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Abstract

Carrot Daucus carota is a root vegetable, biennial plant in the umbellifer family Apiaceae and the roots contain alpha
and beta-carotene and are a good source of vitamin K and vitamin B6. Pesticide residues in carrot samples of five
districts viz,, Bangalore Rural, Bangalore Urban, Chickballapura, Kolar and Ramanagara were analysed using gas
chromatographic technique equipped with Electron Capture Detector (ECD) and Flame Thermo ionic Detector (FTD)
for different pesticide residues of organophosphate, organochlorine, synthetic pyrethroids and carbamates. Acephate
contamination accounted 25% in Bangalore rural, 37.5% each in Bangalore urban, Chikkaballapura and Ramanagara
districts. Chlorpyriphos residue above MRL of 0.2 mg/kg noticed in all the districts except Bangalore Urban. Dichlorvos
contamination hardly crossed the limit and the mean concentration of fenvalerate in different district in the order
Bangalore Urban> Kolar>Chickballapura> Ramanagara= Bangalore Rural. Cyfluthrin-f is not detected in any districts
and the concentration of monocrotophos, cyhalothrin-A, cypermethrin and deltamethrin were found below the

permissible limit in all the places.
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1. Introduction

In India, DDT and BHC are partially banned, but still very much used in agriculture and public health programs because
of their wide spectrum of activity and low cost. It is suspected that most of our water bodies and soils are contaminated
with these chemicals or with their degradation products [1]. Approximately, 30% of Indian crop yield potential is being
lost due to insects, diseases and weeds, which in terms of quantity accounts to 30MT of food. Available reports also
indicate that loss of food grains is estimated to be 23% and 25% respectively due to insects and diseases [2]. Pesticides
are one among the chemicals that were added to an agro-ecosystem and hence they are referred to as
agrochemicals. [3] considered pesticides, fertilizers, hormones and growth regulators as agrochemicals.
Pesticides have both physical and chemical characteristics which include solubility, adsorption, volatility and the
potential for degradation. Some pesticides are highly soluble and readily dissolve in water and normally come with the
water flow.

India is the second largest producer of vegetables in the world (ranks next to china) and accounts for about 12 per cent

of world production of vegetables with the productivity of 15 tonnes/tonne/hectare which is quite low compared to
other countries. The current production level is over 87.5 million tonnes and total area under vegetable cultivation is
around 6.2mha [4]. In the world, India occupies first position in the production of cauliflower, brinjal and peas, second
in onion and third in cabbage [5]. The increase in population and urbanization and the rising income have given great
importance to the cultivation of vegetable crops [6].
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Pesticide residue is any specified substance on or in food, agricultural commodities, or animal feed resulting from the
use of a pesticide. The term includes any derivative of a pesticide, such as conversion products, metabolites, reaction
products, and impurities considered to be of toxicological significance. The term pesticide residue includes residues
from unknown or unavoidable sources (e.g., environmental), as well as known uses of the chemical. The presence of
residues in food, water and fodder is of concern to every human being. Pesticide residues mainly occur due to over usage
and indiscriminate spraying on crops. Studies carried out by various institutions across the country indicate that 50-70
per cent of vegetables are contaminated with insecticide residues and 11 per cent of these samples had residues above
MRL [7, 8].

The objectives of the present study are:

o Identify and assess the pesticide levels in the selected vegetables from the point view of safety to
consumers.

e Comparing the observed residue levels with PFA and Codex Standards.

e Enumerate the most prevalent pesticides among three different chemical groups i.e., organochlorines
(0C), organophosphorus (OP), and synthetic pyrethroids (SP) for guidance to farmers and policy
makers for future use.

e Making appropriate recommendations to facilitate extension workers to adopt safe pesticide usage in
crop cultivation

2. Material and methods

This deals with the description of the materials used, study area, sampling period, the sampling procedure adopted, the
questionnaire survey and analytical tools and techniques employed. The present study was conducted during the year
2018-2019 in five districts of Karnataka. Field study was conducted to collect the information about various aspects of
pesticide use and their safety. This information was used as the baseline data to investigate the residue level of the
analyzed pesticides in vegetables.
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Figure 1 Location map of the study area

