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Studies were undertaken to analyze the residues of commonly used pesticides viz. chlorpyrifos,

endosulfan, dicofol, cypermethrin, fenvalerate, propargite, malathion, phorate, carbendazim, carbo-

sulfan, thiamethoxam, and mancozeb in apple of integrated pest management (IPM) and non-IPM

samples collected from the IPM and non-IPM fields of Shimla. We also present a method for the

determination of these pesticides in apple samples. Residues of chlorpyrifos, endosulfan, dicofol,

cypermethrin, fenvalerate, and propargite were analyzed by gas chromatography, while residues of

carbendazim, carbosulfan, and thiamethoxam were analyzed by high-performance liquid chroma-

tography. Residues of mancozeb were determined by a colorimetric method. Recoveries of all of the

pesticides ranged from 61.30 to 95.46% at 0.1, 0.2, and 1.0 μg g-1 levels of fortification with relative

standard deviations ranging between 0.8 and 8.7. Apples from IPM and non-IPM orchards were

analyzed for these pesticides using a developed method. Except for carbendazim and chlorpyrifos,

the residues of all of the pesticides analyzed were below detectable limits. Although residues of

carbendazim and chlorpyrifos were below the prescribed limits of maximum residue levels in both

IPM and non-IPM orchards, residues were lower in apples from IPM orchards.
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INTRODUCTION

Apple (Malus pumila Mill.), a deciduous fruit, is mainly
cultivated in the North West Hills Region of India, which are
comprised of the states of Jammu and Kashmir, Himachal
Pradesh (H.P.), and Uttar Pradesh, and in the North Eastern
Hills Region in the states of Arunachal Pradesh, Nagaland,
Meghalaya, andManipur (1). Presently, a small quantity of apple
produced in India is exported, mainly to Bangladesh and Sri
Lanka.

Apples are delicious, easy to carry for snacking, low in calories,
and a natural mouth freshener. Apples are a source vitamin A,
vitamin C, calcium, phosphorus, iron, a good amount of potas-
sium, and both soluble and insoluble fiber (2). Soluble fiber such
as pectin actually helps to prevent cholesterol buildup in the lining
of blood vessel walls, thus reducing the incident of atherosclerosis
and heart disease. The insoluble fiber in apples provides bulk in
the intestinal tract, holding water to cleanse and move food
quickly through the digestive system. It is a good to eat apples
with their skins. Almost half of the vitamin C content is just
underneath the skin. Eating the skin also increases the insoluble
fiber content. Most of an apple’s fragrance cells are also con-
centrated in the skin, and as they ripen, the skin cells develop
more aroma and flavor. As they are eaten raw and with the skin,
the pesticide residue analysis in apple becomes more appropriate.

Although there has been a 5-6-fold increase in apple produc-
tion during the last 50 years, the productivity level is still very low
(5.56 t/ha). Apple cultivation has received greater attention by the
growers. In apple, about a dozen pests cause serious damage to
the crops. The most important ones are San Jose scale, woolly
apple aphid, root borer, blossom thrips, codling moth, and
European red mite. Some of the diseases of apple are collar rot
and white root rot diseases, apple scab, and powdery mildew. To
sustain the quality and productivity of the apple crop, the use of
pesticides has become indispensable in modern plant protection.
Tominimize the economic losses caused by diseases and the insect
pests, farmers use fungicides and insecticides (3) such as mala-
thion, chlorpyrifos, endosulfan, mancozeb, dicofol, carben-
dazim, and phorate at a rate of 0.5-1.5 kg ha-1. Very recently,
thiamethoxam has also been used. About 7% of the pesticides
used in the country is consumed on fruits (4). Apples alone
consume one-third of the total pesticides in agriculture/horticul-
ture in H.P. In apple cultivation, the input of pesticides is
inevitable due to attack of various pests in its growth period.
Insect pestmanagement (IPM) involves the judiciously combined
application of more than one component such as synthetic
insecticides/fungicides/bactericides, botanicals, biocontrol agents,
or mechanical or cultural practices. Moreover, if synthetic pesti-
cides are used, they are always need-based and obviously at the
recommended rates of application. However, in non-IPM, many
times, farmers may apply an excessive dose of pesticides by their
own knowledge after observing the pest attack without knowing
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the detailed properties of the pesticide. This can result in undesir-
able residues. Second, all of the orchards at one location are not
the supervised trials or IPM trials.More than 95%of orchards are
considered non-IPM orchards in which the pest control is decided
by the individual farmers. So, in this regard, it becomes essential to
determine and compare the residue pattern of two such modules.
As the fruits make the Indian diet more nutritive and are
consumed fresh, they may carry toxic quantities of pesticide
residues. The agreement on the application of Sanitary and
Phytosanitary measures under the WTO regime has set the basic
rules for food safety (5). Under such circumstances, even the
pesticide residues in export-oriented crops will have to be kept
below permissible levels to avoid resistance from importers
abroad. Keeping in view such factors, IPM modules have been
developed for apple and validated at a farmer’s orchard. This
studywas designed to determine the pesticide residues in IPMand
non-IPM samples of apples collected from Shimla.

