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Abstract 

Colostrum and mature milk (N = 40) samples from mothers residing in rural area were analysed for 

organochlorine pesticides like trichloro-bis (p-chlorophenyl) ethane (DDT), Aldrin, Dieldrin and 

Endosulfan sulfate to assess the level of OCP intake by neonates in remote pockets of India. The donors 

were vegetarian, of small to average body size, non-smokers, non-working and of lower socioeconomic 

class. Thus, the least level of pesticides exposure could be expected. Among the pesticides analyzed 

DDT was found to be below the LOD (0.1 µg/ml) in all of the colostrum and mature milk samples 

analyzed. Of the total samples analysed 38.46% of colostrum and 75% of the mature milk samples were 

found to be contaminated with various OCPs. Infant intake of each pesticide was calculated and 

compared with ADI (WHO). EDI of infants through 60% of the colostrum samples, contaminated with 

Dieldrin, were above ADI while the mean EDI was 1.60 times ADI. Infants were consuming a higher 

dose of Aldrin through mature milk samples with all the samples carrying aldrin above ADI and the 

mean EDI was 1.09 times above ADI. Mean EDI of Dieldrin through mature milk was 2.55 times ADI 

with 50% of the samples carrying dieldrin above ADI. Frequency of contamination was in the order 

Dieldrin>Aldrin>Endosulfan sulfate>DDT in all samples. EDI of pesticides through both colostrum 

and mature milk samples was in the order Endosulfan sulfate>Dieldrin>Aldrin though the load of each 

OCP was higher in mature milk samples. 
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Introduction 

 

 
 

Fig 1: Comparison of Pesticide consumption of India with the rest of the world (Reddy et al. 2024) [27] 
 

In India, largest pesticide consumption has been in the state of Uttar Pradesh, according to 

the data of 1995-1996 and 1999-2000, produced by Central Insecticide Board and 

Registration Committee, India. 

 International  Journal  of  Agriculture and Nutrition 2026; 8(1):  29-34 

 

https://www.agriculturejournal.net/
https://www.doi.org/10.33545/26646064.2026.v8.i1a.336


 

~ 30 ~ 

International Journal of Agriculture and Nutrition https://www.agriculturejournal.net 
 

Still there is paucity of recent data on body burden of OCPs, 

especially cyclodienes, from the region. Therefore, 

Faizabad, which is placed in Eastern Uttar Pradesh, India 

was chosen for the study. Moreover, past studies indicating 

the body burden of these chemicals have been limited to the 

larger centres. Remote areas like the one chosen in the study 

have remained largely ignored so far.  

Human milk is the major source of nutrition for the nursing 

infant. The level of lipophilic chemicals contaminating the 

milk not only reflects the exposure and body burden of the 

chemical in mother’s body but also must be a cause of 

concern as it is finally making way into the body of the 

infant. A number of hazardous effects on the growth of 

development due to these chemicals have been reported. 

The extent of the toxic effects, however, depends on the 

dose of these chemicals during the early neonatal period. It, 

therefore, becomes essential not only to monitor the level of 

these chemicals but also to exactly determine the daily 

dosage of these chemicals reaching the infant’s body which 

may further help in risk assessment of these chemicals. 

 

 
Source: Sharma et al. 2019 [30], Reddy et al. 2024 [27] 

 

Fig 2: Pesticide Consumption pattern-India 

 

Depuration studies, though insufficient in number, have 

reported a decline in the level of chemicals with the time of 

postpartum. 1st to 3rd day postpartum colostrum samples and 

4th to 8th day mature milk samples were, therefore, collected 

from mothers residing in rural area of Faizabad District of 

Uttar Pradesh in 2006. The levels of OCPs present were 

analysed to find out the trend of contamination with the time 

of postpartum. The donors were vegetarian, of small to 

average body size, non-smokers, non-working and of lower 

socioeconomic class. The criteria of the donors selected for 

study represent the major women population of India. The 

characteristics of donors chosen for study are such that the 

least level of pesticide exposure could be expected. 

Colostrum and mature milk samples were analysed 

separately due to the difference in the composition of two. 