Karnataka State is situated in the west central part of peninsular India, geographically located between 110 30" N to 180
30" N latitudes and 740 E to 780 30" E longitude. The state covers an area of 191,976 square kilometers (74,122 sq mi)
or 5.83% of the total geographical area of India. Five districts of Karnataka namely, Bangalore rural, Bangalore urban,
Chikkaballapura, Kolar and Ramanagara (Figure.1) are presenting the hub of agricultural activities were selected as
study areas for the determination of pesticide residues in vegetable samples. A sporadic information and data was
collected from farmers with respect to use of different pesticides and harvesting period of vegetables and fruits in the
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study area. The sampling period covered the pre- and post- rainy seasons, coinciding with maximum harvest period of
vegetable samples coming from different sources of agriculture in the region were procured randomly in the year 2018-
20109.

2.1. Standard solutions

Pesticide standard stock solutions were procured from Indian Agricultural Research Institute (IARI), New Delhi.
Working standard solutions containing a mixture of the analyte were prepared from the stock by appropriate solvent
dilutions in n-hexane.

For standards preparation, the required amount of pesticide standards were mixed with required volume of n-hexane
(HPLC grade).The stock solutions, 100ppm of each pesticide were prepared, labeled and stored in airtight clean bottles.
From this, a single mix standard of 100ppm was prepared, which was diluted firstly to 10ppm and then to 1ppm. The
1ppm mix standard was used to make the calibration standards of 0.01, 0.5 and 1.0ppm. In this way, a series of
calibration standards ranging from 1.0 to 0.01ppm was prepared. The single and mixed stock solutions were stored at
-50C while, the calibration standards were made on the day of analysis. The calibration standards so prepared (1pl)
were injected to GC and analyzed.

2.2. Reagents

All solvents like n-hexane, acetonitrile, petroleum ether and diethyl ether (HPLC grade) were procured from Sigma
Aldrich Co., and were glass distilled before use. AR grade sodium chloride (NaCl) and anhydrous sodium sulphate
(Naz2S04) was procured from HIMEDIA Pvt. Ltd., India. Before use, anhydrous sodium sulphate (Na2S04) was purified
with acetone and heated for 4hr at 4000C in a muffle furnace to remove possible phthalate impurities. Florosil (60-100
mesh) purchased from Merck India limited was activated at 450°C and reheated at 130°C for 5hr before use.

2.3. Pesticide analysis

During this investigation, a residue of insecticide in carrot was monitored in 50 vegetable samples from five districts of
Karnataka using Gas Chromatograph with ECD and FTD (Shimadzu make, Model GC-2010). Preparation of the samples
and determination of insecticide residues was based on the method described by [9].

2.4. Extraction

In the present study, only the edible parts of vegetable samples (1.0kg) were chopped and 50g of samples were extracted
in a warring blender with 100 ml acetonitrile for 2-3min. The solvent was filtered through a Buchner funnel. The fruit
residue was again subjected to extraction with 50ml acetonitrile two more times. The extracts were evaporated under
vacuum to about 5ml and then transferred to a separator funnel of capacity 1000 ml. 600 ml of 5% sodium chloride
was added and the extract was exchanged into petroleum ether layer by liquid-liquid partitioning thrice (100ml, 2 x
50ml). The extract was then passed through a layer of sodium sulfate (5g) and evaporated to dryness in a rotary
evaporator at a temperature below 40°C.

2.5. Clean up

Glass column (60cm length x 2.0cm 1.D) was packed with a mixture of florisil (10g), anhydrous sodium sulphate (10g)
and activated charcoal (0.2g) supported on a cotton plug was used for cleanup and the sample was wetted with 50ml
petroleum ether. Sample slurry prepared using petroleum etherwas transferred to the column. The glass beaker
containing extract was rinsed with acetone and was transferred to the column, which was allowed to stand for 45min.
Subsequently, the petroleum ether present in the column was eluted drop-wise (5ml/min). When about 5ml petroleum
ether remained on the surface of the adsorbent, the extract was eluted with 200ml each of freshly prepared 6% solvent
mixture (diethyl ether in petroleum ether), 15% solvent mixture (diethyl ether in petroleum ether) and 50% solvent
mixture successively. The eluents were concentrated to dryness in a rotary evaporator under vacuum and diluted to
10ml with n-hexane for further analysis. From the dissolved residues, 1ul was injected to gas chromatograph and peak

areas were compared with those obtained from similar injections of standards.