MATERIALS AND METHODS

Chemicals. Pesticide Standards. Required analytical grade stan-
dard pesticides {chlorpyrifos (O,O-diethyl O-3,5,6-trichloro-2-pyridyl
phosphorothioate), endosulfan (6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-
hexahydro-6,9-methano-2,4,3-benzodioxathiepine 3-oxide), cypermethrin
[(RS)-R-cyano-3-phenoxybenzyl (1RS)-cis-trans-3-(2,2-dichlorovinyl)-2,2-
dimethylcyclopropane carboxylate], fenvalerate [(RS)-R-cyano-3-phenoxy-
benzyl (RS)-2-(4-chlorophenyl)-3-methylbutyrate], dicofol [2,2,2-trichloro-
1,1-bis(4-chlorophenyl)ethanol], propargite [2-(4-tert-butylphenoxy)cyclo-
hexyl prop-2-ynyl sulfite], malathion [S-1,2-bis(ethoxycarbonyl)ethyl
O,O-dimethyl phosphorodithioate], phorate (O,O-diethyl S-ethylthio-
methyl phosphorodithioate), carbendazim [methyl N-(1H-benzoimidazol-
2-yl)carbamate], thiamethoxam [(EZ)-3-(2-chloro-1,3-thiazol-5-ylmethyl)-
5-methyl-1,3,5-oxadiazinan-4-ylidene(nitro)amine], carbosulfan [2,3-dihy-
dro-2,2-dimethylbenzofuran-7-yl (dibutylaminothio)methylcarbamate],
and mancozeb [manganese ethylenebis (dithocarbamate) (polymeric) com-
plex with zinc salt] were supplied by various pesticide manufacturing
companies based in India.

Solvents. Analytical grade solvents were glass distilled before use. All
of the glassware was rinsed with acetone and dried in an oven at around
350 �C prior to use. For high-performance liquid chromatography
(HPLC) mobile phase, gradient grade acetonitrile and HPLC grade water
(Merck India Ltd.) were filtered through 0.2 and 0.45 μm membranes,
respectively, before use.

Sorbents/Drying Agents. Neutral alumina was procured from
Merck India Ltd. and activated by heating at 450 �C for 4 h before use.
Anhydrous sodium sulfate, analytical reagent grade, was procured from
Merck India Ltd., washedwith acetone, and activated by heating at 450 �C
for 4 h before use.

Instruments. GC Instrument. A Schimadzu 17A, gas chromato-
graphic (GC) system equipped with an electron capture detector (ECD-
Ni63) and mega bore column (OV-1, 25 mm � 0.53 μm i.d.) was used
throughout the study.

HPLC Instrument. A Hewlett-Packard HPLC instrument (series
1100) equipped with a degasser, quaternary pump, and diode array
detector coupled with rheodyne injection system and a computer (model
Vectra) was used. The stationary phase consisted of Lichrosphere on a
RP-18 packed stainless steel column (250 mm � 4 mm i.d.). A chromato-
gram was recorded on a Window NT based HP Chemstation program.

UV Spectrophotometer. An Analytikjena UV/vis spectrophot-
ometer, model Specord 200, was used. The absorbance was recorded on
a Window 95-based WinASPECT, version 1.5 program.

Mixer Grinder. A 1.5 L capacity mixer with grinder (model Remi)
was used for comminuting the apple fruits.

Preparation of Standard Solutions. An accurately weighed 10 mg
amount of an individual analytical grade pesticide (chlorpyrifos, endo-
sulfan, propargite, dicofol, cypermethrin, fenvelerate, malathion, and
phorate) was dissolved in a 10 mL volumetric flask using hexane to
prepare the standard stock solution to 1000 μg mL-1. The standard
solution of each pesticide was serially diluted to a lower concentration of

100 μgmL-1. Formultiresidue analysis of five pesticides byGC, amixture
of standard pesticide solution “A”was prepared by taking a 1mL solution
of each compatible (chlorpyrifos, endosulfan, dicofol, cypermethrin, and
fenvalerate) pesticide (100 μg mL-1) in a 10 mL volumetric flask and
making the volume up to the mark with hexane. The standard mixture
contained 10 μg mL-1 of each pesticide. This was further diluted serially
with hexane to obtain 1.0, 0.1, and 0.01 μg mL-1 of solution to determine
the limit of detection (LOD) of the instrument. Propargite,malathion, and
phorate were prepared separately. For HPLC solutions of carbendazim,
carbosulfan, and thiamethoxam (1000 μg mL-1), each was prepared in
acetonitrile and serially diluted to 100, 10, 5, 1, and 0.1 μg mL-1. A
standard solution of mancozeb (1000 μg mL-1) was prepared in ethanol
and serially diluted.

