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Abstract  
The presence of pesticide contamination in fruits is a substantial concern in the context of food safety 
and public health. Although pesticides play a crucial role in agricultural techniques for controlling pests 
and protecting crops, they might potentially endanger consumers' health if they are present in fruit at 
high levels. Assessing pesticide concentrations, such as carbofuran, fipronil and pretilachlor in different 
fruit samples, offers a valuable understanding of the intricate nature of pesticide residues and their 
potential effects on human well-being. A total of 15 distinct varieties of fruit samples were collected 
from several local fruit markets in Dhaka and the samples were analysed using HPLC for three pesticide 
residues. The results showed that Carbofuran residues were found in 73.3% of the 15 tested samples, 
specifically in 11 (Apple, Orange, Grape and Sweet Orange (Malta) samples). Additionally, pretilachlor 
residues were detected in 16.66% of the samples, with two samples (orange and black grape) exceeding 
the codex alimentarius maximum residue limits. Most samples contained detectable pesticide residues; 
however, exceedance of regulatory limits varied by fruit type. The Estimated Average Daily Intakes 
(EADIs) exceeded the WHO/FAO acceptable daily intake limits for specific fruits, particularly oranges 
(2.50 mg/kg) and sweet oranges (Malta 2.33 mg/kg). Hazard index (HI) values greater than one were 
observed for selected fruits, indicating potential health risks, whereas other fruits remained within 
acceptable safety limits. To effectively address pesticide contamination, it is essential to have strict 
regulatory oversight and actively promote the adoption of sustainable farming practices. Ensuring food 
safety and protecting public health relies on collaborative actions throughout the agricultural supply 
chain. Hence, educating food producers in Bangladesh regarding the proper management and potential 
pesticide risks is imperative. Understanding the magnitude of pesticide pollution and its compliance with 
regulatory standards is crucial for ensuring the safety and reliability of the food supply chain. 
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Introduction 
 Food security is a critical issue in Bangladesh, 
with significant progress made in recent years 
compared to other Asian nations. This progress is 
driven by policies such as the National Food and 
Nutrition Security Policy (NFNSP), which aims to 
ensure access to nutritious food across all life stages. 
Bangladesh's government has a National Food and 

Nutrition Security Policy (NFNSP) that attempts to 
address food security through various laws and 
policies. This policy aims to enhance food and 
nutrition security across all phases of life and 
population categories. These policies, approved in 
August 2020, constitute a ten-year Plan of Action 
(POA) and serve as a guideline for ensuring food and 
nutrition security in the country. Meanwhile, the 

Corresponding authors: Md. Zakir Sultan; E-mail: zakir.sultan@du.ac.bd; §These authors contributed equally. 
DOI: https://doi.org/10.3329/bpj.v29i2.91861 

 

mailto:zakir.sultan@du.ac.bd;
https://doi.org/10.3329/bpj.v29i2.91861


236 Hasan et al. / Bangladesh Pharmaceutical Journal 29(2): 235-245, 2026 (July) 

government has formed the Bangladesh Food Safety 
Authority (BFSA) through the Bangladesh Food 
Safety Act of 2013 (Hosaini, 27 June 2022). The 
BFSA regulates and implements food safety and 
quality standards (POLICY and ACTION, 2021-
2030). 
 Food insecurity is characterised by inadequate 
food and nutrient intake over several months or even 
years, primarily due to structural factors. It evolves 
slowly, occurs gradually, and often does not represent 
an immediate danger to life. Still, it may have 
significant implications regarding increased 
susceptibility and long-term adverse effects on 
health, physical, mental, and cognitive skills. The 
government of Bangladesh has established the Legal 
Protection of the Right to Food. This legislative 
guarantee ensures that every person has access to 
adequate and nutritious food (Baquedano et al., 
2021). 
 Globally, pesticide contamination is a pressing 
issue, with the FAO estimating that 3.5 million tonnes 
of pesticides are used annually, a 20% increase in the 
last decade, particularly in low-income countries like 
Bangladesh, where usage has surged 153% to meet 
food demands (Sarker et al., 2021b). In developing 
regions, weak regulatory enforcement allows banned 
substances, such as carbofuran- prohibited in the US 
since 2009—to persist, resulting in residues in both 
exports and domestic produce (Lv et al., 2022b). 
Comparative studies reveal higher contamination 
levels in South Asia compared to Europe, where strict 
EU regulations limit residues to below 0.01 mg/kg 
for many pesticides. In Bangladesh, vegetables often 
exhibit higher rates of spoilage than fruits; however, 
fruits like oranges and grapes are particularly 
vulnerable due to their thin skins and susceptibility to 
post-harvest treatments (Almamari et al., 2023). 
Consumer surveys reveal that pesticide residues are 
the top food safety concern, with over 90% of 
farmers relying on chemicals and half spraying 
weekly, leading to 23-43% of households reporting 
poisoning symptoms (Tambo et al., 2024).  
 Food adulteration poses significant health 
hazards to the population of Bangladesh, with studies 

