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ABSTRACT

The aim of this study was to determine the occurrence of pesticide residues in bovine milk and associated health risks in human. 
To assess the pesticide residues, a total of 200 milk samples were analyzed using High Performance Liquid Chromatography 
(HPLC) with Photo Diode Array Detector (PDA).The residues of carbaryl, 4’4’ DDT and deltamethrin pesticides were found 
in the 27.5%, 11% and 5% milk samples, respectively. The spatial distribution of pesticide residues in milk samples indicated 
that carbaryl was wide spread over the entire study area. The non-significance differences in mean residual concentrations of all 
three pesticides in cow and buffalo milk samples were recorded. The human health risk assessment in terms of non-carcinogenic 
and carcinogenic health hazard was calculated based on both lower bound [LB (mean residue levels)] and upper bound [UB 
(95th percentile level)] limits at current levels of pesticides in bovine milk samples. The estimated average daily dietary intake 
(EADDI) of studied pesticides was found below the acceptable dietary intake (ADI) for both adult and children, at mean as well 
as 95th percentile upper bound (UB) levels. The values suggesting lower carcinogenic and non-carcinogenic health risk to adult 
however children are at greater health risk.
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Pesticides are extensively used in agriculture for 
destroying the pest of food crops and vectors of human 
and animal diseases, but indiscriminate use of pesticides 
in crop protection, food preservation and vector control 
has resulted into their persistence in the environment. Due 
to their lipophilic and highly persistent properties, these 
compounds can bio accumulate and bio magnify in the 
food chain and finally make their way into human body. 
Bioaccumulation of pesticides has been linked to various ill 
health effects such as endocrine disruption because of their 
capability of altering hormonal balance (Castilla-Pinedo 

et al., 2010). Furthermore pesticides have the potential 
to cause other severe health implications such as acute 
toxicity, long term toxic effects like cancers, reproductive 
and developmental disorders etc. They pose serious health 

risks in infants, who lack fully active enzymatic and 
metabolic systems (Mostafalou and Abdollahi, 2013).

The presence of pesticide residue in cow and buffalo milk 
is a matter of great concern to public health because milk 
and dairy products are extensively consumed by infants, 
children and adults. Pesticide residues in milk arise from 
contaminated feed, fodder and their direct application 
on dairy cattle. Since humans are on the top of the food 
chain, they consume the highest level of these compounds 
(Shaker and Elsharkawy, 2015).

Several studies has revealed that milk have pesticide 
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residues not only in India but in other parts of world also 
(Bhuvaneshwari et al., 2015). Such studies are earnestly 
required to monitor the pesticide residues in Chhattisgarh, 
India as well. Owing to paucity of such studies, it is 
imperative to monitor the level of pesticides in cow 
and buffalo milk in the state. Carbaryl and deltamethrin 
are among the widely used pesticides for the control of 
pest in crops in the Chhattisgarh. DDT is also used for 
vector control as Chhattisgarh is malaria prone area. 
Due to widespread use of these pesticides in the state, 
the likelihood of pesticides residues in milk is there, and 
lurking. Therefore, the study was conceived with the 
objective to investigate the occurrence of carbaryl, 4,4’ 
DDT and deltamethrin residues in cow and buffalo milk, 
with an aim to assess human health risk due to exposure to 
these pesticides through consumption of milk.

MATERIALS AND METHODS

Pure standard of carbaryl (99.9%), 4,4’ dichlorodipheny-
ltrichloroethane (4, 4’ DDT) (98.7%) and deltamethrin 
(99.6%), of analytical grade of PESTANAL ® were 
procured from Sigma- Aldrich, USA. A total of 200 cow 
and buffalo milk samples, were randomly collected from 
selected dairy farms of Durg, Rajnandgaon, Raipur and 
Balod districts of Chhattisgarh. All the samples were 
collected and transported immediately to laboratory under 
refrigerated conditions. Milk samples were stored at 
−20ºC and analyzed within 48 h of collection.

