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Abstract - Organochlorine pesticides (OCPs) are persistent organic pollutants that 

continue to pose long-term risks to aquatic ecosystems and human health due to their 

resistance to degradation and bioaccumulative nature. Despite regulatory restrictions in 

India, residues of these compounds are frequently detected in environmental matrices. 

The present study investigates the spatial distribution and statistical characteristics of 

four widely reported OCPs—DDT, HCH, Endosulfan, and Heptachlor— in surface 

water collected from six major ghats along the Hooghly River in Kolkata, India. 

Concentrations ranged from 0.99–2.19 ng L⁻¹ for DDT, 1.03–5.17 ng L⁻¹ for HCH, 

0.06–0.23 ng L⁻¹ for Endosulfan, and 0.08–0.29 ng L⁻¹ for Heptachlor. HCH exhibited 

the highest mean concentration (3.57 ± 1.64 ng L⁻¹), while Endosulfan showed the 

lowest (0.16 ± 0.06 ng L⁻¹). Strong positive correlations (r > 0.93) among all pesticide 

pairs indicate common sources and similar environmental behavior. The spatial pattern 

revealed Babughat and Princep Ghat as contamination hotspots due to intense 

anthropogenic pressure. The persistence of these legacy pesticides highlights the need 

for continuous monitoring, source control, and improved regulatory enforcement in 

urban river systems. 
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I.  Introduction 
 

Organochlorine pesticides (OCPs) have historically been used on a large scale in 

agriculture, forestry and vector control programs due to their high efficiency and 

relatively low cost. Compounds such as Dichloro diphenyl trichloro ethane (DDT), 

Hexachloro cyclohexane (HCH), Endosulfan and Heptachlor were widely applied for 

crop protection and malaria control in India for several decades. However, their 

chemical stability, hydrophobicity and resistance to biological and photochemical 

degradation have resulted in their long-term persistence in environmental 

compartments such as soil, sediments and surface waters. Consequently, many OCPs 

are now categorized as persistent organic pollutants (POPs) under the Stockholm 

Convention and are banned or severely restricted in most countries (UNEP, 2019). 
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Despite regulatory measures, residues of OCPs continue to be detected in rivers, lakes 

and coastal environments, especially in developing countries where historical usage 

was widespread and enforcement remains inconsistent. Numerous studies have 

reported the occurrence of OCPs in surface waters and sediments of Asian and Indian 

river systems (Gupta et al. 2009; Kumar et al. 2012; Sharma et al. 2015). These 

compounds are of particular concern due to their tendency to bioaccumulate in aquatic 

organisms and biomagnify through the food web, potentially impacting fish, wildlife, 

and human health (Borga et al. 2004; Tanabe et al. 1994). 

 

Urban rivers are especially vulnerable to pesticide contamination because they receive 

multiple pollutant inputs from domestic sewage, industrial effluents, stormwater runoff, 

and diffuse sources associated with human activities. The Hooghly River, a major 

distributary of the Ganges, flows through the metropolitan city of Kolkata and supports 

drinking water supply, fisheries, navigation, and cultural practices. Previous studies on 

the Ganges basin have documented pesticide residues in water and sediments, 

indicating continued environmental exposure to legacy contaminants (Gupta et al. 

2009; Singh et al. 2004). However, detailed station-wise assessments of OCPs along 

key ghats of the Hooghly River remain limited. 

 

The present study aims to (i) investigate the spatial distribution of selected OCPs (DDT, 

HCH, Endosulfan and Heptachlor) in surface water from major ghats of the Hooghly 

River in Kolkata, (ii) statistically characterize their variability using descriptive and 

correlation analyses and (iii) infer possible source signatures and transport behaviour 

based on observed spatial and statistical patterns. 

 

II. Materials and Methods 
 

Study area and sampling design 

The study was conducted along the urban stretch of the Hooghly River within Kolkata. 

Six prominent ghats were selected based on their socio-cultural importance, intensity 

of human activity and accessibility: Ramkrishna Ghat, Shibpur Ghat, Princep Ghat, 

Botanical Garden Ghat, Babughat and 2nd Hooghly Bridge Ghat. These sites represent 

varying degrees of urban influence, from relatively quieter zones near the Botanical 

Garden to highly congested and industrially impacted areas such as Babughat and 

Princep Ghat. Surface water samples were collected from each station at approximately 

midstream locations near the ghats to minimize bank-side bias. Sampling was carried 

out during stable hydrological conditions to reduce the influence of short-term flow 

variations. 

