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In the present study, the presence of organophosphorus (OPs) and carbamates (CBs) residues in the pond water and cultured
Pangas catfish (Pangasius pangasius) samples collected from Comilla and Mymensingh areas were detected and assessed for their
potential health risks. A total of 100 samples from each category were analysed among which 17% of the pond water samples and
9% of the fish samples were detected contaminated with OP and CB residues. *e pond water and fish samples were extracted by
liquid-liquid extraction (LLE), quick, easy, cheap, effective, rugged, and safe (QuEChERS) extraction, and ultrasonic extraction,
respectively, and analysed through gas chromatography tandem mass spectrometry (GC-MS/MS). Among the detected OPs,
Dursban (chlorpyrifos) and dichlorvos were detected, while among CB pesticides, carbofuran and sevin (Carbaryl) were detected
in fish muscle samples. *e detected OP and CB residual levels were below than the maximum residue limits (MRLs). *e risk
assessment study indicated no potential health risks. However, the level of compliance should be maintained through proper
monitoring and controlling the overuse of pesticides in agricultural fields for public health safety.

1. Introduction

Pesticides are rapidly becoming the most valuable stuffs in
cultivation. *ough their contribution is in the enlargement
of harvest yield, many other living organisms are adversely
affected by their improper uses. Environmental disruption is
becoming more common as a result of ecosystem instability.
*e health of Aquatic species llike fish deteriorates by
disturbing their metabolic functions remarkably. Because of
prolonged exposure, pesticides can cause tumour growth,
the development of a malformed organism, genetic modi-
fication, blood disorders, endocrinological dysfunction, and
genotoxicity [1].

Exposure of pesticides to humans has been responsible
for the development of different types of diseases such as
cardiovascular diseases, dementia, hypertension, cancer, and

so on. [2]. Dysfunction of cholinesterase activity in the
nervous system via blocking nerve transmission at synapses
in cholinergic neurons is one of the potential interruptions
for both carbamate (CB) and organophosphate (OP) pes-
ticides [3]. Specifically, organophosphates block the action of
cholinesterase (ChE) enzymes, red blood cell (RBC), ChE,
and serum ChE, allowing organophosphate poisoning to
have cholinergic indications[4]. Pesticides are also known as
EDCs (endocrine disrupting chemicals) which are chemicals
that interfere with the normal functionality of the endocrine
system including nontarget species [5]. *e use of ED
pesticides has been linked to the increased prevalence rate of
disease and malformations in humans and wildlife. *is
pesticide class has been linked to lowering insulin secretion,
particularly in exposure to glucose. By reducing mito-
chondrial ATP synthesis, both OP and CB lead the way for
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hyperglycemia, which results in the breakdown of glycogen,
lipids, and finally proteins to provide energy. *ey can also
modify the enzymatic pathways involved in the generation
of glucose from proteins, lipids, and glycogen in cells in-
cluding the liver and muscle. Because of poor insulin se-
cretion, this hyperglycemia cannot be diminished [6]. In rats
and mice, the organophosphate pesticide chlorpyrifos (CPF)
has been shown to cause neurological damage, malformation
and micronucleus development, persistent developmental
disabilities, and maternal toxicity. As a consequence, CPF is
a highly genotoxic chemical that causes DNA damage and
cell apoptosis [7]. Abnormalities of the central and pe-
ripheral nervous systems, as well as cardiovascular diseases,
have been observed following a single massive dose of or-
ganophosphates (OPs) [8]. *e potential influence of long
term exposure to OP and CB pesticides on male repro-
ductive function may result in sperm chromatin damage,
diminished semen quality, and hormonal changes, leading to
poor reproductive health outcomes [9]. A population-based
study found that putative connections between pesticide
exposure and human health raised the incidence of non-
lymphoma Hodgkin’s and dementia [10–12]. Bangladesh is
known as the country of rivers. In the agricultural sector,
rivers play a vital role in cultivation. *e use of excessive
pesticides in the farmlands near waterways has a substantial
negative impact on streams, which are becoming highly
polluted. Water quality has drawn significant attention as
one of the most critical environmental issues in developing
countries; particularly, Bangladesh is confronting a major
water pollution crisis. By evaluating health risk assessment of
pesticides in the water bodies, the water quality in many
areas of the country has already degraded, and a substantial
number of people are at risk of water pollution [13].
According to the recent study, high quantities of diazinon,
carbofuran, and carbaryl pesticide residues in water bodies
pose a serious threat to the aquatic ecosystem and public
health [14]. Another study indicated the contamination of
several river water bodies and fishes through pesticides in
Bangladesh [15]. Not only the river water is contaminated
with pesticide residues but also vegetables, fruits, animal
feed, milk, fish, and egg were contaminated with pesticides
[16, 17] *erefore, pond water and cultured fishes should
also be monitored for detection of pesticide residues.

Fish is considered as a balanced diet worldwide because
of its nutritional values [18]. Fish contributes about 60% of
animal protein demand [19]. In several studies, it has been
reported that fish is one of the main routes of heavy metal
exposure to humans [20, 21]. Similarly, human exposure of
pesticide residues occurs through fish. *erefore, fish is
considered a fresh water system indicator for contaminants
and used for assessment of human health risks [22–25]. *e
contaminants such as pesticide residues can contaminate the
aquatic environment, and because of their persistence,
bioaccumulation, and toxicity, they may pose serious health
threats to humans.*e pesticide residues are accumulated in
the fish adipose tissues after ingestion from the surrounding
environment. *e Pangascatfish (Pangasius pangasius) is
one of the important fish species of Bangladesh.*e demand
of this kind of fish is increasing day by day in the people of all

ages because of its taste and nutritional value. Pangas fish
contributes in the annual fish production, and people from
rural areas earn their livelihood through fish culturing.

