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Abstract: Several types of organophosphorous and carbamate pesticides have been used
extensively by the farmers in Bangladesh during the last few decades. Twenty seven water
samples collected from both paddy and vegetable fields in the Savar and Dhamrai Upazilas
in Bangladesh were analyzed to determine the occurrence and distribution of organo-
phosphorus (chlorpyrifos, malathion and diazinon) and carbamate (carbaryl and
carbofuran) pesticide residues. A high performance liquid chromatograph instrument
equipped with a photodiode array detector was used to determine the concentrations of
these pesticide residues. Diazinon and carbofuran were detected in water samples collected
from Savar Upazila at 0.9 pg/L and 198.7 ug/L, respectively. Malathion was also detected
in a single water sample at 105.2 pg/L from Dhamrai Upazila. Carbaryl was the most
common pesticide detected in Dhamrai Upazila at 14.1 and 18.1 pg/L, while another water
sample from Dhamrai Upazila was contaminated with carbofuran at 105.2 pg/L.
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Chlorpyrifos was not detected in any sample. Overall, the pesticide residues detected were
well above the maximum acceptable levels of total and individual pesticide contamination,
at 0.5 and 0.1 pg/L, respectively, in water samples recommended by the European Economic
Community (Directive 98/83/EC). The presence of these pesticide residues may be
attributed by their intense use by the farmers living in these areas. Proper handling of these
pesticides should be ensured to avoid direct or indirect exposure to these pesticides.
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1. Introduction

Agriculture is the largest economic sector in Bangladesh, representing 23.50% of the gross
domestic product, and contributing to nearly half of the country’s economic output [1]. Approximately
70% of the population is involved in agriculture, with a total crop production of approximately
27.79 million metric tons [2]. However, flooding, drought, thunderstorms, attacks from pests and
diseases on crops and vegetables can dramatically reduce agricultural output. It has been reported that
20% of agricultural products in Bangladesh are destroyed every year both in the field and in storage by
these occurrences [3]. Therefore, like many other developing countries, pesticides are used extensively
in Bangladesh to increase the crop yield per acre [4,5]. Due to the widespread use of pesticides, their
residues are detected in various environmental matrices, including soil, water and air. Moreover, the
presence of pesticides in the environment has caused great social and scientific concern all over the
World [6].

Over the years, various types of pesticides, such as organochlorine, organophosphorous and
carbamate ones have been extensively used by farmers in Bangladesh [4]. Since organochlorine
pesticides have been banned in 1993 according to the Bangladesh Environment Conservation Act 1995
due to their high toxicity [7,8], organophosphorous pesticides are widely used in agriculture.
In Bangladesh, it is estimated that up to 64% of the crop-producing area is treated with carbamates,
while up to 35% of the crop-producing area is treated with organophosphates [9].

The effectiveness of organophosphorous pesticides, coupled with their relatively cheap cost
encourages farmers to use more of these pesticides when growing their field crops. Yet, these
pesticides pose severe risks to the farmers’ health. The pesticides’ residues are discharged into the air
and water. Through the consumption of foods containing these pesticides at a level of 0.1 pug/L, these
residues can affect the human body [10]. The widespread use of pesticides may contaminate the
environment and freshwater fish [11], which ultimately are consumed by humans. Moreover, moderate
to severe respiratory and neurological damage can be caused by many of these compounds, which are
genotoxic and carcinogenic [12]. In trace amounts, chlorpyrifos has been reported to cause
neurological disorders such as attention deficit hyperactivity disorder and a developmental disorder
both in fetuses and children [13]. Furthermore, carbofuran, which is a carbamate, has been reported to
cause serious reproductive problems, while occupational exposure to carbaryl has been reported to
result in nausea, vomiting, blurred vision, coma and difficulty in breathing [14,15].
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In short, there is an indiscriminate use of pesticide in Bangladesh, so pollution of environmental
resources through the use of pesticides is very likely. Although there are Pesticide Acts and Rules (The
Environment Court Act, 2000) [8], some important provisions of the legislation are not strictly adhered
to, which may result in the gradual increase in the risk to humans, animals, fish, birds and the
environment. Currently, there are no strict restrictions of pesticide use on vegetables and crops.
As a result of ignorance, some farmers also do not observe the waiting period after spraying pesticides
due to the lack of knowledge. Even worse, when the desired effects are not achieved, farmers tend to
increase the dose to higher levels. Such indiscriminate use of pesticides can result in the accumulation
of toxic residue in food products, which may ultimately cause human health complications [16].
Therefore, using pesticides while maintaining good water quality is an immense challenge [17] due to
the persistence of pesticides in water.

