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Occurrence and Distribution of Multi-Class Pesticide Residues in Municipal Solid Waste Compost from Bengaluru, India
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ABSTRACT 

	The present study embodies results on the occurrence and distribution of pesticide residues in MSW compost collected from six operational composting facilities in Bengaluru, India. Pesticide residues were analysed using gas chromatography–tandem mass spectrometry (GC–MS/MS) employing a multi-residue screening approach targeting 185 pesticide residues. Among these, 172 were detected in at least one compost sample, indicating widespread occurrence of residues in MSW compost. Organo-Nitrogen residues (ONP) constituted the largest proportion, followed by Organo-phosphates (0PP), Organo-chlorines (OCP), and synthetic Pyrethroids (SPP), reflecting diverse contamination sources. Frequency analysis showed that 21 pesticides were present in all compost samples, while others varied among composting units, suggesting differences in waste inputs and processing conditions. Concentration analysis revealed that 21 pesticides exceeded 1 mg kg⁻¹, with cypermethrin (17 mg kg⁻¹) and cyfluthrin isomers (13 mg kg⁻¹) among the most abundant. The persistence of these residues raises concerns about safe agricultural application of MSW compost and emphasizes the importance of routine monitoring to ensure environmental safety and sustainable use.
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1. INTRODUCTION 

Globally, waste generation has increased substantially due to rapid urbanization, population growth, and evolving consumption patterns. Managing the biodegradable fraction of municipal solid waste (MSW) remains a major environmental challenge, particularly in rapidly urbanizing regions. Composting is widely recognized as an effective and sustainable tool for recycling organic waste (Waqas et al. 2023), converting biodegradable materials into nutrient-rich compost that can improve soil fertility and support sustainable agricultural practices (Manea et al. 2024; Sayara et al. 2020). MSW compost is increasingly promoted as an organic soil amendment because of its ability to enhance soil structure, increase organic carbon content, improve microbial activity (Yüksel and Kavdır 2020; Arrobas et al. 2022; Pergola et al. 2018), and aid in the reclamation of degraded land (Singh et al. 2023). The application of compost derived from municipal waste can also contribute to nutrient recycling and reduce reliance on synthetic fertilizers (Hussain et al. 2020; Hargreaves et al.,2008). 

Despite several benefits, MSW compost made from mixed urban waste streams may contain many contaminants, including heavy metals, pharmaceuticals, and pesticide residues. Pesticides can enter municipal waste streams through discarded fruits and vegetables, market waste, household kitchen waste, and horticultural residues (Prasopsuk and Boonthai 2011). It is also observed that contaminant levels in urban areas exceed those in rural areas because of a generally more diverse urban ecosystem than agricultural ecosystems, which are limited to specific crops (Wittmer et al. 2010). The residues that enter municipal waste streams may persist during the composting process, depending on their chemical stability and composting conditions (Büyüksönmez et al. 1999; Lourencetti et al. 2007).

It is a known fact that composting can promote degradation of certain pesticide compounds through microbial activity and thermophilic conditions, some persistent pesticides may remain detectable in the final compost produced (Kupper et al. 2008; Lourencetti et al. 2007; Brown, et al. 1997). Long-term application of such compost to agricultural soils may therefore introduce trace pesticide residues into soil ecosystems (Brändli et al. 2007; Vorkamp et al. 2003). Hence, monitoring pesticide concentrations in compost is essential to track their transfer into soils and subsequent entry into trophic chains. Moreover, the potential contamination of soil, subsoil, and groundwater through leachates from pesticide-laden compost must be carefully considered. Unlike heavy metals, which are strictly regulated in compost under national ordinances and EU directives, there are currently no binding environmental policies worldwide that set tolerable levels for organic contaminants such as pesticides. Worker safety considerations further necessitate monitoring pesticide residues in composted agricultural wastes, as their use as soil amendments may expose workers to residual contaminants (Frenich et al. 2005).