In this current study, we collected pangas fish samples
from cultured ponds surrounding Comilla andMymensingh
District.*e purpose of the current study is to investigate the
residual levels of OPs and CBs in cultured fishes and explore
the health risk assessment from fish consumption.

2. Materials and Methods

2.1. Area of Study. *e study was carried out from the
cultured Pangas catfish (Pangasius pangasius) from
Mymensingh and Comilla area (Figure 1). Mymensingh is
located about 120 km north from capital Dhaka. *e co-
ordinates ofMymensingh are 24°38′3″N 90°16′4″E.*e total
area of Mymensingh district is 4363.48 km2 with a total
population of 5,210,272. *e average temperature of
Mymensingh is about 12 to 33°C, and average rainfall is
2,174mm. Comilla is located at the bank of Meghna river.
*e coordinates of Comilla are 23°27′N 91°12′E. *e area of
Comilla district is about 3,136 km2, while the population of
Comilla is 5,387,288. *e average temperature of Comilla is
25.5°C, and average rainfall is about 2,295mm.

2.2.Chemicals andReagents. A cocktail mix containing 8 OP
residues (dichlorvos), MOCAP (ethoprophos), disulfoton,
methyl parathion, Ronnel, Dursban (Chlorpyrifos), guthion
(azinphos methyl), and Tokuthion and a standard mix of 10
CB residues (aldicarb sulfoxide), aldicarb sulfone, oxamyl,
methomyl, 3-hydroxycarbofuran, aldicarb, propoxur, car-
bofuran, Sevin (carbaryl), and methiocarb were purchased
from Sigma-Aldrich, USA. Other chemicals including
n-hexane, ethyl acetate, acetone, sodium chloride, and an-
hydrous sodium sulphate were brought from Sigma Aldrich,
Germany.

2.3. Sample Collection. *e American Public Health Asso-
ciation’s standard sampling methodology was used to collect
30 surface water samples randomly [26]. *is survey was
performed from December 2020 to March 2021. Water
specimens were taken from the water surface at heights
ranging from 30 to 50 cm. To maintain sample quality,
samples were preserved in proper conditions after sampling.
To study the bioaccumulation of OPs and CBs in fishes, we
have used the pangas catfish (Pangasius pangasius) as model
fish as this fish species cultured widely in Mymensingh and
Comilla region. During sampling, fishes of almost same sizes
and weights were collected. *e collected fishes were stored
in the ice box and transported to the laboratory.

2.4. Extraction. Pesticide residues were extracted as soon as
possible after sample collection (within 24 hours of sample
collection). *e liquid-liquid extraction (LLE) method has
been used to separate OPs and CBs from treated water
samples [26]. *e OP residues were extracted from fish
samples and cleaned up using the QuEChERS extraction
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method [27]. *e collected fish samples were homogenized
first, and 10 g of homogenized samples were transferred to a
50ml centrifuge tube, and 10mL of acetonitrile was added on
it. After vortexing the mix properly, 4 g of magnesium sul-
phate and 1 g of sodium chloride were added on it and later
centrifuged at 5000 rpm for 5 minutes, and the supernatant
was collected for the clean-up procedure. In the sample clean-
up step, 2ml of the supernatant was mixed with primary and
secondary amine (PSA) (50mg), graphite carbon black (GCB)
(50mg), and magnesium sulphate (150mg). When the
samples were properly agitated, the samples were centrifuged
at 10000 rpm for 5min and extracts were evaporated through
nitrogen stream and reconstituted to 1ml using toluene prior
GC-MS/MS analysis. CB extraction from fish samples was
carried out using an ultrasonic extraction process. In brief,
5.0 g of samples of each category were transferred to a 50mL
conical flask. *en, 2.5 g of anhydrous sodium sulphate was
added with the samples and mixed to remove the moisture.
Later, 20mL of ethyl acetate was used for extraction through
shaking at 270 rpm for 5 minutes. *e mixtures were then
sonicated at 400°C for 20 minutes using an ultrasonic bath
(XUB10, Grant Instruments Ltd., UK) which was followed by
standing the mixture for 5 minutes and centrifuging at
2500 rpm for 5 minutes, respectively. *e supernatant was
collected and concentrated to 1mL using gentle nitrogen
stream. Sample clean-up was performed according to the
described process [28].*e extraction cartridges (solid phase)
were conditioned by usingmethanol, distilled water, and ethyl
acetate, respectively. *en, a solid phase extraction column
was used for sample loading, and samples were eluted with
n-hexane: dichloromethane (3:2) mix. Finally, elutes were
concentrated using a stream of nitrogen gas, and by using
n-hexane, the samples were reconstituted to 1mL for gas
chromatographic analysis.

2.5. GC-MS/MSAnalysis. *e analysis was carried out using
a GC chromatograph (*ermo Fisher Scientific, USA) and
Trace GOLD TG-5MS GC Column
(0.25mm× 0.25m× 0.25 μm). *e flow rate for this analysis

was 1.2mL/min. *e carrier gas was helium. *e injection
port temperature was 230°C, and the GC temperature ranged
from 80°C to 290°C. Sample injection volume was 2 μL. MS
analysis was performed through a mass spectrometer
(*ermos Scientific, USA).

2.6.MethodPerformanceEvaluation. To determine pesticide
residues accurately, the suitable approach GC-MS/MS was
used. Standard solutions were prepared from pesticide stock
solutions. Several dilutions of the standard solution were
made ranging from 0.005mg/L to 0.2mg/L. LOD and LOQ
were determined using the blank solutions. For LOD de-
termination, a signal-to-noise ratio of 3:1 was used, and LOQ
detection was performed on 10 times the baseline value of
blank samples. *e method’s accuracy was proven through
recovery performance evaluation. Pond water samples were
treated with two known quantities for the recovery per-
formance evaluation: 50 μg/L and 100 μg/L.

