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Abstract: Problem statement: Increased use of chemicals on vegetables stariathganomentum
and continued its up-trend in BangladeSYiide spread use of pesticides in agriculture canasdr
residue accumulation, which may remain in food agdcultural environment causing concern of
human health and risking ecological balance. Attempde to ensure that their applications were
correct and safe and result in no residues in foeybnd codex developed maximum residue limits.
Approach: This study reported a method based on High Peeooe Liquid Chromatography (HPLC)
for determination of pesticide residues used inli@awer. Cauliflower sprayed with, 4 different
pesticides (diazinon, malathion, chlorpyrifos argp@armethrin) at recommended dose and double of
recommended dose were analyzed for their resichrabats. Samples were collected at same day after
application of pesticide. Commercial samples ofiflawers were collected from different markets of
Dhaka city. Reversed-phase HPLC system with UV diete was used for the separation,
identification and quantification of all these ariak using acetonitrile-water (70:30, v/v) as mebil
phase Results: Limit of detection of 0.02 mg kg was obtained. Calibration curves that constructed
for the analytes spiked into samples followed linedationships with good correlation coefficients
(R?>>0.990). In the analysis, from vegetables treatétl diazinon and chlorpyrifos at recommended
and double of recommended doses, residual amoulmgearespective MRL values were found.
Conclusion: Method used permitted the determination of thesstigides in cauliflower at
concentration level demanded by current legislatidttention paid on excess use or abuse of
pesticides by judicious application for safety afbfic health in Bangladesh. Additional data to
monitor residues in food and to fill gaps in cutr&nowledge would be helpful in assessing human
exposure risks from ingestion of contaminated ¢lawer or other vegetables.
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INTRODUCTION tond". Cauliflower is low in fat, high in dietary fiber,
contains water and vitamin C, possessing a verh hig
Bangladesh is predominantly an agriculturalnutritional density. The warm and humid climatic
country with an area of 1, 47,570 sq. km. Agricidtu condition of the country, increase use of modeghhi
plays an important role in the lives of Bangladeshiyielding varieties of crops and more use of chemica
people. The major crops grown in the country ace,ri fertilizers are highly favorable for developmentdan
wheat, jute, potato, sugarcane, vegetables and temultiplication of pests and diseases. In Bangladesh
Cauliflower (Brassica oleracea var Botrytis) is  context, the cauliflower growers have been using th
produced in many areas of Bangladesh. The acrefage pesticides frequently to have the higher yield. Bt
cauliflower cultivation in Bangladesh is about 9488  overdoses of pesticides make the residue problem,
and the annual production amounts to about 73,000 Which might pollute our food and be harmful for our
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health. It has been reported that some of theqidsti  chlorpyrifos and cypermethrin before harvesting the
are being used on northern part of the country einer samples. The matured Cauliflower bearing plants
pre-harvest time frame after application is mamgdi  sprayed withthe recommended dose (1.7 CYhand
What is most alarming is that pesticide use is verydouble of the recommended dose (3.4 L) hwere
indiscriminate in Bangladesh. There are areas whereollected from the field at the same day 6 h after
pesticides are used in excessive quantities. Sucspraying diazinon in the field. Samples of caulifey
situations make monitoring and assessment of f@stic sprayed with the recommended dose (1.12°1) and
contamination very difficult. Therefore, pesticide double of the recommended dose (2.24 L) hwere
residue is becoming a major food safety concern o€ollected from the field at the same day 6 h after
consumers and governments. spraying malathion in the field. Likewise, samptgs

