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ABSTRACT  

One of the world's biggest and dirtiest rivers is the Ganga, which moves through India. Ganga has its own 

financial, biological, and social worth in India, where it is worshipped as the world's most significant and 

consecrated river. Throughout recent years, quick urbanization and industrialization have prompted an 

unsettling danger to the quality of surface and groundwater. It is confronting serious water shortage in an 

area because of the Ganga basin's strikingly lopsided example of precipitation. An attempt has been made to 

develop a method that synchronizes the Water quality index (WQI) with geographic information systems (GIS) 

in order to provide a robust interpretation of the quality and prosperity state of the Ganga River basin (GRB). 

GRB is thought to be a foundational research work. The physical, substance, and normal examinations were 

deconstructed using WQI. Spatial conveyance guidelines of selected water quality limits were established 

considering the test results using GIS programming. The WQ of the stations located in the lower areas of 

river basins has significantly declined. After Varanasi and Kanpur, Allahabad is the dirtiest station. The 

premonsoon time of 2010 at Varanasi station has the least WQ, with an OIP worth of 5.19 (contaminated 

class). The OIP was assessed, giving the attributes relating to pollution documents, considering the single 

index values. 
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1. INTRODUCTION 

The Ganga River, loved as India's backbone, is significant in friendly, otherworldly, and monetary circles for 

a lot of individuals. In any case, pollution has been consistently defiling its waterways, compromising the 

climate and the practicality of the organizations that rely upon it. This thorough examination investigates the 

different reasons for pollution in the Ganga River and investigates the administrative measures taken by India 

to address this ecological emergency. 

It is crucial for investigate the sources of the pollution in the Ganga River top to bottom to figure out its 

intricacy. A portion of the primary drivers of the river's water quality debasement are present day effluents, 

country overflow, untreated sewage, and forceful garbage removal. Quick urbanization and industrialization 
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have prompted the release of heavy metals and harmful engineered compounds into the river, jeopardizing 

human wellbeing as well as marine life. Besides, horticultural practices, for example, the sporadic utilization 

of pesticides and composts, lead to the expansion of enhancements and the debasing of water with destructive 

mixtures, which worsens the pollution issue. Deficient waste administration systems and ill-advised treatment 

of sewage from metropolitan focuses additionally add to the corruption of the Ganga's water quality. 

The Public Power of India has started numerous policy drives pointed toward restoring the Ganga River, given 

its rising pollution levels. The Namami Gange Program, sent off in 2014, is one of the milestone drives. It 

means to battle pollution by using a diverse methodology that incorporates afforestation, river surface 

cleaning, sewage treatment, and public mindfulness crusades. Under this drive, significant suppositions have 

been made about the production of sewage treatment offices, the endeavor to stop and reroute untreated 

sewage, and the improvement of harmless to the ecosystem cleansing methodology. Likewise, administrative 

actions have been taken to check contemporary river pollution, for example, forcing severe pollution control 

guidelines on organizations and approving brutal punishments for rebellion. 

Regardless of regulatory endeavours, a few partners, as non-regulative social orders, neighbourhood 

gatherings, and international associations, have been effectively engaged with missions to re-establish the 

Ganga River's wellbeing. Cooperative drives like river basin leader planning, accomplice gatherings, and cut 

off building programs play had a significant impact in fostering a far-reaching way to deal with overseeing 

pollution in the Ganga River. Furthermore, the combination of customary ecological information with 

inventive, imaginative arrangements has improved the adequacy of preservation endeavours and expanded 

the viable water asset that the board rehearses along the river basin. 

Despite these purposeful endeavours, impediments actually disrupt the general flow of accomplishing the 

aggressive objective of returning the Ganga River to its unadulterated state. Complex sources of pollution, 

lawful obstructions, lacking subsidizing, and restricted monetary resources give impressive hindrances to 

viable plan and task execution. Moreover, guaranteeing the drawn-out practicality of conservation endeavours 

keeps on relying upon the need of more grounded public help, accomplice commitment, and execution 

strategies. 

The Ganga River pollution represents a serious normal test that requires a sweeping methodology that 

incorporates judicious examination, official drives, nearby local area commitment, and worldwide investment. 

India can understand its point of a re-established and clean Ganga, guaranteeing the flourishing of the present 

and people in the future, by tending to the different sources of pollution and carrying out clever fixes. 

2. LITERATURE REVIEW 
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Akkoyunlu and Akiner (2012) Gave an exhaustive report on the evaluation of the water quality in streams 

situated inside the Sapanca Lake Basin of Turkey. The experts assessed pollution levels and recognized 

possible sources of contamination utilizing records of water quality. They surveyed parameters such pH, 

dissolved oxygen (DO), biochemical oxygen demand (Body), and heavy metal obsessions utilizing 

information from sources like as the Water Quality Index (WQI) and the Heavy Metal Pollution Index (HPI). 