2.6. Pesticide residue analysis

The pesticide residue analysis was performed on Gas Chromatograph GC-2010 (Shimadzu make) equipped with ECD
(Electron Capture Detector) and FTD (Flame Thermionic Detector). A fused silica capillary column (BP5- 5% Phenyl,
95% Dimethylpolysiloxane) was used for the analysis.
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Insecticides like organochlorines (OCs) and pyrethroids (SPs) were analyzed using ECD (63Ni) and a capillary column
BP-5 (60m x 0.25mm L.D. x 0.25pum film thickness) with split ratio 1:10. Nitrogen flow rate of 30ml/min, injection port
temperature of 250°C and temperature of detector of 300°C and an injection volume of 1pl were the Gas - Liquid
Chromatography (GLC) working conditions maintained during the analyses. The column temperature was initially
maintained at 80°C for 5min and then slowly increased to 260°C at the rate of 10°C per min for 5min and finally
increased to 290°C for 5min. In contrast, organophosphates (OPs) residues were analyzed with FTD and a split less
capillary column DB-1 (10m x 0.53mm LD. x 2.65um film thickness). The GLC working conditions maintained during
the analyses were nitrogen flow rate of 60ml/min, hydrogen flow rate of 3ml/ min, air flow rate of 150ml/min, injection
port temperature of 2800C, detector temperature of 300°C and an injection volume of 1ul with split ratio of 1:10. The
column temperature was initially maintained at 180°C for 5min and then gradually increased to 260°C for 5min.

2.7. Estimation / Quantification of residues

The carrier gas obtained from a steel gas cylinder passes through a flow regulator for the adjusted flow rate and enters
into the sample injector. A little amount of the sample is introduced into the sample injector with the help of a
hypodermic syringe. The sample injector is maintained at a temperature higher than the boiling point of the highest
boiling component of sample in order to ensure rapid vaporization of the liquid samples. The carrier gas entering the
sample injector sweeps off the vaporized sample and passes down the temperature programmed column. The
components of the sample are distributed between the stationary and the mobile phases and pass down the column at
different rates. This results in the separation of the components of the sample. The carrier gas with the separated
components enters the detector, which measure the change in composition of the carrier gas as it passes through it. This
change is amplified before it is fed into a recorder which drives the recording pen on a moving strip of paper and a
chromatogram is obtained. Currently rapid instrumental methods are available for data processing and obtaining
chromatograms in computer compatible formats.

The pesticide residue concentration was calculated using the equation,

As X Vstd X Cstd X Df
Agq X Vg X W

Residues value (ug/g) =

Where

As = peak area of sample injected (mv)
Asta = peak area of standard injected (mv)
Vs = volume of sample injected (pl/ml)
Vsta = volume of standard injected (ul/ml)
Csta = concentration of standard (ug/ml)
Ws = weight of sample taken (g)

D= dilution factor (ml)

2.8. Fortification / Recovery studies

The recovery studies for 3 replicates for each pesticide at three different fortification levels (1.0, 0.5 and 0.01mg/kg)
were carried out (Table-1). For this purpose, vegetable samples were spiked with 1ml of desired concentration of
pesticide. Resulting samples were mixed and allowed to stand for 30 min before extraction and then processed
separately as per the methodology described above. The amount of pesticide residues in vegetable samples were
calculated by measuring peak areas from extracted current profiles and comparing with those obtained from matrix-
matched standards of a concentration similar to that of samples. Spiked samples were calculated in the same way as
regular samples [10-12].

