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ABSTRACT 
 
Bovine milk is an essential component in the diet of infants, children, and 

the elderly. The aim of the present study was to investigate the pesticide residues in 
bovine milk. Ninety samples of bovine milk were collected from 4 tehsil of Singrauli 
district, India during March 2018 to February 2019 on seasonal basis and analysed 
for the presence of pesticide methyl parathion residues. Methyl parathion residue was 
detected in 6.70 % samples and reported their maximum presence in winter season 
(0.79 – 0.94 ppm) followed by summer (0.67-0.74 ppm) and rainy season (0.47 ppm). 
All 6.70 % samples exceeded the maximum residue limit (MRL) of 0.05 ppm as 
recommended by FAO/WHO. Results suggest that environmental contamination with 
pesticides, lack of good management practices while using pesticides, animal feed 
and violation of withdrawal period for ectoparasiticides may result in the occurrence 
of pesticide residues in milk. 
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INTRODUCTION 

 
India shares about 4% of the worlds agriculture area and around 1.7% of global 

pesticide consumption. Of the total 54,135 MT technical grade pesticide consumption in India 
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in agriculture during 1999–2000, 60% were insecticides, 21% fungicides, 14% herbicides and 
5% others. The percentage of organochlorines during this period has decreased from 40 to 
14.5% accompanied by a sharp increase in consumption of organophosphates from 30 to 74% 
(Agnihotri, 2000). Organophosphorus pesticides are preferred to organochlorine pesticides 
because of their prominent features like high potency, systemic action, selectivity and non-
persistent nature.  

Methyl parathion (MP) (O, O-dimethyl O-4-nitrophenylphosphorothioate) also 
known as “cotton poision”, about which this article is concerned, is an extensively used 
organophosphorus insecticide (OPI) which is used to control insects in open field and ranks 
second after malathion for agricultural operations. MP is one among the many agro-chemicals 
identified by W.H.O as highly toxic or hazardous and is banned in many countries like (Italy, 
Japan, Spain) but is still used in India. It is commonly used during cultivation of cotton, 
soyabean, vegetables, and grains including corn and wheat. MP is the pure active, white 
crystalline, material; the technical grade material (approx 80% purity) is a yellowish -brown 
liquid with characteristic odour. It is soluble in water (55 - 60 mg/l (20°C), in most organic 
solvents, slightly soluble in petroleum and mineral oils. Incompatible with alkaline material. 
Reacts with acids or acid fumes, reacts with oxidizers. It is hydrolysed by alkali and readily 
isomerises on heating and is non corrosive. Its melting point and freezing point is 37-38 °C 
(Windholz et al., 1983) and 29 °C (Worthing, 1987), respectively. Methyl parathion is readily 
absorbed via all routes of exposure (oral, dermal, inhalation) and is rapidly distributed to the 
tissues of the body. Maximum concentrations in various organs were detected 1-2 h after 
treatment. 

 

Exposure of the general population to methyl parathion residues occurs predominantly 
via food.  Milk is an important food received from animal origin. Inappropriate use of 
pesticides may lead to residues in concentrate feeds and fodder supplied to cattle (Rothwell et 
al., 2001). Animals may be exposed to pesticide residues during spraying with pesticide the 
cattle barn to avoid vector-borne diseases. At time of spraying, accidental spills may occur, 
which may result in feed and water contamination and the further pesticide ingestion by 
animals (Tsiplakou et al., 2010). Animal also usually become contaminated either by free 
grazing on contaminated feed pastures or by eating contaminated hay or cereals. Usually, the 
presence of pesticide residues in animal feeds is the main source of pesticides in dairy 
products. Pesticides after entering animal body, are metabolized and deposited in fat and 
muscles. They might be also secreted into the milk. Although MP is relatively less stable and 
persistent than organochlorines, there are number of ways in which it can reach milk (Lino 
and da Silveira, 1992 and WHO, 1993)  Contamination of milk and dairy products with 
pesticide residues is a matter of serious public health concern, since they are widely consumed 
by infants, children and adults (Goulart et al., 2008). This point is of particular interest since 
young children may be highly exposed to pesticide residues and may be at higher risk of 
adverse health effects because of their physiological characteristics. Immediate health hazards 
to short term (acute) exposures to high doses include mild headaches, flu, skin rashes, blurred 
vision, neurological disorders, paralysis, blindness and even death. Long term (chronic) 
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exposures to low doses could lead to health impacts such as cancer, chronic kidney diseases, 
infertility, miscarriage, male sterility, birth defects, and effects on the nervous system.  

As MP finds widespread agriculture and public health use, particularly in conditions 
where direct exposure to human and domestic animal may occurs, it was selected for the 
present study. Also, no work was carried out in Singrauli district on level of pesticide residues 
in milk therefore present study was undertaken to assess the level of methyl parathion in bovine 
milk from different tehsil of Singrauli district.  
 