Analytical Procedures. GC. A mixture of five pesticides
(chlorpyrifos, endosulfan, dicofol, cypermethrin, and fenvalerate) was
analyzed under specific operational conditions of a temperature program-
ming of oven-220 �C (5 min) to 20 �C/min to 280 �C (3 min), with a total
run time 13 min. The carrier gas was high-purity nitrogen with a flow rate
of 30 mL min-1. The injector and detector temperatures were maintained
at 280 and 300 �C, respectively. Propargite was also analyzed under the
above conditions but individually. Malathion and phorate were analyzed
under isothermal conditions at 180 and 160 �C oven temperatures,
respectively. A 3 μL aliquot of standards of individual pesticides and
mixture A and propargite, malathion, and phorate were injected into the
GC using described conditions. The retention time along with the peak
area of each pesticide was recorded.

HPLC. Acetonitrile:water (1:1) was used as the mobile phase with a
flow rate of 1 mLmin-1. All of the samples were filtered through a 0.2 μm
membrane (Millipore) using a Millipore filtration syringe system, and a
20 μL (loop capacity) volume was injected in HPLC. Absorbances were
recorded on 286, 254, and 230 nm (wavelength) for carbendazim,
thiamethoxam, and carbosulfan, respectively.

UV Spectrophotometery. Mancozeb was analyzed using a colori-
metricmethod, and the absorbancewasmeasured at a 435 nmwavelength.

Instrumental Detection Limit (IDL). The IDL is defined as the
minimum concentration of pure pesticide that can be detected reliably by a
GC or HPLC system under the standardized conditions of analysis.
Standard solutions of pesticides and mixture were injected 10 times
consecutively in GC and HPLC, respectively, and the IDL was calculated
using the following formulas.

IDL ðμ g mL-1Þ ¼ SD�St95

where SD= standard deviation and St95 = 2.262 (Student’s t at the 95%
confidence level). The calculated concentrations were finally verified by
actually injecting the standard solution of same concentration of each
pesticide into GC and HPLC.

Extraction and Cleanup. Precisely weighed apple samples were
chopped thoroughly and blended with organic solvent or solvent mixture
(100þ 100þ 50mL) at a high speed for 2-3 min to extract the pesticides.
The extract was further cleaned up prior to analysis by GC or HPLC.

GC Analysis. For mixture A of pesticides (chlorpyrifos, endosulfan,
dicofol, cypermethrin, and fenvalerate) and propargite to be analyzed on
GC, a preciselyweighed apple sample (100 g)was extractedwith 100mLof
solvent mixture (acetone:cyclohexane:ethyl acetate, 2:1:1). The mixture
was allowed to stand for some time until a clear supernatant was obtained.
The extract was filtered by suction filtration using a Buckner funnel and
Whatman filter paper #1. The extraction process was repeated twice more
using the same solvent mixture (100 þ 50 mL). The combined filtrate was
concentrated (2 mL) on a vacuum rotavapor at 45-50 �C. The residual
solution was diluted with 20% NaCl solution (150 mL) and partitioned
three times with dichloromethane (100þ 70þ 50mL). The aqueous phase
was discarded. The organic phase was dried by passing it through
anhydrous Na2SO4 (10 g) and evaporating it to dryness using a vacuum
rotavapor at 35-40 �C. The contents were redissolved in 5 mL of acetone:
hexane (1:1) and loaded on a prewashed (hexane) glass column packed
with neutral alumina (5 g) sandwiched between acetone-washed anhy-
drous Na2SO4 (2 g). The column was eluted using 150 mL of acetone:
hexane (1:9). The collected eluatewas concentrated and finally dried under
vacuum on a rotavapor at 40-44 �C. The residue was reconstituted in
10 mL of acetone-hexane (1:9) for GC analysis. Malathion and phorate
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were extracted with acetone (100 þ 100 þ 50 mL) and processed in a
similar way.

HPLC Analysis. For pesticides to be analyzed on HPLC viz.
carbendazim and carbosulfan, the apple sample (100 g) was extracted
three times with acetone (100þ 100þ 50mL). The sample was allowed to
stand for some time until a clear supernatantwas formed. Then, the extract
was filtered by suction filtration. The combined filtrate was evaporated to
minimum on a vacuum rotavapor at 45-50 �C. The extract was diluted
with 20%NaCl solution (150 mL), the pH of the aqueous layer was made
acidic using hydrochloric acid (0.1 N), and coextractives were removed by
partitioning with n-hexane (50 þ 50 þ 30 mL). The hexane layer was
discarded; the aqueous layer was made alkaline by adding 1 NNaOH and
partitioned three times with dichloromethane (100 þ 70 þ 50 mL). The
organic layer was dried by passing through anhydrous Na2SO4

(approximately 10 g) and evaporated to dryness using a vacuum rotavapor
at 35-40 �C. Finally, the residue was redissolved in acetonitrile for HPLC
analysis. Thiamethoxamwas extracted with acetone (100þ 100þ 50mL).
The filtered extract was concentrated on a rotavapor, and the residue was
diluted with 20% aqueous NaCl solution (150 mL). The mixture was
extracted with hexane (50 þ 50 þ 30 mL) followed by dichloromethane
(100 þ 70 þ 50 mL). The hexane layer was discarded, and the dichloro-
methane layer was dried over anhydrousNa2SO4 (10 g) and evaporated on
a vacuum rotavapor at 35-40 �C. For HPLC analysis, the residue was
dissolved in acetonitrile.