Bengaluru, one of India’s rapidly expanding metropolitan cities, generates around 5–6 thousand tonnes per day (TPD) of MSW, including bulk waste, with a per capita generation of about 400 g/day.  The city follows a source-segregated collection system, where the wet wastes are directed to Wet-Waste Processing Plants (WPPs) established by the BBMP (Bruhat Bengaluru Mahanagara Palike) and KUIDFC (Karnataka Urban Infrastructure Development and Finance Corporation) for composting. Aerobic windrow composting is the primary method used to convert the organic fraction of MSW into compost (BBMP 2022). The compost produced is subsequently applied in agriculture by local farmers. While the quality of MSW compost has been evaluated in terms of nutrient content and heavy metals, limited information is available on the occurrence of pesticide residues in compost derived from municipal waste in the region. 

This study addresses this gap by investigating the occurrence and distribution of pesticide residues in municipal solid waste compost collected from composting facilities in Bengaluru, India, using a multi-residue analytical approach based on GC–MS/MS. The specific objectives were to (i) determine the occurrence and class distribution of pesticide residues in MSW compost; (ii) evaluate detection frequency across different composting units, and (iii) quantify concentration patterns of dominant pesticide residues. By addressing these objectives, the study provides baseline information on pesticide contamination in MSW compost, contributing to future ecological risk assessments and regulatory considerations.
 

2. methodology 

Sample Collection and Preparation

Compost samples were collected from six operational municipal solid waste (MSW) composting facilities located within the Bengaluru Urban District (Fig. 1). To ensure representativeness, composite samples were prepared by combining multiple grab samples obtained from different sections of the finished compost piles, following standardized sampling protocols (IS 11380: 1985). The collected compost samples were air-dried, homogenized, sieved, and stored under appropriate conditions before pesticide analysis.
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Fig. 1: MSW Compost sampling locations in Bengaluru.

Pesticide Extraction and Clean-up

Pesticide residues were extracted using the QuEChERS (Quick, Easy, Cheap, Effective, Rugged and Safe) extraction method, according to the official AOAC method (2007.01), which is widely used for multi-residue pesticide analysis in complex matrices. To prepare the samples, 5 g of a previously homogenized compost sample was weighed into a clean 50 ml centrifuge tube with 10 ml deionized water, 10 ml of 1% acetic acid in acetonitrile, and vortexed for 5 minutes.  A mixture of extraction salts, including magnesium sulfate (MgSO4) and sodium acetate (NaOAc), was added to promote phase separation and improve extraction efficiency. The sample was vigorously shaken and subsequently centrifuged to separate the organic phase.

The supernatant was subjected to dispersive solid-phase extraction (d-SPE) cleanup using sorbents such as primary secondary amine (PSA), C18, GCB, and MgSO4 to remove interfering organic compounds, pigments, and residual moisture. 2 ml of the extract was evaporated and again reconstituted using ethyl acetate, filtered into a GC vial before instrumental analysis.

INSTRUMENTAL ANALYSIS

Quantitative screening of pesticide residues was performed using GC–MS/MS (Shimadzu-TQ8050) operating in multiple reaction monitoring (MRM) mode. The analytical method targeted 185 pesticide compounds, including 75 organo-nitrogen pesticides (ONP), 44 organophosphate pesticides (OPP), 40 organochlorine pesticides (OCP), and 26 synthetic pyrethroids (SPP). Chromatographic separation was performed on an SH-I-5Sil MS capillary column (30 m × 0.25 mm ID, 0.25 µm film thickness) with helium as the carrier gas. Aliquot (1 µl) of the sample was injected in splitless mode with the injector temperature set at 280 °C. The GC oven temperature program and MS/MS detection parameters were optimized for multi-residue pesticide analysis. Identification of pesticide residues was based on retention time and characteristic mass transitions, while quantification was performed using calibration curves prepared from analytical pesticide standards.

DATA ANALYSIS

Detection frequency of pesticide residues was calculated to evaluate the distribution of compounds across the composting facilities using the following equation:

 

Pesticides were classified based on how often they were detected in the six compost samples. Concentration levels were reported in milligrams per kilogram (mg kg⁻¹) on a dry weight basis. Descriptive statistical analysis was used to summarize the patterns of occurrence and the concentration ranges of pesticide residues.

3. RESULTS AND Discussion

Out of 185 residues scanned, 172 compounds (93%) were detected in at least one sample, indicating widespread occurrence of pesticide residues in the municipal organic waste stream, while the remaining 13 compounds (7%) were not detected. ONP constituted the largest proportion of detected compounds (38%), followed by organophosphates (25%), organochlorines (23%), and synthetic pyrethroids (14%) (see Supplementary Table S1).