The situation is very similar in Savar and Dhamrai Upazilas in Dhaka, Bangladesh, where various
types of pesticides are used extensively by the farmers in considerable quantities. This is because
agriculture is the main activity in both Dhamrai Upazila (41.77%) [18] and in Savar Upazila (24.34%) [19].
These two districts or “upazilas” are among the few main sources of vegetables and crops for the
capital city of Dhaka, Bangladesh, which produce mainly paddy crops. The safe and effective use of
these pesticides is essential, to avoid contamination of the water and soil environments of these
regions. The objective of this study was to determine the presence organophosphorus and carbamate
pesticide residues in these two regions so that the inhabitants as well as the farmers of this region will
be informed about the level of pesticide exposure and the quality of water in their environment.

2. Experimental Section
2.1. Chemicals and Reagents

Chlorpyrifos (99.0%), carbofuran (99.5%), carbaryl (98.5%), malathion (97.5%) and diazinon (99.0%)
standards (Table 1) were of reference grade and were purchased from Dr. Ehrenstorfer GmbH, D-86199
Augsburg, Germany. The solvents, such as acetone (BDH, England), n-hexane (Merck, Germany), and
diethyl ether (BDH, UK) were of analytical grade, while acetonitrile (Scharlau, Barcelona, Spain) was
of HPLC grade.

Table 1. Structures, chemical properties, functions, DTsy and LDs, of the pesticides
investigated in this study.

Compound Formula and Structure Chemical Class DTso LDso (Mg/ kg)
CAS No and Function (days)
Chlorpyrifos CoHy i qtl::l:: Organophosphorus; 16-72 Rats: 95-270
CIlyNO;PS; m/“'”ﬂ’,,’k”““ Insecticide,
2921-88-2 ,f nematicide
Malathion C1oH1906PS,; \U}:ﬁlf, Organophosphorus;  0.49-107  Rats: 1,522-1,945

121-75-5 PPN Insecticide
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Table 1. Cont.
Compound Formula and Structure Chemical Class DTso LDso (Mmg/kQ)
CAS No and Function (days)
Diazinon C,H,N,O5PS; j:N Organophosphorus; 7-15 Rabbit: 1,160-1,340
b 8 . .
333-41-5 )Rv'l\o»\ = Insecticide
Q
~
N-methyl
Ci2HisNOs, carbamate; .
Carbofuran 1563-66.2 . Insecticide, 13-14 Rats: 90-500
‘ nematicide
N-methyl
carbamate;
C,HINO,. w5 ;
Carbaryl 1623 1215 5 % ‘L—(_g Insecticide, plant ~ 0.15-35 Rats: 50-500

growth regulator,
nematicide

DTso: degradation time for 50% of a compound; LDsg: lethal dose for 50% of the population.
2.2. Collection and Preservation of Water Samples

Surface water samples (n = 27) from both the paddy and vegetable fields of Savar (n = 16) and
Dhamrai Upazilas (n = 11), in Dhaka, Bangladesh were collected from May—July, 2009 (Figure 1).
The samples were kept in clean amber glass bottles, put into ice boxes and immediately transferred to
the laboratory at the Institute of Food and Radiation Biology, Bangladesh Atomic Energy Commission,
Savar, Dhaka. Sample collection was performed according to the recommendations by Hunt and
Wilson [20] and APHA [21]. The samples were stored at —20 °C prior to analysis.