Colorimetric Analysis. Formancozeb estimation, diluteHCl along
with stannous chloride was taken with fortified apple to evolve carbon
disulfide (6), which was absorbed in two traps holding (a) 10% sodium
hydroxide with benzene-water to trap hydrogen sulfide and other
volatiles and (b) cupric acetate monohydrate and diethanolamine. After
the volume was made up with ethanol, the absorbance was taken at
435 nm.

A calibration curve wasmade using pure carbon disulfide (2.5-50 μg in
25 mL of ethanol). Both untreated and fortified apple samples were
analyzed for mancozeb. The LOD was 0.5 μg g-1. Finally, apple samples
from both IPM and non-IPM villages were analyzed following the
procedure described above.

Recovery Experiment. For the recovery of five GC compatible
pesticides (chloropyriphos, endosulfan, dicofol, cypermethrin, and
fenvalerate), chopped apple samples (100 g) were fortified at a level
of 0.1, 0.2, and 1.0 μg g-1 and kept at room temperature for 4 h. The
samples were extracted with acetone:cyclohexane:ethyl acetate (2:1:1)
and then cleaned up with activated neutral alumina as described in
the above section. Propargite was extracted by the same method but
singly. Malathion and phorate each were extracted with acetone
separately.

For HPLC compatible pesticides (carbosulfan, carbendazim, and
imidacloprid), the apple sample (100 g) was fortified at a level of 0.1,
0.2, and 1.0 μg g-1 and processed for extraction and cleaned up as
described above. All of the experiments were carried out in triplicate along
with unfortified controls. The decision for analysis of these pesticides was
taken on the basis of a general survey from non-IPM farmers.

Estimated Method Detection Limit (EMDL). The EMDL is
defined as the appropriate minimum concentration of pesticide that can
be determined from a particularmatrix by a particularmethod, depending
upon the IDL of the instrument and the recovery of a pesticide by the
described method, and it can differ from matrix to matrix.

The EMDL for each pesticide for apple matrix was calculated after
checking the IDL and recovery as follows:

EMDL ðμgg-1Þ ¼ IDL�V�100=M�%R

where IDL= instrumental detection limit,V= final volumemade,M=
mass of the sample taken, and %R = percent recovery. The EMDL for
each pesticide from the applematrix by the describedmethod is depicted in
Table 2.

Collection and Storage of Apple Samples. IPM and non-IPM
samples were collected with the help of Y. S. Parmar University of
Horticulture and Forestry, regional station Mashobra, Shimla (7).
Approximately 1 kg samples were collected from six to seven sampling
points from individual treatment/replicates and kept in a refrigerator
pending analysis.

IPM Module. Dorment Season Module: with effect from
(w.e.f.) October to March

1. Use of 5% urea (nonchemical method to promote decomposi-
tion and build up of antagonists against apple scab and
premature leaf blotch).

2. Use of oils and soil-drenchingmethods against insect pests, viz. San
Jose scale, wooly apple aphid, and the eggs of the red spider mite.

Table 1. Mode of Analysis, Retention Time (RT), and IDL of Various
Pesticides Used for Analysis of Apple Samples

sample no. pesticides mode of analysis RT (min) IDL (μg mL-1)

1 chlorpyrifos GC 3.023 0.008

2 phorate GC 3.827 0.007

3 malathion GC 5.244 0.007

4 endosulfan-R GC 4.673 0.010

5 endosulfan-β GC 6.200 0.010

6 propargite GC 6.525 0.010

7 dicofol GC 8.503 0.050

8 cypermethrin GC 10.576 0.030

9 fenvalerate GC 11.572 0.020

11 carbendazim HPLC 3.803 0.050

12 carbosulfan HPLC 4.801 0.020

13 thiamethoxam HPLC 6.646 0.010

14 mancozeb spectrophotometry

Figure 1. GCchromatograms showing recovery of various pesticides from
apple: (A) standard mixture (1, chlorpyrifos; 2, R-endosulfan; 3, β-endo-
sulfan; 4, dicofol; 5, cypermethrin; and 6, fenvalerate), 0.01 μg mL-1;
(B) fortified apple; (C) control apple; and (D) apple sample showing
chlorpyrifos.
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3. Soil solarization and drenching with chemical pesticides against
root rot and root borer of apple to break the life cycle of
pathogens and over wintering stages of insect pest populations.