The relative distribution of pesticide classes in MSW compost samples indicates that pesticide contamination in compost originates from diverse chemical classes commonly used in agricultural and domestic pest control applications (Fig.2).



Fig. 2 Class-wise distribution of pesticide residues detected in MSWC samples
	
Detection frequency analysis revealed substantial variability in pesticide occurrence across composting units. Twenty-one pesticides (11.4%) were detected in all six compost samples (100% detection frequency), suggesting ubiquitous presence across the facilities. These compounds exhibited a relatively wide concentration range of 0.003–17.4 mg kg⁻¹, suggesting both consistent occurrence and potential accumulation in certain samples. An additional 67 compounds were detected in four to five units (67–83% frequency), with moderately persistent compounds that occur frequently but not uniformly across all samples. While 38 pesticides that occurred in three units (50% frequency) exhibited a notably wide concentration range (0.001–13.3 mg kg⁻¹). Moderate occurrence was observed for 23 compounds each at 33% and 17% detection frequencies, whereas 13 pesticides (7%) were not detected in any sample. The distribution of detection frequencies is summarized in Table 1 and illustrated in Figure 3.

Table 1: Detection Frequency of Pesticides in Compost Samples
	Detection Frequency
	No. of Pesticides
	% of Detected pesticides 
	Concentration range (mg kg⁻¹)

	100%
	21
	11.40%
	0.003 -17.4

	83%
	33
	17.80%
	0.001 - 2.1

	67%
	34
	18.40%
	0.002 - 3.2

	50%
	38
	20.50%
	0.001 - 13.3

	33%
	23
	12.40%
	0.0009 - 2.0

	17%
	23
	12.40%
	0.004 - 0.23

	0%
	13
	7.00%
	ND





Fig. 3 Detection frequency distribution of pesticide residues across composting units

Importantly, although some compounds exhibited higher detection frequency categories (e.g., 100% or 83%), their concentrations were not uniformly high across all sites. Conversely, certain pesticides with moderate or low detection frequency exhibited high concentrations at specific locations, indicating localized contamination. This pattern becomes clearer when examining the dominant pesticide residues in compost across the WWPs (Table 2). Among the quantified residues, 21 pesticides exceeded concentrations of 1 mg kg⁻¹, indicating relatively high residue levels in the compost samples. Notable compounds included cypermethrin (17.4 mg kg⁻¹), followed by cyfluthrin isomers, including cyfluthrin-1 (13.3 mg kg⁻¹) and cyfluthrin-2 (9.8 mg kg⁻¹). The other prominent residues included profenofos (7.5 mg kg⁻¹), cyfluthrin-3 and cyfluthrin-4 (5.7 and 5.3 mg kg⁻¹ each), and tetrahydro phthalimide (THPI) (3.2 mg kg⁻¹). Besides, several additional pesticides were detected at concentrations around 2 mg kg⁻¹, while others ranged between 1 and 2 mg kg⁻¹.

Table 2: Concentration of dominant pesticide residues (>1 mg kg⁻¹) in MSW compost
	Pesticide
	WWP1
	WWP2
	WWP3
	WWP4
	WWP5
	WWP6