A brief survey was also conducted at the location of the sample collection. Questionnaires were
randomly administered to the farmers for gathering information on the types of pesticide commonly
used, to verify the findings and also to determine if there was any unauthorized or authorized pesticide
use by the farmers in the two districts.

2.3. Sample Extraction

Five hundred mL water samples were transferred to a 1,000 mL capacity separating funnel before
extraction, using 100 mL of solvent mixture of 2% diethyl ether in double-distilled n-hexane.
The organic solvent was collected in a conical flask. This was followed by two further extractions with
25 mL of solvent mixture using a similar procedure. The organic solvent layers were aspirated and
combined before the addition of 20 g of anhydrous sodium sulfate (Merck, Germany), to remove the
residual water. The solvent was then rotary vacuum evaporated (Buchi, Switzerland) to a smaller
volume of 5 mL, based on the method described in the Deutsche Forschungsgemeinschaft [22].
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Figure 1. Sample sites of Savar (A) and Dhamrai Upazila (B).
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The concentrated samples were passed through a column (10 mm ID) packed with 10 g of
deactivated florisil (Sigma, USA) and synthetic magnesium silicate (60—100 mesh). The top 1.5 cm of
the florisil column was packed with anhydrous sodium sulfate. This extract was eluted with 2% diethyl
ether (double distilled using a fractional distillation plant, Schott Duran, Germany) in n-hexane (double
distilled) at 5 mL/min. The eluent was further concentrated in a rotary vacuum evaporator (Buchi,
Switzerland) before being transferred to a glass vial. The solvent was completely dried under a gentle
nitrogen flow. The dried sample was reconstituted in 1 mL of ACN for a subsequent analysis using
high performance liquid chromatography (HPLC).

2.4. Positive Controls

Four hundred micro-liters of chlorpyrifos, carbofuran, carbaryl, malathion and diazinon standards
(100 ng/puL) were added to 500 mL of blank water samples in triplicate as a positive control. The
standards were left standing for 10 min to produce a better interaction with the samples. Subsequently,
the fortified sample volume was processed to 2 mL, as mentioned in the “extraction and clean-up section
of materials and methods”, before their injection into the HPLC.

2.5. HPLC Analysis

Following the sample cleanup, aliquots of the final volume were quantified using an HPLC
(Shimadzu, Japan) LC-10 ADvp, equipped with an SPD-M 10 Avp attached to a photo-diode array
detector (PDA) (Shimadzu SPD-M 10 Avp, 200—-800 nm). The analytical column was a C18 Reverse
Phase Alltech (250 x 4.6 mm, 5 um) that was maintained at 30 °C in a column oven. The mobile phase,
a combination of 70% ACN and 30% water, was filtered using a cellulose filter of 0.45 pm before each
use. The flow rate was 1.0 mL/min, and all solvents used were of HPLC grade.

Prior to HPLC analysis, the samples were passed through 0.45 pm of nylon (Alltech Associates, IL,
USA) syringe filters. The 20 pL samples were manually injected each time. The identification of the
suspected pesticide was performed, relative to the retention time of the pure analytical standard.
Quantification was performed based on the method described by [9]. A typical chromatogram from the
analysis is shown in Figure 2.

Figure 2. Typical chromatogram of a carbaryl standard injected at 60 ug/mL (Retention time 4.73 min).
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2.5.1. Calibration Curve

The calibration curves for chlorpyrifos, carbofuran, carbaryl, malathion and diazinon were prepared
at four concentrations of 0, 5, 10, 20 and 40 pg/L (R* = 96.46).

2.5.2. Recovery

The mean percentage recoveries for the various pesticides were calculated using the following
equation:
Percentage recovery = (Cg/Cy % 100)

where Cg is the experimental concentration determined from the calibration curve and Cy is the spiked
concentration.

3. Results

Twenty seven surface water samples were randomly collected from paddy and vegetable fields. The
levels were analyzed for four organophosphorus and two carbamate pesticide residues and compared
with the guidelines and limits set by the European Economic Commission (EEC) (Directive
98/83/EC). The mean percentage recoveries of chlorpyrifos, carbofuran, carbaryl, malathion and
diazinon in the spiked positive controls of the water samples with the florisil cleanup system were
87.75%, 85.00%, 93.75%, 81.25% and 96.38%, respectively (Table 2).