In addition to this, Depuration studies though limited in 

number have also shown the decrease in the level of 

contamination with the number of feedings. Thus, EDI 

through colostrum samples needs separate monitoring as it 

may carry a greater load of pesticides than expected. EDI 

through mature milk samples was also analysed to compare 

the intake with respect to colostrum samples. Due to the 

difference in the composition and volume intake and output 

of colostrum and mature milk, the analysis of the samples 

was carried out separately.  

Among the chemicals chosen for study, DDT had been 

included in a number of studies due to its high persistence 

and bioaccumulation potential. But since this is the first 

study from rural area of Faizabad region, it was included in 

the analysis. Aldrin and its metabolic form Dieldrin, which 

are banned POPs, are among the list of ‘Dirty dozens’ but 

recent studies have reported the presence of these chemicals 

in vegetables, food grains and water. Considering the high 

toxic potential of these chemicals, assessment of daily dose 

consumed by the infants is also a matter of concern. 

Endosulfan sulfate, the metabolic form of endosulfan which 

bioaccumulates in the body, is an OCP which is not 

restricted or banned. After the implementation of ban on the 

majority of OCPs, the thrust has shifted to the pesticides 

which are freely available in market. OCPs have been a 

favorite group of pesticides for farmers owing to its 

persistence, effectiveness and therefore the lower cost of 

application. Endosulfan is therefore being increasingly used 

by applicators despite of classification by WHO in Class II 

(Moderately Hazardous) group of pesticides. Reports of its 

widespread contamination in food and water sources are 

pouring in from all parts of the world. However, there is 

limited data on human milk content of these cyclodienes, 

hence the need for analysis of these pesticides in human 

milk and estimation of intake by infants. 

 

Materials and Methods  

Sample collection and storage 

Human milk samples were collected from mothers living in 

rural areas of Faizabad, India. All the donors were such that 

they had spent their entire lifetime in the rural areas of 

Faizabad i.e. they were born and married in the same region. 

The donors were accessed through District Hospital, 

Faizabad during 2006. The donors were quite reluctant and 

had to be extensively persuaded for participation in the 

study. This was largely due to their belief in numerous 

myths associated with milk prevalent in rural, orthodox 

communities. On an average, only four out of 10 mothers 

could be persuaded for donating the sample. Before 

collecting the sample, the donors were interviewed 

according to the exposure assessment questionnaire 

following World Health Organization (WHO) protocol. The 

questionnaire determined the age, health status, 

socioeconomic status, parity, day of postpartum, type of 

delivery, breast-feeding pattern of the infant, food frequency 

pattern, smoking habit, medication, residence history, and 

employment history of the mother. The donors were of 

mean age 22.75 ± 2.26 and low to average body size. All the 

mothers were non-smokers, vegetarian and healthy with no 

long term or serious illness. None were engaged in 

agricultural practices and were housewives.  

Out of the total 40 samples collected, only 34 could be 

analyzed as 5 were used for determination of recovery% and 

1 was inadequate in volume. Out of the total number of 

samples analysed 26 were colostrum samples and 8 were 

mature milk samples. The samples were collected by 

manual expression in sterilized glass vials with plastic screw 

cap. The vials were covered with aluminum foil before 

placing the cap to prevent the contact of samples with the 

cap. Milk samples were refrigerated at 4 °C until analysed, 

generally within 24-48 hrs. All the vials were kept in a 

airtight opaque container to protect the samples from light. 
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Determination of OCPs 

The milk lipids were extracted following procedure of 

Environmental Protection Agency Protocol (EPA-1985)1. 

The procedure involved denaturation by 1% NaCl solution 

and Dichloromethane. This was followed by solvent 

extraction of organic layer using HPLC grade hexane and 

acetonitrile and centrifugation. Then extraction was repeated 

twice. The extract was evaporated to remove traces of DCM 

using rotavapour. 2 ml of hexane was added to the extract 

and aliquots were injected into gas chromatograph for 

estimation of the pesticides. Fat was determined 

gravimetrically. 1µL aliquots of the sample were injected in 

Gas Chromatograph (Perkin Elmer Autosystem XL) 

equipped with a selective 63Ni ECD and capillary column-

i.d. 0.25 mm film, length 30 m, packed with PE-17, with 

Nitrogen (IOLAR grade) carrier gas with a flow rate of 3 psi 

employing a split mode. The oven temperatures were kept at 

190-280 °C with a ramp of 5 °C/min. The samples were 

calibrated against 0.1, 1 and 10 ppm standard solutions for 

all pesticides. standards were procured from Labor Dr. 

