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INTRODUCTION

Fruits are important components of the human diet since
they provide essential nutrients, like vitamins and minerals
that can help to keep us healthy [1]. In India estimated that per
capita fruits availability is around 200.6 g per day which is below
the recommended quantity 230 g per capita per day [2]. To
protect the fruits from the insect-pest attack and to increase
the yield, generally, farmers used large amount of chemical
pesticides. The worldwide consumption of pesticides is about
2 million tons per year out of which 45 % is used by Europe
alone, 25 % is consumed in the USA and 25% in the rest of
the world. India’s share is just 3.75 %. The usage of pesticides
[3] in India is only 0.5 kg/ha while in case of Korea and Japan
itis 6.6 and 12.0 kg/ha, respectively. Globally, the pesticides
[4] cover only 25 % of the cultivated land area. Amongst the
pesticides (total), HCH (only y-HCH is allowed), DDT are most
commonly used pesticides which account for 70 % of the
consumption of pesticides. These pesticides remain the choice
of small farmers because they are cost-effective, easily available
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‘I
India is the largest producer of fruits as they are important part of their economy. But they are badly affected by insect-pest attack during |
harvesting. Farmers use a large amount of pesticides to protect them but due to their longer persistence they found in fruits in small |
quantities. This paper described an analytical methodology for the monitoring of 20 organochlorine pesticides in 5 fruits viz. pineapple |
(Ananas comosus), apple (Malus pumila), plum (Prunus domestica), papaya (Carica papaya) and mango (Mangifera indica) by using
gas liquid chromatography equipped with electron capture detector (GLC-ECD). During the monitoring work it has been found that each |
fruit was contaminated with pesticides. Pineapple was found contaminated with B-BHC, 6-BHC, heptachlor epoxide, dieldrin, endrin and |
methoxychlor; apple was found contaminated y-BHC, 8-BHC, heptachlor epoxide, dieldrin, endrin, endosulfan II and methoxychlor; |
plum and papaya were found contaminated with y-BHC, B-BHC, 6-BHC, heptachlor epoxide, 4,4’-DDE, endrin, endosulfan sulfate and |
methoxychlor; mango was found contaminated with 3-BHC, 8-BHC, 4,4’-DDE, endrin, endosulfan sulfate and methoxychlor. However,
the detected concentration of pesticides was below the MRL values but their long term use can cause serious health problems. I
|

and display a wide spectrum of bioactivity [4]. The excessive
use of pesticides is of major concern [5]. Pesticides can be
acutely toxic and their contamination is a worldwide public
health concern and main international trade problem [6]. They
can cause harmful or lethal effects after one single episode of
ingestion, inhalation or skin contact. The symptoms are evident
shortly after exposure or can arise within 48 h [7]. Pesticides
can cause respiratory tract irritation [8], sore throat and/or cough
allergic [9] sensitization, eye and skin irritation [10], nausea
[8], vomiting [11], diarrhea [ 10], headache [ 12], loss of conscious-
ness [13], extreme weakness [14], death [15]. Several studies
[16-18] on organochlorine pesticides in different matrices
including food commodities have been reported, which indicated
that exposure of organochlorine pesticides (OCPs) has been
associated with human health risk of gestational diabetes [19],
insulin resistance [20], diarrhea [21], skin conditions [22],
reproductive problem [23], depression [24] and cancer [25].
Keeping in view of the above adverse effects on human health
it has been decided to monitor the pesticide residue concen-
tration in different fruits. In continuation of our previous work

This is an open access journal, and articles are distributed under the terms of the Attribution 4.0 International (CC BY 4.0) License. This
license lets others distribute, remix, tweak, and build upon your work, even commercially, as long as they credit the author for the original
creation. You must give appropriate credit, provide a link to the license, and indicate if changes were made.




2144 Kumar et al.

Asian J. Chem.

[26,27] in this study, we have monitored 20 organochlorine
pesticides in pineapple (Ananas comosus), apple (Malus pumila),
plum (Prunus domestica), papaya (Carica papaya) and mango
(Mangifera indica).

EXPERIMENTAL

All glassware was thoroughly washed by deionized water
and then rinsed with acetone and dried in oven (150 °C) for
overnight before use. Solvents like acetone, acetonitrile, ethyl
acetate, dichloromethane and hexane were distilled before use.
Adsorbents neutral silica gel and charcoal were activated before
use. The extracted and purified samples of fruits were analyzed
by gas liquid chromatography equipped with capillary columns
using 63Ni electron capture detector (GLC-ECD). Minor
equipment such as rotary evaporator, mechanical shaker and
waring blender, efc. were also used during extraction. A 2.0 uL
solution of standard was injected to record the chromatogram
of pesticides.