*e samples have been extracted and examined using the
following equation:

Pi �
Si
Ti

  × 100, (1)

where Pi, Si, and Ti represent recovery percentages, labo-
ratory control results, and percentage recovery of treated
samples, respectively.

Matrix effects can suppress or enhance chromatographic
signals resulting in low or high residue recoveries. Matrix
effects of residues of OP pesticides were estimated in this
study according to the following equation:

ME(%) �
B

A
× 100, (2)

where A and B refer to the standard peak area in solvent and
standard after spiking, respectively.

*e sensitivity of GC-MS/MS analysis was achieved
through the use of negative ion chemical ionization. *e
precursor and product ions were generated upon the tuning
of a mass spectrometer. Both precursor and product ions
were monitored for each residue of OP and CB pesticides by
using the MS1 scan mode. Precursor ions were selected
based on the higher abundance and mass-to-charge ratio,
while product ions were chosen based on the high abun-
dance of product ions in appropriate collision energy.

2.7. Risk Assessment. Risk evaluation with foods and other
food-related stuffs where people are exposed indirectly to
pesticides was conducted [29, 30]. To know about pesticide
residues in daily consumable foods, the estimated daily
intake (EDI) will be utilized [31].

*e OP and CB strength in the fish and the amount of
fish ingested are used to determine the estimated daily intake
(EDI) of OPs and CBs. EDIs were computed using the
following equation:

EDI �
C × D

B
, (3)
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Figure 1: Location map of the study area.
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where C, D, and B represent the residual concentrations of
OPs and CBs (mg/kg) in fish, daily fish intake (kg/person),
and average weight (kg/person), respectively. *e daily fish
consumption rate of Bangladeshi people is 42.1 g/per capita/
day [32]. *e average body weight of 60 kg and 16.7 kg for
adult people and children was considered for this analysis.

On the contrary, the Hazard Index (HI) is used to es-
timate the long-term danger of consumers who consume fish
with aggregated OPs and CBs in their body. *e following
formula is used to compute HI from estimated daily intake
(EDI) and FAO/WHO recommended average daily intake
(ADI) of OPs and CBs:

HI �
EDI
ADI

. (4)

When the computed HI value is less than one, con-
sumers are regarded to be safe from any OPs and CB-related
health risks [33]. However, if the HI value is greater than
one, it can be considered potentially dangerous to one’s
health.

2.8.DataAnalysis. Samples were collected in duplicates, and
average results were presented as data. *e calculations were
performed by Microsoft Excel 2010.

3. Results and Discussion

3.1. Method Performance Evaluation. *e accuracy of the
current investigation was evaluated through recovery
studies. Tables 1 and 2 represent the elution order, limit of
detection, limit of quantification, coefficient of determina-
tion (R2) values, recovery rates, and precursor ion (m/z) and
product ion (m/z) of OP and CB residues. *e percent
recoveries were determined between 69.22–94.41% and
66.75–98.65% for OP and CB pesticides, respectively. *e
coefficient of determination (R2) varies from 0.9995 to
0.9999 and from 0.9992 to 0.9998 for OP and CB residues,
respectively. *e LOD values were determined in the range
of 0.7–1.0 for CB residues, while LOD values were in the
range of 18.32–31.84 μg/L for OP residues. *e results of
matrix effects of OP pesticide residues are shown in Table 1.
*e matrix effect of GC-MS/MS analysis followed by
QuEChERS extraction occurs in every OP pesticide residues
in terms of ionization suppression. Among the pesticide
residues, the highest suppression was detected in Tokuthion
(27%), while the lowest suppression was detected in disul-
foton (8%). *e chromatograms showing the peaks of
corresponding peaks of OP and CB residues are shown in
Figures 2 and 3, respectively.

3.2. Presence ofOPResidues andCBs inPondWater Samples of
Comilla and Mymensingh. *e average OPs and CBs in
pond water samples of Comilla and Mymensingh are pre-
sented in Tables 3 and 4, respectively. *e analysis of car-
bamate pesticides showed the presence of carbofuran
(1.09± 0.81 μg/L) and Sevin (carbaryl) (0.78± 0.39 μg/L) in
pond water samples of Comilla, while only Sevin (Carbaryl)
(0.88± 0.63 μg/L) was detected from Mymensingh pond

water samples. Other carbamate pesticide residues including
aldicarb sulfoxide, aldicarb sulfone, oxamyl, methomyl, 3-
hydroxycarbofuran, aldicarb, propoxur, and methiocarb
were not detected in the water samples of Comilla. Almost
similar results were obtained from the water samples of
Mymensingh where pesticide residues including aldicarb
sulfoxide, aldicarb carbofuran, sulfone, oxamyl, methomyl,
3-hydroxycarbofuran, aldicarb, propoxur, and methiocarb
were not detected.

Among the OP compounds, dichlorvos (7.98± 3.45 μg/
L), methyl parathion (3.87± 2.51 μg/L), and Dursban
(chlorpyrifos) (5.27± 3.56 μg/L) were detected in pond water
samples from Comilla, and the presence of OP compounds
such as dichlorvos (4.78± 3.89 μg/L) and Dursban (chlor-
pyrifos) (3.82± 1.38 μg/L) was detected in the pond water
samples of Mymensingh. In that case, the pesticide residues
including MOCAP (ethoprophos), disulfoton, Ronnel,
Tokuthion, and cushion (azinphos methyl) were not de-
tected in water samples of Comilla, and pesticide residues
including MOCAP (ethoprophos), disulfoton, methyl
parathion, Ronnel, Tokuthion, and guthion (azinphos
methyl) were not detected in the water samples from
Mymensingh.