Ehrenstorfer-Schäfers, Germany via. Promochem India, 

Bangalore, India. Aldrin and Dieldrin were of 97.5% purity. 

Levels of pesticides in samples were directly determined 

after calibration using Totalchrom software. Recovery of 

residues from samples was 89.6-93.2%. Results were not 

corrected for recovery. FTIR analysis of all the samples was 

carried out to confirm the results of GC using Perkin Elmer 

FTIR-Spectrometer-Spectrum RXI. 

 

Estimation of daily intake of infants: Daily fat intake was 

first calculated using the equation (WHO 1986): 

 

(Df) = (Wm *Bwi*f)/100 

 

Where Df is the Daily fat intake (g); Wm is Wt. of milk 

consumed by infant g /day which is assumed to be 130 

g/day/kg body wt. (WHO); Bwi is average body wt. of the 

infants (kg); f is percentage of fat in milk. 

Df was calculated separately for each group of samples 

according to the pesticidal contaminant present. Average 

Body wt of infants was also calculated for each group of 

samples rather than for the total population to reach 

maximum accuracy. 

 

Thereafter Df was used to calculate Estimated Daily 

Intake (EDI) as follows:- 

 

EDI (mg) = (Df *Cmilk)/1000 

 

ADI expressed in mg/kg body wt./day was multiplied with 

body wt. of infant for comparison with EDI. 

Statistical Analyses and calculations were performed using 

MS-Excel Data Analysis Park and NCSS Statistical 

software. Student’s t-test was used to compare the means 

and Pearson’s correlation coefficient was used to correlate 

the various parameters. 

 

Results 

Almost double percentage of mature milk samples were 

found to be contaminated than colostrum samples as 

depicted in Table 1. 

 
Table 1: Comparative number of samples 

 

 Colostrum Mature milk 

Total 26 8 

Total +ve 10 6 

% positive 38.46 75 

 

Aldrin, Dieldrin or Endosulfan sulfate were found to be 

present in different samples. DDT was also screened in the 

samples but was found to be below the limit of detection 

which was 0.1µg/ml for DDT. 

 
Table 2: Comparative chart of pesticides in colostrum samples 

 

Colostrum Aldrin Dieldrin Aldrin+Dieldrin Endosulfan sulfate 

Mean ± S.D. mg/kg fat 0.0085 ± 0.0037 0.0391 ± 0.0201 0.0382 ± 0.0244 0.0928 ± 0.1036 

Frequency% out of total (26) 15.38 19.23 23.08 11.54 

Frequency% out of total +ve 40 50 60 30 

Range (n) mg/kg fat 0.0029-0.0108(4) 0.0203-0.0066(5) 0.0029-0.0664 (6)  

 0.0141-0.2101(3)    

Mean Birth wt of infant (kg) 2.55 2.70 2.73  

 2.43    

Mean fat% 3.23 3.14 3.12 3.00 

Estimated Daily Intake of fat (g) 10.72 10.97 11.06 9.46 

Mean EDI of pesticide (µg) 0.0907 0.4292 0.4229 0.8777 

ADI (WHO) (µg) 0.26 0.27 0.27 19.40 

 
Table 3: Comparative content of pesticides in mature milk samples 

 

Mature milk Aldrin Dieldrin Aldrin+Dieldrin Endosulfan sulfate 

Mean ± S.D. mg/kg fat 0.0209 ± 0.0209 0.0490 ± 0.0577 0.0594 ±   

0.0725     

 0.2839 ± 0.2839    

Frequency% out of total (8) 12.5 25.0 25 12.5 

Frequency% out of total +ve(6) 16.67 33.33 33.33 16.67 

Range (n) mg/kg fat 0.0209(1) 0.0082-0.0898(2) 0.0082-  

0.1107     

     

(2)     

 0.2839(1)    
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A comparative analysis of the pesticides in colostrum 

samples shows the highest level of endosulfan sulfate 

followed by dieldrin and aldrin. Frequency percentage of 

contamination for individual pesticides was calculated out 

of total number of samples analyzed and total number of 

samples found contaminated with either of the pesticides. 

Majority of the samples were found contaminated with 

Dieldrin followed by aldrin and endosulfan sulfate. 