2.9. Calculation of Percentage Recovery

The percentage recovery was calculated using the formula

%R _ Amount recovered 100
0 ReCOVELY = T mount spiked

2.10. Maximum Residue Levels (MRLs)

Maximum residue levels may be defined as the maximum levels of pesticide residue present in or on a produce when
pesticide used under supervision following good agricultural practices (GAP). According to Environmental Protection
Agency (EPA), it is the concentration of a pesticide residue that can remain in food and feed products, or commodities.
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It is also known as ‘pesticide residue limits’ or tolerances, which are set to protect human from harmful levels of
pesticides in food.

2.11. Retention time (RT)

Retention time is defined as the time elapsed from injection of sample into the chromatographic system until the highest
concentration part of the peak is recorded in the chromatogram, which has diluted from the column (Table-2). In other
words, it is length of time; a compound is retained on a chromatography column and is expressed in terms of minutes.
The retention time on capillary column of Gas Chromatograph for various pesticide residues analyzed in the present
study. It is evident from the results that the retention time for OCPs, OPPs and SPs ranged from 17.6 to 24.4, 11.6 to 22.4
and 30.6 to 34.5 mins respectively.

Table 1 Average recoveries and RSDs % of different insecticides from the sample of carrot at fortification levels of 1.0,

0.5, 0.01 mg/kg.

Sr. g § Name of the
No. E 8 g, pesticide Carrot (n=3)
Level of fortification (mg/kg)
0.01 1 0.5 0.01

1 Aldrin 89.3(3.2) 83.3(2.2) 86.4(3.6) 89.1(6.2)
2 Dieldrin 84.2(3.7) 84(3.3) 95.5(2.3) 86(5.5)
3 Endosulfan-a 83.7(3.9) 84.5(5) 93.5(0.9) 75.9(5.8)
4 Endosulfan-f3 83.1(2.7) 90(3.3) 91.8(5.7) 80.6(3.6)
5 Endosulfan-

Sulphate 86(3) 86.1(3.3) 96.2(1.4) 88.5(5.6)
6 HCH-a 80.4(1.7) 86.9(3.2) 88.7(5.6) 79.3(5.6)
7 HCH-B 85.7(1.2) 84.2(2.3) 81.8(1.3) 85.1(4.6)
8 5 HCH-y 85(1.7) 85.3(3.7) 93(2.5) 75.9(1.6)
9 % Heptachlor 92.2(3.1) 95.2(3) 95.2(1.7) 83.6(3.7)
10 Acephate 87.4(1.8) 88.1(2.5) 89.2(6.2)
11 Chlorpyriphos | 86.6(1) 84.8(1.7) 94.6(3.4) 84.5(5.4)
12 Dichlorvos 94.4(2) 89.9(1.9) 92.2(2.3) 92.4(4.8)
13 Monocrotophos | 87.2(2.1) 92.7(2.8) 88.4(3.6) 88.4(1.6)
14 " Phorate 87.1(3.8) 87.7(1.8) 92.1(1..3) 84.3(6.1)
15 % Profenofos 84.6(2.8) 84.7(1.7) 88.5(2.7) 80.3(3.1)
16 Cyfluthrin-f 84.1(3.3) 83.8(3.5) 86.9(5) 83(3.7)
17 Cyhalothrin 93.1(2.7) 84.5(3.4) 82.7(2.2) 82.7(7.8)
18 Cypermethrin 87.2(2.6) 85.6(1.1) 83.4(3.4) 89.1(7.8)
19 Deltamethrin 92.3(2.1) 93.5(1.6) 91.9(2) 91.3(7)
20 3)(2 Fenvalerate 88.3(1.2) 85.8(4.3) 88.8(2.4) 77(2.6)
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Table 2 Retention time (RT) for various pesticide residues
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Table 3 Pesticide residues (mg/kg) in carrot samples