Extraction and cleanup of pesticide residues from milk

Pesticide residues from milk samples were extracted as 
per the method described by Karabasanavar et al. (2012) 
with some modifications. Briefly 10 ml milk sample was 
mixed with 30 ml of acetone and methanol (1:1) mixture, 
homogenized for 15 min. and centrifuged at 9744 g for 10 
min at 4ºC. The suspension was filtered using Whatman 
# 42 filter paper. The filtrate was added to 50 ml sodium 
sulphate (2.5%) and 30 ml dichloromethane for liquid- 
liquid extraction, followed by second time partition with 
20 ml dichloromethane. The extract was than dehydrated 
in sodium sulphate columns prepared in dichloromethane. 
To eliminate the co-extracts, the alumina chromatography 
was performed. The column was eluted with 15 ml of 
dichloromethane and the contents were concentrated 
using rotatory evaporator at 40 ºC until dry and final 

reconstitution was carried out in 2 ml methanol. Detection 
and quantification of pesticide residues was done by using 
high performance liquid chromatography (HPLC, Waters 
Alliance ® – e2695) with photodiode array (PDA) detector 
(Waters®2998). The wavelength 214 nm for carbaryl 
and 238 nm for 4, 4’DDT and deltamethrin was used for 
estimation of pesticide residues. The XBridge BEH C18 
(4.6×250 mm, 5μm particle size) column was used at 30ºC 
temperature. Methanol and water (9:1, v/v) was used as 
mobile phase at a flow rate of 1.0 ml min-1. Calibration 
curves for carbaryl, 4, 4’ DDT and deltamethrin were 
prepared in the range of 5-0.019 ppm, 5-0.078 ppm, 
5-0.156 ppm respectively. Limit of detection (LOD), limit 
of quantification (LOQ) and recovery rates were calculated 
to ascertain the accuracy of the results. Good linearity (R2 
> 0.999) and mean recovery of carbaryl, 4, 4’DDT and 
deltamethrin in milk samples spiked at three different 
concentrations, were 87.24%, 72.35% and 75.45%, 
respectively which were within acceptable recovery range 
of 70–120% (AOAC, 1999).

Human health risk assessment

To assess the human dietary risk from pesticides in 
bovine milk, data were evaluated under lower bound 
(LB) scenario, where undetected results were set to zero, 
and 95th percentile upper bound (UB) scenario, where 
undetected results were set to the detection limit. The 
potential exposure of pesticides to humans through milk 
intake and related health risks, i.e. non-cancer risk and 
lifetime cancer risk (LCR) were estimated according to 
the guidelines of USEPA (USEPA, 2011). The estimated 
daily intake was calculated as follows:

Estimated daily intake (mg kg-1 day-1) = 
–1

–1

Pesticide concentration in milk (mg kg ) ×

Milk consumption rate (kg day )

Body Weight (kg)             

The exposure was estimated on the basis of per-capita 
availability of milk 130 g/person/day in Chhattisgarh 
(NDDB, 2015). For evaluation of non-cancer effect from 
dietary pesticide exposure, the concept of hazard quotient 
(HQ) (= estimated daily intake/ reference dose, RfD) was 
used in this study. The LCR (= estimated daily intake × 
Oral slope factor, OSF) is presented as the increased 
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probability of developing cancer over the lifetime as a 
result of exposure to the carcinogen. The RfD and OSF 
values for the carbaryl and 4, 4’DDT were acquired 
from the Integrated Risk Information System of USEPA 
(USEPA, 2009).

Statistical analysis

Statistical analysis was carried out using SPSS analytical 
software version 20. One-way ANOVA test using Tukey’s 
method was applied to check the significant difference 
between residue levels of different pesticides in different 
districts of study area. A p-value of less than 0.05 was 
considered to be statistically significant (Bedi et al., 2015).

RESULTS AND DISCUSSION

Determination of pesticide residues in milk samples 
and spatial distribution

Out of 200 milk samples analyzed, 87 (43.50%) samples 
were found contaminated with carbaryl, 4, 4’DDT and 
deltamethrin pesticide residues (Table 1). Carbaryl was 
present in 55 (27.5%) milk samples with overall mean 
residual concentration of 0.028 ± 0.003 μgml-1., which  
ranged between trace and 0.287μg ml-1. The results 
indicated that carbaryl contributed a greater proportion 
(63.21%) followed by 4, 4’DDT (25.28 %) and 
deltamethrin (11.49%). All samples positive for carbaryl 
and deltamethrin exceeded the MRL of 0.05 μg/ml and for 
4, 4’DDT, 20 out of 22 positive milk samples exceeded 
the MRL of 0.02 μg/ml (Table 1). Carbaryl is the second 
most frequently used pesticides in Indian agriculture 
for control of various pests (Padhy and Shakti, 2015) 

and processed by formulators into over 1500 different 
products (Hassanzadeh et al., 2010). It is a wide-spectrum 

carbamate insecticide which controls more than 100 
species of insects in a great variety of crops, and their 
residues are commonly encountered in fodder. The 
widespread use of carbaryl in study area led to its higher 
prevalence in milk samples. The residues of the carbaryl 
in bovine milk samples with mean residual concentration 
of 0.0484 mg/ml after a few weeks of its application in 
fodder crops was also reported (Rai et al., 2008).