The investigation found huge stream pollution, which was fundamentally brought about by adjacent present 

day and country wellness offices. 

Bhatnagar et al. (2013) zeroed in on evaluating tannery wastewaters and what they mean for the Ganga River's 

residue, explicitly in the Jajmau area of Kanpur, India. The audit checked out at heavy metal tainting in residue 

from tannery emanating discharges. The examiners evaluated the potential ecological dangers related with 

heavy metal fixations in leftovers by field examination and lab examinations. The discoveries uncovered huge 

defilement of buildups with heavy metals like cadmium, lead, and chromium, showing the unfavorable 

impacts of contemporary exercises on the Ganga River's buildup wellbeing and water quality. 

Bhutiani et al. (2016) analyzed the Ganga River nature in Haridwar, Uttarakhand, India, zeroing in on 

arrangements of water quality to check the wellbeing of the ecosystem. The survey inspected different 

physicochemical cutoff points and microbiological markers to evaluate the river's degree of pollution. The 

specialists recognized districts of interest for pollution and assessed the general quality of the water by 

utilizing records, for example, the Public Sanitization Foundation Water Quality Index (NSF-WQI) and the 

Pollution Index (PI). The audit featured the presence of toxic substances, for example, squander coliforms 

and supplements, featuring the requirement for deterrent medication to decrease pollution and shield the 

Ganga River ecosystem's ecological respectability. 

Das and Tamminga (2012) give a far reaching examination of the endeavors made to clean the Ganges River, 

a significant and venerated waterway in India. The assessment assesses the possibility of the Ganga Action 

Plan (Opening), an authoritative drive pointed toward decreasing pollution and further developing the Ganges 

water quality. The specialists evaluate the triumphs, difficulties, and inadequacies of the Opening via 

cautiously investigating plans, drives, and techniques for execution. To deal with the perplexing difficulties 

of river rebuilding and preservation, the evaluation accentuates the significance of composed techniques, 

accomplice support, and energized interest in system and pollution control measures. 

Jain and Kumar (2012) directed an example examination of temperature and precipitation information for 

India to survey long haul climatic occasions and varieties. The audit utilizes genuine techniques to dissect 

autonomously confirmed meteorological information and distinguish patterns in temperature and precipitation 

across various districts of India. The researchers give critical bits of knowledge into the impacts of natural 
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change on water resources, cultivation, and ecosystems by analyzing geographical occurrences and overall 

assortment. The discoveries add to a more profound comprehension of the fluctuation of the climate and shed 

light on a few methodologies for levelheaded water the executives and rural practices in India. 

Kaushal et al. (2019) accentuation on perceiving compromises between water use, ecological requirements, 

and human demands to additional improve river streams in the Ganga River basin. The survey inspects the 

many-sided connections that exist between the Ganga River's ecosystem wellbeing, downstream stream 

necessities, and upstream water withdrawals. The specialists look at expected changes to upgrade river streams 

while adjusting contending water needs for water systems, hydropower age, and metropolitan stock utilizing 

hydrological exhibition and situation examination. The assessment underlines that it is so vital to have 

reasonably overseen water resources no matter how you look at it in the Ganga River basin, alongside 

accomplice responsibility, adaptable organization systems, and chiefs that training economical water use. 

3. STUDY AREA  

One of India's longest and most lucky rivers is the Ganga. In light of how much water delivered, it is positioned 

among the main 20 rivers on the planet. Its 8,61,452 km^2 channel region makes up practically 26% of the 

country's generally speaking geographic region. The Ganga basin is situated in N scope, from 21° 6' to 31° 

21', and in E longitudes, from 73° 2' to 89° 5'. the best degree, estimating more than 1024 km in expansiveness 

and 1543 km long.  
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Figure 1: Study Area Location Map 

4. DATA USED AND METHODOLOGY  

The survey cycle is comprised of two stages: (I) In the primary stage, GIS techniques and remote sensing are 

used. The ASTER DEM values that underlie the basin limit are used to illustrate it. The combinations of a 

few characteristics at several locations were combined using GIS to provide a better interpretation and 

understanding of the focused results. (ii) In the next step, Individual Parameter Indices (IPIs) were calculated 

for each parameter at a given time period. Ultimately, the water quality observing stations in the Ganga River 

watershed had their overall index of pollution (OIP) evaluated between 2001 and 2012. OIP is summarized 

as the average of all the pollution indices (Pi) for a particular water quality parameter taken into consideration 

in this analysis. Equation 1 explains how OIP is calculated using the mathematical explanation: 

𝑶𝑰𝑷 =
∑ 𝑷𝒊

𝒏
𝒊=𝟏

𝒏
                                 (𝟏) 

where the pollution index is represented by Pi for the ith parameter. Where n = different parameters, I = 1, 2, 

n. In addition, measurements of the water quality indicators hardness (CaCO3), biological oxygen demand 

(Body), fluoride (F), dissolved oxygen rate (DO%), and pH were taken before, after, and during precipitation 

in the basins. 