From the current study, the presence of OP and CB
residues in pond water samples suggested the use of pes-
ticides in those areas. *e presence of these pesticide resi-
dues indicated the uses of these pesticides in those areas.*e
ponds water might be contaminated through the rain water
runoff from the agricultural fields.*e contamination of fish
feed with the pesticide residues might be another reason.

3.3. Presence ofOPandCBCompounds inFishMuscle Samples
of Comilla and Mymensingh. In order to understand the
bioaccumulation of carbamate and OP pesticide residues in
fish, the presence of carbamate and OP pesticide residues
were detected through GC-MS/MS. *e average OPs and
CBs in fish muscle samples of Comilla and Mymensingh are
presented in Tables 5 and 6, respectively. OP pesticide
residues were detected in very low concentrations in fish
samples from both of the sampling areas. *e fish samples
that were collected from Comilla were contaminated with
very low concentration of Dursban (chlorpyrifos)
(0.88± 0.28 μg/kg). On the other hand, fish samples from
Mymensingh were contaminated with very low concentra-
tions of dichlorvos (1.17± 0.41 μg/kg) and Dursban (chlor-
pyrifos) (1.04± 0.32 μg/kg).

Among the carbamate pesticide residues, only carbo-
furan (0.68± 0.45 μg/kg) in very low concentration was
detected in fish samples from Comilla, while only Sevin
(Carbaryl) (0.39± 0.22 μg/kg) was detected in fish samples
from Mymensingh area.

Environmental hazards such as pesticides are one of the
prominent threats for all types of people and living or-
ganisms. OPs and CBs are the most commonly used pes-
ticides in cultivation. *eir improper uses have an influence
on the ecosystem. In South Ghana, several pesticides were
found to be acute risk to aquatic ecosystems [34]. As shown
by European Commission (EC) criteria, the majority of river
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Figure 2: Chromatogram showing peaks of OP pesticide standards. *e corresponding peaks of each residue are presented in the following
order: 1: dichlorvos; 2: MOCAP (ethoprophos); 3: disulfoton; 4: methyl parathion; 5: ronnel; 6: dursban (chlorpyrifos); 7: tokuthion; 8:
guthion (azinphos methyl).

Table 1: *e elution order, limit of detection, limit of quantification, coefficient of determination (R2) values, recovery rate, matrix effect
(%), precursor ion (m/z), and product ion (m/z) of OP residues.

OPP pesticide
residues

Elution
order

Coefficient of
determination

(R2)

Limit of
quantification
(LOQ) (μg/L)

Limit of
detection
(LOD) (μg/

L)

Recoveries (%)
ME
(%)

Precursor
ion (m/z)

Product
ion (m/z)50 (μg/L) 100 (μg/L)

Dichlorvos 1 0.9996 97.15 18.32 77.90± 9.17 64.27± 6.74 82 183 95
MOCAP
(ethoprophos) 2 0.9995 90.28 27.29 69.29± 8.67 70.64± 9.52 77 244 177

Disulfoton 3 0.9998 55.34 31.84 81.30± 6.92 88.26± 10.32 92 277 64
Methyl
parathion 4 0.9997 70.23 21.23 92.89± 6.78 73.19± 9.32 90 269 127

Ronnel 5 0.9996 100.62 28.53 88.27± 8.39 77.66± 7.83 88 234 197
Dursban
(chlorpyrifos) 6 0.9997 64.19 31.42 72.43± 11.22 69.48± 10.11 83 323 127, 1

Tokuthion 7 0.9998 90.22 19.29 69.22± 10.43 82.23± 9.52 73 308 168
Guthion
(azinphos
methyl)

8 0.9999 93.43 30.16 94.41± 7.63 77.49± 8.64 82 321 162, 2

Table 2: *e elution order, coefficient of determination (R2) values, limit of detection, recovery rate, precursor ion (m/z), and product ion
(m/z) of CB analytes.

Analyte Elution Order Coefficient of determination (R2) Limit of detection % recovery
Pre cursorin (m/z) Production

(m/z)(μg/L) 50 μg/L 100 μg/L
Aldicarb sulfoxide 1 0.9998 1 84.44± 5.69 98.65± 5.58 209 174
Aldicarb sulfone 2 0.9994 1 88.87± 2.90 91.96± 4.89 244 144
Oxamyl 3 0.9998 0.8 83.98± 3.97 82.56± 3.42 167 119
Methomyl 4 0.9997 0.9 91.94± 4.97 81.56± 4.98 161 111
3-
Hydroxycarbofuran 5 0.9994 1 95.45± 5.36 78.54± 4.78 239 184

Aldicarb 6 0.9995 0.8 68.53± 3.75 67.76± 4.97 210 119
Propoxur 7 0.9998 0.9 72.68± 4.98 72.27± 4.87 227 132
Carbofuran 8 0.9995 0.9 77.54± 4.44 70.74± 4.68 233 161
Sevin (carbaryl) 9 0.9996 0.7 81.39± 4.47 66.75± 4.98 208 123
Methiocarb 10 0.9992 0.8 88.98± 5.67 70.42± 8.74 244 173

Journal of Toxicology 5



water samples (93.7 percent) exceeded the EC limit of
T-pesticides for drinking of 26 (0.50 ng·mL−1) facilitated by
pond water samples (56.2 percent) [35]. In Bangladesh, Feni
district, the presence of diazinon, carbofuran, and carbaryl
pesticide residues in aquatic environment is a severe issue

for the ecosystem and heath safety [14]. Another set of
findings revealed that the most often identified pesticides in
excessive amounts in surface water and sediments were
chlorpyrifos, diazinon, and quinalphos [36].

Table 3: Mean concentration (μg/L)± SD of detected OP residues
in water samples.

