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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' for DDT, 1.03-5.17 ng L' for HCH,
0.06-0.23 ng L' for Endosulfan, and 0.08-0.29 ng L' for Heptachlor. HCH exhibited
the highest mean concentration (3.57 + 1.64 ng L), while Endosulfan showed the
lowest (0.16 + 0.06 ng L ™). 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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l. 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.

I1. 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.

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', 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™, 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) 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', respectively, with corresponding standard deviations of 0.53,
1.64, 0.06 and 0.08 ng L (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 (R?), 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 (R?) 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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sediment remediation and public awareness are essential to reduce future inputs and
minimize ecological and human health risks.

I11. 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.

References

1. Sharma, BM., Bharat, GK., Tayal, S. et al. (2015). Hexachlorocyclohexane in the
Indian Pollution Research, 22, 11676-11688. https://doi.org/10.1007/s11356-015-
4444-4

2. Kumar, B., Verma, VK., Naskar, AK. et al. (2012). Organochlorine pesticide
residues in surface and groundwater from different regions of India. Environmental
Monitoring and Assessment, 184, 5089-5098. https://doi.org/10.1007/s10661-
011-2327-1

3. Zhang, G., Pan, X,, Bai, J. etal. (2011). Distribution and sources of organochlorine
pesticides in surface water of rivers in eastern environment: Levels, distribution
and ecological risk. Environmental Science and China. Environmental Monitoring
and Assessment, 173, 369-381. https://doi.org/10.1007/s10661-010-
1395-7

4. UNEP. (2019). Persistent Organic Pollutants: A Global Issue. United Nations
Environment Programme, Geneva.
https://doi.org/10.18356/9789210046052

5. WHO. (2017). Guidelines for Drinking-water Quality (4th ed.). World Health
Organization. https://doi.org/10.2471/BLT.17.191676

6. Li, YF., Cai, DJ., Singh, A. (1998). Technical hexachlorocyclohexane use trends
in China and their impact on the environment. Archives of Environmental
Contamination and Toxicology, 35, 688-697.
https://doi.org/10.1007/s002449900430

7. Sarkar, SK., Bhattacharya, A., Chatterjee, M. et al. (2008). Occurrence,
distribution and possible sources of organochlorine pesticide residues in tropical
coastal environment of India. Environment International, 34(7), 1062—

1071. https://doi.org/10.1016/j.envint.2008.03.001

8. Tanabe, S., Iwata, H., Tatsukawa, R. (1994). Global contamination by persistent
organochlorines and their ecotoxicological impact on marine mammals. Science of
the Total Environment, 154(2-3), 163-177. https://doi.org/10.1016/0048-
9697(94)90013-2

9. Singh, KP., Mohan, D., Sinha, S. etal. (2004). Impact  assessment of
treated/untreated wastewater toxicants discharged into the Ganges.
Environmental Monitoring and Assessment, 98,

1-18. https://doi.org/10.1023/B:EMAS.0000038179.9 4764.8¢c

10. Gupta, A., Rai, DK., Pandey, RS., Sharma, B. (2009). Analysis of some pesticides
in the river Ganges and its tributaries. Environmental Monitoring and Assessment,
157, 449-459. https://doi.org/10.1007/s10661-008-0558-2

11. Borga, K., Fisk, AT., Hoekstra, PF., Muir, DCG. (2004). Biological and chemical
factors of importance in the bioaccumulation and trophic transfer of persistent
organic pollutants. Environmental Toxicology and Chemistry, 23(10), 2367-2385.
https://doi.org/10.1897/03- 518

12. Zhang, Z., Huang, J., Yu, G., Hong, H. (2004). Occurrence of PAHs, PCBs and
OCPs in the Pearl River and the South China Sea.


https://doi.org/10.1897/03-

il International Journal for Research Trends in Social Science & Humanities

® _ Volume 4, Issue 1
\-( ; Jan-Fed 2026, PP 1-08
S N P
Environmental Pollution, 130(2), 279-288.

13.

14.

15.

16.

17.

18.

19.

https://doi.org/10.1016/j.envpol.2003.12.001

Zheng, B., Wang, L., Lei, K., Nan, B. (2016). Distribution and ecological risk

assessment of organochlorine pesticides in surface water of the Haihe River Basin,

China. Environmental Pollution, 219, 105-112.

https://doi.org/10.1016/j.envpol.2016.10.040

Hela, DG., Lambropoulou, DA., Konstantinou, IK., Albanis, TA. (2005).

Environmental monitoring and ecological risk assessment for organochlorine

pesticides in River Acheloos, Western Greece. Environmental Toxicology and

Chemistry, 24(8), 1962-1972. https://doi.org/10.1897/04-

504R.1

Sarkar, SK., Bhattacharya, A., Bhattacharya, BD., Chatterjee, M., Alam, A,

Satpathy, KK., Jonathan, MP. (2008). Organochlorine pesticide residues in

sediments of the River Ganges, India: Occurrence and distribution. Ecotoxicology

and Environmental Safety, 71, 83-92.

https://doi.org/10.1016/j.ecoenv.2007.08.011

Harrad, SJ., Sweetman, A., Diamond, M., Jones, KC. (1994). Modelling the fate

and transport of hydrophobic organic contaminants in rivers. Environmental

Science & Technology, 28(8), 1334-1341. https://doi.org/10.1021/es00057a030

Montgomery, DC., Runger, GC. (2014). Applied Statistics and Probability for

Engineers (6th ed.). Wiley, New York.

Tadeo, JL. (Ed.). (2008). Analysis of Pesticides in Food and Environmental

Samples. CRC Press, Boca Raton.

https://doi.org/10.1201/9781420007756

Zhang, H., Luo, Y., Wong, MH. (2007). Environmental fate and exposure:

Residual chlorinated pesticides in coastal sediments of China. Chemosphere,
66, 191-196. https://doi.org/10.1016/j.chemosphere.2006.05 .042


https://doi.org/10.1016/j.chemosphere.2006.05