The residue of 4, 4’DDT was detected in 22 (11%) milk 
samples with the concentration ranged between traces 
and 0.276 μg ml-1. The mean residual concentration 
level of 4,4’ DDT was detected as 0.011±0.003 μg/ml. 
The contamination of bovine milk with DDT and other 
organochlorine, pesticides has been reported from several 
parts of India (Battu et al., 2004; Sharma et al., 2007). The 
4, 4’ DDT contamination in 8% bovine milk samples with 
mean concentration of 0.0550 μg/ml has been reported in 
Bundelkhand region of India (Nag and Raikwar, 2008). 
After ingestion, part of DDT is converted to bis[4-
chlorophenyl]-acetic acid (DDA) and excreted out from 
the human body whereas, non-metabolized DDT is stored 
in body fat (Rogan and Chen, 2005). The half-life of DDT 
is about 10–20 years and its concentration increases with 
age. The occurrence of 4, 4’DDT recorded in present study 
can be interpreted as evidence of recent exposure to DDT. 
Although DDT use was banned in India, but in absence of 
a suitable alternative of DDT for malaria control, it is still 
permitted for use up to 5,000 tons for vector borne disease 
control programs (Bedi et al., 2015).

The deltamethrin was detected in 10 (5%) milk samples 
with mean residual concentration of 0.008 ± 0.002 μg/
ml and ranged between traces to 0.347 μg/ml. The 
contamination of milk with deltamethrin, a synthetic 
pyrethroids (SPs), might be due to its application on the 
body of the cows, its use in cow barn and milk processing 

Table 1: Pesticide residues in bovine milk and their concentration (μg/ml)

Pesticide Mean ± SE  
(μg/ml)

Range of 
pesticide

 Positive a 
samples % Contribution b Codex c  

MRL
Above  
MRL

Carbaryl 0.028±0.003 ND-0.287 55(27.5%) 63.21% 0.05 55(27.5%)
4,4’DDT 0.011±0.003 ND-0.276 22(11%) 25.28% 0.02 20(10%)
Deltamethrin 0.008±0.002 ND-0.347 10(5%) 11.49% 0.05 10(5%)

ND -Not detected, SE-Standard error of mean; a percentage of positive samples out of total (200) samples analyzed; b contribution of a 
particular pesticide on total detected positive samples; c maximum residue limits as per Codex Alimentarius Commission (FAO/WHO 2009).
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areas and consumption of contaminated feed, fodder 
and water (Goulart et al., 2008). SPs are hydrophobic 
compounds with log octanol–water partition coefficient 
(Kow) values near to 6 and environmental persistence upto 
197 days (Feo et al., 2010). SPs are also used to control 
pests in agriculture, homes, communities, restaurants, 
hospitals, and schools. Studies conducted in India have 
indicated the presence of residues of different SPs 
compound in various food commodities (Chandra et al., 
2010; Sun et al., 2011). Presence of deltamethrin in 2.2% 
of bovine milk samples collected from various dairy farms 
of Punjab was also reported (Bedi et al., 2015).

The analysis of bovine milk samples indicated that 
residues of carbaryl were the major contaminant (Table 2). 
The prevalence of carbaryl residue was highest in Raipur 
district (36%) followed by Balod (32%) Durg (22%) and 
Rajnandgaon (20%). Similarly the rate of prevalence of 
4, 4’ DDT residues in milk sample was highest in Raipur 
district (18%) followed by Durg (10%), Balod (10%) 
and Rajnandgaon (6%). Highest prevalence rate for 
deltamethrin residue was reported in Rajnandgaon district 
(8%), followed by Raipur (6%), Durg (4%) and Balod 

(2%). The difference in residue levels of carbaryl, 4, 4’ 
DDT and deltamethrin in all districts was statistically non-
significant. Entire study area of the present study was a 
part of Chhattisgarh plane which has similar agricultural 
practices and possibly due to this reason significant 
difference in residue level of pesticides in the milk samples 
were not found and whatever the minor differences 
recorded might be due to the different management 
practices adopted by individual livestock owner.

