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Abstract

Fresh salad vegetables have become a convenient part of daily diet of people nowadays because of their nutritional
enrichment. Although raw vegetables are compact source of high nutritional values, these vegetables are sometimes
detrimental to human health because of being potential route of human exposure to pesticide contaminants. This study
is focused on the prevalence of pesticide contaminants in daily consuming common salad vegetables. The study was
conducted to observe six pesticides residue (Cypermethrin, Mancozeb, Malathion, Rovral, Imazalil, Endrin) using gas
chromatography mass spectrometry (GC-MS) in five types of raw consuming vegetables that are sold in the local
markets of Rajshahi City. The findings suggest that almost all the vegetables of three markets were contamination free.
The residual level of all six targeted pesticides had not been detected. Thus, this study suggests that the application of
pesticides in the fields of Rajshahi City is within safe limit.
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1. Introduction

Synthetic pesticide residues pose threat to human health. Both short term and long-term toxic effects that are hazardous
to health can be caused by exposure to chemical and pesticide residues, especially when it is used in high level. These
health risks include headaches, nausea, irritation, vomiting, abdominal pain etc. Several studies have demonstrated that
vegetables absorb pesticides internally when they are sprayed on them and cause adverse effects when consumed by
humans and animals [1,2]. The rate of vegetable production in Bangladesh has been increased and this rate is higher
than the previous decade. Since the production has been increased, the application of pesticides has been increased as
well [3]. In Bangladesh the use of pesticide is uncontrolled. Approximately 80 types of pesticides are being used in fields
indiscriminately by the farmers in Bangladesh without having awareness of hazardous effects of pesticides on human
health [4,5]. Previous report suggests that Bangladeshi people are in high health risk of organophosphate pesticide
residues as the residues remain in vegetables and enter into human body when these vegetables are consumed raw [6].
In addition, with pesticides, vegetables are also being contaminated with many natural microcontaminants (NMCs).
Vegetables that are cultivated in periurban area are exposed to atmospheric and water pollution [7]. Air pollution
caused by transportation infrastructures such as airport, vehicles, highways and the use of reclaimed and polluted water
bearing natural micro contaminants (NMCs) that is being used in irrigation are the main source of gathering of these
NMCs and trace factors in ground and lastly into greens [8,9]. Again, the biosolids and compost that are being used for
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soil amendment have been reported as the main cause of agricultural exposure to organic microcontaminants (OMC)
[10]. In present world climate change and population increase has become main reason to the water scarcity and the
usage of reclaimed water for irrigation in periurban agriculture has come to be a primary choice for water supply [11]
which is making these land contaminated with OMCs. It has been observed that the OMCs are bioaccumulated in plants
grown underneath field situation irrigated with treated water [12]. The edible part of leafy veggies accumulates these
OMCs in higher concentration for example in roots or fruits [13]. Excessive level of pesticide application results in the
absorption of these pesticides into soil and leads to the accumulation of residues in the edible parts of vegetables.
Sometimes these pesticide residues are mixed with rain water and meet water bodies. Use of waste water that is
polluted with industrial activities for irrigation is the most important cause of contamination of food crops cultivated in
the land [14,15,16]. The major health risk associated with the consumption of these food crops is the exposure to
agrochemical residues and trace elements [17]. Besides these the usage of reclaimed water in agriculture has another
detrimental impact which is the high nitrate content in reclaimed water [7]. Even though veggies contain some amount
of nitrate which is the main human dietary supplement of nitrate but 5 % of the ingested nitrate is converted into
poisonous configuration of nitrate [18]. Using treated waste water and nitrate fertilization can avail to nitrate elevation
through food vegetation [19]. There is scarcity of knowledge on the bioaccumulation of OMCs in veggies that are
cultivated with treated waste water [20]. The observation of a long-term study has revealed that irrigation with waste
water for longer duration may lead to significant amount of bioaccumulation and uptake of OMCs [21]. In one hand
vegetables are being subjected to high level of pesticide application which is directly absorbed into vegetables; on the
other hand, these vegetables are also accumulating micro contaminants in their edible parts. As a result, vegetables are
being a major route of human exposure to toxic residues. All these issues demonstrated above leads to the conclusion
that enough research should be carried out on market vegetables that are consumed raw and fresh. However, in
Bangladesh only few research reports are available on prevalence of pesticide residues in salad vegetables that are
available in local markets and in case of Rajshahi city the reports are the least, although they are consumed daily by the
common people. Therefore, the present study was aimed to focus on the prevalence of pesticide residues on salad
vegetables that are sold daily in Rajshahi city local markets.