OPP pesticide residues Comilla Mymensingh
Dichlorvos 7.98± 3.45 4.78± 3.89
MOCAP (ethoprophos) ND ND
Disulfoton ND ND
Methyl parathion 3.87± 2.51 ND
Ronnel ND ND
Dursban (chlorpyrifos) 5.27± 3.56 3.82± 1.38
Tokuthion ND ND
Guthion (azinphos-methyl) ND ND
∗ND: not detected.

Table 4: Mean concentration± SD (μg/L) of detected CBs analytes
in water samples.

Analyte Comilla Mymensingh
Aldicarb sulfoxide ND ND
Aldicarb sulfone ND ND
Oxamyl ND ND
Methomyl ND ND
3-Hydroxycarbofuran ND ND
Aldicarb ND ND
Propoxur ND ND
Carbofuran 1.09± 0.81 ND
Sevin (carbaryl) 0.78± 0.39 0.88± 0.63
Methiocarb ND ND

Table 5: Mean concentration (μg/kg)± SD of detected OP residues
in Pangasius pangasius fish muscle samples.

OPP pesticide residues Comilla Mymensingh
Dichlorvos ND 1.17± 0.41
MOCAP (ethoprophos) ND ND
Disulfoton ND ND
Methyl parathion ND ND
Ronnel ND ND
Dursban (chlorpyrifos) 0.88± 0.28 1.04± 0.32
Tokuthion ND ND
Guthion (azinphos methyl) ND ND
∗ND: not detected.

Table 6: Mean concentration (μg/kg)± SD of detected carbamate
analytes in Pangasius pangasius fish muscle samples.

Analyte Comilla Mymensingh
Aldicarb sulfoxide ND ND
Aldicarb sulfone ND ND
Oxamyl ND ND
Methomyl ND ND
3-Hydroxycarbofuran ND ND
Aldicarb ND ND
Propoxur ND ND
Carbofuran 0.68± 0.45 ND
Sevin (carbaryl) ND 0.39± 0.22
Methiocarb ND ND
∗ND: not detected.
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*is current study is based on the water and fish samples
from cultured ponds in Comilla and Mymensingh that were
analysed using the validated method. Tables 3–6 show all of
the observed OCPs levels in water and fish samples, re-
spectively. Dichlorvos is different among organophosphates,
and in that, it is rapidly metabolized and excreted by
mammals [37]. Dichlorvos detoxification mainly occurs
mostly in the liver [38]. Dichlorvos causes toxicity by ir-
reversibly inhibiting neural acetylcholine-esterase [39].
Chronic exposure can result in death, as well as genotoxic,
neurological, reproductive, carcinogenic, immunological,
hepatic, renal, respiratory, metabolic, dermal, and other
systemic consequences [40].

In developing countries, methyl parathion (MP) is
definitely a more substantial environmental potential haz-
ard. High-risk categories for MP contacts include pregnant
women, developing fetuses, infants, growing children, ad-
olescents, and the aged, and the toxicity has been expressed
by the tragic incident of MP poisoning in Peru [41]. Methyl
parathion poisoning can cause faster, severe organophos-
phate toxicity and other associated diseases, coma, and death
[42].

Epidemiological studies have found statistically signifi-
cant links between prenatal subacute sensitivity to chlor-
pyrifos and neurological abnormalities ranging from
cognitive deficits to convulsions in children [43]. *e young
are more vulnerable than adults to the negative effects of
chlorpyrifos exposure at levels lower than those which
suppress cholinesterase (ChE) [44].

Carbofuran has been implicated to endocrine disruption,
reproductive complications, and cytotoxic and genotoxic
abnormalities in mammals. Carbofuran is highly detri-
mental to animals, birds, fish, and wildlife due to its sup-
pression of acetylcholinesterase and butyrylcholinesterase
activity [45]. Typically, carbofuran is hazardous to mammals
via the oral and breathing pathways but has moderate
toxicity via the dermal path. Carbofuran and/or its primary
metabolites have the ability to pass the placental barrier and
have catastrophic consequences for the maternal-placental-
fetal unit [46].

Carbaryl is responsible for the inhibition of FSH-in-
duced progesterone biosynthesis in granulosa-lutein cells
[47]. Carbaryl has the greatest possible acute toxicity but the
least apoptosis effect of these drugs [48].

Limited studies have been conducted in Bangladesh so
far for the identification of pesticide residues in fishes and
vegetables [15–17, 49, 50]. In a study in northwestern
Bangladesh identified the traces of banned pesticide residues
in fish samples [51], while a study on dry barb in the
northeastern part of Bangladesh identified OCP residues
[52]. *e fish samples from Sonargaon upazila contained
OCP residues [53].

3.4. Human Health Risk Assessment. Human health risks
were assessed based on the estimated daily intakes of de-
tected OP and CB pesticides from fish samples. *e detected
pesticide residual concentrations were compared with the
maximum residue level (MRL). Exposure dose was calcu-
lated in terms of estimated daily intake (EDI) and the Health
Risk Index (HI). *e concentrations of both OP and CB
residues were detected in the below range than the MRL set
by FAO/WHO.

Risk assessment has been carried out for both adults
and children. *e risk analysis of OPs and CBs through
dietary exposure was assessed, and the analysed results are
presented in Table 7. *e HI values were calculated based
on the EDI and ADI values. As we know, an index value
larger than 1 indicates risk from consumption of fishes,
while an index value smaller than 1 indicates no risks. In
this current study, the HI values were determined smaller
than 1 after analysis of the fish samples from Comilla and
Mymensingh.

From this study, the HI values of Dursban (chlorpyrifos)
were detected 6.17467E−05 and 0.221844311 for adults and
children, respectively, in Comilla area. On the other hand,
HI values of dichlorvos were detected as 0.000205238 and
0.73738024 for adults and children, while HI values of
Dursban (chlorpyrifos) were detected as 7.29733E−05 and
0.262179641 for adults and children, respectively.

