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Abstract

Raw buffalo, cow and goat milk collected from different locations of Northern India has been analyzed for suspected
pesticides viz. azimsulfuron, cypermethrin, thiabendazole, crotonolactone, fluoxastrobin, aldicarb and carbofuran. Buffalo
milk tested positive for azimsulfuron (4.51 ng/ml), cypermethrin (7.21 ng/ml) and thiabendazole (4.57 ng/ml). Cow’s milk
did not show the presence of cypermethrin and thiabendazole, however, azimsulfuron (0.86 ng/ml), crotonolactone (4.73
ng/ml) and fluoxastrobin (0.54 ng/ml) were determined. Milk of the goats registered the presence of carbafuron (7.69 ng/
ml), fluoxastrobin (5.41 ng/ml) and azimsulfuron (5.28 ng/ml). Since all the milching cattle are herbivorous, these pesticides
entered animal through food chain. The consumption of milk containing these pesticides even in traces may be hazardous to
human population of Northern India. Concurrent presence of these pesticides may be more hazardous due to their synergistic
manifestations. New synthetic molecules like azimsulfuron, fluoxastrobin and crotonolactone may pose severe public health

problems.
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1. Introduction

Milk is nearly perfect natural food used worldwide in all
segments of population and in all stages of human life'.
According to some estimates, about 730 million tons of milk
was produced in 2011% India is world’s largest producer of
milk and is the leading exporter of skimmed milk powder.
However, eighty percent of its milk supply comes from the
unorganized sector of small dairy farmers. Quality of milk
and milk products has been a matter of concern especially
from public health point of view. Regulatory agencies viz.
Environment Protection Agency (EPA) and Food and
Drug Administration (FDA) monitor the quality of milk
through FIFRA (1948 amended in 1972, 1975, 1978, and
1996) and Food, Drug and Cosmetics Act (1906, amended
in 1958, 1960, 1962, 1968, 1976 and 1997). Food Safety and
Standards Act (2006), ensures the availability of safe and
wholesome food for human consumption in India.

*Author for correspondence

Nevertheless, several episodes/incidents of milk
poisoning have occurred in recent past in different countries.
These include Morinaga milk poisoning outbreak in Japan’,
milk contamination by dioxins in Belgium*, baby milk
scandal in China® and milk tea poisoning in Manila. Periodic
quality analyses of milk samples in different countries
have confirmed the presence of several pesticide residues
in dairy milk viz. Pakistan®, Iran’, Egypt® and Poland’.
Several reports from different regions of India have also
documented the presence of environmentally significant
organo chlorine and organophosphate pesticides in the
dairy milk with special reference to Bihar'’, Jharkhand",
Bundelkhand'?, Haryana' and Rajasthan'‘.

Since a ban on the production, commercial and
agricultural use of many pesticides including a few Persistent
Organic Pollutants (POPs) has been imposed by several
countries including India, farmers are reportedly using
alternate pesticides. Although toxic properties of many of
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these are known in literature, biological monitoring through
milk and other dairy products remains to be performed.

Therefore, the main objective of the present study was
to analyse raw milk of buffalo, cow and goat of Western
Uttar Pradesh (India) for new molecules viz; fluoxastrobin,
an organochlorine., azimsulfuron and thiabendazole,
the organophosphates., aldicarb and carbofuran, the
carbamates and cypermethin, a pyrethroid. The study, first
of its kind, from agriculturally rich area of western Uttar
Pradesh (India) is expected to be important from food
safety and public health point of view.

2. Materials and Methods

Petroleum ether, hexane and acetone of HPLC grade were
purchased from Merck (India). Reagent grade anhydrous
sodium sulphate and sodium oxalate and other reagents
were purchased from Hi-Media Laboratories, Mumbai.
Absolute ethyl alcohol of A.R. grade was purchased from
Bengal Chemicals (India). Raw milk samples were collected
randomly from different villages of the districts of Uttar
Pradesh state of India viz. Muzaffarnagar, Hapur, Bijnor
and Meerut (figure 1). The samples were collected during
July-October, 2017 with a frequency of 10 samples/locality/
per cattle/month. They were transported in liquid nitrogen
and stored in 25ml clean sterilized bottles at -80°C in the
laboratory for further analyses. Pasteurized milk samples
were also procured at random from the local market and
stored at -80°C till their analysis. All the milk samples
collected from different villages/localities were analyzed for
their physico-chemical properties viz. pH by a pH meter
(Systronics, India), specific gravity by a lactometer and
fat(%) by a Gerber’s butyrometer. Those samples having a