	Cypermethrin-1
	0.03
	0.09
	0.02
	17.38
	2.73
	3.22

	Cyfluthrin-1
	ND
	ND
	ND
	13.28
	4.02
	8.33

	Cyfluthrin-2
	ND
	ND
	ND
	9.77
	2.97
	6.13

	Profenofos
	ND
	ND
	ND
	7.51
	0.03
	2.03

	Cyfluthrin-3
	ND
	ND
	ND
	2.91
	1.71
	5.65

	Cyfluthrin-4
	ND
	ND
	ND
	2.74
	1.62
	5.29

	THPI 
	ND
	ND
	1.05
	3.22
	0.13
	1.85

	Acrinathrin-1
	ND
	ND
	ND
	0.33
	2.61
	1.84

	lambda-Cyhalothrin
	ND
	ND
	ND
	0.32
	2.51
	1.76

	Chlorpyrifos
	ND
	ND
	1.63
	1.78
	2.34
	2.43

	Cyhalothrin-1
	0.01
	0.02
	0.02
	0.29
	2.21
	1.71

	Cyhalothrin-2
	0.01
	0.02
	0.03
	0.31
	2.20
	1.69

	Terbuthylazine
	2.12
	1.21
	1.87
	0.01
	ND
	0.00

	Disulfoton
	ND
	ND
	ND
	0.71
	0.09
	2.08

	Endosulfan-beta
	ND
	ND
	ND
	2.04
	ND
	0.22

	2,4'-Methoxychlor
	1.44
	1.73
	1.61
	ND
	ND
	ND

	Endosulfan alpha
	ND
	ND
	1.71
	ND
	0.02
	ND

	Quinalphos
	ND
	0.00
	0.09
	0.32
	0.02
	1.62

	Malathion
	ND
	0.17
	1.38
	0.02
	0.01
	0.01

	Flutolanil
	0.14
	0.12
	0.27
	1.09
	ND
	0.25

	Terbacil
	0.97
	1.01
	1.05
	ND
	0.002
	0.01


Values in mg kg⁻1; WWP – Wet Waste Processing Plant; THPI-Tetrahydropthalimide 

The detection of multiple pesticide residues in compost reflects the heterogeneous nature of municipal waste inputs, which may include food waste, vegetable residues, household waste, and garden litter that could contain pesticide residues originating from agricultural and domestic pest control practices. Several studies have reported the occurrence of multiple pesticide residues in environmental matrices such as soil, compost, and agricultural products, highlighting their widespread distribution (Riedo et al. 2021; Silva et al. 2019).

Class-wise distribution pattern reflects the widespread use of nitrogen-containing pesticides and modern synthetic pesticides in agricultural and urban pest control applications. Previous investigations have shown that pesticide residues may persist in organic waste materials and can be transferred to compost products during waste processing (Kupper et al. 2008). Although composting involves microbial degradation and elevated temperatures that may promote the breakdown of certain pesticides, several compounds can survive the composting process depending on their physicochemical properties and stability.

The detection frequency distribution clearly indicates that while some pesticide residues are consistently present across all compost samples, a substantial proportion occurs intermittently, reflecting the complex and heterogeneous nature of municipal solid waste inputs. The presence of 11.40% of pesticides in all samples (100% detection frequency) highlights the persistence of certain compounds, which may resist degradation due to their chemical stability, low biodegradability, or continuous input into the waste stream (Brändli et al. 2007; Riedo et al. 2021). The wide concentration range observed within the 100% and 50% detection categories, particularly the upper limits (17.4 and 13.3 mg kg⁻¹, respectively), indicates the possibility of localized contamination hotspots or varying input intensities of pesticide-laden waste. This variability highlights the influence of source segregation practices and waste composition on compost quality.

Although multiple compounds were detected across different frequencies, only 21 pesticides exhibited concentrations exceeding 1 mg kg⁻¹, with pyrethroid insecticides such as cypermethrin and cyfluthrin showing the highest concentrations in all compost samples. Pyrethroids are widely used insecticides known for their strong adsorption to organic matter and low water solubility, which can result in their accumulation in organic matrices such as soil and compost (Liu et al. 2024). The strong affinity of pyrethroids for organic carbon may reduce their mobility but enhances their persistence in compost substrates, as observed (Briceño et al., 2007).

The presence of multiple pesticide residues in finished MSW compost raises concerns regarding the potential transfer of contaminants to agricultural soils when applied as an organic amendment. Although the practice of compost application for improving soil fertility and recycling of organic waste is likely to influence soil microbial communities and ecological processes (Lee-Ann Ataikiru and Ajuzieogu 2023), the chances of their impact on soil organisms and long-term environmental contamination (Silva et al. 2019) cannot be ruled out. Overall, the results highlight the importance of monitoring pesticide residues in MSW compost to ensure the environmental safety of compost products intended for agricultural use and the need for improved waste segregation and monitoring strategies to minimize the introduction of pesticide residues into composting processes.