In Comilla, among the detected CB residues, the HI
values of carbofuran were 4.77133E−05 and 0.17142515 for
adults and children, respectively. In Mymensingh area, HI
values of Sevin (Carbaryl) were 3.42063E−05 and
0.122896707 for adults and children, respectively.

Considering the current results, the estimated exposure
of both OPs and CBs is very low, and this will not pose
serious threats to human health after long term exposure.

Table 7: EDI, ADI, and HI values of OPs and CBs in adults and children.

Mean concentration
(mg/kg)

EDI
(for adults)

EDI
(for children) ADI (mg/kg/Day) HI (adults) HI

(children)
Health
risk

OPs

Comilla
Dursban

(chlorpyrifos) 0.00088 6.17467E−07 0.002218443 0.01 6.17467E−05 0.221844311 No

Mymensingh
Dichlorvos 0.00117 8.2095E−07 0.002949521 0.004 0.000205238 0.73738024 No
Dursban

(chlorpyrifos) 0.00104 7.29733E−07 0.002621796 0.01 7.29733E−05 0.262179641 No

CBs

Comilla
Carbofuran 0.00068 4.77133E−07 0.001714251 0.01 4.77133E−05 0.17142515 No
Mymensingh

Sevin (carbaryl) 0.00039 2.7365E−07 0.000983174 0.008 3.42063E−05 0.122896707 No
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4. Conclusion

*e findings of the current study indicated the presence of
OPs and carbamate pesticide residues in both pond water
and cultured fish samples. *e detected values of both OPs
and CBs did not exceed the MRLs. Although very low
concentrations of pesticide residues were detected in fish
samples, their presence in common food such as fish is a
matter of great concern. *e fish samples from the selected
areas are safe for human consumption since the residual
levels were below the MRLs fixed by EU/FAO. *e health
risk assessment study suggested no possible health risks due
to fish consumption from the studied area. However, con-
tinuous monitoring and control of pesticides uses are
strongly recommended in terms of public health safety.

Data Availability

All data generated or analysed during this study are included
within this published article.

Conflicts of Interest

*e authors declare that they have no conflicts of interest.

Acknowledgments

*e authors are very thankful to the Institute of Food Science
and Technology (IFST), BCSIR for the laboratory facilities,
and their kind cooperation throughout the study. *e study
was supported by funding from R&D project of Milk, Dairy,
and Fermented Food product research section of the In-
stitute of Food Science and Technology (IFST), Bangladesh
Council of Scientific and Industrial Research (BCSIR).

References

[1] P. K. Maurya and D. S. Malik, “Bioaccumulation of xeno-
biotics compound of pesticides in riverine system and its
control technique: a critical review,” Journal of Industrial
Pollution Control, vol. 32, no. 2, pp. 580–594, 2016.

[2] P. Nicolopoulou-Stamati, S. Maipas, C. Kotampasi,
P. Stamatis, and L. Hens, “Chemical pesticides and human
health: the urgent need for a new concept in agriculture,”
Frontiers in Public Health, vol. 4, p. 148, 2016.

[3] N. V. Cong, N. *anh Phuong, and M. Bayley, “Brain cho-
linesterase response in the snakehead fish (Channa striata)
after field exposure to diazinon,” Ecotoxicology and Envi-
ronmental Safety, vol. 71, no. 2, pp. 314–318, 2008.

[4] K. Jaga and C. Dharmani, “Sources of exposure to and public
health implications of organophosphate pesticides,” Revista
Panamericana de Salud Públic, vol. 14, no. 3, pp. 171–185,
2003.

[5] W. Mnif, A. I. H. Hassine, A. Bouaziz, A. Bartegi, O. *omas,
and B. Roig, “Effect of endocrine disruptor pesticides: a re-
view,” International Journal of Environmental Research and
Public Health, vol. 8, no. 6, pp. 2265–2303, 2011.

[6] S. Karami-Mohajeri and M. Abdollahi, “Toxic influence of
organophosphate, carbamate, and organochlorine pesticides
on cellular metabolism of lipids, proteins, and carbohydrates:
a systematic review,” Human & Experimental Toxicology,
vol. 30, no. 9, pp. 1119–1140, 2011.

[7] D. Li, Q. Huang, M. Lu et al., “*e organophosphate insec-
ticide chlorpyrifos confers its genotoxic effects by inducing
DNA damage and cell apoptosis,” Chemosphere, vol. 135,
pp. 387–393, 2015.

[8] D. Z. Hung, H. J. Yang, Y. F. Li et al., “*e long-term effects of
organophosphates poisoning as a risk factor of CVDs: a
nationwide population-based cohort study,” PLoS One,
vol. 10, no. 9, pp. 01376322–e137715, 2015.

[9] F. Jamal, Q. S. Haque, S. Singh, and S. K. Rastogi, “Retracted:
the influence of organophosphate and carbamate on sperm
chromatin and reproductive hormones among pesticide
sprayers,” Toxicology and Industrial Health, vol. 32, no. 8,
pp. 1527–1536, 2016.

[10] J. N. Lin, C. L. Lin, M. C. Lin et al., “Increased risk of dementia
in patients with acute organophosphate and Carbamate
poisoning: a nationwide population-based cohort study,”
Medicine, vol. 94, no. 29, pp. e1187–e1188, 2015.

[11] B. L. Waddell, S. H. Zahm, D. Baris et al., “Agricultural use of
organophosphate pesticides and the risk of non-Hodgkin’s
lymphoma among male farmers (United States),” Cancer
Causes & Control: Cancer Causes & Control, vol. 12, no. 6,
pp. 509–517, 2001.