Although the government is concerned aboutcauliflower sprayed with chlorpyrifos at the
pesticide residues in the food and the environnstatf ~ recommended dose (0.25 L*hand double of the
and facilities to conduct the necessary monitoringecommended dose (0.5 L™h and another set of
programs are not available. In addition the couigry samples of cauliflower treated with cypermethririret
not yet established legal limits for residues aedehds recommended dose (0.6 L™h and double of the
upon Codex allowable limit which are not always recommended dose (1.2 [*hwere collected from the
proposed for all crops and major pesticides use¢d wi  field at the same day 6 h after spraying pestiaidene
the country. So in order to remove residual effeict field. Commercial samples of cauliflower were
pesticides, which are toxic, we should know theceéxa collected from different markets of Dhaka city
dose which should be recommended to the farmer an@Nondon, Minabazar, Agora and PQS). The analysis
the harvest time after spray of each pesticidéhabthe  conducted from January 2005 to May 2005.
amount of residual pesticides in vegetables might b
lower than the acceptable range. Chemicals and reagents. The organic solvents,

The extraction and quantitation of pesticide acetonitrile, ethyl acetate used were HPLC gradik an
residues in food matrix mostly involved liquid-ligu  were purchased from E. Merck. Technical grade
extraction with a great variety of solvents andpesticide standards were obtained from Bangladesh
adsorbents for clean up. Analytical techniques sagh Agricultural Research Institute (BARI) with a pyriof
Gas Chromatography (GC) and High Performanceé5-99%. The standards were stored in a freez&°@t -
Liquid Chromatography (HPLC) are widely used to Ultra high quality water was obtained from Milli-Q
monitor the presence of these compounds in wategater purification system (Millipore, Bedford, MA,
soils, foods, fruits and vegetables. Several repapers  USA). Mili-Q Water and acetonitrile were degassgd b
have reported advances in this ffeft". vacuum suction. All samples and solvents wereréitle

In the present study, a method employing HPLCthrough Millipore membrane filters (Polysulfone
with UV detection for the separation, identificatiand ~ membrane and 0.4pm pore size) before injection on
quantification of four widely used pesticides onthe column. Anhydrous sodium sulphate for residue
cauliffower was developed and validated. Theanalysis, 12-60 mesh, was maintained at 300°C
compounds studied were diazinon, malathion,overnight. A source of pure nitrogen was used for
chlorpyrifos and cypermethrin. Finally, the metheds  evaporation to dryness in the extraction step.
applied to the determination of these pesticides in
commercial samples collected from the local marketsStandard preparation: For preparation of stock
Therefore, the purpose of this study was to devalop solution, standards were dissolved in acetonitsitel
analysis scheme for determination of some pessdidle four levels of intermediate standard solutions afte
cauliffower by HPLC. And this method provides pesticide were prepared maintaining the same matrix
accurate results for a variety of pesticides presen concentration for the preparation of calibratiorrveu
cauliflower. and stored at 4°C in the dark. Working solutiongewe

prepared daily by appropriate dilution with acetola.
MATERIALSAND METHODS
Extraction: Edible part of each vegetable sample

