the 

environment, for example in landfills and other areas where 

plastic products may leach esters. 

According to [21-22] this Bis(2-ethylhexyl) phthalate 

is rapidly absorbed from the gut, primarily as mono(2-

ethylhexyl) phthalate. Added to pesticides, it functions as a 

semi-volatile mixing agent. It has been reported to have liver 

and kidney effects [23-24]. High doses have also been reported 

to cause reduced hemoglobin and packed cell volume [25-26]. 

The report [27] found that pesticide residues can persist in plant 

tissues or are visible on their surfaces even after they are 

harvested. Food chains at the beginning can introduce 

pesticides to vegetables. Fresh vegetables are one of the most 

important factors determining the amount of pesticide residue 

in them [28] and the number of pesticide residues differs from 

part to part of plants [29]. To ensure maximum protection 

against pesticide residues being exceeded in produce that 

reaches the market, it is of utmost importance to conduct 

continuous monitoring [30]. The vast majority of research 

suggests washing and cooking do reduce some pesticide 

residues on plants, however food preparation, and in-home 

environments can concentrate levels [31]. Pesticide levels in 

vegetables depend on the biodegradation of pesticides in 

farmland. 
 

CONCLUSION 

 

This study investigated the contamination of pesticide 

residues in selected vegetables from the Tirunelveli market. The 

results indicated that samples were contaminated with pesticide 

residues. From a public health perspective, pesticide residues 

pose a potential health risk to consumers. Therefore, to reduce 

the risk, sensitization of farmers to better pesticide safety 

practices and the need for continuous pesticide residue 

monitoring is highly recommended. 
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