[12] T. Zheng, S. Hoar Zahm, K. P Cantor, D. Weisenburger,
Y. Zhang, and A. Blair, “Agricultural exposure to carbamate
pesticides and risk of non-Hodgkin lymphoma,” Journal of
Occupational and Environmental Medicine, vol. 43, no. 7,
pp. 641–649, 2001.

[13] F. Parvin, M. M. Haque, and S. M. Tareq, “Recent status of
water quality in Bangladesh: a systematic review, meta-
analysis and health risk assessment,” Environmental Chal-
lenges, vol. 6, Article ID 100416, 2022.

[14] M. A. H. Bhuiyan, M. H. Rahman, M. A. Uddin et al.,
“Contamination of pond and canal water by residues of or-
ganophosphorus and carbamate pesticides in Feni district,
Bangladesh,” Environmental Sustainability, vol. 4, no. 1,
pp. 191–197, 2021.

[15] G. M. M. A. Hasan, A. K. Das, and M. A. Satter, “Human
health risk surveillance of organochlorine pesticides in river
water and fishes from Bangladesh,” Bioscience Biotechnology
Research Communications, vol. 14, no. 4, pp. 1777–1785, 2021.

[16] G. M. M. A. Hasan, A. K. Das, and M. A Satter, “Human
health risk assessment through the detection of organo-
chlorine pesticides in vegetables and fruits from Dhaka,
Bangladesh by gas Chromatography Tandem mass Spec-
trometry (GC-MS/MS),” Current Research in Nutrition and
Food Science, vol. 10, no. 2, pp. 720–732, 2022.

[17] G. M.M. A. Hasan, A. K. Das, andM. A. Satter, “Multi residue
analysis of organochlorine pesticides in fish, milk, egg and
their feed by GC-MS/MS and their impact assessment on
consumers health in Bangladesh,” NFS Journal, vol. 27,
pp. 28–35, 2022.

[18] Z. Pieniak, W. Verbeke, S. O. Olsen, K. B. Hansen, and
K. Brunso, “Health-related attitudes as a basis for segmenting
European fish consumers,” Food Policy, vol. 35, no. 5,
pp. 448–455, 2010.

[19] DoF, Yearbook of Fisheries Statistics of Bangladesh 2016-17;
Fisheries Resources Survey System (FRSS), Department of
Fisheries, Dhaka, Bangladesh, 2017.

[20] M. I. Castro-Gonzalez and M. Mendez-Armenta, “Heavy
metals: implications associated to fish consumption,” Envi-
ronmental Toxicology and Pharmacology, vol. 26, no. 3,
pp. 263–271, 2008.

[21] P. Zhuang, M. B. McBride, H. Xia, N. Li, and Z. Li, “Health
risk from heavy metals via consumption of food crops in the

8 Journal of Toxicology



vicinity of Dabaoshan mine, South China,” Ce Science of the
Total Environment, vol. 407, no. 5, pp. 1551–1561, 2009.

[22] A. Hosseini Alhashemi, M. S. Sekhavatjou, B. Hassanzadeh
Kiabi, and A. R. Karbassi, “Bioaccumulation of trace elements
in water, sediment, and six fish species from a freshwater
wetland Iran,” Microchemical Journal, vol. 104, pp. 1–6, 2012.

[23] K. Pan and W. X. Wang, “Trace metal contamination in
estuarine and coastal environments in China,” Ce Science of
the Total Environment, vol. 421-422, pp. 3–16, 2012.

[24] C. Vieira, S. Morais, S. Ramos, C. Delerue-Matos, and
M. B. P. P. Oliveira, “Mercury, cadmium, lead and arsenic
levels in three pelagic fish species from the Atlantic Ocean:
intra- and inter-specific variability and human health risks for
consumption,” Food and Chemical Toxicology, vol. 49, no. 4,
pp. 923–932, 2011.

[25] Y. Yi, Z. Yang, and S. Zhang, “Ecological risk assessment of
heavy metals in sediment and human health risk assessment
of heavy metals in fishes in the middle and lower reaches of
the Yangtze River basin,” Environmental Pollution, vol. 159,
no. 10, pp. 2575–2585, 2011.

[26] American Public Health Association (APHA), Standard
Methods for the Examination of Water and Wastewater, p. 46,
Twenty-first ed. American Public Health Association,
Washington, D.C., USA, 2005.

[27] M. Anastassiades, S. J. Lehotay, D. Stajnbaher, and
F. J. Schenck, “Fast and easy multiresidue method employing
acetonitrile extraction/partitioning and “dispersive solid-
phase extraction” for the determination of pesticide residues
in produce,” Journal of AOAC International, vol. 86, no. 2,
pp. 412–431, 2003.

[28] A. O. Oyeyiola, O. T. Fatunsin, L. M. Akanbi, D. E. Fadahunsi,
and M. O. Moshood, “Human health risk of organochlorine
pesticides in foods grown in Nigeria,” Journal of Health and
Pollution, vol. 7, no. 15, pp. 63–70, 2017.

[29] C. L. Curl, S. A. A. Beresford, R. A. Fenske et al., “Estimating
pesticide exposure from dietary intake and organic food
choices: the multi-ethnic study of atherosclerosis (MESA),”
Environmental Health Perspectives, vol. 123, no. 5, pp. 475–
483, 2015.

[30] L. J. Melnyk, J. Xue, G. G. Brown, M. McCombs, M. Nishioka,
and L. C. Michael, “Dietary intakes of pesticides based on
community duplicate diet samples,” Science of the Total En-
vironment, vol. 468-469, pp. 785–790, 2014.