Extraction of pesticides in fruits

Collection and sample preparation: The samples cons-
isted of 250 g of each fruits, i.e. pineapple, papaya, apple,
plum and mango were collected from local market. Each sample
was refrigerated at 5 °C and analyzed within few days of colle-
ction. In order to assess the right concentration of pesticides
reaching within human body, household processing like
washing, peeling off covering, efc. were carried out. Each fruit
was washed for few minutes under tap water and dried with
filter paper. After drying, each fruit was chopped into small
pieces and a representative sample (250 g) was macerated with
25 g anhydrous sodium sulfate in waring blender to make a
fine paste.

Extraction for pineapple (Ananas comosus): A macerated
sample of pineapple (50 g) was extracted with 100 mL dichloro-
methane by using mechanical shaker for 2 h. The extract was
passed from the layer of sodium sulfate by using funnel. The
filtrate was concentrated under vacuum up to 30-40 mL and
then transferred to a 500 mL separating funnel. Then aqueous
solution of NaCl (10 %, 50 mL) was added and shaken gently
for 2 h. The extract was exchanged into ethyl acetate (3 x 50
mL) by liquid-liquid partitioning. The organic layer was separated
out and again passed through a layer of sodium sulfate (5 g).
The filtrate was evaporated up to dryness (2-5 mL) in rotary
evaporator and dissolved in 10 mL hexane.

Extraction for apple (Malus pumila), plum (Prunus
domestica) and papaya (Carica papaya): A fine paste of each
fruit (50 g) was taken and subjected to extraction with 100 mL
acetone (3 x 100 mL). The extract was filter with the help of
Buchner funnel. The filtrate was concentrated under vacuum
upto 5 mL and then transferred to a 500 mL separating funnel.
50 mL saline water (2 %, w/v) was added to it and shake for
50 min. The extract was exchanged in to dichloromethane layer
by liquid liquid partitioning (3 x 50 mL). The organic layer
was separated out from the separating funnel and passed through
a layer of sodium sulfate (5 g). The extract was evaporated to
dryness (2-5 mL) by using rotary evaporator. The concentrated
extract was redissolved in 10 mL of n-hexane.

Extraction for mango (Mangifera indica): A fine paste
(50 g) was subjected for extraction with 50 mL acetonitrile-ethyl
acetate-hexane (8:1:1 v/v) in a waring blender. The extract
was collected by filtration with Buchner funnel. The fruit
residue was again subjected for extraction with two times. The
collected extract was evaporated under vacuum upto about 5
mL and transferred to the separating funnel (500 mL). 50 ml
saline water (2 % w/v) was added and shaken for 30 min. The
extract was exchanged into dichloromethane layer by liquid-
liquid partioning (3 x 50 mL). The extract was passed through
a layer of sodium sulfate (5 g) and evaporated to dryness in
rotary evaporator. The concentrated extract was dissolved in
10 mL of hexane-acetone (9:1).

Purification: The collected extracts were subjected for
clean up by column packed with silica gel:activated charcoal
(5:1 w/w)/silica gel. Each extract was eluted with 50 mL of n-
hexane then subjected to GC-ECD for analysis of pesticides.

RESULTS AND DISCUSSION

First by running chromatogram of standard of pesticides
chosen for monitoring work, a retention time of the peaks for
pesticides and their peak areas corresponding to 2.0 pug/uL
concentration was determined (Table-1).

TABLE-1
RETENTION TIME AND PEAK AREA OF
ORGANOCHLORINE PESTICIDES OF STANDARD

Peak Pesticides Ret. time Area Area (%)
1 o-BHC 8.481 747866 0.3123
2 ¥-BHC 9.775 178423 0.0745
3 B-BHC 12.041 17788716 7.4293
4 3-BHC 13.533 23197482 9.6882
5 Heptachlor 15.042 13099995 5.4711
6 Aldrin 16.753 15246076 6.3674
7 Heptachlor epoxide 18.379 15052379 6.2865
8 Y-Chlordane 20.223 13459524 5.6212
9 a-Chlordane 21.342 14431111 6.0270