2. Materials and Methods

2.1. Sample collection and preservation

According to protocol samples were collected with standard carrying tools. Food graded poly bags were used during
sample collection. A total 60 samples including 5 carrots (Daucus carota), 5 cucumbers (Cucumis sativus), 5 tomatoes
(Solanum lycopersicum), 5 bundle of coriander leaves (Coriandrum sativum) and 500 gm of green chili (Capsicum
frutescens) were collected from three different markets (Binodpur Bazar, Katakhali Bazar and Shaheb Bazar) of Rajshahi
city, Bangladesh. Approximately 500gm weight of each sample was used for residual analysis. After reaching to
laboratory the samples were stored at 2-8 °C temperature throughout the analysis. Sample collection plan is presented
in Table 1.

Table 1 Sample collection plan

Serial Name of sampling Name of Samples Weight of Storage Condition
No. site sample (gm) oC
1 Binodpur Bazar Cucumber, Carrot, Coriander leaf, 500 2-8

Tomato, Green chili

2 Katakhali Bazar Cucumber, Carrot, Coriander leaf, 500 2-8
Tomato, Green chili

3 Shaheb Bazar Cucumber, Carrot, Coriander leaf, 500 2-8
Tomato, Green chili

2.2. Sample preparation for GC-MS analysis

A quick, easy, cheap, effective, rugged and safe (QuEChERS) method was followed to prepare the sample with acetate
buffering (AOAC Official Method 2007.01). The samples were homogenized with house- hold mill and in a 50 ml falcon
tube 15gm of sample was weighted. 100 ml of 50mg triphenyl phosphate (TPP) surrogate standard solution in
acetonitrile was added in addition with 15 ml acetonitrile with 1% acetic acid solution. Then 2.5gm sodium acetate
trihydrate and 6gm MgS04 were added and with vortex the sample was mixed well. The sample was then centrifuged
at 5000 rpm for 5 minutes. An Eppendorf tube containing 750mg MgS04 and 250 mg PSA and then 5ml of supernatant
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was transferred to it. The extract was shaken using a vortex mixture. Then centrifuged at 10000 rpm for 5 minutes. The
supernatant of 3 ml was filtered through a 0.45 mm filter and 800ml portions were transferred to an autosample vials.
The extracts were evaporated to dryness and reconstituted in 800 ml acetonitrile/water (20/80. v/v) for the Gas
Chromatography-Mass Spectrometry (GC-MS) analysis.

2.3. GC-MS Analysis

GC-MS analysis of the respective samples was carried out by GCMS-QP2010 (Shimadzu Corporation, Japan). The
chromatography method was carried out by capillary column that is characterized by 30m in length and 0.25 mm in
inner diameter. The column is prepared by 5% diphenyl and 95% dimethyl poly-siloxane. Injection temperature was
set at 220°C. Initially the oven temperature was set at 80°C and it remained isothermal for 2 minutes, then programmed
to 1500C at the rate of 59C/min and finally held at 280°C. The ion source temperature was 280°C. Helium was used as a
carrier gas with the flow rate of 1.72 ml/min. 4 micro-liter of the sample was injected in the split-less mode in the ratio
of 1:100. For GC-MS detection, the ionizing energy gained by the detector was 45 m/z. A scan interval of 0.30 second.
The prepared sample was then run for 50 min to complete GC/MS analysis. All peaks obtained were compared with the
GC-MS library database (NIST library 2008 and 2014 edition).