Residue range (mg/kg)
Sl. - - ) - _ _
N | Pesticides Bangalore rural (n=8) Bangalore urban (n=8) Chikkaballapura (n=8) Kolar (n=8) Ramanagara (n =8)
o a(b) | min | max nmea a(b) | min | max nmea a(b) | min | max Ir:lea a(b) | min | max rr?ea a(b) min | max nmea
00 |00 |00 |337 00 [02 |00 |337]01 |02 |00 3(37. | 0.1 |03 |00
L | Acephate | 2(25) | g5' |95 |23 |5 |67 |68 |56 |5 |14 |45 |66 |PBPL |BDL|BDLIBDL 7" o o0 | g1
Chlorpyrip 0.0 |00 |00 0.0 |03 |00 0.0 |00 |00
2 | pos 225) | 73 |95 |19 |225) |34 |7 |45 |BDL |BDL|BDL|BDL|2(25) |g) |g, |,3 |BDL |BDL|BDL | BDL
Dichlorvos | 1(12. 00 |00 |1(12. 00 |00 |1(12 00 |00 |1(12. 0.0 |0.0
3 | (DDVP) 5) BDL | 13 |02 |5) BDL | 27 |03 |5) BDL |17 | o1 |s) BDL |1, |0, |BDL |BDL | BDL|BDL
Monocroto
4| Dhos BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL
3(37. | 0.0 | 0.0 |0.0 00 [00 |00 |337. /00 |00 |00 |337 (00 |00 |00 0.0 |00 |00
> | Phorate 5) 35 |72 |19 |23 |36 |78 |14 |5 44 |78 |21 |5) 33 |81 |28 [%®®) |38 |41 |2
6 gyﬂ“thri“' BDL | BDL | BDL | BDL ;)(12' BDL 2'3? 8'5? BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL
7 _C}f’hal"th”n BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL
8 ﬁf’permethr BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL
9 Eeltameth“ BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL | BDL
1 0.0 |00 |00 00 |00 |00 |1(12. 0.0 |00 00 |00 |00 |1(12. 0.0 |00
o | Fenvalerate | 2(25) | 15" | 43 | o3 |23 |17 |53 |og |5 |BPllaz |03 |29 |11 |21 |04 |55 [BPM|23 |03
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Pestcides Acephate l(1221801'pyrip ls)ichlorvo glsonocrotoph Ehorat I(;yﬂuthrin- S{rhalothrin I(iypermethri ll?eltamethri zenvalerat
Acephate 1.000

Chlorpyriphos  .341 1.000

Dichlorvos -.026 -.235 1.000

Monocrotoph

o0s .149 .015 -.028 1.000

Phorate .017 -.105 224 -.070 1.000

Cyfluthrin-f3 -.158 -.152 .073 -.178 .064 1.000

Cyhalothrin-A  -.217 -.215 .382 -.141 .387 .045 1.000

Cypermethrin  .025 -.082 -.098 -.158 -.091 .740 -175 1.000

Deltamethrin ~ .066 -.116 .192 -.223 -.097 -.159 -133 -.183 1.000

Fenvalerate 130 .067 -.106 -214 -.061 .357 -.036 .688 -.253 1.000

sample size = 40

+.312
*.403

critical value .05 (two-tail)

critical value .01 (two-tail)
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3. Pesticide residues in carrot

Variation in acephate, chlorpyriphos, dichlorvos, monocrotophos, phorate, cyfluthrin-f, cyhalothrin-A, cypermethrin,
delta methrin and fenvalerate residues in carrot samples are summarized below.

3.1. Acephate residues

The Acephate residue concentration in carrot samples varied from 0.088 to 0.095mg/kg (mean = 0.023mg/kg) in
Bangalore rural, 0.067 to 0.268mg/kg (mean = 0.056mg/kg) in Bangalore urban, 0.114 to 0.245mg/kg (mean =
0.066mg/kg) in Chikkaballapura and 0.151 to 0.324mg/kg (mean = 0.081mg/kg) in Ramanagara district. The sample
contamination accounted 25% in Bangalore rural, 37.5% each in Bangalore urban, Chikkaballapura and Ramanagara
districts. [t was not detected in the samples from Kolar and none showed acephate residue above the MRL of 2.0mg/kg.
Nonetheless, the trend of mean concentration of Acephate residue in carrot in different districts is Bangalore urban >
Chikkaballapura > Kolar > Ramanagara > Bangalore rural.[13] who evaluated cabbage samples from different local
markets of Egypt and found that the acephate residue concentration varied from 0.182 to 0.457mg/kg. The results of
the present investigation are also supported by findings of a similar survey conducted by [14] who reported residue of
acephate in the range of 0.05-0.37mg/kg in the farmgate samples of cauliflower from Punjab while [15] reported the
residue concentration of acephate in fruits and vegetables samples from South America as 0.06 - 0.028mg/kg.