Spring Season Module: w.e.f. April to June
1. Protective sprays of fungicides against apple scab, premature

leaf fall, and powdery mildew.
2. Applying bioagents against powdery mildew of apple at pink

bud to blooming stages to avoid chemicals and their harmful
effects on bees and other pollinating agents.

3. Encouragement of natural predators against San Jose scale, apple
wooly aphid, and red spider mites to reduce the secondary ino-
culums and insect pest populations andneed-based use of chemicals.

Summer Season Module: w.e.f. July to September
1. Monitoring the spray schedule, that is, protective, curative, and

eradicative fungicides, against apple scab and premature leaf fall
blotch.

2. Monitoring the spray schedule, that is, contact insecticides and
nonchemical summer oils, against San Jose scale, wooly apple
aphid, and red spider mite.

IPM vs Non-IPM Interventions. For mites, dicofol/propargite was
used at the petal fall stage (3rd week of April) by both IPM and non-IPM
farmers. For the control of powdery mildew, blossom disease, and thrips,
IPM farmers used carbendazim, neemarin, and boric acid. The usual
practice by non-IPM farmers was to use carbendazim, chlorpyrifos,
wettable sulfur, and boric acid. The parasitoid Aphelinus mali is used for

the control of woolly apple aphid populations in mid- and low-valley
areas. However, in upper areas of the valley, need-based pesticides
(thiamethoxam, carbosulfan, and chlorpyrifos) were applied. For thrips,
the insecticide spray (endosulfan/chlorpyrifos/thiamethoxam) was given
at the pink bud stage. Bacillus thuringiensis and malathion were used in
IPM orchards as compared to endosulfan, synthetic pyretheroids
(cypermethrin and fenvalerate), and malathion in non-IPM orchards
against caterpillars. For root rot, IPM and non-IPM orchardists used
Trichoderma, a Bordeaux mixture, and carbendazim. For root borers,
chlorpyrifos was used in non-IPM orchards. IPM farmers used light traps
to hold up the adults of the root borer. Four sprays of mancozeb and
carbendazimwere used at the fruit development stage (2ndweek ofMay to
1st week of August).

Quantification of Residues. After extraction and cleanup, the
samples were analyzed by GC/HPLC/colorimetric method for quantifica-
tion of various pesticides. A standard mixture of five pesticides
(chlorpyrifos, endosulfan, dicofol, cypermethrin, and fenvalerate) and
three pesticides individually, that is, propargite, malathion, and phorate,
respectively, were injected in GC. Three pesticides (carbosulfan, carben-
dazim, and thiamethoxam) were individually injected in HPLC under the
standardized conditions. Mancozeb was estimated by colorimetry. The
residue of each pesticide was calculated by using a calibration curve.

RESULTS AND DISCUSSION

IDL, Recovery, and EMDL.All of the pesticides gave a separate
sharp peak under the described condition of GC and HPLC.

Table 2. Percent Recovery and EMDL of Pesticides from Apple

sample no. pesticide level of fortification (μg g-1) amount recovered ( SDa (μg g-1) recovery (%) average % recovery (RSDb) EMDL (μg g-1)

