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Abstract: The samples of the cauliflowers were analyzed to assess the residue level of six insecticides (i.e.;
cypermethrin, quinalphos, diazinon, malathion, fenitrothion and acephate) using GC-FTD and GC-ECD method.
Out of analyzed 75 collected samples of cauliflower from farmer’s field of Jessore, Gazipur and Rangpur,
38.67% (29 from 75) were found to be contaminated with the insecticides. Many samples contained
cypermethrin, acephate and fenitrothion residues. Quinalphos, acephate and fenitrothion were found as multiple
product residues representing 13.79% (4 from 29) of the total contaminated samples and the rest 86.21%
contained single insecticide residue. About 13.33% (10 of 75) of the total samples had residues exceeding the
MRL (Maximum Residue Limit) irrespective of single or multiple insecticide residues. Malathion residue was
found only in one sample from Jessore. Two samples showed diazinon residue one from Jessore and the other
one from Rangpur location. The detected residue levels of both malathion and diazinon were below the MRL,
which might be due to higher rate of degradation. The presence of highest residue levels of insecticides in
cauliflowers may be due to its irrational and repeated use before harvest.
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1. Introduction

Cauliflower is a cole crop which is vulnerable to the attack of many species of insect pests in its various stages
(seedling, vegetative and mature stages) of the crop (Riley and Sparks, 2008). Out of them, diamond back moth
and aphid are the main and most destructive pests in Bangladesh. The commercial farmers use a large quantity
of insecticides to control these pests (Anon. 2001). The chemical means are vital and provide a rapid, cost-
competitive and typically effective pest management tool (Maclntyre et al. 1989). Due to the lack of knowledge
and non-availability of sustainable alternatives to pesticide, farmers of Bangladesh become dependent on
pesticide for crop production. It was found that farmers used 71 different kinds of insecticides in vegetables at
an alarming frequency an average of 11 times on cauliflower in Jessore, 8 times in Rangpur and 10 times in
Gazipur in a cropping season (Anon. 2001). It was also found that many farmers sprayed insecticides every or
every alternate day on cauliflower. A considerable number of farmers of those regions sell cauliflower without
looking at withholding period of insecticidal spray or at an interval of 0-2 days after spray (Anon. 2001; Ahmed
et al. 2005). These irrational and abuse of persistent insecticides has been responsible for widespread
contamination of our environment i.e., soil, water, air and food (Finney, 1990). Insecticide residue in food has
become a consumer’s safety issue and the consumers have the right to know how much insecticide get
incorporated in the food they eat. The present study is therefore, undertaken to quantify the insecticide residue
in environmental cauliflower samples.
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2. Materials and Methods

The study was undertaken in the pesticide analytical laboratory, Bangladesh Agricultural Research Institute,
Joydebpur, Gazipur during 2008-2009 seasons. Many types of chemicals were used in the analysis of the
insecticides. All the chemicals (acetone, n-hexane, cyclohexane, methanol, acetonitrile, silicagel 60, sodium
sulphate) and insecticide standards (quinalphos, diazinon, malathion, fenitrothion, acephate, cypermethrin) were
procured from Sigma-Aldrich Laborchemikalien, Gmbh P. O. Box-100262, D-30918, Seelze, Germany via
Bangladesh Scientific Pvt. Ltd. Dhaka, Bangladesh. Standards of insecticides contained 99.6% purity.

2.1. Collection of cauliflower samples from farmers field

A total of seventy five samples of cauliflower were collected from farmer’s field of three different locations
such as Jessore, Gazipur and Rangpur. In selecting fields, standing crops and marketable size of cauliflower at
harvest were the main criteria and samples were collected according to regulation made in the "Guidelines for
the control of pesticide residues in foods" (Anon. 1996), which incorporate the EU directive (Anon.1979) and
Codex recommendations (Anon.1993) regarding sampling. The size of the sample of cauliflower was 1kg. Field
collected samples were kept in "Chilled box™ and carried to the laboratory at the quickest time and preserved in
refrigerator.