Figure 1. (A) shows the location of Uttar Pradesh state of
India (B) shows the location of four districts (sampling sites)
within Uttar Pradesh state of India.
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specific gravity of less than 1.010 and more than 1.040 were
discarded. Similarly, the milk samples having pH less than
6.0 and more than 7.0 were not used in this study. The lipid
content of the representative milk samples collected from
buffaloes ranged from 6.0 to 7.5g/100ml. In cow milk, it
ranged from 3.0 to 4.5g/100ml, whereas in goat milk the
range was between 3.5 to 4.5g/100ml. Extraction of pesticide
residues from milk samples was performed following the
standard procedures of FAO/WHO". Homogenized milk
(15ml) was mixed with 15ml absolute ethyl alcohol and
15ml of petroleum ether using a 50ml screw cap centrifuge
tube. The contents of the tube were vigorously mixed using
a vortex mixer for 1 min. Sodium oxalate (0.5g) was added
to the tube and immediately vortexed for 1 min. The sample
was then centrifuged for 25 min at 5000 rpm. A 5ml aliquot
was collected and filtered. The filtrate was transferred to a
separating funnel and equal amount of petroleum ether was
added. The funnel was repeatedly and vigorously shaken for
20-30 min. The aqueous and solvent phases were collected
separately. The organic layer was allowed to pass through
the cone of Whatman filter paper containing anhydrous
sodium sulphate. The aqueous layer was extracted again
for 2-3 times with petroleum either. The organic layer was
evaporated to dryness. The residue was dissolved in 2ml
hexane-acetone mixture (8:2) and then centrifuged for
Imin at 1500 rpm at 4°C. The aliquot of the final upper layer
was transferred to auto sampler vial for GC-MS analysis.
Summarized extraction procedure is shown in (figure 2).
Different characteristics of examined pesticides such as
molecular formulae, molecular mass, retention time, area
(%) and recovery (%) are summarized in (table 1). An
Agilent GC-MS model 5975c¢ equipped with 15mx0.25mm
capillary column and a Flame Ion Detector (FID) was used
for pesticide analysis. The final GC-FID settings for present
analysis were as follows.

The injection volume was 1uL and the helium carrier
gas flow rate was maintained at 1.0 ml/min. The injector
and detector temperatures were maintained at 280°C. The
initial temperature of 100°C was held for 2 min. and then
increased to 180°C at 30°C/min and held there for 32 min
and further increased to 280°C at 16°C/min and held for
20.75 min. The recovery (%) of pesticides was conducted
according to the method suggested by Lehotay'® applying
the following formula:

standard peak area in sample internal standard peak area

%100

Percent recovery =

standard peak area internal standard peak area in sample
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Milk (15 ml.) + Ethanol (15ml.) + Sodium Oxalate (0.5 g) + petroleum
ether (15ml)

»
Centrifuge for 25 minutes at 5000 rpm
9

Supernatent passed through Anhydrous Sodium Sulphate
A

Filtrate and petroleum ether ( 1:1, v/v) taken into seprating

funnel

Mixed and vigorously shaken for 20-30 min

9

9

Allowed to stand until a clear seperation of two layers

d

Collected the upper organic phase and seperated the lower

phase

d

Re - extracted the lower phase with petroleum ether (1:1 V/V
) 2-3 times.

Organic layers was evaporated to dryness .

h
A 4

Analysed through GC-MS.