3.2. Chlorpyriphos residues

Chlorpyriphos residue was not detected in carrot samples from Chikkaballapura and Ramanagara districts. In the
samples from Bangalore rural, Bangalore urban and Kolar districts, it ranged from 0.073 to 0.075mg/kg (mean =
0.019mg/kg), 0.034 to 0.327mg/kg (mean = 0.045mg/kg) and 0.091 to 0.092mg/kg (mean = 0.023mg/kg) respectively
with 25% of the sample from each district showing contamination with respect to chlorpyriphos residue. None of the
samples had chlorpyriphos residue above the MRL of 0.2mg/kg except for 12.5% of samples from Bangalore urban
district. The trend of mean concentration of chlorpyriphos residue in carrot is Bangalore urban > Kolar > Bangalore
rural. [16] studied chlorpyrifos residues levels in 309 samples of fruits and vegetables (pineapple, lettuce, cabbage,
cucumber and onion) samples sold in Ghanaian markets, with the residue level varying from 0.001-0.062 mg/kg. They
also found that chlorpyriphos in pineapple was higher than their respective European Commission MRLs. Mean
concentration of chlorpyrifos was reported in egg plant (24.02pg/kg), cabbage (10.55pug/kg), cauliflower (2.85pg/kg),
tomato (178.87 pg/kg) and ladyfinger (2.49ug/kg) from Hyderabad, Andhra Pradesh, India [17,18]. These results are
also in fair agreement with our findings.

3.3. Dichlorvos residues

In Bangalore rural, Bangalore urban, Chikkaballapura and Kolar districts, the dichlorvos residue in carrot samples
respectively varied from BDL to 0.013mg/kg (mean = 0.002mg/kg), BDL to 0.027mg/kg (mean = 0.003mg/kg), BDL to
0.011mg/kg (mean = 0.001mg/kg) and BDL to 0.014mg/kg (mean = 0.002mg/kg) with 12.5% sample contamination in
each district. Dichlorvos residue in none of samples crossed the MRL value of 0.15mg/kg while it was not detected in
the samples from Ramanagara district. The trend of mean concentration of dichlorvos residue in carrot is Bangalore
urban > Bangalore rural > Chikkaballapura. [19] who reported dichlorvos residue concentration ranging from 0.004 -
0.022mg/kg in cabbage, cauliflower, pea grains, brinjal, tomato, potato and green chilly samples collected from
wholesale markets of Hisar, Haryana.

3.4. Phorate residues

In Bangalore rural, the concentration of phorate residue in carrot samples varied from 0.035 to 0.072mg/kg (mean =
0.019mg/kg) with 37.5% of samples contaminated and in Bangalore urban, it ranged from 0.036 to 0.078mg/kg (mean
= 0.014mg/kg) with 25% of samples contamination. In Chikkaballapura district, it ranged from 0.044 to 0.078mg/kg
(mean = 0.021mg/kg) with 37.5% of sample contamination while it varied from 0.033 to 0.081mg/kg (mean =
0.028mg/kg) with 37.5% of samples contamination in Kolar district. Phorate residue values exceeded the MRL value of
0.05 mg/kg in 12.5% of samples collected from these districts. Contrast to this, in Ramanagara district, it ranged from
0.038 to 0.041mg/kg (mean = 0.02mg/kg) with 25 % of sample contamination and none of samples having residue
above the MRL. The trend of mean concentration of phorate residue in carrot in different districts is Kolar >
Chikkaballapura > Ramanagara > Bangalore rural > Bangalore urban. [20] who revealed the presence of phorate in
Shanghai green (0.0257pg/g) and Chinese cabbage (0.0398pug/g) from Nanjing, China. The present investigation results
are also endorsed by findings of [21] who reported phorate residues in fruits and vegetables which vary from BDL to
0.405mg/kg from Xiamen, China.