Table 2. Percentage recoveries of chlorpyrifos, carbofuran, carbaryl, malathion and diazinon.

Amount (ng) in HPLC *
Spiked Measured

Compound  Clean up system Recovery %

. Control 0 0 0
Chlorpyrifos —
Florisil clean up 400.00 351.00 87.75
Control 0 0 0
Carbofuran : ,On =
Florisil clean up 400.00 340.00 85.00
Control 0 0 0
Carbaryl .
Florisil clean up 400.00 375.00 93.75
trol
Malathion 'C_on o 0 0 0
Florisil cleanup ~ 400.00 325.00 81.25
- Control 0 0 0
Diazinon —
Florisil cleanup ~ 400.00 385.50 96.38

* Mean value of triplicates.

Diazinon and carbofuran were detected in water samples collected from Savar Upazila at 0.9 and
198.7 ng/L respectively (Table 3). Malathion was also detected in a single water sample from Dhamrai
Upazila at 105.2 pg/L. Carbaryl was the most common pesticide detected in Dhamrai Upazila at
14.1 (Figure 1) and 18.1 pg/L, while carbofuran was detected in another water sample from Dhamrai
Upazila at 105.2 pg/L. Chlorpyrifos was not detected in any sample.
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Table 3. Concentrations of Organophosphorus and Carbamate Pesticide Residues in Water
Samples of Savar and Dhamrai Upazila.

Organophosphorus Pesticide Residues (ug/L)  Carbamate Pesticide Residues (ug/L)

Sample 1D Malathion Diazinon Carbaryl Carbofuran
WS-13 ND ND 14.1 ND
WS-17 ND ND 18.1 ND
WS-20 105.2 ND ND 105.2
WS-23 ND 0.9 ND ND
WS-25 ND ND ND 198.7

Table showing only WS that contained pesticides residues; organophosphorus and carbamate pesticide
residues were not detected in the rest of the samples. WS: Water Sample; ND: Not Detected; WS-17 and
WS-20 are samples from Dhamrai Upazila; WS-23 and WS-25 are samples from Savar Upazila.

Mean value of triplicates. LOD: 0.01 pg/L. Concentrations in bold are those that exceed levels that are safe
for humans, established by the EEC at 0.1 pg/L for any pesticide (or 0.5 pg/L for total pesticides).

4. Discussion

This is the first study that reveals the occurrence and distribution of organophosphorus and carbamate
pesticide residues in samples originating from the paddy and vegetable fields of Savar (n = 16) and
Dhamrai Upazila (n = 11) in Bangladesh. The results of this study showed that organophosphorus and
carbamate pesticide residues were detected at a higher concentration in some of the water samples. The
highest concentration of malathion pesticide detected in our study, at 105.2 pg/L, was found in water
samples from a paddy field of Dhamrai, which exceeded by 1,052 times the allowable limit of 0.1 pg/L
of pesticide contamination set by the EEC (Directive 98/83/EC). Moreover, high levels of carbofuran
pesticide residues of 105.2 and 198.7 pg/L were detected in two of the water samples collected from
Savar Upazila.

There are two possible reasons for high levels of pesticides. First, the pesticides are used to kill both
insects and nematodes, to ensure the proper growth of paddy and vegetables. Secondly, most of the
farmers in the study area may not have enough knowledge about the chemical nature of pesticides that
have been used or the effects of pesticides on the environment and the exposure effects of pesticides on
public health, when using them indiscriminately. Therefore, it is advised that people living in this area
do not consume fish or other aquatic animals caught in paddy fields because aquatic animals may be
contaminated by these pesticides. It is also possible that detrimental residues may remain in the edible
portion of vegetables or plants and may affect humans because humans are at the top of the food chain
and are, therefore, most susceptible [23].