3. Results

Milk samples analyzed for azimsulfuron, an organo
phosphate showed highest concentration in goat milk.
Least concentration was recorded in cow’s milk, whereas,
lower concentration was recorded in buffalos milk
(Table 1). Another organophosphate, thiabendazole was
present only in buffalo milk and was wanting in cow and
goat milk (Table 1). The results suggest that azimsulfuron
constitutes a potential human health risk. Milk analysis for
an organochlorine compound, fluoxastrobin, also showed
highest concentration in goat milk, followed by cow’s milk.
This compound was absent in buffalo’s milk. (Table 1).
Carbamates i.e. aldicarb and carbofuran were also analysed
in milk samples. While carbofuran was present in goat milk,
it was absent in buffalo’s and cow’s milk (Table 1). Aldicarb
was present only in cow’s milk and absent in goat and buffalo
milk (Table 1). Amongst pyrethroids, cypermethrin was
present in buffalo’s milk and was wanting in cow milk and
goat milk. (Table 1). Ketone group pesticide, crotonolactone
was present only in cow’s milk and was wanting in buffalo
and goat milk (Table 1).

Figure 2. Flow diagram of extraction procedure.
Table 1. Pesticides detected in milk samples
Retention .
Pesticides Classification Molecular Molecular Time Area (%) | Recovery (%) Concentration
Formulae Mass (g/mol) . (ng/ml)
(min.)

(A) Buffalo
Azimsulfuron | Organophosphate

(Thiol) C,H,N, 0S8 424.39 7.870 17.09 64 451+0.78
Cypermethrin | Pyrethroid C,H,CLNO, 416.30 7.870 17.09 53 7.21+0.10
Thiabendazole | Organophosphate

(Thiol) C,HNS 201.24 19.223 5.68 56 4.57+0.27
(B) Cow
Crotonolactone | Ketone CH,0, 84.07 14.428 16.44 51 473+ 0.70
Fluoxastrobin | Organochlorine | C, H, CIFN,O, 458.83 15.235 3.25 90 0.54 +0.12
Azimsulfuron | Organophosphate

(Thiol) C,H,N, 0S8 424.39 7.887 1.00 50 0.86 + 0.44
Aldicarb Carbamate CH N0, 190.26 15.131 0.57 68 0.22 £0.05
(C) Goat
Carbofuran Carbamate C,H NO, 221.26 16.551 22.61 47 7.69 +0.92
Fluoxastrobin | Organochlorine C,H,CIFN,O, 458.83 15.103 30.25 59 541 +0.74
Azimsulfuron | Organophosphate

(Thiol) C,H,N, 0S8 42439 7.882 21.87 59 5.28+1.19

Results are expressed as mean + SE (n=5).
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4. Discussion

