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ABSTRACT

Widespread use of pesticides in vegetables has become a major concern as accumulation of pesticide residues in vegetables causes
human health hazards and affects ecological balance. Pesticide residues of chlorpyriphos, endosulfan, carbaryl and piperonyl
butoxide were determined in cauliflower samples collected from vegetable market, Dehradun. High Performance Liquid
Chromatography (HPLC) with UV detector was used for analysis. Concentration of chlorpyriphos (0.033 mgkg™'), carbaryl (0.026
mg kg') and endosulfan (0.104 mg kg') was found in cauliflower. Piperonyl butoxide residue was not detected in any sample.

The concentrations of pesticide residues were below the MRLs.
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INTRODUCTION

Vegetables are important ingredient of our food having
high nutritional value. Cauliflower is originated from
Europe. It is one of the most important vegetables of
India. During 2013-14, India produced 8.57 million Mg
(= tonnes) of cauliflower from 434,000 ha area with an
average productivity of about 19.8 Mg ha! (Indian
Horticulture Database 2015). Cauliflower is low in fat,
high in dietary fibre, contains water and vitamin C,
possessing a very high nutritional value. It helps in
keeping the liver clean and healthy. In the process of
enhancing productivity, the use of agro-chemicals
became an integral part of the modern agriculture.
Approximately 2.5 million Mg pesticides are used in
agriculture annually throughout the world (Meena et al.
2008). Pesticide use is increasing in Asia, Africa, Central
and South America because of high demand for good
quality products and urgent need for self sufficiency in
food production (Mansour 2004). For better production
and aesthetic value, farmers are using a large amount of
pesticides. Owing to this injudicious practice related to
pesticide usage, pesticides become the inner part of
vegetables, in the shape of residues which could be used

by consumers and thus creating health hazards
(Agnihotri 1999 and Kumari et al. 2003). The problem of
residue accumu-lation needs more attention in vegetables
because most of time these are consumed either raw or
without much storage time (Kumar et al. 2006).

Besides damage to human health, indiscriminate
uses of chemical pesticides over a long run resulted in
development of resistance in insect/pests to pesticides
(Kranthi et al. 2002) and adversely affect natural
diversity that resulted in the reduction of natural enemies
(Ranga Rao et al. 2005). For maintaining quality of any
commodity, it is essential to keep produce free from any
pesticide residues. A zero level residue in the finished
product is not only desired but also needed for eco-
preservation and human health as well.

Therefore, pesticide residue is becoming a major
food safety concern of consumers and Government.
Pesticide residue monitoring studies have been reported
in many countries of the world on fruits and vegetables
(Mukherjee 2003, Wang et al. 2008 and Zhou et al.
2008). In order to remove residual effect of pesticides,
which are toxic, we should know the exact dose which
should be recommended to the farmer and the interval
between pesticide application and harvesting, so that the
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amount of residual pesticides in vegetable might be
lower than the acceptable range.

The extraction and quantification of pesticide
residue in food matrix mostly involved liquid-liquid
extraction with a great variety of solvents and absorbents
for cleanup. Analytical Techniques such as Gas Chro-
matography (GC) and High Performance Liquid Chro-
matography (HPLC) are widely used to monitor the
presence of these compounds in water, soil, foods, fruits
and vegetables. Several recent papers have reported
advances in this field (Randhawa et al. 2007 and Melo et
al. 2004).

Present study was conducted to determine the
residue of pesticides in cauliflower by High Performance
Liquid Chromatography technique. Pesticides studied
were Chloropyrifos, Endosulfan, Carbaryl and Piperonyl
butoxide.

MATERIAL AND METHODS

Three samples of cauliflower weighing one kg each,
were collected from three places of vegetable market
(Sabji Mandi) of Dehradun, Uttarakhand, during July
(rainy season). These were analysed for four pesticides
i.e. chlorpyrifos (organophosphate), endosulfan (organo-
chlorine), carbaryl (carbamate) and piperonyl butoxide
(synergist) using HPLC technique with UV detection for
separation, identification and quantification of
pesticides.