3. Result and Discussion

The study was aimed to identify six types of commonly used pesticides in five different types of vegetables that are
consumed raw. Pesticides were classified as pyrethroid, thiocarbamate, organophosphate, imidazole and
organochlorine based on their chemical groups (Table 2)

Table 2 Types and chemical groups of selected pesticides

Pesticide Type Chemical group
Cypermethrin | Insecticide | Pyrethroid
Mancozeb Fungicide | Thiocarbamate
Malathion Insecticide | Organophosphate
Rovral Fungicide | -----

Imazalil Fungicide | Imidazole

Endrin Insecticide | Organochlorine

Total 20 samples along with 500gm of green chili were collected from Katakhali bazar and analyzed for pesticide
residues. The result showed that all the samples of Katakhali bazar were free of Cypermethrin, Mancozeb, Malathion,
Rovral, Imazalil and Endrin (Table 3). Although none of the targeted pesticides were net found in Cucumber, Coriander
leaf and Tomato samples of Binodpur bazar but presence of Endrin was confirmed in carrot samples and the
concentration was below detection level (Table 4). Other 20 vegetables that were collected from the markets of Shaheb
bazaar showed no trace of pesticide residues (Table 5)

Table 3 Concentration of pesticide residues in selected vegetables of Katakhali Bazar

Pesticide Carrot | Cucumber | Coriander leaf | Tomato | Green Chili
Cypermethrin ND ND ND ND ND
Mancozeb ND ND ND ND ND
Malathion ND ND ND ND ND
Rovral ND ND ND ND ND
Imazalil ND ND ND ND ND
Endrin ND ND ND ND ND
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Table 4 Concentration of pesticide residues in selected vegetables of Binodpur Bazar

Pesticide Carrot | Cucumber | Coriander leaf | Tomato | Green Chili
Cypermethrin ND ND ND ND ND
Mancozeb ND ND ND ND ND
Malathion ND ND ND ND ND
Rovral ND ND ND ND ND
Imazalil ND ND ND ND ND
Endrin BDL ND ND ND ND

Table 5 Concentration of pesticide residues in selected vegetables of Shaheb Bazar

Pesticide Carrot | Cucumber | Coriander leaf | Tomato | Green Chili
Cypermethrin ND ND ND ND ND
Mancozeb ND ND ND ND ND
Malathion ND ND ND ND ND
Rovral ND ND ND ND ND
Imazalil ND ND ND ND ND
Endrin ND ND ND ND ND

Here ND= Not Detected, BDL= Below Detection Level

Since the study was conducted on three major markets of Rajshahi city where vegetables are supplied from different
regions of Rajshahi division, the result suggest that application of pesticides in the agricultural lands of these regions
are within acceptable range. This study result can be compared to another research work conducted in the markets of
Rangpur City where research was conducted on cauliflower and tomato samples. The result showed that in case of
cauliflower, 85% samples showed no pesticide contamination and in case of tomato samples, 87% samples contained
no pesticide [22]. Another research work performed in the markets of Dhaka City where the result showed that out of
all four samples only coriander leaf was contaminated with Dimethoate [23].

3.1. Possible cause of pesticide contamination of vegetables

Consumption of pesticide contaminated vegetables can be the cause of carcinogenic, oncogenic, genotoxic effect on
human health [24]. One possible reason of pesticide contamination of vegetables can be the increased growth of
population. With the rapid growth of population, the demand of food supply is increasing day by day. As a result, to
fulfill the growing demand of food and to make available food supply in the markets farmers are trying to grow more
and more food crops and vegetables within short period of time. As a result, they are choosing pesticides and chemical
fertilizers to grow their crops within short period of time. This results in absorption of the residuals in the edible parts
of plants leading to the entry of these pesticide residues into food chain. The final outcome is the exposure of human
being to these pesticide residues by consuming such contaminated foods. The aim of this study was to confirm whether
the people of Rajshahi city are having safe or contaminated raw vegetables. Since almost all the samples showed no
trace of pesticide residues, it can be concluded that farmers are either using minimum level of pesticides or they are not
using pesticides at all to cultivate the vegetables.

4., Conclusion

Although the present finding suggests that the vegetables that are being produced in Rajshahi city are free of pesticides,
this scenario can be altered if the pesticide application practices in the fields go unchecked. Regular monitoring of
farmers' pesticide application methods throughout the growing of vegetables is mandatory as well as appropriate
instruction on excessive risks and safe insecticide use are also crucial. Our findings may also serve as a basis for the
national regulatory authority to implement the necessary steps regarding this issue.
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