Several studies have used milk as a bioindicator of
bioconcentration of environmentally persistent organic
micropollutants such as pesticides. Pesticide residues
in milk originate from contaminated feed, grass or corn
silage and/or direct application of pesticides on dairy cattle.
Though the sale and use of hazardous chemicals listed
under Annex A’ of the Stockholm convention are regulated
in India by the Pesticide Act (1968) and Insecticide Rules
(1971), they have been substituted by other organochlorines,
organophosphates, carbamates as well as pyrethroids. The
purpose of present study was to verify the presence of these
alternate toxic molecules in raw dairy milk consumed by
human population of Northern India. It is evident from
present results that raw daily milk collected from all the
three sources and from different locations is contaminated
with azimsulfuron. Highest concentration was recorded
in goat milk. This observation may be linked with the
food and feeding behavior of the goats that mainly eat
the leaves. Azimsulfuron is an herbicide that belongs to
the chemical group of sulfonylureas. They constitute new
class of compounds widely used to control weeds in several
crops viz. rice, wheat, maize, barley, sugar beet and tomato.
Azimsulfuron affects sensitive weeds through inhibition of
the enzyme Acetolactate Synthetase (ALS). Inhibition of
ALS stops cell division and subsequent growth in plants.
Azimsulfuron is mainly adsorbed by the leaves and shoots.
Since goats relish leaves, it is translocated to them through
food and finally becomes residual in milk. Weeds consumed
though hay of wheat, rice and maize by cows and buffalos
allow azimsulfuron to enter their food chain. It causes
low acute toxicity in mammals. Mutagenic, carcinogenic
and reproductive effects have not so far been established.
Despite numerous beneficial properties, goat milk has
lipophilic properties, therefore, tends to accumulate various
pesticides that are poisonous'®?. It was interesting to
note that, thiabendazole, an organophosphate was present
only in buffalo’s milk. It is used as a parasiticide to control
roundworms, hookworms and other helminth parasites
of livestock. It is expected to enter the buffaloes through
fodder that have been treated with this fungicide. Maximum
Residual Limit (MRL) as available in literature is 50 ppb*".
The main sources of organophosphate contaminants in milk
animals are forage and fodder followed by drinking water
and soil ingested during grazing”*. In animal bodies,
these compounds are easily distributed from the alimentary
tract and accumulate mainly in liver, adiposetissue and
milk??. Organophosphate pesticides are easily hydrolyzed
and therefore, do not persist in the environment. However,
plausibility of their accumulation in milk and eggs poses risks
for human health?”. Another fungicide, fluoxastrobin, was
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detected in goat and cow’s milk but was wanting in buffalo
milk. Fluoxastrobin is considered as a novel strobilurin
analog. The biochemical mechanism of action of strobilurins
consists of interaction with the ubiquinone binding site of
the mitochondrial BCl complex (complex IIT) in fungal cells
thereby preventing the oxidation of bihydroquinone and the
transfer of electrons to cytochrome C*. Its MRL is 0.5mg/
kg. In some reports it is 0.02ppb. Use of milk contaminated
with fluoxastrobin may cause respiratory problems*. Thus
consumption of goat milk may be more hazardous than
cow’s milk. Contrarily, goat milk is usually considered more
beneficial than cow’s milk***. Cow’s milk and goat milk
both have similar protein content but goat milk proteins
are assimilated more easily””. Goat milk has lipophilic
properties similar to cow’s milk, but seems to accumulate
higher concentration of strobilurins. Another pesticide that
registered its presence in goat milk was carbofuran. It was
absent in buffalo’s and cow’s milk. It is one of the most toxic
carbamate pesticides and used to control insect infestation
in a variety of crops. It is a systemic insecticide. Though
it is absorbed by the roots but insecticidal concentrations
are attained by leaves. Browsing of the leaves allows it to
enter into the goats. MRL for carbofuran is 0.05mg/kg. It is
classified as an extremely hazardous substance in the United
States as defined in the section 302 of the U.S Emergency
Planning and Community Right to Know Act (42 U.S.C.
11002). Import, manufacture and use of carbofuran has also
been banned in India. Feed stuff has been suggested as main
source of milk contamination in a study made in Brazil”".
Consumption of milk contaminated with carbofuran may
cause inhalation and neurotoxicity. It has been reported not
to cause teratogenic, mutagenic or carcinogenic toxicity.
Present results show that another carbamate pesticide,
aldicarb was present only in the raw milk collected from
cows. Aldicarb is one of the most widely used pesticides
which is primarily used as nematicide. MRL for aldicarbis
0.002mg/kg*'. Reports on the presence of aldicarb in raw
dairy milk are scarce. However, Kan et al.”* suggested
that aldicarb enters the milk through feed crops. Primary
route of human exposure to aldicarb is the consumption
of contaminated food and water. Contaminated milk may
also induce its toxicity. Cholinesterase inhibition is the
primary cause of aldicarbs toxicity. Range of symptoms
include muscarinic (nausea, vomiting, diarehea, miosis)
and nicotinic (muscular effects, high blood pressure and
hyperglycemia)**. Manufacture, import and use of aldicarb
has been banned in India,however, its presence in cow’s
milk confirms its persistence in the environment. Results
on cypermethrin, a synthetic pyrethroid showed that it was
present only in buffalo milk. Its use in any form is restricted
in India. MRL of cypermethrin in milk is 0.010 mg/kg. It is
a fast acting neurotoxin.It has been classified as a possible
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human carcinogen. Through large scale agricultural
applications, it enters the food chain of buffaloes. Although,
fodder of buffaloes and cows is similar, it was wanting in
cow’s milk. Depurination of cypermethrin may be quicker
in cows than buffaloes. Absence of these molecules in the
pasteurized milk samples that were analyzed as positive
control is welcome observation from biosafety point of view.
Overall results suggest that though the concentration of
selected pesticides in raw milk samples is much lower,
at present, in comparison to MRL recommended by
United States Food and Drug Administration, persistent
consumption of raw milk by human population, especially
infants might lead to serious and long lasting public health
problems.
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