1 chlorpyrifos 0.1 0.075( 0.006 75.0 80.3 (5.1) 0.005

0.2 0.156( 0.005 78.0

1.0 0.880( 0.046 88.0

2 phorate 0.1 0.069 ( 0.005 69.0 71 (1.3) 0.003

0.2 0.150( 0.009 71.5

1.0 0.725( 0.070 72.5

3 malathion 0.1 0.060( 0.012 60.0 61.3 (1.1) 0.004

0.2 0.122( 0.006 61.0

1.0 0.632( 0.052 63.2

4 endosulfan-R 0.1 0.086( 0.025 86.0 91.2 (4.26) 0.004

0.2 0.180( 0.015 90.0

1.0 0.976( 0.043 97.6

5 endosulfan-β 0.1 0.0824( 0.030 82.4 95.46 (8.7) 0.005

0.2 0.100( 0.015 100.0

1.0 0.890( 0.116 104.0

6 propargite 0.1 0.0838( 0.008 83.8 85.0 (1.5) 0.012

0.2 0.140( 0.004 84.0

1.0 0.815( 0.086 87.3

7 dicofol 0.1 0.093 ( 0.008 93.0 94.46 (1.28) 0.005

0.2 0.162( 0.010 94.0

1.0 0.841( 0.010 96.4

8 cypermethrin 0.1 0.0882( 0.010 88.2 89.26 (0.88) 0.006

0.2 0.145( 0.002 90.6

1.0 0.750( 0.004 89.0

9 fenvalerate 0.1 0.081( 0.012 81.0 81.8 (0.8) 0.006

0.2 0.166( 0.005 83.0

1.0 0.814( 0.040 81.4

11 carbendazim 0.1 0.0714( 0.005 71.4 74.86 (4.22) 0.009

0.2 0.144( 0.002 72.0

1.0 0.812( 0.013 81.2

12 carbosulfan 0.1 0.0738( 0.006 73.8 79.93 (4.08) 0.012

0.2 0.164( 0.005 82.0

1.0 0.840( 0.024 84.0

13 thiamethoxam 0.1 0.0802( 0.001 80.2 83.06 (3.28) 0.06

0.2 0.162( 0.002 81.0

1.0 0.880( 0.018 88.0

14 mancozeb 0.2 0.1388 ( 0.08 69.4 72.2 (2.13) 0.35

1.0 0.750( 0.1 75.0

aAverage of three replicates; SD, standard deviation. bMean of three concentrations; RSD, relative standard deviation.
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Their retention times and IDL are given in Table 1. In GC,
chlorpyrifos, dicofol, propargite, and cypermethrin gave single
sharp peaks; however, propargite was analyzed singly. Endosul-
fan gave two peaks because of two isomers (R- and β-endosulfan).
Fenvelerate gave a bifurcated peak because of the stereoisomers,
and thus, a sum of the total area was taken for calculation. The
GC chromatogram of the standard pesticide mixture A is shown
in Figure 1. The calibration curve was found to be linear from
0.01 to 1.0 μg mL-1. The lowest concentration of pesticide

solution that gave a reliable response with a signal-to-noise ratio
of 5:1 was considered to be the LOD. The LOD of pesticides was
found to be comparable (0.007-0.05 μg mL-1) with the calcu-
lated IDL values.

A standard solution of carbendazim, carbosulfan, and thia-
methoxam was analyzed by HPLC. The IDLs for carbendazim,
carbosulfan, and thiamethoxam were found to be 0.05, 0.02, and
0.01 μgmL-1, respectively. The retention times of these pesticides
are given in Table 1.

The extraction of pesticide residues from fruits by polar
solvents acetone or acetonitrile is a usual approach of most
multiresidue methods (7-19). In our earlier studies, it was found
that acetone and acetonitrile extracted a large amount of un-
desirable polar coextractives, and recoveries were around
70-78% for GC compatible pesticides (19). A modified extrac-
tion was standardized (acetone:cyclohexane:ethyl acetate in the
ratio 2:1:1) to analyze the IPMandnon-IPMmango samples, and
good recovery was obtained (20). The same method was tried for
six pesticides in the case of apple samples, and no interfering
peaks were found in the fortified samples (Figure 1). The recovery
of chlorpyrifos, dicofol, cypermethrin, fenvelerate, propargite,
and endosulfan from fortified apple samples ranged between 80.3
and 95.5%. The recoveries of malathion and phorate were found
to be 61.3 and 71%, respectively. The recoveries of carbendazim,
carbosulfan, and thiamethoxam were 74.6, 79.9, and 83.06%,
respectively (Table 2). The recovery of mancozeb was 72.2% and
was analyzed by a colorimetric method. Much lower values
of calculated EMDLs than the prescribed MRL values
(0.02-5.0 ppm) made the method useful in the estimation of
residues for monitoring purposes.

Status of Pesticide Residue in IPM and Non-IPM Apple

Samples. Parasitoid A. mali successfully controlled woolly apple
aphid populations in mid- and low-valley areas. However, in

Table 3. Status of Pesticides Residues in IPM and Non-IPM Samples of
Applea

residues in apple sampleb (μg g-1)

non-IPM sample IPM sample

sample no. pesticide T1 T2 T3 T1 T2 T3

1 dicofol ND ND ND ND ND ND

2 chlorpyrifos 0.04 0.05 0.03 0.008 0.006 0.01

3 malathion ND ND ND ND ND ND

4 phorate ND ND ND ND ND ND

5 propargite ND ND ND ND ND ND

6 endosulfan-R ND ND ND ND ND ND

8 endosulfan-β ND ND ND ND ND ND

9 cypermethrin ND ND ND ND ND ND

10 fenvalerate ND ND ND ND ND ND

11 carbendazim 0.63 0.66 0.60 0.009 0.009 0.010

12 carbosulfan ND ND ND ND ND ND

13 thiamethoxam ND ND ND ND ND ND

14 mancozeb ND ND ND ND ND ND

aMRL values (ppm): dicofol, 0.02; chlorpyrifos, 0.5; malathion, 0.5; phorate,
0.05; propargite, 3.0; endosulfan, 0.05; cypermethrin, 1.0; fenvalerate, 0.02;
carbendazim, 2; carbosulfan, 0.05; thiamethoxam, 0.2; and mancozeb, 5.0.
b Average of three replicates; ND, below detectable limits per EMDLs indicated in
Table 2.