MATERIALS AND METHODS 
 

Chemicals 
 

All solvents used were of HPLC grade and all other reagents and chemicals were of 
analytical grade. Analytical technical grade methyl parathion standard was procured from 
Sigma-Aldrich Chemicals Co. (St. Louis, MO, USA). 
 

Sampling 
 

Milk samples were collected from four tehsil (Waidhan, Chitrangi, Deosar and 
Singrauli) of Singrauli district. After taking consent from the farm owner and vendor total 90 
raw bovine milk samples (45 each of cow and buffalo) were collected from dairy farms and 
local milk vendors during March 2018 to February 2019 on seasonal basis. For each sample, 
500 ml of cumulative mixed milk sample was collected in the pre-cleaned, oven dried, hexane 
rinsed glass stopper bottles. Immediately after sampling, the mouth of bottles was sealed 
through bottle stoppers and transported to laboratory in cool cage. All the samples were 
extracted within a period of 24 - 48 hours. Samples were brought to the room temperature 
before start of analysis and homogenized by hand shaking 
 

Extraction of MP residues 
 

MP residues from milk samples were extracted according to the method of Battu     et 
al. (2004) with minor modifications. Five ml of the milk sample was thoroughly mixed with 
20 g each of activated silica gel and anhydrous sodium sulfate and packed into an extraction 
glass column containing 40 ml of dichloromethane. After 90 min, the solvent in the column 
was eluted dropwise followed by further elution with 150 ml of a dichloromethane and acetone 
(1:2 v/v) mixture. The extracted sample was concentrated to around 2 ml by using rotary 
evaporator at 40°C. Then 15 ml of n-heaxne was added and concentrated to around 5.0 ml. 
This step was repeated to eliminate dichloromethane completely. Finally the volume was made 
with n-hexane: acetone (1:1) mixture for analyses.   
 
Estimation of MP Residues  

 

A gas chromatograph equipped with flame photometric detector (FpD) was used for 
the estimation of pesticide residues (Shimadzu model 2010). Reconstituted extract (1 μl) and 
MP standard solution was injected in GC through auto injector Shimadzu AOC 20i. The 
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operating conditions of GC instrument: Injection of 1µl: Split Temperature: 30˚C and 60˚C, 
Carrier Gas: nitrogen, the column Rxi-5Sil MS fused silica capillary column, made in USA 
consisted of Film Thickness: 0.25 µm, Column Length: 30.0 m, Inner Diameter: 0.25 mm 
(0.25µm X 30.0 X0.25 mm) Column Max Temp: 350˚C, Column Oven Temperature: 450˚C, 
Detector: Flame Photometric detector (FPD). 

Quantitative analyses were made by comparing the retention time and peak 
height/area of the samples, respectively with calibrated reference standard run under similar 
operating conditions. Calibration curves for standard was drawn for the concentration versus 
area of the peak, and the correlation coefficients (r2) was determined found to be 0.998. The 
concentration of Methyl parathion residue in each sample was reported as mg kg-1(ppm) on 
fresh weight basis. 
 

Method Validation 
  

 Reagent blanks were run every six samples to check theinterference of contamination 
from solvents and glassware.The efficiency of extraction and estimation method was validated 
by the processing of spiked bovine(cow and buffalo)whole milk sample with standard 
pesticide at concentrationsof 0.05, 0.1 and 0.5 mg/kg. Each set of the experiment was 
replicated three times and mean value with standard deviation was presented. According to 
AOAC guidance document, mean recoveries should be in the range of 70–120% (AOAC, 
1999).Repeatability is defined as the precision under conditions where independent test results 
are obtained with the same method on the identical test material in the same laboratory. 
Repeatability is estimated by the relative standard deviation (RSD) of the recoveries, which 
should be lower than 20% per commodity and fortification levels. 
 
RESULT AND DISCUSSION 

 
To check the efficiency of extraction method recovery studies at three fortification 

level (0.05, 0.10, 0.50 mg/kg) in cow and buffalo milk sample was performed and results were 
presented in Table 1. Recovery results revealed that overall % recovery of methyl parathion 
in cow and buffalo milk sample ranged from 90 – 96 % and 72-81 %, respectively with 4.73 
% and 5.49% repeatability (RSD). 
 
Table 1 Extraction and estimation method validation by determining % recovery and % 
repeatability through fortification of milk sample 
 

Milk Sample Fortification level (ppm) % Recovery ±SD % Repeatability (RSD) 
Cow 0.05 90.16±2.18 4.73 

0.1 92.77±4.36 
0.5 96.39±7.64 

Buffalo 0.05 72.8±2.69 5.49 
0.1 76.3±5.62 
0.5 81.60±8.15 
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Presence of methyl parathion was identified by matching the retention time of the 
sample with standard (Fig. 1). Limit of detection and quantification of standard methyl 
parathion was also determined and was found to be 0.01 – 2.0 ppm (Table 2). Total 90 bovine 
(Cow and Buffalo) milk samples are analyzed to determine the residual level of methyl 
parathion. Among 90 samples, methyl parathion residue was detected in only 6 samples. 
Presence of methyl parathion was not detected in cow milk sample (n =45) while among 
buffalo milk sample methyl parathion residue was detected in 6 (6.70 %) samples (Fig 2). 
 