Sample material: Caulifower was grown in the (75 g) was cut into small pieces and homogenized by
experimental field of Bangladesh Agricultural Resba means of a kitchen blender and kept in a freezer by
Institute (BARI). Four different areas were seldcter ~ wrapping with clean airtight polythene bag (zipKpet
application of 4 modern pesticides, diazinon, niiéat,  temperature below -15°C. The blended -cauliflower
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sample (75 g) was mixed with anhydrous sodiumStatistical analysis. External calibration and recovery
sulphate (50 g) and extracted with ethyl aeBtat teses were performed. The residue results were the
(200 mL) in a conical flask using an Ultra-Turrax means from three replicates of each treatment dnd a
(IKA-WERK) for 4-5 min. The content was allowed to data’s were analyzed using simple descriptive stiesi
settle down for about half an hour and the ethgt@e such as means, standard deviations, using Kaleighgr
extract was then filtered through a Buchner-funnelversion 4 for windows.
fitted with a filter paper covered by 20 g of antyas
sodium sulphate. After filtration, the extract was RESULTS
evaporated to dryness and re-dissolved in 5 mL of
acetonitrile (MeCN) and finally the volume was made Limit Of Detection (LOD) was calculated from the
up to 2 mL using rotary vacuum evaporator. Theagttr peak intensity at 0.1 mg Kgand blank levels in
was then transferred to a graduated test tube laad trecovery tests. LOD was defined as S/N>4 so thiat it
final volume was adjusted at exactly 2 mL by adding in the linear range of the standard calibratiore T®D
few drops of acetonitrile. Solutions were thenof diazinon, Malathion, chlorpyrifos and cyperméthr
centrifuged and filtered. The clean organic laygese  was 0.02 mg kg. Recoveries which were obtained by
taken and were analyzed by a high performancediquitriplicate analysis of cauliflower sample spikedtiwi
chromatography having UV/Visible detector. each type of pesticide at one fortification levetras
satisfactory for residue analysis and are of thmesa
HPLC systems: A Shimadzu SCL-10AVP, Version order as those obtained by using more complicated
5.22 High performance liquid chromatography havingmethodologies. The percent recoveries for diazinon,
UV/visible detector was used for identification and malathion, chlorpyrifos and cypermethrin were 106.0
quantification of pesticides. Separation was penfsd  91.0, 81.7 and 93.6, respectively. Residues were
on reversed phase C-18 column (Nova pack). Samplesrrected according to the average of recoveryeain
were injected manually through a Rheodyne injectorcalibration curves were found between peak areds an
Detector was connected to the computer for datanalyte concentration in the whole range studidte T
processing. The working condition of HPLC was bynar |inear regression (y = a+bx) parameters for method
gradient, mobile phase was acetonitrile: water;3@Q)  calibration are shown in Table 1. The determination
flow rate was 1 mL mif, injection volume was 20L  coefficients (%) of analytical curves were near 0.99,
and the wavelength of the UV/visible detector waswith linearity for each compound, which allows the
fixed at 254 nm for the residual analysis of Diazin quantitation of these compounds by the method of
and 230 nm for the analysis of other three pestid external standardization.
i.e., malathion, chlorpyrifos and cypermethrin. Diazinon and chlorpyrifos were detected in all
samples (Table 2). It is found that diazinon was
| dentification and quantification: The compound was detected above Maximum Residue Limit (0.01 mg'kg
identified by comparing its retention time with pest  of samplel}” in the samples where diazinon was

to technical grade reference standard. The qutiméita sprayed at the recommended dose and double of the
determination was carried out with the help of a
calibration curve drawn from chromatographic Table 1:Retention Times Windows (RTWs) and typicalibration

experiments with standard solution. For quantifarat parameters of the method in cauliflower matrix

an external calibration curve with four different f;ér‘]'gat"’” Calibration parameters
concentrations of each pesticide, with matrix mamgh compound RT (Min) (mg kg) Slope Intercept R
were made. The standard solutions for the califmati Diazinon 8.1 0.066-1.46 130 65000 0.998
curves were prepared in control matrix because Esmmp Malathion 5.7 0.080-1.66 ~ 4&0' 43000  0.992

may possess co extractants in the matrix which maghlorpyrifos 129 0.076-115  340' 54000  0.991
affect the peak area of the unknown samples. ypermethrin _ 9.8  0064-099 8210 18400 0.988

Table 2: Amounts of residues detected in cauliflosamples treated
with the respective pesticide

Residue (mg Kd)

Recovery: Recovery studies were performed to
examine the efficacy of extraction and clean up:
Untreated cauliflowers were spiked with known

concentration of the pure insecticide standardtiemiu Dose Diazinon _ Malathion Chlorpyrifos Cypermethrin
P : Recommended dose 1.085 ND 1.628 ND

of each type of pest|C|de_ and extraction and qlqmn- Double of the

were performed as described earlier. The concémtrat Recommended dose 1.64 ND 2.243 ND

of each pesticide in the final extracts was calteda ND = Not detected i.e., below detection level g0mg kg*
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Table 3: Ampunts of residues in _the four differesamples of Degradation on plants increased with moisture cunte
caullﬂow§r coIIecte(? from different markets ardssample In plant's tissues, malathion may intensively
Residue (mg Kg)
hydrolyzed by phosphatases and carboxyesterasgg alo
Collection  Diazinon Malathion ~Chlorpyrifos Cypermeh  the P-X bond and ester to form dimethyl