Figure 2. HPLC chromatograms showing carbendazim in apple sample: (A) standard thiamethoxam, (B) carfosulfan, (C) carbendazim, (D) control apple,
and (E) apple sample showing carbendazim.
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upper areas of the valley, need-based pesticidal application
(thiamethoxam, carbosulfan, and chlorpyrifos) provided excel-
lent control. IPM orchards were validated for B. thuringiensis as
compared to endosulfan and malathion in non-IPM orchards
against caterpillars. Trichoderma and a Bordeaux mixture gave
good control for root rot in IPM orchards, while non-IPM used
carbendazim, which was also quite successful.

For root borers, chlorpyrifos was used in non-IPM orchards.
IPM farmers used light traps to hold up the adults of the root
borer, further killed the adults manually, or dipped them in a
pesticide solution or kerosene oil during rainy seasons. Thus, a
further generation of the root borer was stopped as the adults
after mating would have laid about 300 eggs, whose further
hatching would have led to a damaging stage.

For pesticide residue determination, apple samples from
IPM and non-IPM orchards of the farmers were extracted,
cleaned up, and analyzed by the standardized method by GC
and HPLC. Mancozeb was estimated by a spectrophotometric
method taking absorbance at 435 nm. IPM samples were
collected from the supervised field trials (21) where need-based
pesticides were applied, while non-IPM samples were collected
from those orchard farms in which pesticides were applied
according to the farmers own knowledge gained from agricul-
tural practices. All of the samples were analyzed for 13
pesticides, namely, chlorpyrifos, dicofol, malathion, phorate,
cypermethrin, fenvelerate, propargite, endosulfan (R and β),
carbendazim, carbosulfan, thiamethoxam, and mancozeb. The
status of pesticide residues in various samples is given in
Table 3. Results revealed that chlorpyrifos (Figure 1) and
carbendazim (Figure 2) residues were present in the samples
but below the prescribed limits ofMRL. The study also showed
that the quantity of residues of both chlorpyrifos and carben-
dazim were less in IPM samples than non-IPM samples of
apple (Table 3). All remaining pesticides were below detectable
limits.

In this era of awareness about contamination in environmental
samples and because of the implementation of nontariff barriers,
there is always an urgent need for a method to analyze the food
samples well below the prescribed limits of contaminants.
The described method provides a tool for the same. Two
pesticides, that is, chlorpyrifos, an insecticide, and carbendazim,
a fungicide, are the two chemicals that are very often used to
combat termite and the fungal infection in fruits often during
transportation and storage. Although chlorpyrifos is also very
location specific, being a termiticide, carbendazim is used all over
the world. The residues of both of these pesticides must be
checked with special care as both of the pesticides are prone to
persist for a longer period. During the present investigation, the
residues of chlorpyrifos obtained were 0.006-0.05 μg g-1. The
residues of carbendazim were 0.009-0.01 and 0.60-0.66 μg g-1

in IPM and non-IPM samples, respectively, much below the
MRL value of carbendazim.(22, 23)

Conclusion.A small difference was observed in both the IPM
and the non-IPM samples of apples. The reason behind this
may be due to the different agricultural practices that pesti-
cides were applied according to the farmers’ knowledge in non-
IPM field, while in IPM fields, pests were controlled by
practicing IPM knowledge. It was concluded that most of the
pesticides in the apple samples were nondetectable or within
the permissible range of MRLs prescribed by codex/EU/UK
and will not be harmful to public health. The standardized
modified extraction method of GC compatible multipesticides
for apple may be useful for the routine analysis of this fruit,
which provides the EMDLs well below theMRLs of respective
pesticides.

ACKNOWLEDGMENT

IPM and non-IPM fields for sampling were provided by
National Centre for Integrated Pest Management, New Delhi.
Divisional Contribution No. 999.

LITERATURE CITED

(1) Ghosh, S. P. Apples in India. Apple journal, http://www.applejournal.
com/india001.htm.

(2) http://www.urbanext.uiuc.edu/apples/nutrition.html.
(3) Sharma, I. D.; Nath, A. Persistence of different pesticides in apple.

Acta Hortic. (ISHS) 2005, 696, 437-440; http://www.actahort.org/
books/696/696_78.htm.

(4) Major Uses of Pesticides Registered under the Insecticide Act, 1968;
Govt. of India, Ministry of Agriculture, Department of Agriculture
&Cooperation, Directorate of PPQ&S: Faridabad,Haryana, India,
1997.

(5) Joint FAO/WHO Food Standards Programme. Codex Alimenta-
rious Pesticide Residues in Food Maximum Residue Limits, 2nd ed.
2B; FAO: 2000.

(6) Kepple, G. E. Collaborative study of the determination of dithio-
carbamate residues by a modified carbondisulfide evolutionmethod.
J. Assoc. Off. Anal. Chem. 1971, 54, 528–532.