suggesting that over 4.5 million Bangladeshis are 
affected by various diseases annually due to the 
consumption of contaminated food (Yeasmin et al., 
2023). Adulteration has been detected in all 43 
consumer products examined by the Institute of 
Public Health Bangladesh, with a rate of 40% in 30 
food items and almost 100% in 13 items (Nasreen 
and Ahmed, 2014). Typical chemical contaminants 
include colouring agents, insecticides, formalin, 
carbide, urea, and other derivatives. These chemicals 
may cause cancer, inflammatory diseases, respiratory 
disease, and impairment of essential organs such as 
the liver and kidneys (Thompson and Darwish, 
2019). 
 Pesticides are chemical substances used to defeat 
or mitigate the effects of harmful organisms. 
Herbicides, insecticides, fungicides, and nematicides 
are included (Pathak et al., 2022b). These chemicals 
prevent, eliminate, repel, or mitigate the presence of 
pests. Pesticides may cause respiratory, cognitive, 
dermatological, neurological impairments, 
pregnancies, and birth abnormalities if consumed for 
a more extended period (Chowdhury et al., 2018). 
Food contamination by pesticides is a highly 
prevalent issue in Bangladesh, causing significant 
health dangers. Farmers' extensive use of pesticides 
without implementing adequate standards or safety 
requirements results in the contamination of pesticide 
residues on fruit and vegetable plants and harvests 
(Sarker et al., 2021a). The number of people in 
Bangladesh affected by illnesses caused by food 
contamination is alarmingly high, according to 
numerous reports, including those from the World 
Health Organisation (WHO) and the Food and 
Agriculture Organisation (FAO) (Al Banna et al., 
2021). Food adulteration, particularly pesticide use, 
has been identified as a significant contributor to the 
country's rising incidence of cancer, liver disease, and 
kidney disease (Rahman et al., 2015). 
 Carbofuran, chemically known as 2,3-dihydro-
2,2-dimethyl-7-benzofuranyl methylcarbamate, is a 
neurotoxic pesticide frequently employed in insect 
control across various food sources, posing potential 
health risks to consumers (Lv et al., 2022a). 
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Exposure to elevated concentrations of Carbofuran 
can induce symptoms ranging from nausea, vomiting, 
and stomach issues to disorientation, impaired vision, 
and, in severe cases, convulsions, respiratory distress, 
and fatalities (Kempuraj et al., 2023). Similarly, 
Fipronil, or 5-amino-1-(2,6-dichloro-α,α,α-trifluoro-
p-tolyl)-4-trifluoromethylsulfinylpyrazole-3-
carbonitrile, serves as a broad-spectrum pesticide 
effective against a diverse range of pests, including 
insects, beetles, and termites. Despite its efficacy, 
Fipronil's toxicity presents risks to both humans and 
animals, leading to symptoms like skin irritation, 
gastrointestinal discomfort, headache, and 
convulsions upon acute exposure (Liu et al., 2022, 
Luo, 2023, Mohamed et al., 2004). Pretilachlor, or 2-
chloro-2',6'-diethyl-N-(2-propoxyethyl) acetanilide, 
functions as a chloroacetamide herbicide inhibiting 
fatty acid synthesis crucial for vegetative growth 
(Shilpakar et al., 2020).  Adverse effects of 
Pretilachlor on human and animal health include skin 
irritation, allergic reactions, gastrointestinal 
disturbances, and potential chronic organ damage 
(Jiang et al., 2016; Salsabil, et al., 2025; Aktar et al., 
2025; Sultan et al., 2025). 
 The primary objective of analysing fruit samples 
for pesticide contamination using High-Performance 
Liquid Chromatography (HPLC) was to detect the 
presence of Carbofuran, Fipronil, and Pretilachlor 
pesticides in fruit samples, assess their compliance 
with safety thresholds, and elucidate the potential 
health implications associated with pesticide 
exposure through fruit consumption. By elucidating 
these dynamics, we can better inform regulatory 
policies and agricultural practices to mitigate risks 
and safeguard public health. 
 