This study provides valuable insights into the occurrence and distribution of pesticide residues in municipal solid waste compost, but certain limitations must be noted. The analysis was based on six single-time samples from different composting facilities, which did not capture temporal variations across composting cycles. The heterogeneous nature of municipal solid waste feedstocks may also contribute to variability in pesticide occurrence depending on seasonal composition and source materials. Moreover, while the study focused on detection and concentration, degradation pathways and transformation products during composting were not investigated. Future research with larger sample sizes, repeated seasonal sampling, and evaluation of degradation dynamics would enable a more comprehensive understanding of pesticide behavior in MSW composting systems. Despite these constraints, the present work offers a broad multi-residue screening of 185 pesticides, establishing an important baseline on pesticide contamination in municipal compost intended for agricultural use.

4. CONCLUSION

The present study demonstrates the widespread presence of multi-class pesticide residues in MSW compost from Bengaluru, indicating that conventional composting processes are not fully effective in degrading several persistent compounds. The detection of diverse pesticide groups, reflects a complex contamination profile and points to multiple input sources such as household waste, agricultural residues, and market discards. The persistence of these residues after composting raises significant concerns regarding their potential accumulation in soil and subsequent uptake by crops, thereby posing risks to environmental and food safety. These findings highlight the urgent need for stricter quality control measures, routine monitoring of compost products, and improved waste segregation practices to reduce contamination at the source. Overall, this study provides important baseline data for policymakers and environmental regulators, emphasizing the necessity for standardized guidelines governing the safe agricultural use of MSW compost. Future research should focus on optimizing composting processes to enhance pesticide degradation and on assessing long-term ecological and human health risks associated with continued exposure.
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APPENDIX


Table S1: Pesticide residues in MSWC samples from six composting facilities in Bengaluru

