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ABSTRACT
Pesticides are used on a regular basis in the agricultural and health sectors to control pests and vector
borne diseases. Although, pesticides have proved to be an important tool in the fight against pest
infestation and spread of various diseases but at the same time these chemicals can pose a serious
threat to human health, biodiversity and the environment as a whole. A certain group of pesticides
which are categorized as organochlorines are known for their persistence in nature and have the
ability to bio-accumulate. Some of these organochlorine pesticides are toxic and are even classified as
probable and possible human carcinogens by the International Agency for Research in Cancer. It is
for a number of reasons like these that several of them have been banned in many countries including
India. The main objective of this study was to investigate whether the food that were sold in a market
in Shillong City were contaminated or not by three banned organochlorine pesticides, namely,
Dieldrin, Heptachlor and Endosulfan. In this study, samples of nine food products (apple, grapes,
tomato, lettuce, potato, cabbage, wheat, rice and pulses) were collected from Iewduh Market and
analysed for any contamination levels. The analysis was carried out by Gas Chromatography Mass
Spectrometry using standard operating procedures. The results of this study revealed that the residual
levels of the pesticides that were studied were Below Detectable Limit (<0.1 mg/kg) in all the samples
of the food products that were chosen for the purpose of this study.
Keywords: Banned organochlorine pesticides, Dieldrin, Heptachlor and Endosulfan.

INTRODUCTION
For an agrarian nation like India,
agricultural production is of utmost
importance as it has to support a population
of approximately 1.3 billion people.
Agricultural production also plays a major
role in maintaining the health of the
economy. Sustaining production can be a
major challenge and there are many hurdles
that can be encountered. One of the key
problems that decrease crop production is
the losses faced due to pest infestation and
diseases. Monetarily, India incurs crop
losses to the tune of 36 billion U.S. dollars
annually (Dhaliwal et al., 2015). [1]
Globally, to tackle this menace the use of

pesticides has been employed in a number
of ways resulting in favourable outcomes to
some extent. According to the World Health
Organisation a pesticides are described as
any chemical compounds that can be used to
kill pests such as insects, rodents, fungi and
disease carrying vectors and are required to
be used and managed properly as they are
potentially toxic to other organisms
including human beings. [2] Pesticides use
dates back thousands of years when
substances such as compounds of sulphur,
mercury, arsenic were used to tackle pest by
the Sumerians and Chinese. However, it was
up until the 1940’s that synthetic pesticides
came into the picture and were began to use
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in a much wider scale to control pest in the
agricultural and health sector (John
Unsworth, 2010). [3] Pesticides have been
classified in a number of ways, they can be
classed as contact pesticides where they
have to come in contact with the body of the
pest for a desired reaction or as systemic
pesticides where they get absorbed into the
plant vascular system and exhibit their anti
pest properties when the plant is ingested by
a pest. Pesticides are also categorized based
on their target groups, for example,
insecticide,
fungicide,
rodenticide,
herbicides
molluscicides,
bactericides,
avicides, virucides, algicides acaricides and
miticides (Zacharia, 2011). [4] Another form
of pesticide classification is based on their
chemical makeup and there are four main
groups
namely;
organochlorines,
organophosphates, carbamates and pyrethrin
or pyrethroids (Garcia et al., 2012). [5]
Pesticides have greatly reduced crop losses
due to pests; however, it is a well known
fact that they pose a major threat to
biodiversity as well as human health due to
their toxic nature. Of the four main groups
of pesticides that have been mentioned,
organochlorines are notoriously known for
being highly persistent in nature and have
the ability to bio-magnify as we go higher
up the food chain. Roberts and Reigart
(2013) revealed that ingestion of
organochlorine pesticides can lead to severe
health complications and affect the nervous
system in particular and also stated that
some organochlorines have the potential to
be carcinogenic and interfere with endocrine
receptors. [6] Even low level chronic
exposure to organochlorines can impact the
health and well being of human beings. It is
for this reason that a number of
organochlorine pesticides have been banned
or restricted for use under the Indian law
and the same have been enlisted by the
Central Insecticide Board and Registration
Committee, Ministry of Agriculture and
Farmer Welfare. [7] Although, stringent
measures are in place to check the use of
banned pesticides, but it is of utmost
importance that monitoring studies are