Materials and Methods 
 Sample collection: A total of 15 fruit samples, 
including apples (n = 5), oranges (n = 5), grapes (n = 
2, black and green variety), and sweet oranges 
(Malta) (n = 3) were directly collected from a 
temporary floating fruit seller (on a rickshaw hawker) 
near Ananda Bazar, Gulistan of Dhaka, Bangladesh. 
The samples were labelled and transported to the 

laboratory. The samples were kept at -20 °C until 
analysis.   
 Instrumentation: High-Performance Liquid 
Chromatography (HPLC, LC solution software) 
(UFLC, Shimadzu Corporation, Kyoto, Japan) 
equipped with a UV detector (SPD-10A) and an 
autosampler was used to analyse the extracts of the 
sample. 
 Reagents and chemicals: The HPLC-grade 
solvents were used to prepare the mobile phase. The 
chemicals and reagents were used to study analytical 
grade materials purchased from a local vendor. 
 Mobile phase: The mobile phase consisted of a 
75:25 (v/v) blend of acetonitrile and 1 mM phosphate 
buffer (pH 4.5). A phosphate buffer solution with a 
concentration of 1 mM was made by dissolving 178 
mg of disodium hydrogen phosphate in water and 
diluting it to a final volume of 1000 mL. 
Orthophosphoric acid was used to alter the pH to 4.5. 
The mobile phase was passed through a 0.45 µm 
Millipore membrane filter and treated with an 
ultrasonic bath sonicator for 15 minutes before 
utilization. The diluent was used as the mobile phase 
to prepare the stock standard solution. 
 Standard and Sample (Fruits) preparation and 
analysis:  Working standard solutions 
(equivalent to 2 to 12 µg/mL) of Carbofuran, 
Fipronil, and Pretilachlor were prepared by diluting 
the stock standard solution with the mobile phase. 
 20 g of each fruit sample finely crushed using by 
mortar and pestle. Then, a mixture of solvent (50 mL) 
at the ratio ethyl acetate: hexane: acetone in 30:10:10 
to the fruit samples. Then, vortex and sonicate the 
mixtures. Then, 10g of MgSO4 and 0.05g of silica 
gel were added to the sonicated mixtures, and the 
mixtures were filtered with whatman-1 filter paper. 
The filtrates were taken to the test tubes and 
centrifuged at 3000 rpm (10 min). Then, the 
supernatant was concentrated by a rotary evaporator. 
Approximately 2mL of acetonitrile was added to the 
fruit samples, sonicated again, and then transferred to 
vials for analysis by HPLC (Uddin et al., 2024). 
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 Chromatographic conditions: These analyses 
were carried out with the following chromatographic 
condition:  
Column: Phenomenex C18 analytical column (250 
mm × 4.6 mm I.D., 5µm particle size) 
Flow rate: 1 mL/min. 
Column temperature: 25°C 
Injection volume: 20 µL 
Detection wavelength: 230 nm 
Mobile Phase ratio: Acetonitrile: Buffer 75:25 
 Data Analysis: Pesticide residue levels were 
measured in mg/kg and compared to the Codex 
Alimentarius MRL and the Bangladesh Food & Drug 
Act requirements. Items exceeding Maximum 
Residue Limits (MRLs) were considered to have 
violated the regulations, while those meeting or 
falling below the MRLs were not in violation. 
Microsoft Excel version 21 (Microsoft Corporation) 
and STATA version 18.00 (StataCorp, College 
Station, Texas, USA) were used to calculate the 
proportion and median of pesticide residue levels in 
several types of fruits. 
 Recovery study: The quality assurance materials 
were developed by adding 0.01-0.1 mg/kg of the 
desired pesticides to fruit samples containing no 
pesticides. Each analytical batch was subjected to 
material analysis to confirm the reliability and 