3.5. Cyfluthrin-@ residues
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In Bangalore urban, the concentration of cyfluthrin-f# residue in carrot samples is BDL to 0.043mg/kg (mean =
0.005mg/kg) with 12.5% of samples showing contamination with cyfluthrin-3, but none of the samples crossed the MRL
value of 3.0mg/kg. Itis not detected in the carrot samples from Bangalore rural, Chikkaballapura, Kolar and Ramanagara
districts.

3.6. Fenvalerate residues

The concentration of fenvalerate residue in carrot varied from 0.012 to 0.013mg/kg (mean = 0.003mg/kg) with 25% of
samples contamination in Bangalore rural, 0.011 to 0.053mg/kg (mean = 0.008mg/kg) with 25% of samples
contamination in Bangalore urban, BDL to 0.022Zmg/kg (mean = 0.003mg/kg) with 12.5% of samples in
Chikkaballapura, 0.011 to 0.021mg/kg (mean = 0.004mg/kg) with 25% of samples contamination in Kolar and BDL to
0.023mg/kg (mean = 0.003mg/kg) and 12.5% of samples in Ramanagara districts. None of the samples having
fenvalerate concentration was higher than the MRL value of 1.0mg/kg. The trend of mean concentration of fenvalerate
residue in carrot in different districts is Bangalore urban > Kolar > Chikkaballapura = Ramanagara = Bangalore rural.
[22] in carrot and onion markets samples from Kumasi ranged from 0.004-0.008mg/kg (mean: 0.006mg/kg) and 0.031-
0.042mg/kg (mean: 0.037mg/kg) respectively. The results are also satisfactory with the findings of [23] who reported
the presence of fenvalerate in the range of 0.061-0.07mg/kg in vegetable samples like green pepper, white onion,
tomato, lettuce, green onion, potato and saladette tomato produced in Sonora, Mexico.

3.7. Monocrotophos, Cyhalothrin-A, Cypermethrin, Deltamethrin residues

The monocrotophos, cyhalothrin-A, cypermethrin and deltamethrin residues are below the detectable level in carrot
samples from all the five districts [24] reported 9.5% ber fruit samples contained 0.030pg/g monocrotophos and 14.2%
of guava fruit samples had detectable amount of monocrotophos. Similarly, a study by [25] revealed the presence of
monocrotophos in the range of 0.001-0.044mg/kg in vegetable samples (viz., brinjal, cucumber, okra, ridge gourd and
tomato) collected from Andhra Pradesh, India.

3.8. Pearson’s correlation matrix

The Pearson’s correlation matrix was carried out using SPSS as it describes the interrelationship among various
variables. This procedure calculates any of a wide variety of statistics measuring either similarities or dissimilarities
(distances), either between pairs of variables or between pairs of cases. These similarity or distance measures can then
be used with other procedures, such as factor analysis, cluster analysis, or multi-dimensional scaling, to help analyze
complex data sets. The correlation matrix of analyzed pesticide residues parameters are presented in Table-
3.Cyfluthrin-B residue showed strong positive correlation with cypermethrin residue (r=0.740) and in turn
cypermethrin with fenvalerate (r=0.688), both at 0.01 level of significance. Moderate positive correlation existed
between acephate and chlorpyriphos (r=0.341), dichlorvos and cyhalothrin-A (r=0.382), phorate and cyhalothrin-A
(r=0.387) and, cyfluthrin-f3 and fenvalerate (r=0.357) at 0.05 level of significance. Correlations between other pesticide
residues were insignificant both at 0.01 and 0.05 levels of significance.

4. Conclusion

Carrot samples that were found to be contaminated with pesticide residues accounted for 27.5% acephate, 15%
chlorpyriphos, 10% dichlorvos, 32.5% phorate, 5% cyfluthrin-p and 20% fenvalerate. Multimedia awareness activities
in local language should be massively conducted on the dangers posed by pesticides contamination in the food.Proper
legislations on handling of pesticide should be introduced and practiced. Measures must be enforced to stop the use of
forbidden pesticides. Integrated pest management or Integrated Crop management to be adopted in order to decrease
amount of the pesticide and improve human health.
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