carried on a regular basis. One such
investigation is to analyse the level of
pesticide residues in food products in order
to assess the risk faced by the general
population of exposure to banned
organochlorines which may still be illegally
used in the agricultural sector. For the
purpose of this study sample of three fruit
products: apple, grapes and tomato; three
vegetable products: cabbage, lettuce and
potato; and three cereals and pulses food
products: wheat, rice and pulses were
collected from a local market in Shillong
City and were analysed for any possible
contamination by three organochlorine
pesticides which are banned or restricted for
use in India. The four pesticides in question
are as follows:
Dieldrin: Scientifically, it is known as;
1,2,3,4,10,10-hexachloro-6,7epoxy1,4,4α,5,6,7,8,8α-octahydro-1,4endo,exo-5,8-dimethanonaphthalene. It is
use as a pesticide itself, but it is also a break
down product of aldrin. It poses a threat as it
is persistent in nature and has been classed
as a probable human carcinogen by the U.S.
Environmental Protection Agency. [8]
Heptachlor: as per the toxicological profile
provided by the Agency for Toxic
Substances and Disease Registry (2007),
Heptachlor is a breakdown product of
chlordane and technical heptachlor itself is
used as a pesticide. In nature heptachlor is
broken down into heptachlor epoxide. It is
classified as a possible human carcinogen
by both the International Agency for
Research on Cancer and Environmental
Protection Agency. [9]
Endosulfan: It is a broad spectrum contact
insecticide used for the control of pest in
several fruits, vegetables and grains. It is
persistent in nature and can have adverse
effects with children being more vulnerable
to health impacts associated with exposure
to endosulfan such as mental retardation,
deformities, congenital anomalies and
cerebral palsy as reported by the
Government of Kerala through the
Department of Health and Family Welfare
in 2011. [10]
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The Central insecticide Board and
Registration Committee have listed Dieldrin
and Heptachlor under the banned category
whereas Endosulfan was listed under the
category of restricted for use. [7] However in
an ad interim order which came out on May,
2011 the Honourable Supreme Court of
India has banned the production sale and
use of Endosulfan in the country. [11] This
study is important to reveal if there is any
contamination of several food products with
the above mentioned organochlorine
pesticide as they can prove to be a serious
threat to the health of the general population
of Shillong.
Study Area:
This study was conducted in
Shillong City which is the state capital of
Meghalaya, a state within the Indian
Territory and located in its North Eastern
Region. Though small in size, Shillong is a
bustling city with a population of around

Plate 1: Vegetable selling Section of the Market

METHODOLOGY
Sampling: one kilogram of each of the food
products were collected from 5 random
areas of the market totaling to 5 kilograms
for each of the food products. These are
then taken to the laboratory and a five
hundred gram composite sample was then
segregated and analysed for any possible
contamination with the pesticide residues.
Analysis:
Gas
Chromatography-Mass
Spectrometry (GC-MS) is analytical method
that has been used to carry out a number of
pesticide based studies. [13-15] Analysis of the
sample was conducted at the Institute of
Pesticide Formulation Technology, New

0.14 million people (2011 census). [12]
Within this city there is one main market
locally called Iewduh or Bara Bazar where a
majority of food products come in from
various parts of the country for sale. Many
local framers also bring their produce to
trade in this market. Iewduh serves as a
common platform which supplies the rest of
the smaller markets within the city with the
bulk of the food products. In turn, a major
part of the population of Shillong City relies
on this market to meet their daily food
needs. This market provides for a very
suitable sampling area for any food product
related study. Therefore, using this market
as an area for collecting food samples for
the purpose of this study can significantly
suggest the level of risk faced by the
population of this city from any possible
contamination of food with organochlorine
pesticide residues.

Plate 2: Fruits being sold at the Market

Delhi. The samples were analysed using
Gas Chromatography-Mass Spectrometry
(GC-MS) following standard operating
procedures. GC-MS is a technique that is
widely applied in the field of pesticide
residue study.
Sample preparation: Before introducing
the sample into the GC-MS it needs to
undergo sample preparation and this can be
achieved by a number of methods such as
QuEChERs, [16-18] Soxhlet Extraction, [19-21]
Solid Phase Micro-Extraction, [22-24]
amongst many others.
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Plate 3: Tomatoes collected for composite sample

Separation and Quantification: After the
process of sample preparation the sample is
then introduced into the GC-MS where it
undergoes a series of processes. The
different steps involved in this procedure
includes injection of the sample through the
injection port where it volatilizes after
which the mixture is carried by a carrier gas
which represents the mobile phase through
the Gas Chromatography Column that is
packed with materials such as silica which
represent the stationery phase. Depending
on the behaviour of the mixture passing
through the stationery phase, it gets
separated into its various components. The
separated compounds of the sample then
enter the Mass Spectrometer where they are
ionised and quantification takes place. One
important factor to note is the instrument
conditions. Analysis of different substances
requires different GC-MS conditions. The
instrument conditions for analysis of
pesticides using this technique as described
by Goodman (2012) of Perkin Elmer
include GC-column of 30m x 0.25mm x
0.25µm dimensions, helium as the carrier
gas, injector temperature of 275ºC, split less
injection type and oven temperature
program of 80ºC hold time of 0 minutes at
the rate of 20ºC/min then 290 ºC hold time
of 4.75 minutes. As for the Mass
Spectrometer the conditions that were
explained include
GC
Inlet
Line
Temperature of 275 ºC, Ion Source
Temperature of 275 ºC, SIFI (selected ion
full ion) function type, scan range of m/z
40-450, scan time of 0.2 seconds and Inter
Scan Delay of 0.1 seconds. [25]