correctness of the results. The retrieval of pesticides 
in the quality assurance materials fell within the 80-
120% range, and the allowable relative standard 
deviations (RSDs) for repeated measurements were 
established to be less than 20%. The used approach 
had an enlarged uncertainty of U ≤ 25%. 
 
Results and Discussion 
 The chromatograms of the reference standards 
and samples of the Pesticides are shown in figures 1-
4.  Compliance with maximum residue limits (MRL) 
in sampled fruits. 
 Among the 15 samples analysed, 14 (93.3%) 
sample contained Carbofuran, 9 (60.0%) sample 
contained Fipronil, and 10 (66.66%) contained 
Pretilachlor residues in fruit samples. However, 
1(6.7%) Carbofuran, 6(40.0%) Fipronil, 4(33.3%) 
Pretilachlor had none detected residues. Among the 
samples with residues, 11 samples (73.3%) had 
Carbofuran residues and 2 samples (16.66 %) with 
Pretilachlor residues were found to be above codex 
Alimentarius Maximum Residue Limits (MRLs). The 
results also showed that Carbofuran contamination 
was found in orange samples (5/5), while Fipronil 
was detected in apple samples (5/5), and Pretilachlor 
was present in apple samples (4/5) (Table 1). 

 

 
Figure 1. Chromatogram of a carbofuran standard (retention time = 4.14 min). 
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Figure 2. Chromatogram of orange sample showing carbofuran residue (retention time = 4.15 min). 

 

 
Figure 3. Chromatogram of a Pretilachlor standard (retention time = 13.92 min). 

 

 
Figure 4. Chromatogram of apple sample showing Pretilachlor residue (retention time = 14.05 min). 
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Table 1. Pesticide residue levels in sampled fruits.  
 

Name of Pesticide MRL Fruits (n=15) Number of samples 
without residues 

Number of samples with residues 
Below MRL Above MRL 

Carbofuran 0.50 mg/kg Apple 1 2 2 
Orange - - 5 
Grape - - 1 

Sweet Orange (Malta) - - 3 
Black grape - 1 - 

 
Fipronil 0.005 mg/kg Apple - 5 - 

Orange 2 3 - 
Grape - 1 - 

Sweet Orange (Malta) 3 - - 
Black grape 1 - - 

 
Pretilachlor 0.04 mg/kg Apple 1 4 - 

Orange 3 1 1 
Grape - 1 - 

Sweet Orange (Malta) - - - 
Black grape - - 1 

 

MRL = maximum residual limit; and using the MRL determined by EU pesticide database (EU Pesticide, 2005). 
 
 The analysis of pesticide residue data across 
various fruit matrices reveals distinct patterns in 
contamination levels and adherence to Maximum 
Residue Limits (MRLs), expressed in milligrams per 
kilogram (mg/kg) (Ali et al., 2024; Shimo et al., 
2023; Muni et al., 2024; Ahmed et al., 2026). Among 
the 15 samples analyzed, carbofuran residues were 
detected in 14 samples, of which 11 exceeded their 
respective maximum residue limits (MRLs). 
Pretilachlor residues were detected in 8 samples, with 
2 samples exceeding the MRLs, while fipronil 
residues were detected in 9 samples, all of which 
remained below the established MRLs (Table 1). 
 This study conducted comparative research to 
observe the quantities of Carbofuran in different 

varieties of fruits. Oranges, Sweet Orange (Malta), 
and Grapes had median levels that were much higher, 
measuring 2.501 mg/kg, 2.331 mg/kg, and 0.153 
mg/kg, respectively. The Estimated Average Daily 
Intake (EADI) values for these fruits exceeded the 
WHO/FAO acceptable daily intake (ADI), indicating 
potential health risks associated with their 
consumption. Exceeding recommended limits 
indicates a potential health hazard associated with 
consuming these fruits. In contrast, Apples and Black 
Grapes exhibited lower median values, at 0.087 
mg/kg and 0.091 mg/kg, respectively. These readings 
are below the Acceptable Daily Intake (ADI), 
suggesting no significant health risk. (Table 2) 