	Pesticides
	KCDC
	CHICK
	DODB
	SEEGE
	SUBR
	LI0GD
	Type

	Acetochlor
	1
	1
	1
	1
	0
	1
	ONP

	Acrinathrin-1
	0
	0
	0
	1
	1
	1
	SPP

	Alachlor
	1
	1
	1
	0
	0
	1
	ONP

	Aldrin
	1
	1
	1
	0
	1
	1
	OCP

	Allidochlor
	0
	0
	0
	0
	0
	0
	ONP

	Atrazine
	0
	0
	0
	1
	1
	1
	ONP

	Azinphos-ethyl
	1
	1
	1
	1
	1
	1
	OPP

	Azinphos-methyl
	0
	1
	0
	0
	1
	1
	OPP

	Benfluralin
	0
	0
	1
	1
	0
	0
	ONP

	BHC-alpha
	0
	0
	1
	0
	0
	0
	OCP

	BHC-beta
	1
	1
	0
	1
	1
	1
	OCP

	BHC-delta
	1
	1
	1
	1
	0
	1
	OCP

	BHC-gamma-(Lindane)
	0
	0
	0
	1
	1
	1
	OCP

	Bifenthrin
	1
	1
	1
	1
	0
	0
	SPP

	Bromfenvinphos
	0
	0
	1
	0
	1
	1
	OPP

	Bromophos
	0
	0
	1
	1
	1
	0
	OPP

	Bupirimate
	1
	0
	1
	0
	0
	0
	ONP

	Carbophenothion
	1
	1
	1
	0
	1
	0
	OPP

	Chlorbenside
	1
	1
	1
	1
	1
	1
	OCP

	Chlordane-cis
	1
	0
	1
	0
	0
	0
	OCP

	Chlordane-trans
	1
	1
	1
	1
	0
	1
	OCP

	Chlorfenapyr
	1
	1
	1
	0
	0
	0
	ONP

	Chlorfenson
	0
	0
	0
	1
	1
	0
	OCP

	Chlorfenvinphos
	1
	1
	1
	0
	0
	0
	OPP

	Chlorobenzilate
	0
	1
	1
	0
	0
	0
	OCP

	Chlorothalonil
	1
	0
	1
	1
	0
	1
	ONP

	Chlorpyrifos
	0
	0
	1
	1
	1
	1
	OPP

	Chlorpyrifos-methyl
	1
	1
	1
	1
	1
	1
	OPP

	Chlorthiophos-1
	0
	1
	1
	1
	0
	0
	OPP

	Chlorthiophos-2
	0
	1
	1
	1
	0
	1
	OPP

	Chlorthiophos-3
	1
	0
	1
	0
	0
	0
	OPP

	Clomazone
	0
	1
	0
	0
	0
	0
	ONP

	Cycloate
	0
	0
	0
	0
	0
	0
	ONP

	Cyfluthrin-1
	0
	0
	0
	1
	1
	1
	SPP

	Cyfluthrin-2
	0
	0
	0
	1
	1
	1
	SPP

	Cyfluthrin-3
	0
	0
	0
	1
	1
	1
	SPP

	Cyfluthrin-4
	0
	0
	0
	1
	1
	1
	SPP

	Cyhalothrin-1
	1
	1
	1
	1
	1
	1
	SPP

	Cyhalothrin-2
	1
	1
	1
	1
	1
	1
	SPP

	Cypermethrin-1
	1
	1
	1
	1
	1
	1
	SPP

	Cyprodinil
	1
	1
	1
	0
	1
	0
	ONP

	DDD-o,p'
	0
	0
	1
	0
	0
	0
	OCP

	DDD-p,p'
	0
	0
	1
	0
	0
	0
	OCP

	DDE-o,p'
	0
	0
	1
	0
	0
	0
	OCP

	DDE-p,p'
	1
	1
	1
	1
	1
	1
	OCP

	DDT-o,p'
	0
	0
	1
	0
	0
	0
	OCP

	DDT-p,p'
	1
	1
	1
	1
	1
	1
	OCP

	Deltamethrin-1
	1
	1
	1
	1
	1
	1
	SPP

	Deltamethrin-2
	0
	0
	0
	0
	1
	0
	SPP

	Di-allate-2
	1
	1
	1
	1
	1
	1
	ONP

	Diazinon
	0
	1
	1
	0
	0
	0
	OPP

	Dichlobenil
	1
	0
	1
	0
	0
	0
	ONP

	Dichlofluanid
	1
	1
	1
	1
	1
	1
	ONP

	Dichloroaniline-3,4
	1
	1
	1
	1
	0
	1
	ONP

	Dichlorobenzophenone-4,4'
	0
	1
	1
	1
	1
	0
	OCP

	Dieldrin
	1
	0
	1
	0
	0
	1
	OCP

	Dimethachlor
	0
	0
	1
	0
	0
	0
	ONP

	Diphenamid
	1
	1
	1
	0
	1
	1
	ONP

	Disulfoton
	0
	0
	0
	1
	1
	1
	OPP

	Edifenphos
	0
	1
	1
	1
	1
	1
	OPP

	Endosulfan ether
	0
	1
	1
	1
	1
	1
	OCP

	Endosulfan sulfate
	1
	1
	1
	0
	1
	0
	OCP

	Endosulfanalpha
	0
	0
	1
	0
	1
	0
	OCP

	Endosulfan-beta
	0
	0