Species wise distribution of pesticide residues

Prevalence pattern of carbaryl, 4, 4’ DDT and deltamethrin 
residues was found to be similar for both cow and buffalo 
milk samples. Mean residual concentrations of carbaryl, 
4, 4’ DDT and deltamethrin detected in cow milk samples 
were 0.027±0.005, 0.010±0.004 and 0.007±0.003 μg/
ml respectively. Buffalo milk samples revealed mean 
concentration levels of 0.030±0.005, 0.011±0.003 and 
0.008±0.004 μg/ml for carbaryl, 4, 4’ DDT and deltamethrin 
respectively (Table 3). The non-significance differences in 
mean residual concentrations of all three pesticides in cow 
and buffalo milk samples were recorded. This indicated 

Table 2: Spatial distribution of pesticide residues in various districts of Chhattisgarh, India

Districts  
(n=50 for 
each district)

 Carbaryl  4,4’ DDT  Deltamethrin
Mean ± SE 
(μg/ml)

% 
Positivea

% 
Proportionb

Mean±SE 
(μg/ml)

%  
Positivea

% 
Proportionb

Mean±SE 
(μg/ml)

% 
Positivea

% 
Proportionb

Durg 0.025 ±0.007 11 (22%) 61.11 0.012±0.005 5 (10%) 27.77 0.006±0.004 2(4%) 11.11
Rajnandgaon 0.020 ±0.005 10 (20%) 58.82 0.012±0.007 3(6%) 17.64 0.013±0.006 4 (8%) 23.52
Raipur 0.034 ±0.007 18 (36%) 60.00 0.014±0.005 9 (18%) 30.00 0.011±0.007 3(6%) 10.00
Balod 0.036 ±0.009 16 (32%) 72.72 0.004±0.002 5 (10%) 22.72 0.002±0.002 1(2%) 4.54

n = number of milk samples; a Percentage of positive samples from total samples tested; b Proportion of a particular pesticides among total 
pesticide detected in each district.

Table 3: Species wise distribution of pesticide residues in bovine milk samples

Pesticide
 Cow (n= 100)  Buffalo (n=100)

Mean±SE  
(μg/ml) Range  % 

Positivea
 % 
Proportionb

 Mean±SE 
(μg/ml)  Range  % 

Positivea
 % 
Proportionb

Carbaryl 0.027±0.005 ND-0.287  27 (27%)  64.28 0.030±0.005 ND-0.209  28 (28%)  62.22
4,4’ DDT 0.010±0.004 ND-0.276  10 (10%)  23.80 0.011±0.003 ND-0.264 12(12%)  26.66
Deltamethrin 0.007±0.003 ND-0.196  5(5%)  11.90 0.008±0.004 ND-0.347  5(5%)  11.11

n = number of milk samples; a Percentage of positive samples from total samples tested; b Proportion of a particular pesticides among total 
pesticide detected.
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that the consumers of both buffalo milk and cow milk 
are at equal risk. The pesticides included in the study are 
lipophilic in nature and metabolized very little in animals. 
Although buffalo milk has more fat content as compared 
to cow milk but still no difference in residue levels were 
detected in milk samples. In this study prevalence of 
carbaryl residue in cow milk was 27% which was higher 
than the earlier reports of 19.18% recorded in cow milk 
in Kumaon region of Uttrakhand, India (Rai et al., 2008). 
The prevalence of DDT residue in buffalo milk was 12%, 
on contrary, significantly higher prevalence of 70% was 
reported in Delhi city, India (Aslam et al., 2013).

Human health risk assessment

The potential health risks were assessed based on dietary 
intake of pesticides residues from milk consumption. The 
estimated average daily dietary intake (EADDI) values of 
carbaryl, 4, 4’ DDT and deltamethrin pesticide residues 
in this study were recorded lower than the recommended 
ADI values at both mean LB and UB levels (Table 4). 
Assuming the same dietary intake of milk for both children 

and adult, it was observed that children are at higher risk 
than the adults. The estimated dietary intake for carbaryl, 
4, 4’DDT and deltamethrin residues remained within safe 
limits during this study period and are in accordance to the 
findings of Battu et al.(2004).