Nondon ND ND ND ND phosphorothiotioic and others acids having a low
X‘g(‘)";‘:azar ’\’}‘g ,\’I'E')D ,\'}'E')D ’\'}'EE)’ toxicity. The rapid losses which occur on the plant
POS ND ND ND ND before harvesting appear to be due to a number of
ND = Not detected i.e., below detection level @0mg kg factors including evaporation, chemical decompositi

of surface deposits and metabolism within ptant
recommended dose. The amount of the residues &fyPermethrin may photo degrades rapidly. After phot
diazinon at the recommended dose was 1.085 rily kgdegradation cypermethrin may produce DCVA, 3-
and the double of the recommended doss wdhenoxybenzaldehyde and 3-phe_noxyben20|c_%ld§
1.64 mg kg-. Similarly chlorpyrifos was detected CyPermethrin may also subject to microbial
above the Maximum Residue Limit (0.05 mg kgf degradanor_l. To avoid any contamination malathiodc a
samplel! in the samples where chlorpyrifos was cypermethrin sprayed cauliflower _should be harndeste
sprayed at the recommended dose and double of ti¥fter few days. Factors mentioned above, may

recommended dose. The amount of the residues &Pntribute to increasing degradation of malathiod a
chlorpyrifos present at the recommended dise cypermethrin resulting on residues below detection

1.62 mg kgl and the double of the recommended dosdiMit. . .
is 2.243 mg kg. According to the results, malathion Since the organophosphorus and pyrethroid

and cypermethrin were not detected in the Samlolegesticides residues are not degraded into non toxic

because they were present in the samples below oBFOdUCtS in short period of time. They still Pmi” .
detection Ie\yel (0.02p mg KY. It is founpd that no vegetable. So the recommended dose, which is applie

o : . . by the farmer in the field to control pests in c#mver
pesticide residues were present in the commerci y P '

samples collected from different markets of Dhaikg c Iohnogu;(rj be lower or pre-harvest interval should be
(Table 3). '

CONCLUSION
DISCUSSION

In Bangladesh context, the Cauliflower growers

Diazinon may decompose in plants in two have been using the pesticides frequently to hhee t
directions. One of them may be oxidation of thehigher and insect free yield. But the overdoses of
phosphorothioate to the corresponding phosphatgesticides make the residue problem, which might
(diazinon) followed by hydrolysis of the P-X bondthv  pollute our food and environment. Appropriate u$e o
the formation of non toxic diethylphosphoric acidda pesticides in agriculture needs to be addressed in
2-isopropyl -4-methyl-6-Oxypyrimidine and the anath  Bangladesh and other countries. Although the
direction of the decomposition of diazinon may be t Government is concerned about pesticide residues in
oxidation of the side isopropyl group of the ringthw  the food and the environment, staff and facilittes
the subsequent hydrolysis of the phosphorus halogegonduct the necessary monitoring programs are not
bond with decomposition of the heterocyclic ringlan available. In addition the country is not yet etitied
the liberation of carbon dioxide gas. Diazinonighty  |egal limits for residues and depends upon Codex
toxic to humans and animal. So the recommended dosglowable limit which are not always proposed fdir a
which is applied by the farmer in the field to a@hthe  crops and major pesticides used with in the courBoy
pests in cauliflower should be lower. Chlorpyrifgy in order to remove residual effect of pesticidescivh
decomposes in plants and may produce chlorpyrifosare toxic, we should know the exact dose which Ehou
oxon and 3, 5, 6-trichloro-2-pyridinol, which isrfaer  be recommended to the farmer and the harvest time o
degraded to 3, 5, 6-trichloro-2-methoxypyridine andeach pesticides so that the amount of residuaicjues
carbon dioxidé?. Chlorpyrifos are highly toxic to in vegetables might be lower than the present témel
human and animal. So, the recommended dose of theéh attractive method was provided by this approach
chlorpyrifos in cauliflower should be lower. with detection limits at parts per million conceations

Traces of malathion are commonly found onand could be extended to additional crops and
regions of the plants having a high fat or lipithtemt.  pesticides.
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