In case of mature milk also the frequency% of Dieldrin 

exceeded those of aldrin and endosulfan sulfate. 

 

 
 

Fig 3: Comparison of EDI 

 

Mean EDI was in the order Dieldrin>Endosulfan>Aldrin in 

case of mature milk while the order was Dieldrin> 

Aldrin>Endosulfan sulfate for colostrum samples. Greater 

number of samples were above ADI for Aldrin and dieldrin 

in case of colostrum than in mature milk. The infants 

consumed greater load of pesticides through mature milk 

than colostrum which is reflected by the higher value of 

mean EDI/ADI of individual pesticides. The consumption 

through mature milk was double the intake through 

colostrum for aldrin and dieldrin and four times for 

endosulfan sulfate. 

 
Table 3: Comparative values of Mean of Total OCPs 

 

Total OCPs Colostrum Mature milk 

Mean ± S.D. mg/kg fat 0.0598 ± 0.0638 0.2014 ± 0.2732 

 

Mean Total OCPs were 4.28 times higher in mature milk 

than in colostrum. 

   

Discussion 

‘Biological monitoring’, represents the simplest way by 

which dose rates received by various routes can be 

integrated, depicting total exposure. The mobilization of 

adipose tissue during lactation brings about the leaching of 

bio accumulated lipophilic substances into the human milk. 

Human milk therefore serves as an excellent non-invasive 

source of biomonitoring. Analysis of contaminants in 

mother’s milk also determines the dietary exposure of the 

nursing infant to these contaminants. Neonates, having an 

immature detoxification system and lower immunity, are 

more vulnerable to the toxic effects these chemicals. The 

various toxic effects of these chemicals can range from 

growth retardation to neurotoxic effects. The estrogenic 

effects of these chemicals may also threaten the normal 

development of the infant. Determination of the daily 

dosage of these chemicals ingested by the infant and its 

comparison with ADI values may therefore help in risk 

assessment of these OCPs. However, ADI fixed by 

WHO/FAO are limits of long term safe intake of these 

toxicants for children and adults alike, having no special 

consideration for neonates. Thus, even if the EDI is below 

ADI, possibility of long-term toxic effect cannot be ruled 

out. Further, surveillance and longitudinal studies 

encompassing health effects are therefore, warranted in this 

area. 

As pointed out earlier, the living conditions and 

characteristics chosen for the donors were such that a 

minimum exposure could be expected. It was therefore, 

DDT in all the samples was found to be below limit of 

detection. This is in agreement with the earlier study by 

Siddiqui et al. 1981 [31] which showed lower levels of pp-

DDT in rural non vegetarian mothers than in urban 

vegetarian mothers suggesting a very low exposure to DDT 

in rural population. In this study, the levels were still lower 

as the mothers were vegetarian and of lower socio-economic 

status having minimal fat intake. In India, restricted use of 

DDT is permitted for mosquito eradication programs. The 

mosquito eradication programs are better implemented and 

practiced in urban areas than rural areas. Thus, the rural 

population is relatively safer from exposure to DDT which 

is highly persistant. 

A comparative analysis of the pesticides in colostrum 

samples shows the highest level of endosulfan sulfate 

followed by dieldrin and aldrin which is to be expected as 

endosulfan is being increasingly used and reported as a 

contaminant in various vegetarian food sources like 

vegetables, water and milk leading to the bioaccumulation 

of endosulfan sulfate and subsequent expression in milk of 

lactating mothers. In this study, the mean EDI was above 

ADI for Aldrin and Dieldrin both through colostrum and 

mature milk while mean EDI of endosulfan sulfate was 

below ADI through both. However, the value of mean EDI 

of endosulfan sulfate was higher than aldrin and dieldrin in 

both colostrum and mature milk samples.  

Since, Aldrin is converted to dieldrin during detoxification, 

mean EDI of Dieldrin is greater than aldrin in both 

colostrum and mature milk samples. The presence of Aldrin 

in both colostrum and mature milk samples suggests the 

immediate exposure to aldrin in quantities which 

overwhelmed the detoxification mechanism of the subjects. 