	0
	1
	0
	1
	OCP

	Endrin
	0
	0
	1
	1
	0
	0
	OCP

	Endrin aldehyde
	0
	1
	1
	1
	0
	1
	OCP

	Endrin ketone
	0
	1
	1
	1
	0
	1
	OCP

	EPN
	0
	0
	0
	1
	1
	0
	OPP

	Ethalfluralin
	1
	0
	0
	0
	0
	0
	ONP

	Ethion
	0
	0
	1
	1
	1
	0
	OPP

	Etofenprox
	0
	0
	0
	0
	0
	0
	SPP

	Etridiazole
	0
	0
	0
	0
	0
	0
	ONP

	Fenamiphos
	1
	0
	0
	0
	0
	0
	OPP

	Fenarimol
	0
	0
	0
	0
	0
	0
	ONP

	Fenchlorphos
	0
	0
	1
	0
	0
	0
	OPP

	Fenitrothion
	0
	0
	1
	0
	0
	0
	OPP

	Fenpropathrin
	1
	1
	1
	1
	0
	0
	SPP

	Fenson
	0
	0
	1
	0
	0
	0
	OCP

	Fenvalerate-1
	1
	1
	1
	1
	0
	1
	SPP

	Fenvalerate-2
	0
	0
	0
	0
	0
	0
	SPP

	Fethion
	1
	0
	1
	0
	0
	1
	OPP

	Fipronil
	0
	0
	0
	1
	1
	1
	ONP

	Fluchloralin
	0
	0
	1
	1
	0
	0
	ONP

	Flucythrinate-1
	1
	0
	1
	1
	0
	1
	SPP

	Flucythrinate-2
	1
	0
	1
	1
	1
	1
	SPP

	Fludioxonil
	1
	1
	1
	1
	1
	1
	ONP

	Fluquinconazole
	1
	1
	1
	1
	1
	1
	ONP

	Fluridone
	1
	1
	1
	0
	0
	0
	ONP

	Flusilazole
	0
	0
	0
	0
	0
	1
	ONP

	Flutolanil
	1
	1
	1
	1
	0
	1
	ONP

	Flutriafol
	0
	0
	1
	1
	1
	1
	ONP

	Fluvalinate-1
	1
	1
	1
	0
	1
	1
	SPP

	Fonofos
	0
	0
	0
	0
	0
	0
	OPP

	Heptachlor
	0
	0
	0
	0
	0
	0
	OCP

	Heptachlor-exo-epoxide
	0
	0
	1
	0
	0
	0
	OCP

	Hexachlorobenzene
	1
	1
	1
	1
	1
	1
	OCP

	Hexazinone
	1
	1
	1
	1
	0
	1
	ONP

	Iprodione
	1
	0
	1
	0
	0
	0
	ONP

	Isazofos
	1
	1
	1
	0
	1
	1
	OPP

	Isodrin
	1
	0
	1
	1
	1
	0
	OCP

	Isopropalin
	1
	1
	1
	1
	1
	1
	ONP

	lambda-Cyhalothrin
	0
	0
	0
	1
	1
	1
	SPP

	Lenacil
	1
	1
	0
	0
	0
	0
	ONP

	Leptophos
	0
	1
	1
	1
	1
	1
	OPP

	Malathion (INS)
	0
	1
	1
	1
	1
	1
	OPP

	Metazachlor
	1
	1
	1
	0
	0
	1
	ONP

	Methacrifos
	0
	0
	1
	0
	0
	0
	OPP

	Methoxychlor
	1
	1
	0
	1
	1
	1
	OCP

	methoxychlor olefin-4,4'
	1
	1
	1
	0
	1
	1
	OCP

	Methoxychlor-2,4'
	1
	1
	1
	0
	0
	0
	OCP

	Metolachlor
	0
	0
	1
	0
	0
	0
	ONP

	Mevinphos-1
	0
	0
	1
	1
	1
	1
	OPP

	Mirex
	1
	1
	1
	0
	1
	0
	OCP

	Myclobutanil
	0
	1
	1
	0
	1
	1
	ONP

	N-(2,4-dimethylphenyl) formamide
	0
	0
	0
	1
	1
	1
	ONP

	Nitralin
	1
	1
	1
	1
	1
	1
	ONP

	Nitrofen
	0
	0
	1
	1
	1
	0
	ONP

	Nonachlor-cis
	1
	1
	1
	0
	0
	1
	OCP

	Nonachlor-trans
	0
	1
	0
	0
	0
	1
	OCP

	Norflurazon
	0
	1
	1
	0
	0
	0
	ONP

	Oxadiazon
	1
	0
	1
	1
	0
	1
	ONP

	Oxyfluorfen
	1
	1
	1
	1
	0
	0
	ONP

	Paclobutrazol
	1
	0
	1
	0
	1
	1
	ONP

	Parathion
	1
	1
	1
	1
	0
	0
	OPP

	Parathion-methyl
	1
	1
	1
	1
	1
	1
	OPP

	Pebulate
	0
	1
	1
	1
	0
	0
	ONP

	Penconazole
	0
	0
	1
	0
	1
	1
	ONP

	Pendimethalin
	1
	0
	1
	1
	1
	1
	ONP

	Pentachloroaniline
	1
	1
	1
	0
	0
	0
	ONP

	Pentachloroanisole