2.2. Extraction, separation and clean up of cauliflower samples

Collected samples (250g) were chopped by knife on white board and mixed well. A sub sample of 20g was
taken into a wide mouth jar then 100 ml of hexane was added to it. Sodium Sulphate (Na,SO,4) was also added
with sample until water was removed from the sample. The mixture was then macerated with high-speed
homogenizer (Ultra-turrax, IKA T18 basic, Germany) for 2 minutes. The homogenized material was then
poured into 250 ml conical flask and placed into the shaker (Refrigerated Shaker, Rexmed, Sweden) for 12 hrs
continuous shaking. After shaking, the slurry was filtered through whatman filter paper no.40 and a Buchner
funnels with suction. The flask and filter cakes were rinsed with 25 ml of hexane each. The filtrate was then
transferred into 250 ml round bottom flask and was dried to around 5-7 ml by evaporation using a rotary
vacuum evaporator (Laborota-4001, Heidolph, Germany). Then, the concentrate filtrate was collected in a
centrifuge tube adjusted at 10 ml volume which was then centrifuged at 16500 rpm for 10 minutes with
Laboratory Refrigerated Centrifuges, Sigma-3K30, Germany. After centrifuge, supernatant was collected and
cleaned up by Super Phase Extraction (SPE) cartridge. Then the final volume was kept in 10 ml volumetric
flask. Before injection, this volume was again cleaned up by High Performance Liquid Chromatography filter
(0.2 PTFE) which was ready for injection.

2.3. Detection and quantification of insecticide residue in cauliflower samples

The condensed extracts were subjected to analysis by GC-2010 (Shimadzu). Flame Thirmionic Detector (FTD)
was used for the detection of quinalphos, diazinon, malathion, fenitrothion and acephate and Electron Capture
Detector (ECD) for cypermethrin. The capillary column used in FTD was ATTM-1, 30 m in length, 0.25 mm
inner diameter (ID) and 0.25 pum film thickness and in case of ECD it was Optima-1 and length, ID and film
thickness were the same. Nitrogen was used as carrier and make up gas in ECD and in FTD it was Helium. The
instrument parameters for detecting organophosphorus insecticides and cypermethrin were as follows.

Instrument parameters Organophosphorus insecticides Cypermethrin
Machine GC-2010 GC-2010
[Injection Port SPL]

Injector (Auto) AOC 20i AOC 20i
Injection Mode Split Split
Temperature 250°C 280°C

Carrier Gas He N>

Flow Control Mode Linear velocity Linear velocity
Linear Velocity 40.0 cm/sec 40.0 cm/sec
Purge Flow 3.0 ml/min 3.0 ml/min
Split Ratio 30.0 10.0

Injection Volume 1.0 ul 1.0 ul

[Column Oven]

Column Oven Temperature Program:

Initial Temperature 150°C 160°C
Final Temperature 220°C 270°C
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Equilibrium Time
Total Program Time
[Column Information]
Column Name
Column Length

Film Thickness

Inner Diameter
[Detector Channel 1]
Detector

Temperature

Stop Time

Current

Makeup Gas

Makeup Flow

H, Flow

Air Flow

1.0 min, Hold time: 2
10.0 min

ATTM-1
30.0m

0.25 pm
0.25 mm

FTD

280°C

10.0 min

1.0 pA

He

30.0 ml/min
1.5 ml/min
145.0 ml/min

1.0 min, Hold time: 6
18.0 min

Optima-1
30.0m
0.25 pm
0.25 mm

ECD

300°C

18.0 min
1.0 pA

N,

30.0 ml/min

31

Foregoing to the injection of the sample extract, standard solutions of different concentrations of five
insecticides were prepared and injected with the above instrument parameters. The samples were calibrated
(retention time, peak area etc.) against four pointed calibration curve of standard solution of concerned
insecticide. Each peak was characterized by its retention time. Sample results were expressed in mgkg™
automatically by the GC software which represented the concentration of the final volume injected. From this
value the actual amount of insecticide residue present in the sample was determined by using the following
formula.