 

Sample collection and preservation 

Water samples were collected in pre-cleaned, solvent-rinsed amber glass bottles to 

prevent photodegradation and adsorption losses. Prior to sampling, bottles were rinsed 

three times with river water at each site. Samples were transported to the laboratory in 

insulated ice boxes and stored at 4°C until analysis. All samples were processed within 

48 h of collection. 
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Extraction and analytical procedure 

Extraction of OCPs from water samples was performed using standard liquid–liquid 

extraction techniques with suitable organic solvents (e.g., n-hexane or 

dichloromethane). The extracts were concentrated using a rotary evaporator and 

cleaned up on silica/alumina columns to remove interfering substances. Quantitative 

analysis of DDT, HCH, Endosulfan and Heptachlor was conducted using gas 

chromatography equipped with an electron capture detector (GC-ECD), following 

established protocols. Calibration was carried out using certified reference standards 

and results are expressed in ng L⁻¹. 

 

Statistical analysis 

Descriptive statistics, including mean and standard deviation (SD), were calculated to 

assess the central tendency and variability of pesticide concentrations. Pearson 

correlation coefficients were computed to evaluate relationships among the different 

OCPs and to infer possible common sources or similar transport behavior. Statistical 

analyses were performed using standard statistical software. 

 

Results 

Concentration levels of OCPs 

 

All four organochlorine pesticides (DDT, HCH, Endosulfan and Heptachlor) were 

detected in surface water samples from all six ghats of the Hooghly  River  (Chart  1),  

indicating  their widespread presence in the urban river system. Similar ubiquitous 

occurrence of OCP residues in surface waters has been reported for other Indian rivers 

and urban aquatic environments (Gupta et al. 2009; Kumar et al. 2012). 

 

DDT concentrations ranged from 0.99 to 2.19 ng L⁻¹, with the highest value observed 

at Babughat and the lowest at the 2nd Hooghly Bridge Ghat. This range is comparable 

to levels reported for surface waters of the Ganges and its tributaries (Gupta et al. 2009; 

Singh et al. 2004). HCH showed the highest concentrations among the studied 

compounds, varying from 1.03 to 5.17 ng L⁻¹, with maximum values at Babughat and 

Princep Ghat. The dominance of HCH in aquatic systems has also been documented in 

other studies across India and Asia, reflecting its extensive historical usage and 

environmental persistence (Sharma et al. 2015; Li et al. 1998). 

 

Endosulfan and Heptachlor were present at comparatively lower concentrations but 

followed similar spatial patterns, with higher levels at Princep Ghat and Babughat. The 

detection of Endosulfan in surface waters is consistent with previous findings in Indian 

rivers, where residues persist despite regulatory restrictions (Kumar et al. 2012; Sarkar 

et al. 2008). Heptachlor occurrence in river water has likewise been reported in several 

Asian and coastal environments, indicating its long-term stability and transport 

potential (Zhang et al. 2004). 
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Chart-1: Spatial variation of organochlorine pesticide concentrations (ng L⁻¹) in surface 

water collected from six ghats along the Hooghly River, Kolkata, India. The figure 

shows station-wise distributions of DDT, HCH, Endosulfan  and  Heptachlor,  with  

elevated levels at Babughat and Princep Ghat indicating localized anthropogenic inputs 

and comparatively lower concentrations at Botanical Garden Ghat and 2nd Hooghly 

Bridge Ghat suggesting reduced pollution pressure and dilution effects. 

 

Descriptive statistics 

The mean concentrations of DDT, HCH, Endosulfan and Heptachlor were 1.67, 3.57, 

0.16 and 0.21 ng L⁻¹, respectively, with corresponding standard deviations of 0.53, 

1.64, 0.06 and 0.08 ng L⁻¹ (Figure 2). The comparatively higher variability observed 

for HCH suggests heterogeneous inputs and uneven spatial distribution, a trend that has 

also been reported for HCH in other river systems influenced by mixed urban and 

agricultural activities (Sharma et al. 2015; Zhang et al. 2011). 

 

The relatively low mean and SD values for Endosulfan indicate a more uniform low-

level presence across stations, which is consistent with observations in tropical river 

environments where Endosulfan residues are widely distributed but occur at trace levels 

(Sarkar et al. 2008; Kumar et al. 2012). 

 

 
 

Chart-2: Pair wise linear regression plots for organochlorine pesticides (DDT, HCH, 

Endosulfan, Heptachlor) across six Hooghly River sampling stations. Each panel shows 

the regression line, coefficient of determination (R²), and station-specific point labels. 
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The figure follows standard Elsevier formatting for graphical clarity and comparative 

assessment. 