 

Table 2. Presence of carbofuran in several fruits sample.  
 

Fruits type Median value 
(mg/kg) 

WHO/FAO ADI 
(mg/kg body weight) 

EADI  
(mg/kg body weight) 

HI Health Risk 

Orange 2.501 0.001 0.0166733 16.67 Yes 
Apple 0.087 0.001 0.00058 0.58 No 
Sweet Orange (Malta) 2.331 0.001 0.01554 15.54 Yes 
Grape 0.153 0.001 0.00102 1.02 Yes 
Black-Grape 0.091 0.001 0.0006067 0.67 No 

 

ADI = Acceptable Dietary Intake; EDI = Estimated Dietary Intake; HRI = Human Risk Index. The HRI was calculated by 
considering an average daily fruit intake of 0.400 kg per person per day for a 60 kg adult. 
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Table 3. Presence of fipronil in several fruit samples. 
 

Fruits type Median value 
(mg/kg) 

WHO/FAO ADI  
(mg/kg body weight) 

EDI  
(mg/kg body weight) 

HRI Health Risk 

Orange  0.020 0.0002 0.000133 0.666666667 No 
Apple  0.001 0.0002 0.000007 0.032529531 No 
Grape 0.001 0.0002 0.000004 0.01962505 No 

 

ADI = Acceptable Dietary Intake; EDI = Estimated Dietary Intake; HRI = Human Risk Index. The HRI was calculated by 
considering an average daily fruit intake of 0.400 kg per person per day for a 60 kg adult. 
 
 The fipronil concentrations detected in oranges, 
apples, and grapes resulted in Estimated Daily Intake 
(EDI) values below the WHO/FAO acceptable daily 
intake (ADI). Corresponding hazard index (HI) 
values were less than one for all fruits, indicating no 
significant health risk. (Table 3) 
 The Pretilachlor concentrations across fruits, 
with oranges displaying the highest median 
concentration at 1.501 mg/kg, followed by Sweet 
Orange (Malta) at 2.331 mg/kg, suggest potential 
health implications upon consumption. whereas 

apples had a comparatively low concentration of 
0.087 mg/kg. Surprisingly, black grapes showed very 
little contamination, with a small average 
concentration of 0.00003 mg/kg, presenting little 
health hazards. Health risk assessments, based on 
Estimated Average Daily Intakes (EADIs) compared 
to Acceptable Daily Intake (ADI) levels, highlighted 
issues for oranges and Sweet Orange (Malta), 
whereas grapes, apples, and black grapes exhibited 
significantly reduced risk profiles (Table 4). 

 
Table 4. Presence of Pretilachlor in several fruit samples. 
 

Fruits type Median value 
(mg/kg) 

WHO/FAO ADI  
(mg/kg body weight) 

EADI  
(mg/kg body weight) 

HI Health Risk 

Orange 1.50100 0.008 0.0100 1.2508 Yes 
Apple 0.08700 0.008 0.0006 0.0725 No 
Sweet Orange (Malta) 2.33100 0.008 0.0155 1.9425 Yes 
Grape 0.15300 0.008 0.0010 0.1275 No 
Black-Grape 0.00003 0.008 0.0000 0.0000 No 

 

ADI = Acceptable Dietary Intake; EDI = Estimated Dietary Intake; HRI = Human Risk Index. The HRI was calculated by 
considering an average daily fruit intake of 0.400 kg per person per day for a 60 kg adult. 