The organic solvents, acetonitrile and ethyl acetate
(HPLC grade) and anhydrous sodium sulphate were
obtained from E. Merck whereas the technical grade
pesticide standards were of AccuStandard, Inc. (New
Haven, CT, USA). Standards were stored in a freezer at
-5°C. Water (HPLC grade) was purchased from Renkem.

For preparing stock solution, chlorpyrifos standard
was dissolved in acetonitrile and carbaryl, endosulfan
and piperonyl butoxide standards were dissolved in
methanol. These standards were stored at 4°C in dark.

Extraction and Clean up

Cauliflower was cut into small pieces and homogenized
in kitchen blender and kept in freezer in an airtight
polythene bag (zip lock). Seventy five gram of blended
cauliflower sample was mixed with 50 g of anhydrous
sodium sulphate and extracted with ethyl acetate (200
mL) in a conical flask. The content was allowed to settle
down for about 30 minutes and then ethyl acetate extract

was filtered through a Buchner funnel fitted with filter
paper. After filtration, the extract was evaporated to
dryness and redissolved in acetonitrile (5 mL) and finally
the volume was made upto 2 mL using rotary evaporator.
These solutions were centrifuged and filtered. The clean
organics layers analysed by High Performance Liquid
Chromatography (HPLC) with UV detector.

HPLC System

Waters 1500 series (Milford, MA, USA) HPLC system
with UV detector (Waters 2487) was used for identi-
fication and quantification of pesticides. Analysis was
performed in isocratic system using a reserve phase C-18
column (25 cm x 4.6 mm, id). Samples were injected in
manual injector. For separation of chlor-yrifos,
acetonitrile plus water (70:30), for carbaryl, methanol
plus water (60: 40), for endosulfan, methanol plus water
(70:30) and for piperonyl butoxide- aceto-nitrile plus
water (55:45) were used as mobile phase. Flow rate was
1.0 mL min™, injection volume 20 uL and the wave-
length of UV detector was fixed at 230 nm for
chlorpyrifos, 280 nm for carbaryl, 214 nm for endosulfan
and 295 nm for piperonyl butoxide.

Identification and Quantification

Compounds were identified by comparing its retention
time with respect to technical grade reference standards.
Quantitative determination was carried out with the help
of a calibration curve drawn from chromatographic
experiments with standard solution of different concen-
trations. Mean values and standard deviation were
calculated by using simple descriptive statistics.

RESULT AND DISCUSSION

Results of the present study regarding concentration of
residues, retention time and maximum residual limit
(MRL) of chlorpyrifos, carbaryl, endosulfan and
piperonyl butoxide in cauliflower samples are presented
in Table 1. The results indicate that the concentrations of
chlorpyrifos, carbaryl, endosulfan and piperonyl
butoxide residues in cauliflower were detected below
MRLs. This may be due to application of low doses of
these pesticides in vegetable crops by growers between
sowing to harvesting period or it may be due to photo
degradation of some pesticide residues in environment.
Chlorpyrifos, when exposed to sunlight, undergoes
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hydrolysis in presence of water to liberate 3,5,6-
trichloro-2 pyridinol, which is further degraded to 3, 5,
6-trichloro-2 methoxy pyridine and CO, (Racke 1993).

Table 1. Residues, Retention Time and Maximum
Residue Limit for cauliflower samples collected
from Dehradun market.

Pesticides Residue Retention time  MRL
(mgkg") (min) (mgkg")
Chloropyriphos 0.033 12.6 0.05
Carbaryl 0.026 6.5 5.00
Endosulfan 0.104 20.0 0.50
Piperonyl butoxide ND 23.0 0.10

It was further observed that the concentration of
endosulfan residue in cauliflower was more than that of
other pesticides. This may be explained by the fact that
organochlorine pesticides have long persistence and high
stability in environment (Abou-Arab and Abou-Donia
2001). The concentration of piperonyl butoxide residue
was not detected in cauliflower, because it is short lived
in the environment and possessing very low toxicity
(Amold 1998).

Since these pesticides residues are not degraded
into non-toxic products in short period of time, they
persist in vegetables. So the dose of pesticide used by
farmers should be lower than recommended to control
pests and the time interval between the spray of
pesticides and harvesting of vegetables should be longer.
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