	1
	1
	1
	1
	0
	1
	OCP

	Pentachlorobenzene
	1
	1
	1
	0
	0
	0
	OCP

	Pentachlorobenzonitrile
	0
	1
	0
	0
	0
	0
	ONP

	Pentachlorothioanisole
	1
	1
	1
	1
	0
	1
	OCP

	Permethrine-cis
	0
	0
	0
	1
	1
	1
	SPP

	Permethrine-trans
	0
	0
	0
	1
	1
	1
	SPP

	Phorate
	1
	1
	0
	0
	0
	0
	OPP

	Phosalo0e
	0
	0
	0
	1
	0
	1
	OPP

	Phosmet
	1
	0
	1
	1
	0
	1
	OPP

	Piperonyl butoxide
	1
	1
	1
	1
	0
	1
	OPP

	Pirimiphos ethyl
	1
	0
	0
	0
	0
	0
	OPP

	Pirimiphos-methyl
	1
	1
	1
	0
	0
	0
	OPP

	Pretilachlor
	1
	1
	1
	1
	1
	1
	ONP

	Prochloraz
	1
	0
	1
	1
	1
	1
	ONP

	Procymidone
	1
	0
	1
	1
	0
	1
	ONP

	Prodiamine
	0
	0
	1
	0
	0
	0
	ONP

	Profenofos
	0
	0
	0
	1
	1
	1
	OPP

	Profluralin
	0
	0
	0
	0
	0
	0
	ONP

	Propachlor
	1
	1
	0
	0
	0
	0
	ONP

	Propanil
	0
	0
	0
	0
	0
	0
	ONP

	Propargite-1
	1
	1
	1
	1
	0
	1
	ONP

	Propisochlor
	1
	1
	1
	0
	1
	1
	ONP

	Propyzamide
	1
	1
	1
	1
	1
	1
	ONP

	Pyraclofos
	0
	1
	1
	0
	1
	0
	OPP

	Pyrazophos
	1
	1
	1
	1
	1
	1
	OPP

	Pyridaben
	0
	0
	1
	1
	1
	1
	ONP

	Pyridaphenthion
	0
	0
	1
	0
	0
	0
	OPP

	Pyrimethanil
	1
	1
	1
	1
	0
	0
	ONP

	Pyriproxyfen
	1
	0
	1
	1
	0
	1
	ONP

	Quinalphos
	0
	1
	1
	1
	1
	1
	OPP

	Quintozene
	1
	0
	1
	1
	0
	1
	ONP

	Resmethrin-1
	0
	0
	1
	0
	0
	0
	SPP

	Sulfotep
	1
	1
	1
	0
	1
	0
	OPP

	Sulprofos
	0
	0
	0
	1
	1
	1
	OPP

	Tebuconazole
	0
	0
	0
	1
	1
	1
	ONP

	Tebufenpyrad
	1
	1
	1
	1
	0
	0
	ONP

	Tecnazene
	1
	1
	1
	0
	1
	1
	ONP

	Tefluthrin
	0
	1
	1
	0
	0
	0
	SPP

	Terbacil
	1
	1
	1
	0
	1
	1
	ONP

	Terbuthylazine
	1
	1
	1
	1
	0
	1
	ONP

	Tetrachloroaniline- 2,3,5,6
	1
	1
	1
	0
	0
	0
	ONP

	Tetrachlorvinphos
	0
	1
	1
	0
	1
	1
	OPP

	Tetradifon
	0
	1
	1
	0
	0
	1
	OCP

	Tetramethrin-1
	0
	0
	1
	0
	0
	0
	SPP

	Tetramethrin-2
	0
	0
	1
	1
	0
	1
	SPP

	THPI *
	0
	0
	1
	1
	1
	1
	ONP

	Tolclofos-methyl
	0
	1
	1
	0
	0
	0
	OPP

	Transfluthrin
	1
	1
	1
	1
	1
	1
	SPP

	Triadimefon
	0
	0
	0
	0
	0
	0
	ONP

	Triadimenol-1
	1
	1
	1
	1
	0
	1
	ONP

	Tri-allate
	0
	0
	0
	0
	0
	0
	ONP

	Triazophos
	0
	1
	1
	0
	1
	1
	OPP

	Tricyclazole
	0
	1
	1
	1
	1
	1
	ONP

	Triflumizole
	0
	0
	1
	0
	0
	0
	ONP

	Trifluralin
	0
	0
	0
	0
	0
	1
	ONP

	Vinclozolin
	0
	0
	1
	1
	0
	1
	ONP


· 1 = detected; 0 = not detected; *THPI-Tetrahydropthalimide


Avg. pesticides detected	
Organo-nitrogen pesticides	Organophosphates	Organochlorines	Synthetic pyrethroids	66	43	39	24	

Pesticides	1	0.83	0.67	0.5	0.33	0.17	0	21	33	34	38	23	23	13	Detection Frequency

Number of Pesticides
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