 
Figure 5. Compliance of pesticide residue levels with maximum residue limits (MRLs) in different fruit samples. 
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 The analysis of pesticide residues in fruit 
samples reveals distinct trends of adherence to 
regulations. Carbofuran showed significant 
contamination, with only one out of 15 tests showing 
no traces of residues, while 11 samples exceeded the 
Maximum Residue Limits (MRLs). In contrast, 
Fipronil demonstrated excellent adherence, since no 
residues were detected in 6 samples and none above 
the maximum residue limits (MRLs). Pretilachlor 
exhibited moderate adherence, with 4 samples free of 
residues and 2 samples that exceeded maximum 
residual limits (MRLs) (Figure 5). 
 The contrasting evaluation of three pesticides—
Carbofuran, Fipronil, and Pretilachlor—on different 
fruit samples reveals varying health risk levels linked 
to their consumption. Higher amounts of Carbofuran 
in oranges, Sweet Oranges (Malta), and grapes 
exceed the acceptable daily intake set by the World 
Health Organisation/Food and Agriculture 
Organisation (WHO/FAO), suggesting potential 
health risks. In contrast, apples and black grapes have 
lower levels of Carbofuran, indicating a lower risk. 
On the other hand, the levels of Fipronil found in 
oranges, apples, and grapes are below the acceptable 
daily intake (ADI) limit, indicating that the potential 
health hazards are negligible. Nevertheless, 
Pretilachlor quantities exceeding the Acceptable 
Daily Intake (ADI) in oranges and Sweet Oranges 
(Malta) suggest potential health consequences. In 
contrast, apples, grapes, and black grapes show much 
reduced risks. These findings underscore the 
importance of evaluating fruit pesticide levels to 
mitigate potential health risks associated with 
consuming contaminated fruit.  
 The assessment revealed 76% contamination, 
with 73.3% carbofuran and 16.6% pretilachlor 
exceeding Codex standards, and all EADIs above 
limits (Khan et al., 2020, Ramadan et al., 2020a, 
Uddin et al., 2024). Hazard index (HI) values greater 
than one were observed for carbofuran and 
pretilachlor in oranges and sweet oranges (Malta), 
indicating potential health risks. In contrast, fipronil 
residues across all fruit samples exhibited HI values 
below one, suggesting negligible health risk, 