Siddiqui et al. in 2002 [32], have reported average level of 

0.009 ppm (whole milk) of Aldrin in milk of primiparous, 

urban, vegetarian mothers from Lucknow city which is close 

to Faizabad. This value is much higher than the mean 

0.000128 ppm (whole milk) of aldrin found in the samples 

from Faizabad suggesting a lower level of exposure in this 

region or a decline in the content with time. Thus, it can be 

said that the ban imposed on use of aldrin and dieldrin have 

led to their decline in their level in population. But still 

various recent studies have reported widespread 

contamination of aldrin in vegetarian diet and water. Despite 

of the ban 60% of the samples still have their EDI of 

dieldrin above calculated ADI. Due to the greater half-life of 

Dieldrin as compared to Endosulfan sulfate in the 

environment the residues can still be detected in majority of 

the samples. 

Though donors of colostrum and mature milk were different 

yet the factors concerning donors that influence lactation 

like dietary pattern, body size, living conditions, 

https://www.agriculturejournal.net/


 

~ 33 ~ 

International Journal of Agriculture and Nutrition https://www.agriculturejournal.net 
 

socioeconomic status etc. were quite similar for both the 

groups. The results of the study can, therefore, be used for 

depuration analysis. No significant correlation was observed 

between individual pesticide content or total pesticide 

content and time gap between parturition and time of sample 

collection. Dieldrin showed a very low negative correlation 

r = -0.03381 with hr of postpartum and a low negative 

correlation r = -0.23053 with day of postpartum. Very low 

negative correlation was observed (r = -0.02934) between 

average OCPs of 1st, 2nd 5th, 6th and 8th day of postpartum 

and the number of days.  

Organochlorine pesticides (OCPs), including compounds 

such as DDT, lindane (γ-HCH), and endosulfan, are 

persistent organic pollutants widely used in agriculture and 

vector control. Due to their lipophilic nature and long 

environmental half-lives, these compounds accumulate in 

fatty tissues and are excreted in human breast milk (Kalantzi 

et al., 2004). Consequently, breastfed infants, particularly in 

regions where OCP use remains prevalent, are at risk of 

exposure during a critical window of development. 

Several studies have demonstrated the neurotoxic potential 

of OCPs. Exposure to these compounds through breast milk 

has been associated with adverse neurodevelopmental 

outcomes, including reduced cognitive performance and 

motor function (Ribas-Fitó et al., 2003) [28]. Furthermore, 

OCPs function as endocrine-disrupting chemicals (EDCs), 

interfering with hormone systems essential for normal 

growth and development (Diamanti-Kandarakis et al., 2009) 
[8]. For example, prenatal and early postnatal exposure to 

DDT and its metabolites has been linked to thyroid 

dysfunction and altered pubertal timing (Chevrier et al., 

2007) [6]. 

Another concern is the immunotoxic effect of OCPs (Mishra 

et al. 2011) [23]. Studies indicate that infants exposed to 

higher levels of these compounds through breast milk may 

have increased susceptibility to infections and altered 

immune responses (Weisglas-Kuperus et al., 2004) [34]. 

Additionally, OCPs such as lindane and DDE (a DDT 

metabolite) have been classified as possible human 

carcinogens, although the long-term cancer risk from 

breastfeeding exposure is not yet fully quantified (IARC, 

2018) [14]. 

Despite these risks, organizations such as the World Health 

Organization (WHO) continue to recommend breastfeeding 

due to its overwhelming health benefits, including optimal 

nutrition and immunity (WHO, 2003) [35]. The emphasis 

remains on reducing maternal exposure to environmental 

contaminants rather than discouraging breastfeeding 

(Mekonen et al. 2021) [21]. 

In regions like India, OCP residues are still detectable in 

breast milk, particularly in rural or agricultural 

communities. For instance, studies have found detectable 

levels of DDT and HCH in lactating mothers from different 

states, often exceeding WHO's recommended tolerable daily 

intake (Kumar et al., 2006) [13]. 

Reducing infant exposure to OCPs requires policy measures 

to eliminate residual use, public health efforts to monitor 

contaminants in food and milk, and education for mothers 

about minimizing exposure through dietary and 

environmental interventions is required. The Hazard Index 

for Aldrin, Dieldrin and Endosulfan sulfate is greater than 1 

(Meek et al.) [20] Suggesting potential health risks to the 

nursing Infant. This calls for better policies and stricter 

regulatory frameworks for these OCPS. 
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