10 Endosulfan I 21.925 25859986 10.8001
11 44 -DDE 23.068 6975083 2.9131
12 Dieldrin 23.154 18779776 7.8432
13 Endrin 24.095 13244260 5.5313
14  44-DDD 24.667 12228021 5.1069
15  Endosulfan IT 25.065 4210779 1.7586
16  Endrin aldehyde 25.353 8823023 3.6848
17  44-DDT 26.463 10972013 4.5823
18  Endosulfan sulfate 26.718 8989607 3.7544
19  Methoxychlor 28.545 12990256 5.4252
20  Endrin ketone 29.325 2963671 1.2377

In the chromatogram of standard (Fig. 1), the peaks of
different isomers of benzene hexachloride (BHC) were found
at R, values 8.481,9.775, 12.041 and 13.533 which correspond
to o-BHC, yv-BHC, B-BHC and 8-BHC, respectively. The peaks
of heptachlor and heptachlor epoxide were found at R, value
15.042 and 18.379, respectively. The peak at R, value 16.753
was found for aldrin. The peak of y-chlordane and o.-chlordane
were found at R, value 20.223 and 21.342. The peaks at R,
value 21.925, 25.065 and 26.718 were found for endosulfan
I, endosulfan II and endosulfan sulfate, respectively. The R,
value of the peak of dieldrin was found at 23.154. The peaks
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Fig. 1. Gas chromatogram of standards

at R, values 24.095, 25.353 and 29.325 correspond to endrin,
endrin aldehyde and endrin ketone, respectively. The peaks of
4.4’-DDE, 4,4’-DDD and 4,4’-DDT were found at R, values
23.068, 24.667 and 26.463. The peak at R, value 28.545 was
found for methoxychlor.

During the monitoring work chromatogram of pineapple
(Fig. 2) exhibited number of peaks from those six peaks at the
R, value 12.024, 13.522, 18.372, 23.139, 24.083 and 28.545
resemble with the R, values of B-BHC, 8-BHC, heptachlor
epoxide, dieldrin, endrin and methoxychlor respectively which
indicated the presence of B-BHC, 8-BHC, heptachlor epoxide,
dieldrin, endrin and methoxychlor in pineapple.
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Fig. 2. Gas chromatogram of pineapple

The chromatogram of apple (Fig. 3) exhibited number of
peaks from those seven peaks at R, value 9.771, 13.523, 18.374,
23.135, 24.081, 25.046 and 28.546 were very near to the R,
value of y-BHC, 8-BHC, heptachlor epoxide, dieldrin, endrin,
endosulfan II and methoxychlor respectively which indicated
the presence of y-BHC, 6-BHC, heptachlor epoxide, dieldrin,
endrin, endosulfan II and methoxychlor pesticides in apple.

In the chromatogram of plum (Fig. 4) eight peaks at R,
value 9.765, 12.023, 13.520, 18.361, 23.067, 24.080, 26.725
and 28.542 were very close to the R, value of v-BHC, 3-BHC,
6-BHC, heptachlor epoxide, 4,4’-DDE, endrin, endosulfan
sulfate and methoxychlor respectively which indicated the
presence of above pesticides in plum.
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Fig. 3. Gas chromatogram of apple
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Fig. 4. Gas chromatogram of plum

The chromatogram of papaya (Fig. 5) exhibited a number
of peaks from those eight peaks at the R, value 9.765, 12.021,
13.518, 18.361, 23.060, 24.079, 26.707 and 28.544 resemble
with the R, value of -BHC, B-BHC, 3-BHC, heptachlor epoxide,
4,4’-DDE, endrin, endosulfan sulfate and methoxychlor respec-
tively, which indicated the presence of y-BHC, B-BHC, 3-BHC,
heptachlor epoxide, 4,4’-DDE, endrin, endosulfan sulfate and
methoxychlor pesticide in papaya.

200000+
175000
150000

125000-]

Intensity

100000 &
75000
50000

25000

L
30263
33387
4 paaszo

0l

30
Time (min)

Fig. 5. Gas chromatogram of papaya
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In the chromatogram of mango (Fig. 6) six peaks at R, value
12.022, 13.518, 23.055, 24.078, 26.706 and 28.540 were very
near to the R, value of B-BHC, 6-BHC, 4,4’-DDE, endrin, endo-
sulfan sulfate and methoxychlor respectively, which indicated
the presence of above pesticides in mango. The concentrations
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