(7) Thakur, V. S. Integrated pest management in apple;A technical
farmers bulletin on integrated insect pests and diseases management
in apples by Regional Horticultural research station, Dr. Yspuhf,
Mashobra, Shimla, and National Centre for Integrated Pest
Management, New Delhi, for NATP, New Delhi, India, 2003.

(8) Aprad, A.; Eva, V.; Ferenc, Z.; Eva, H.; Laszlo, S.; Agoston,
P. General method for determination of pesticide residues in sam-
ples of plant origin, soil and water. III. Gas chromatographic
analysis and confirmation. J. Assoc. Off. Anal. Chem. 1981, 64,
749–768.

(9) Banerjee, R.; Dixit, B. S. Monitoring of pesticide residues in summer
fruits and vegetables growing on the riverbed side. Bull. Environ.
Contam. Toxicol. 2003, 70, 783–788.

(10) Harry,M.; Pylypiw Jr. A rapidGas chromatographic method for the
multiresidues screening of fruits and vegetables for organochlorine
and organophosphate pesticides. J. Assoc. Off. Anal. Chem. 1993, 76,
1369–1373.

(11) Hiotaka, O.; Masahino, O.; Kazuhiko, A.; Yoko, K.; Shirjro, H.
Determination of neonicotinoid pesticides residues in vegetables and
fruits with SPE and LCMS. J. Agric. Food. Chem. 2003, 51, 2501–
2505.

(12) James, F.; Lawrence, H.; McLeod, A. Gas liquid chromatographic
analysis and chemical confirmation of azodrin (monocrotophose)
residues in strawberries. J. Assoc. Off. Anal. Chem. 1976, 59, 637–
640.

(13) Kaphalia, B. S.; Takroo, R.; Mehrotra, S.; Nigam, U.; Seth, T. D.
Organochlorine pesticide residues in different Indian cereals, pulses,
spices, vegetables, fruits, milk, butter, Deshi ghee, and edible oils. J.
Assoc. Off. Anal. Chem. 1990, 73, 509–512.

(14) Luke, M. A.; Froberg, J. E.; Doose, G. M.; Masumoto, H. T.
Improved multiresidue gas chromatographic determination of
organophosphorus, organonitrogen and organohalogen pesticides
in produce, using flame photometric and electrolytic conductivity
detectors. J. Assoc. Off. Anal. Chem. 1981, 64, 1187–1195.

(15) Okumura, D.; Melnicoe, R.; Jackson, T.; Drefs, C.; Maddy, K.;
Wells, J. Pesticide residues in food crops analyzed by the California
Department of Food and Agriculture in 1989.Rev. Environ. Contam.
Toxicol. 1991, 118, 87–151.

(16) Pang, G. F.; Chao, Y. Z.; Fan, C. L.; Zhang, J. J.; Li, X.M.; Zhao, T.
S. Modification of AOAC multiresidues method for determination
of synthetic pyrethroid residues in fruits, vegetables and grain. Part I:
Acetonitrile extraction system and optimization of Florisil clean up
and gas chromatographic. J. Assoc. Off. Anal. Chem. 1995, 78, 1481–
1488.

(17) Ramesh, A.; Balasubramanian, M. The impact of household pre-
parations on the residues of pesticides in selected agricultural food
commodities available in India. J. Assoc. Off. Anal. Chem. 1999, 82,
725–737.



Article J. Agric. Food Chem., Vol. 57, No. 23, 2009 11283

(18) Masahiro, O.; Yoko, K.; Kazuhiko, A.; Hirotaka, O.; Yukio, T. Rapid
method for the determination of 180 pesticide residues in foods by GC/
MS and flame photometric detection. J. Pestic. Sci. 2005, 30, 368–377.

(19) Mukherjee, I.; Singh, S. B.; Sharma, P. K.; Maisnam, J.; Gopal, M.;
Kulshrestha, G. Extraction of multi-class pesticide residues in mango
fruits (Mangiferae indica L.): Application of pesticide residues in moni-
toring of mangoes. Bull. Environ. Contam. Toxicol. 2007, 78, 380–383.

(20) Singh, S. B.; Mukherjee, I.; Maisnam, J.; Kumar, P.; Gopal, M.;
Kulshrestha, G. Determination of pesticide residues in IPM and
non-IPM samples of mango (Mangiferae indica). J. Environ. Sci.
Health 2008, 43, 300–306.

(21) Singh, A. NATP Report on “Validation and Promotion of IPM
Technology in Selected Crops in Different Agro-Ecological Regions”;
National Centre for Integrated PestManagement: NewDelhi, India,
2001-2004.

(22) http://www.sdix.com/TechSupport/bulletins/t0048.pdf.
(23) http://www.fao.org/docrep/meeting/005/X7616E/x7616e0n.htm.

Received for review June 26, 2009. Accepted October 23, 2009. We

gratefully acknowledge financial assistance provided by the National

Agricultural Technology Project (NATP), World Bank.