[31] S. A. Gad Alla, N. M. Loutfy, A. H. Shendy, and M. T. Ahmed,
“Hazard index, a tool for a long term risk assessment of
pesticide residues in some commodities, a pilot study,”
Regulatory Toxicology and Pharmacology, vol. 73, no. 3,
pp. 985–991, 2015.

[32] BBS, Comparative Matrix of Household Income and Expen-
diture Survey (HIES) (2005–2016), BBS, Cambridge, UK, 2016.

[33] USEPA, Guidance Manual for Assessing Human Health Risks
from Chemically Contaminated, Fish and Shellfish, p. 164,
Battelle New England Marine Research Laboratory MA, USA,
1987.

[34] M. Onwona-Kwakye, J. N. Hogarh, and P. J. Van den Brink,
“Environmental risk assessment of pesticides currently ap-
plied in Ghana,” Chemosphere, vol. 254, Article ID 126845,
2020.

[35] R. Mondal, A. Mukherjee, S. Biswas, and R. K. Kole, “GC-MS/
MS determination and ecological risk assessment of pesticides
in aquatic system: a case study in Hooghly River basin inWest
Bengal, India,” Chemosphere, vol. 206, pp. 217–230, 2018.

[36] K. A. Sumon, H. Rashid, E. T. H. M. Peeters, R. H. Bosma, and
P. J. Van den Brink, “Environmental monitoring and risk

assessment of organophosphate pesticides in aquatic eco-
systems of north-west Bangladesh,” Chemosphere, vol. 206,
pp. 92–100, 2018.

[37] W. J. Hayes and E. R. Laws, Handbook of Pesticide Toxicology,
Academic Press, Cambridge, MA, USA, 1991.

[38] T. B. Gaines, W. J. Hayes, and R. E. Linder, “Liver metabolism
of anticholinesterase compounds in live rats: relation to
toxicity,” Nature, vol. 209, no. 5018, pp. 88-89, 1966.

[39] J. J. Wang, W. X. Cheng, W. Ding, and Z. M. Zhao, “*e effect
of the insecticide dichlorvos on esterase activity extracted
from the psocids, Liposcelis bostrychophila and
L. entomophila,” Journal of Insect Science, vol. 4, no. 23,
pp. 1–5, 2004.

[40] H. U. Okoroiwu and I. A. Iwara, “Dichlorvos toxicity: a public
health perspective,” Interdisciplinary Toxicology, vol. 11, no. 2,
pp. 129–137, 2018.

[41] K. Jaga and C. Dharmani, “Methyl parathion: an organo-
phosphate insecticide not quite forgotten,” Reviews on En-
vironmental Health, vol. 21, no. 1, pp. 57–67, 2006.

[42] R. E. Kramer and I. K. Ho, Pharmacokinetics and pharmacody-
namics of methyl parathion, Chinese Medical Journal; Free China
ed, vol. 65, no. 5, pp. 187–199, 2002.

[43] R. D. Burke, S. W. Todd, E. Lumsden et al., “Developmental
neurotoxicity of the organophosphorus insecticide chlor-
pyrifos: from clinical findings to preclinical models and po-
tential mechanisms,” Journal of Neurochemistry, vol. 142,
pp. 162–177, 2017.

[44] USEPA, Human Health Risk Assesment Chlorpyrifos,
Springer, Berlin, Germany, 2000.

[45] S. Mishra, W. Zhang, Z. Lin et al., “Carbofuran toxicity and its
microbial degradation in contaminated environments,”
Chemosphere, vol. 259, 2020.

[46] R. C. Gupta, “Invited review: carbofuran toxicity ramesh,”
Journal of Toxicology and Environmental Health, vol. 43, no. 4,
pp. 383–418, 1994.

[47] S. Cheng, J. Chen, Y. Qiu et al., “Carbaryl inhibits basal and FSH-
induced progesterone biosynthesis of primary human gran-
ulosa-lutein cells,” Toxicology, vol. 220, no. 1, pp. 37–45, 2006.

[48] Q. Li, M. Kobayashi, and T. Kawada, “Carbamate pesticide-
induced apoptosis in human T lymphocytes,” International
Journal of Environmental Research and Public Health, vol. 12,
no. 4, pp. 3633–3645, 2015.

[49] M. Rahman, M. S. Hoque, S. Bhowmik, S. Ferdousi,
M. P. Kabiraz, and M. L. van Brakel, “Monitoring of pesticide
residues from fish feed, fish and vegetables in Bangladesh by
GC-MS using the QuEChERS method,” Heliyon, vol. 7, no. 3,
Article ID e06390, 2021.

[50] M. Shoeb, A. Mahim, M. I. R. Mamun, and N. Nahar, “Or-
ganochlorine pesticide residues in poultry meats of Bangla-
desh,” Croatian Journal of Food Science and Technology, vol. 8,
no. 1, pp. 30–33, 2016.

[51] M. Zaman, N. Sultana, M. Husain, andM. N. Naser, “Pesticide
residue in fishes from Rangpur,” Bangladesh Journal of Zo-
ology, vol. 44, no. 1, pp. 1–8, 2016.

[52] M. A. Hussain, M. L. Kabir, M. A. Sayeed, A. T. M. Mahbub-
E-Elahi, M. S. Ahmed, and M. J. Islam, “Organochlorine
pesticide residues and microbiological quality assessment of
dried barb, Puntius sophore, from the northeastern part of
Bangladesh,” Fishes, vol. 3, no. 4, p. 44, 2018.

[53] T. Mustafa, M. N. Naser, G. A. Latifa, M. Shoeb, and N. Nahar,
“Organochlorine pesticide residues in different fishes and
shell fishes collected from the flood plains of Sonargaon
upazila, Bangladesh,” Bangladesh Journal of Zoology, vol. 47,
no. 1, pp. 137–148, 2019.

Journal of Toxicology 9