 
Fig 1. Chromatograph of standard methyl parathion 

 

 
Fig 2. Detection of Methyl parathion residue in buffalo milk sample 
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Table 2. Retention time, detection limit, quantification limit and coefficient of determination of 
standard methyl parathion pesticide in Gas Chromatography 
 

Attributes 
Retention time(Rt.) (min) 8.331 
Limit of Detection (LOD) (ppm) 0.01 
Limit of Quantification (LOQ) (ppm) 2.0 
Coefficient of Determination (R2) 0.998 

 

In buffalo milk samples, presence of methyl parathion was observed in samples 
collected from Waidhan (A4 and A6) and Singrauli (D2) only. The possible reason for the 
difference in the level of methyl parathion concentration (ppm) in the different locations of the 
district may be basically due to difference in the place from where cattle feeds have been 
supplied. 

The levels detected in the various locations is directly proportional to the consumption 
of methyl parathion pesticide residues in the cattle feed. The amount of pesticide residues 
going in the animal body through feed, may also depend upon the level of treatment of the 
feeds by the milk vendors (Aslam et al., 2013). To some extent, the methyl parathion used a 
part from agricultural purposes in that particular area may also enter the animal’s body through 
drinking contaminated water, breathing contaminated air or by coming into contact with 
contaminated soil near hazardous waste sites. 

Effect of seasonal variation was also observed on occurrence of methyl parathion 
residue in milk samples. Methyl parathion residue reported their maximum presence in winter 
season (0.79 – 0.94 ppm) followed by summer (0.67-0.74 ppm) and rainy season (0.47 ppm). 
When results were compared with the MRLs approved by FAO/WHO, it was observed that all 
6 samples positive for methyl parathion residue violated the maximum residual limit (MRL) 
of 0.05 ppm (Table 3).  
 
Table 3. Concentration of methyl parathion residue (ppm or mg/kg) in buffalo milk sample 
collected during different season various  

*Milk sample collected from A4: Amlori dairy farm; A6: local vendor; D2: local vendor 
 
ND: not detected 
 

The results obtained in the three seasons were in conformity with the findings of John 
et al., (2001). The possible reasons for the similarity in the regular trend that pesticide residue 
levels are more in winter as compared to summer and rainy seasons are stated below. 

Season Waidhan Chitrangi Deosar Singrauli Mean SD 
A4* A6* D2* 

Rainy ND ND ND ND 0.47 0.47 0 
Winter 0.94 0.91 ND ND 0.79 0.88 0.08 
Summer 0.67 ND ND ND 0.74 0.71 0.05 
MRL (FAO/WHO, 1994) 0.05 
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Occurrence of alarming quantities of methyl parathion during winter could be due to the 
maximum use particularly during the cultivation of seasonal vegetables and standing crops 
(John et al., 2001). As intake of fodder in cattles is more during the winter season, this 
increases the intake of OPs through the feed. Diet of the cattles during winter contains more 
oilseeds, oats and hay straw, which is one of the main sources of pesticide accumulation, and 
through which maximum entry of pesticide residue becomes possible to the cattle body (John 
et al., 2001). Another possible reason might be that the influences of heat, wind and rain, which 
are the characteristics of the summer and rainy seasons, are very low during winter seasons so 
that the dissipation of pesticide residues does not take place very rapidly from the outdoor field 
conditions where it is sprayed (past and recent usage) with pesticides on which cattle feed.  

The methyl parathion concentration in summer was found to be higher than the rainy 
season. This may be further explained by the fact that during summer, water from the ponds 
evaporates, leaving the insoluble pesticide in remaining water, and is adhered to the suspended 
particle. The grass and the herbs also dry off, so that the grazing animals rely on the grasses, 
which rarely grow around the ponds and other water bodies, or the stored raw materials of 
wheat, rice, oat, etc., which are previously sprayed with pesticide when they were on the field. 
The residues which adhered on the grasses, get drained off to some extent along with the run-
off water, reducing the overall intake of pesticides (here methyl parathion) as compared to 
summer seasons (John et al., 2001). 
 
CONCLUSION 

 
From the results of this study, it can be concluded that cow milk in Singrauli district 

are safer to drink than the buffalo milk as pesticide residues are not detected in cow milk.  But 
presence of methyl parathion in buffalo milk samples above recommended maximum residual 
limit is alarming and raises the health concern as the milk and dairy products are widely con-
sumed by infants, children and adults. To the best of my knowledge and literature reviewed 
this was the first study which explores the Singrauli district to observe the presence of pesticide 
in bovine milk sample.  Pesticide risk management should be introduced in Singrauli district 
in order to prevent the exposure to pesticides either through feed or from the environment. 
Furthermore, the presented data can be used to prevent and control pesticide contamination in 
milk and dairy products. 
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