  

Correlation analysis 

Pearson correlation analysis revealed strong positive correlations (r > 0.93) among all 

pesticide pairs (chart-2), indicating similar spatial distribution patterns and possible 

common sources. The near-perfect correlation between Endosulfan and Heptachlor 

suggests closely related environmental behaviour and co-transport mechanisms, likely 

governed by similar physicochemical properties such as hydrophobicity and affinity for 

suspended particulate matter. Comparable correlation patterns among OCPs have been 

reported in river and coastal studies in India and China, where legacy contamination 

and diffuse urban sources dominate pesticide inputs (Sarkar et al. 2008; Zhang et al. 

2004; Zhang et al. 2011). 

 

Discussion 

Spatial distribution and hotspot identification 

The station-wise distribution of OCPs (Chart-1) demonstrates clear spatial variability 

along the Hooghly River. Babughat and Princep Ghat consistently showed elevated 

concentrations of all four pesticides, identifying these locations as contamination 

hotspots. These ghats are characterized by intense anthropogenic pressure, including 

dense population, religious and tourism activities, heavy boat traffic, and proximity to 

commercial and industrial zones. Similar spatial patterns of higher pesticide loads in 

urbanized river stretches have been reported in other Indian and Asian rivers (Gupta et 

al. 2009; Zhang et al. 2011). 

 

In contrast, Botanical Garden Ghat and the 2nd Hooghly Bridge Ghat exhibited 

comparatively lower concentrations of OCPs, suggesting reduced local inputs and/or 

greater dilution due to improved hydrodynamic mixing. The observed decrease in 

concentrations away from high-activity zones is consistent with findings from riverine 

studies in eastern China and the Ganges basin, where urban centers act as major point 

and non-point pollution sources (Zhang et al. 2011; Singh et al. 2004). 

  

Statistical interpretation and source implications 

The descriptive statistics indicate that HCH had the highest mean concentration and 

variability among the studied compounds, reflecting heterogeneous pollution inputs 

across sampling stations. This pattern is consistent with previous reports that HCH 

residues remain widely distributed in the Indian environment due to extensive historical 

usage and environmental persistence (Sharma et al. 2015; Li et al. 1998). 

 

Strong positive correlations (r > 0.93) among all OCP pairs suggest that these 

compounds share common or closely related sources and similar transport pathways. 

The near-perfect correlation between Endosulfan and Heptachlor implies comparable 

environmental behavior, possibly governed by similar hydrophobicity and affinity for 

suspended particles and organic matter in river water. Comparable correlation patterns 

among OCPs have been observed in other river systems, indicating co-transport and 

legacy contamination as dominant controlling factors (Sarkar et al. 2008; Zhang et al. 

2004). 
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The regression curve (Chart-2) provides a quantitative understanding of the relationship 

between the measured variables, offering insight into both the direction and strength of 

the association. The strong coefficient of determination (R²) indicates that the model 

effectively explains variance in the dependent variable, suggesting that the underlying 

process follows a predictable trend. Such curve-fitting approaches are widely used in 

empirical studies to validate theoretical expectations and to support data-driven 

interpretations of physical or biological mechanisms. Comparable applications of 

regression modelling have been demonstrated in prior literature, where curve fitting 

was used to evaluate system stability, environmental responses, and experimental 

parameter sensitivity (Motulsky & Christopoulos, 2004; Draper & Smith, 1998; 

Rawlings et al., 2020). 

 

The statistical significance of the regression parameters further reinforces the reliability 

of the observed trend. As noted in standard modelling frameworks, statistically 

significant coefficients indicate that the fitted curve is unlikely to arise from random 

variation alone and instead reflects a meaningful functional relationship within the 

system under study (Kutner et al., 2004; Seber & Wild, 2003). Therefore, the regression 

curve shown in Figure 1 not only summarizes the central tendency of the data but also 

provides a basis for predictive modelling and hypothesis testing consistent with 

established analytical guidelines. 

 

Environmental significance and risk implications 

Although the absolute concentrations detected in this study are relatively low, the 

persistent and co-occurring nature of OCPs in surface waters is environmentally 

significant. Even trace-level exposure can lead to bioaccumulation in aquatic organisms 

and biomagnification through trophic levels, posing chronic risks to fish and higher 

consumers, including humans (Borga et al. 2004; Tanabe et al. 1994). Long-term 

exposure to OCPs has been associated with endocrine disruption, neurotoxicity and 

reproductive effects in wildlife and humans. 
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III. Conclusions 
 

This study provides a detailed spatial and statistical assessment of organochlorine 

pesticide residues in the surface waters of the Hooghly River. The results confirm the 

persistence of legacy pesticides in an urban river system and identify Babughat and 

Princep Ghat as major contamination hotspots. Strong correlations among the studied 

compounds indicate common sources and similar transport behaviour. Regular 
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monitoring, inclusion of sediment and biota analyses and stricter control of urban and 

industrial discharges are recommended to mitigate further contamination. 
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