consistent with studies showing residues in Dhaka 
vegetables exceeding MRLs (Adnen et al., 2025, 
Chowdhury et al., 2014, Bhuiya et al., 2024). These 
findings align with recent reports of over 58% 
contamination in fruits nationally, with multi-residues 
in 217 of 370 samples, often involving broad-
spectrum pesticides like those studied here 
(Łozowicka et al., 2025a).  
 In Bangladesh, similar patterns are observed in 
large fruits such as mango and guava, where 
organophosphorus and pyrethroid residues (e.g., 
cypermethrin 0.011-0.314 mg/kg in mango, 0.04-
0.113 mg/kg in guava) exceed default variability 
factors, suggesting higher consumer exposure risks 
than previously estimated (Łozowicka et al., 2025b). 
Factors include a lack of digital aggregation for safe 
practices, with only 56% of consumers informed, 
leading to behaviours like weekly spraying (Begum 
et al., 2025a). Compared to global data, Bangladesh's 
rates exceed those in Saudi Arabia (a 20% 
exceedance) but mirror those of Ghana and Pakistan, 
where consumer fears drive market shifts (Tambo et 
al., 2024, Ramadan et al., 2020b). Health 
implications include acute poisoning (23-43% 
households affected) and chronic effects like 
neurotoxicity and cancer, with children at 2-3 times 
higher risk (Khatun et al., 2023, Beyuo et al., 2024). 
 In Bangladesh, chlorpyrifos, dimethoate, 
diazinon, and malathion residues range from 0.006 to 
1.8 mg/kg in vegetables, with similar patterns in 
fruits, such as oranges (Łozowicka et al., 2025b).A 
systemic review of pesticide contamination in 
Bangladeshi produce over the last decade reported 
29% of samples (1577) contaminated, with 73% 
exceeding MRLs among contaminated ones (458). 
HQ>1 for adolescents and adults in items like tomato, 
eggplant, and beans, highlighting elevated chronic 
and acute risks from cypermethrin (Khatun et al., 
2023). 
 Dietary risk assessments in similar contexts, 
such as carbendazim in citrus, show HQ values of 
0.066-0.134% and RQ 18.48-82.12%, deeming 
exposure acceptable but underscoring the need for 
monitoring due to rapid dissipation half-lives (2-18 
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days) (Zhang et al., 2022). Non-enzymatic sensors 
offer promising detection for OPPs in fruits, 
achieving femtomolar limits for chlorpyrifos and 
malathion, aiding in mitigating bioaccumulation-
related health effects. Elevated HQ emphasises the 
importance of monitoring and promoting alternatives, 
such as IPM, which has resulted in a 40% reduction 
in residues in pilot programs (Nisha et al., 2021, 
Pathak et al., 2022a). Farmers' use may increase 
detections, necessitating MRLs, better 
communication, and washing studies- proper washing 
removes 30-50% of residues, with combined 
household agents (e.g., sodium bicarbonate, vinegar, 
salt, and lemon) achieving a 72-81% reduction in 
analogous produce (Sarker et al., 2021a, Islam et al., 
2022). Future research should be expanded to include 
more regions, encompass organochlorines, and assess 
bioaccumulation in humans through cohort studies 
(Lučić and Onjia, 2025, Begum et al., 2025). 
Comprehensive legislation, incentives for organic 
farming, and public awareness campaigns are crucial 
to reduce risks and ensure food security (Fahim et al., 
2021, Beyuo et al., 2024). Recent evaluations using 
UHPLC in raw vegetables have confirmed health 
risks associated with residues, with exceedances 
found in common produce such as eggplant and 
tomatoes (Babgapi et al., 2025). Advancing food 
safety requires addressing these through technology 
and regulation, as legacy OCPs in fruits pose ongoing 
carcinogenic threats (Ahmed and Kamruzzaman, 
2025, Adnen et al., 2025).  
 Farmers and executives are utilising these 
pesticides, and there is a possibility that their 
detection levels will increase in the future. 
Consequently, the authors suggest establishing 
Maximum Residue Limits (MRLs) for these 
pesticides in various fruits. Due to economic 
constraints and limited resources, developing 
countries may be more prone to permit the use of 
hazardous pesticides. This funding underscores the 
absence of communication between competent 
authorities worldwide. The degrees of exposure to 
customers may vary when they arrive at their homes 
and undergo appropriate washing. Further extensive 
research should be conducted to ascertain the 

quantities of various pesticide residues on additional 
vegetables and fruits sourced from various regions in 
Bangladesh, at several sample intervals. It is essential 
to regularly monitor the use of popular pesticides on 
vegetables, as this study revealed the presence of 
high levels of residual pesticides, which could pose a 
health risk. Bangladesh should adopt comprehensive 
legislation to regulate pesticide use and enhance 
knowledge and technical expertise among the 
farming community. 
 
Conclusion  
 In conclusion, the analysis of pesticide 
contamination in diverse fruit samples underscores 
the intricate dynamics inherent in agricultural 
practices, food safety, and public health. While 
several fruit samples exhibited pesticide residue 
levels below regulatory thresholds, specific fruits—
particularly oranges and sweet oranges (Malta)—
showed residue levels and dietary exposure estimates 
exceeding recommended safety limits. This 
variability highlights the importance of on-going 
surveillance and strict adherence to safety protocols 
to mitigate potential health risks associated with 
pesticide exposure through fruit consumption. The 
results do not provide an overall picture of pesticide 
contamination. The circumstances may vary 
depending on an uneducated, unaware, financially 
struggling street seller who carelessly uses a large 
quantity of pesticides based on their personal 
preferences. As we navigate these complexities, 
collaborative efforts among policymakers, 
agricultural stakeholders, and public health 
authorities are crucial to ensuring the sustained safety 
and integrity of our food supply. We can effectively 
address emerging concerns and uphold consumer 
health in an evolving agricultural milieu by 
prioritising research into sustainable pest 
management strategies and fostering transparent 
communication channels.  
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