Chlorpyrifos was not detected in any of the samples during the present investigation. Diazinon was only
detected in a single water sample collected from the Ashulia Union of Savar Upazila at 105.2 pg/L. This
level is approximately 50 times higher than the levels detected in a water sample collected from the Ganges
River in India at 2.61 pg/L [24], which can be attributed to the extensive and uncontrolled agriculture use
of pesticide in Dhamrai Upazila.

Malathion was also present in a single water sample from the Bhararia Union of Dhamrai Upazila at
105.2 pg/L. Diazinon was only detected in a single water sample collected from the Ashulia Union of
Savar Upazila in the Dhaka District. The level of diazinon was 0.9 ng/L, which is greater than the normal
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level of pesticide of 0.1 pg/L, set by the EEC (Directive 98/83/EC). This level is lower than the highest
level (1,140 pg/L) of diazinon detected in water samples one day after spraying was conducted in Iran [25].

From our study, carbaryl and carbofuran were the two most commonly identified pesticides that
were also detected at much higher levels than the allowed level of pesticide, set by the EEC (Directive
98/83/EC) at 0.1 pg/L. For example, carbaryl was detected at 14.1 pug/L (Figure 3) and 18.1 pg/L in the
two water samples of Dhamrai Upazila,, although this pesticide was detected at a much lower level of
0.163 pg/L in a water sample of a paddy field in Rangpur, Bangladesh [9] or at 3.78 pg/L in a water
sample collected from USA [26]. This indicates that two pesticides are commonly utilized in these areas.
The result also correlates with our survey data, which confirmed that most of the farmers claimed to have
used Furadan® (carbaryl) in the investigated areas. In addition to carbaryl, the farmers also admitted
using chlorpyrifos, malathion, diazinon and carbofuran, although chlorpyrifos was not detected in any of
the samples. However, it is possible that this fact was attributed by its short persistence time.

Carbofuran was detected in the samples collected from the Ashulia Union of Savar Upazila at
105.2 and 198.7 pg/L respectively. In a previous study, carbofuran was detected at a lower
concentration of 3.395 pg/L in a sample collected from the paddy fields in Rangpur, Bangladesh [9].
It is possible that carbofuran is used in large quantities in Savar Upazila. Carbofuran level was reported
to be higher (0.01 mg/L—0.592 mg/L) in river and pond water samples collected from Kenya [27].

Figure 3. Chromatogram of WS-13 showing the presence of carbaryl (Retention time 4.84 min).
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Organochlorine pesticides (OCPs) are persistent contaminants in the environment that are of great
concern because of their persistent and long-range transportable nature as well as toxic biological
effects [28—-30]. Due to a long persistence time in nature, organochlorine pesticides have not been used
in agricultural practices in recent years. Therefore, they are less likely to be detected. As a result, we
have not analyzed the samples for the presence of organochlorine pesticide residues. However, the use
of organophosphorus and carbamate pesticides such as chlorpyrifos, diazinon, malathion, carbofuran
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and carbaryl has greatly increased because of their less detrimental effects on the environment,
resulting from a small persistence time (2 h to 8 weeks).

It is recommended that more water samples should be collected at different time intervals in future
studies because the nationwide pattern of pesticide use varies annually. A declining trend in pesticides
levels has been reported in water samples analysed on the first day of spraying when compared with
those collected two months later [25] indicating the importance of proper recording of the application
time and doses of pesticides. Because a number of samples from Savar and Dhamrai Upazilas were
highly contaminated with pesticide exceeding safe levels, water samples from this area need to be
monitored on a routine basis to ensure safety.

5. Conclusions

The present study reports that 22% of water samples collected from the paddy and vegetable fields
of Savar and Dhamrai Upazilas are highly polluted with pesticide residues, particularly with carbaryl.
Other pesticides detected were malathion, diazinon and carbofuran. In general, the levels were higher
than those reported from other countries. The presence of these pesticide residues may be attributed by
their intense use by the farmers living in these areas. Proper handling of these pesticides should be
ensured to avoid direct or indirect exposure to these pesticides. New and strict enforcement should be
implemented by the authorities as soon as possible in this region of Bangladesh to control the
indiscriminate use of pesticides.
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