RESULT
The analysis of the food samples
collected from Iewduh Market in Shillong
for
pesticide
residues
of
three
organochlorine pesticides, namely; dieldrin,
heptachlor and endosulfan which are banned
in India yielded desired results. The GC-MS
analysis showed that the samples of all the
food products chosen for the purpose of the
study revealed that the pesticide residues
were Below Detectable Limit (<0.1 mg/kg).
This anticipated outcome of the study
conducted is given in the table below.
Table 1: Pesticide residue (mg/kg) In Fruit Samples.
Sl. No. Sample Pesticide Residues (mg/kg)
Dieldrin Heptachlor Endosulfan
1.
Apple
< 0.1
< 0.1
< 0.1
2.
Grapes
< 0.1
< 0.1
< 0.1
3.
Tomato < 0.1
< 0.1
< 0.1
Table 2: Pesticide Residues (mg/kg) In Vegetable Samples.
Sl. No. Sample
Pesticide Residues (mg/kg)
Dieldrin Heptachlor Endosulfan
1
Lettuce
< 0.1
< 0.1
< 0.1
2.
Potato
< 0.1
< 0.1
< 0.1
3.
Cabbage < 0.1
< 0.1
< 0.1
Table 3: Pesticide Residues (mg/kg) In cereal and pulses
Samples.
Sl. No. Sample Pesticide Residues (mg/kg)
Dieldrin Heptachlor Endosulfan
1.
Wheat
< 0.1
< 0.1
< 0.1
2.
Rice
< 0.1
< 0.1
< 0.1
3.
Pulses
< 0.1
< 0.1
< 0.1

The result of the study shows that
the samples of the food products that were
selected for the analysis (apple, grapes,
tomato, lettuce, potato, cabbage, wheat, rice
and pulses) were free from any harmful
levels of contamination by the banned
organochlorine
pesticides
(dieldrin,
heptachlor and endosulfan) that were opted
for examination.
DICUSSION
This study whose main aim was to
monitor any form of contamination of
various food products with three banned
organochlorine pesticides that have the
ability to compromise the health of the
general population revealed a favourable
outcome. The residual levels of Dieldrin,
Heptachlor and Endosulfan in all the food
samples of apple, grapes, tomato, lettuce,
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potato, cabbage, wheat, rice and pulses were
all Below Detectable Limit which indicates
that these food products may be free from
being contaminated by at least these three
banned organochlorine pesticides. This may
imply that a majority of the food products
that are available at the Iewduh Market may
be free from banned organochlorine
pesticides. However, to ensure the certainty
that the food products are free from banned
pesticides, further such pesticide based
studies are required. This study also puts
into light that when it comes to the three
pesticides
that
were
studied,
the
Government has been successful in
implementing the banned on them and
protecting the general population of the City
of Shillong from the negative impacts of
ingesting these pesticides along with the
food that they eat. Although, this study
showed the desired results, there are still a
number of other banned pesticides that
might be still used in the field of agriculture
that can pose a serious threat to the well
being of the people. Apart from the banned
pesticides, there are a numerous number of
other pesticides and chemicals which may
prove detrimental to the health of the
population that are still legally used up to
this day. This is evident even in India where
numerous pesticides that are banned
elsewhere are still permitted for use in the
country at various capacities. [26] Therefore,
more concrete efforts from all sectors of
society are required to ensure that the food
we eat is safe. A move towards sustainable
organic farming practices and proper
implementation of food safety rules and
regulations will be helpful in the step to
attain food products free from harmful
synthetic chemicals.
CONCLUSION
This study provides much needed
information regarding the status about
whether the food products that have been
collected from Iewduh Market are
contaminated
by
banned
Dieldrin,
Heptachlor and Endosulfan or not. It also
reflects on the successfulness of the banned

that have been implemented on various
organochlorine pesticides including these
three. The results of this investigation
reveals that the population of Shillong City
are not subjected to any health risk with
regard to their food being contaminated by
Dieldrin, Heptachlor and Endosulfan.
However, there are several chemicals that
can contaminate our food and potentially
compromise our health. Therefore, it is
essential that monitoring studies for food
contaminants are conducted on a regular
basis to ensure that the general public are
not consuming toxic substances with their
food. Such studies are also necessary to add
further information to the database relating
to food being contaminated by harmful
chemicals, especially for regions or cities
where there is limited or no information
with this regard.
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