Residue in sample (mgkg™)

Conc. obtained in injected volume (mgkg™) x Quantity of final volume (L)

Amount of sample taken (kg)
3. Results
The analytical results of the cauliflower samples for the detection of insecticide residue have been summarized
in Table 1 to Table 3.

Table 1. Quantity of residue of different insecticides estimated from cauliflower in Gazipur location.

Locations Samples Frequencies Contaminated samples (no.) Detected Residue level MRL
analyzed insecticide(s)  (mg kg™) (mg kg™)*
(no.)
Total Single Multi
product product
Gazipur 25 0 9 Fenitrothion 0.000 0.1
2 2 Quinalphos 0.197,0.174 0.2
1 1 Acephate 1.181 0.5
0 Malathion 0.000 0.5
0 Diazinon 0.000 0.5
6 6 Cypermethrin ~ 0.605, 0.177, 0.5
0.139, 0.054,
0.044, 0.285

*FAO/WHO Codex Alimentarius Commission, Codex Committee on Pesticide Residues (1993).

Out of 25 analyzed cauliflower samples of each location, the contaminated samples were almost same in
Gazipur, Jessore and Rangpur location. In Gazipur 9 samples of cauliflower were contaminated with
insecticides only in single product residue (Table 1). Malathion, diazinon and fenitrothion could not be detected
in cauliflower. The detected quinalphos residue was remained below MRL but the detected residue levels of
acephate was doubled the MRL. The residue of 0.605 mgkg™ of cypermethrin was above MRL only in one
sample and the remaining 5 samples showed residue level below MRL. Multiple product residues were not
found in the contaminated samples in this location.
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Table 2. Quantity of residue of different insecticides estimated from cauliflower in Jessore location.

Locations Samples  Frequencies Contaminated samples (no.) Detected Residue level MRL
analyzed insecticide(s)  (mg kg™ (mg kgt)*
(no.)
Total Single Multi
product product
Jessore 25 1 10 1 Fenitrothion 0.486 0.1
Quinalphos 1.025 0.2
Acephate 0.283 0.5
2 1 Quinalphos 0.949 0.2
1 Diazinon 0.086 0.5
2 Acephate 0.229 0.5
1 1 Malathion 0.214 0.5
7 7 Cypermethrin ~ 0.675, 0.428, 0.5
0.265, 0.208,
0.082, 0.734,
0.059

*FAO/WHO Codex Alimentarius Commission, Codex Committee on Pesticide Residues (1993).

Both single and multiple products were detected in the cauliflower in Jessore region where 8 contaminated
samples showed single insecticide in the residue. Malathion was detected but remained below MRL.
Cypermethrin was detected in 7 samples with two samples above MRL and its rest of the samples were below
MRL. Two samples of multiple insecticides detected in cauliflower revealed three insecticides. Fenitrothion,
quinalphos and acephate were present in one multiple product sample where the first two (fenitrothion and
quinalphos) insecticides were above MRL. The second sample of multiple products contained diazinon,
acephate and quinalphos, latter being remained above MRL and diazinon and acephate at low residual level
(Table 2).

Table 3. Quantity of residue of different insecticides estimated from cauliflower in Rangpur location.

Locations Samples Frequencies Contaminated samples (no.) Detected Residue level MRL
analyze insecticide(s)  (mg kg™®) (mg kgh)*
d (no.)
Total Single Multi
product product
Rangpur 25 10 1 Fenitrothion 0.179 0.1
Acephate 0.861 0.5
Quinalphos 0.397 0.2
2 1 Fenitrothion 0.329 0.1
2 Quinalphos 0.962 0.2
2 1 Acephate 0.462 0.5
0 Malathion 0.000 0.5
1 1 Diazinon 0.450 0.5
6 6 Cypermethrin ~ 0.961, 0.867, 0.5
0.293, 0.103,
0.086, 0.234

* FAO/WHO Codex Alimentarius Commission, Codex Committee on Pesticide Residues (1993).