For non-cancer risk, HQ was individually calculated for 
carbaryl and 4, 4’ DDT. The estimates revealed that HQ 
values for carbaryl and 4, 4’ DDT were < 1 at both the 
LB and UB levels which is within the acceptable limit 
thus pose lower chances of non-cancer risks (Table 5). 
However, ingestion of the milk contaminated with more 
than one pesticide residues may lead to more severe health 
hazards as a result of the synergistic effect of pesticides. 
The cancer risk for 4, 4’ DDT exposure through dietary 
intake of milk at mean LB residue levels was 7.9E-
06, which is within the recommended range of USEPA 
reference values. However at the 95-percentile UB level, 
obtained value was 1.13E-05 which is higher than USEPA 
derived value thus poses higher chance of cancer risk at 
this concentration (Table 6). DDT and other OCPs have 
been classified with respect to carcinogenicity in B2- 

Table 4: Estimated average daily dietary intakes of pesticides in adult and children through consumption of milk

Pesticides ADI (mg/kg 
bw/day)a

TADIs (mg/day)b 
for adult

TADI (mg/day)c  
for children

EADDI (mg) Mean LB 
(mg/day) = Mean × 0.130 
(kg/day)

EADDI (mg) P95_UB 
(mg/Day) = P95_UB × 
0.130 (kg/day)

Carbaryl 0.008 0.480 0.080 0.0036  0.0046
4,4’DDT 0.010  0.600  0.100  0.0014  0.0020
Deltamethrin 0.010  0.600  0.100  0.0010  0.0016
a Acceptable daily intake (ADI) obtained from Codex Alimentarius Commission; b TADI ( total ADI) value for adults:- ADI multiplied by 
average body weight of 60kg; c TADI value for children:- ADI multiplied by average body weight of 10 kg.

Table 5: Estimation of Hazard Quotient (HQ) for adult and children at LB (mean) and UB (P95)

Pesticide RfD (mg/kg bw/
day)a

 Adult (HQ)  Children (HQ)  Non Cancer Risk
Mean LB P95_UB Mean LB P95_UB Adult Children

Carbaryl 1×10 -1 0.0006 0.0007 0.0036 0.0076 No  No
4,4’DDT 5×10 -4 0.046 0.066 0.28 0.40 No  No
a RfD values (guidline values) obtained from USEPA.

Table 6: Estimated cancer risk associated with exposure to pesticides from milk

Pesticide OSF  
(mg/kg/day)

 Adult  Children  Cancer Risk
Mean LB P95_UB  Mean LB P95_UB  Adult Children

 4,4’DDT 0.340 7.9E-06 1.13E-05  4.7E-05  6.6E-05  Low High

OSF (Oral slope Factor) (mg/kg/day) given by USEPA.
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class (probable human carcinogen). Results of present 
study are similar to the findings of Bedi et al. (2015) who 
reported lower non-carcinogenic and carcinogenic health 
risk at mean level and higher risk at 95-percentile UB 
level. Carbaryl and deltamethrin do not have published 
guideline values for estimation of carcinogenicity hence 
not evaluated during the present study. Findings of present 
study suggested that adults are not at risk from dietary 
exposure of carbaryl, 4,4’DDT and deltamethrin, because 
of lower per capita consumption of milk (130g/person/
day) and relatively low concentration of studied pesticides 
in milk. The presence of pesticide in the bovine milk has 
drawn considerable attention during recent years and 
concerns have been raised with quality of milk. Available 
literature indicated the higher residue level of chemical 
compounds in food as a result of environmental pollution 
(Bedi et al., 2015) therefore it was imperative to assess 
the potential of different chemical compounds for their 
adverse effect on public health.

CONCLUSION

Analysis of milk samples for pesticide residues 
in Chhattisgarh showed that carbaryl residues are 
predominantly present in this region followed by 4, 4’ 
DDT and deltamethrin. The similar pattern of pesticide 
residues in milk samples was recorded in all four 
districts. The occurrence of less persistent carbaryl and 
deltamethrin residues in milk reflect the improper use and 
poor animal husbandry practices in dairy farms. Therefore, 
development and use of appropriate management 
strategies along with education of dairy farmers should be 
in priority to minimize the pesticide residues associated 
public health risks. In comparison to adults, children were 
at higher health risk at 95-percentile UB levels of pesticide 
residues in bovine milk in this region. At mean LB residue 
levels the cancer risk for population found to be with in the 
recommended range of USEPA reference values, but at the 
95-percentile UB, cancer risks were found to be greater 
for children. On the basis of these findings, there is need 
of more intense and continuous monitoring of pesticide 
residues in milk and milk products in the region.
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