The contaminated samples of cauliflower from Rangpur location presented single product and multiple products
residue (Table 3). In 8 single product samples, cypermethrin was detected in 6 samples (frequency 6). Two
samples showed 0.961-0.867 mgkg™ concentration of cypermethrin which were above MRL and rest of the
samples were below MRL. Both acephate and diazinon were detected in single product sample, but were below
MRL. Malathion was not detected in cauliflower in this location. There were 3 insecticides in one multiple
product sample and two insecticides in other sample. All these insecticides remained above MRL in these two
samples.
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4. Discussion

Among 75 analyzed samples of cauliflower collected from farmers’ field of Jessore, Gazipur, and Rangpur
revealed that 38.67% samples contaminated with six insecticides either singly or multiple product residues. In
contaminated samples, 34.48% had residues which were above MRL. Most of the samples contained
cypermethrin, quinalphos and fenitrothion residue in cauliflower. Diazinon was detected from cauliflower in
both Rangpur and Jessore region but malathion was found only in Jessore location. The residue level of diazinon
and malathion were below MRL. The residue levels of quinalphos, acephate, fenitrothion and cypermethrin
were higher in cauliflower as compared to malathion and diazinon. Fenitrothion, diazinon and malathion residue
were not found in cauliflower of Gazipur. Multiple products residue was found in both Rangpur and Jessore
location. The presence of multiple product residues indicated that farmers applied more than one insecticide on
cauliflower in all three locations. Some commercial farmers of vegetables especially in Jessore region have been
spraying “Mixture of 3-5 insecticides” at every or every alternate day (Kabir et al. 1996; Rashid et al. 2003).
This indiscriminate and irrational use of insecticides in the vegetables might cause the multiple residues of
insecticides even at or above MRL level. Sing and Kalra (1996) found detectable level of residues of
cypermethrin and fenvalerate up to 7 days of spraying of recommended dose in vegetables. Virgina and Bajet
(1996) found residue of ogranophosphate insecticides (e.g. methomyl, triazophos, methyl parathion and
diazinon) using rapid field kit from market basket samples of eggplant, tomato, cabbage and chinese peachy that
exceeded MRL. El-Saeid and Selim (2013) found residues of organophosphorus, organochlorine, pyrethroid and
carbamate from market vegetables (e.g. beans, eggplant, cauliflower, tomato, pepper, carrot, cucumber, squash,
potato, onions and okra) that showed above the MRL in 15.89% of the total tested samples. The detected and
most frequently found pesticide residues were permethrin (45 times) and endosulfan (34 times) followed by
deltamethrin (27 times). Ahmed et al. (2013) found 38.67% brinjal samples were contaminated with six
insecticides (viz. acephate, fenitrotion, qunalphos, cypermethrin, diazinon and malathion), in which 44.835%
samples had residue above MRL irrespective of single and multiple residues. The results of the present study
agreed with the works of the above authors although the matrix and methods were different.

5. Conclusions

The samples of 13.33% of the total had residues above the MRL provided by the food and agricultural
organization or world health organization. The residue level of quinalphos was found 5 times higher than MRL
in Jessore and Rangpur, fenitrothion was 4 times higher in Jessore and acephate was double of the MRL in
Gazipur location. The presence of higher levels of insecticides indicated that farmers might be used insecticide
without maintaining pre harvest interval. So, the findings of this study are the need for a regular monitoring
program for insecticide residues in environmental cauliflower samples and documented data are to be used as a
reference point for future monitoring and taking preventive measures to minimize human health risks.
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