5. RESULTS AND CONCLUSIONS  

The outcomes showed that the Ganga River Basin's unrestrained populace development has fundamentally 

adjusted the water quality of the basin. OIP measures situated all through the river basin show that, during 

every one of the three seasons, with the exception of July and November 2006, the water quality in Uttarkashi 

and Rishikesh stays in a palatable reach. Soon after a tempest, Rishikesh's OIP is assessed at 3.65, however 

during precipitation month, it is 3.50. These insight stations are encircled by slopes, and since there are less 

individuals living there, human intercession meaningfully affects them. Before being dumped into the river, 

which has a high flow rate, the waste produced in these places is processed for an extended period of time. 

Therefore, precipitation and the time of deposits affect changes in the water quality at Uttarkashi and 

Rishikesh stations in the upper part of the river basin. Tables 1 and 2 show that the water quality at the stations 

located in the lower ranges of the river basin underwent a significant breakdown between 2001 and 2012. 

Table 1: The pre-rainstorm time of 2001 saw the calculation of both individual parameter indices (IPIs) and 

overall indices of pollution (OIPs) at a few water quality checking stations in the Ganga river basin. 
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Parameters  Water Quality Monitoring Stations 

Uttarkashi  Rishikesh  Kanpur  Allahabad  Varanasi  

May May  May May  May 

BOD 2.01 2.01 2.88 3.68 2.68 

DO% 2.34 3.50 2.28 2.07 2.21 

F 2.01 2.01 2.01 2.01 2.01 

Hardness 

CuCO2 

2.01 2.79 2.98 2.96 2.98 

pH 3.77 3.77 3.53 4.04 4.04 

Total 

coliform 

- - - 4.44 5.03 

Turbidity  - - 2.01 2.01 2.01 

OIP (2001) 2.43 2.82 2.62 3.03 2.98 

 

 

Figure 2: Visual Showcase of the Individual Parameter Indexes (IPIs) and the Overall Index of Pollution 

(OIPs) determined at a few Ganga River Basin water quality checking stations during the pre-rainstorm 

season in 2001. 

Table 2: The pre-rainstorm time of 2012 saw the calculation of both individual parameter indices (IPIs) and 

overall indices of pollution (OIPs) at a few water quality observing destinations situated in the Ganga river 

basin. 
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Parameters  Water Quality Monitoring Stations 

Uttarkashi  Rishikesh  Kanpur  Allahabad  Varanasi  

May May  May May  May 

BOD 2.01 2.01 5.68 2.94 2.01 

DO% 2.37 2.82 2.48 2.55 2.14 

F 2.01 2.01 2.01 2.01 2.01 

Hardness 

CuCO2 

2.01 2.01 3.11 2.98 2.91 

pH 3.10 3.10 5.82 4.04 5.82 

Total 

coliform 

- - - 5.06 5.15 

Turbidity  - - 2.01 2.01 2.01 

OIP (2001) 2.50 2.49 2.52 3.08 2.29 

 

 

Figure 3: Visual Showcase of the Individual Parameter Indexes (IPIs) and the Overall Index of Pollution 

(OIPs) determined at a few Ganga River Basin water quality checking stations during the pre-storm season 

in 2012. 

The Ganga River's water quality has been steadily decreasing, and increased pollution from modern and 

metropolitan areas is to blame for this decrease. Large amounts of untreated urban trash and modern effluents 

are routinely discharged into the river. The most polluted station is Allahabad, followed by Kanpur and 

Varanasi. However, Varanasi and Kanpur have far higher hopes. The Varanasi station recorded the worst 
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water quality before the 2010 storm, with an OIP value of 4.18 (grimy class). Apart from this, all three of the 

stations' water quality typically fell between good to slightly contaminated. The results of the global OIP study 

conducted at these stations demonstrate that the water quality at each of the three stations clearly decreased 

between 2001 and 2012. It was during the pre-rainstorm season that OIP values peaked, followed by the post-

storm season. 

The extension of streams and precipitation that happens during rainstorms and the post-storm season affect 

the quality of river water. Certain water quality measures act suddenly under precipitation. This characteristic 

is incredibly clear on the site. Overflow from precipitation dumps contaminations into the close by stream 

from the land surface, however it likewise works on the quality of the river water by dissolving and shipping 

poisons to different areas through a few normal cycles. Kanpur's metropolitan waste and organizations, 

particularly tanneries, are the primary drivers of water pollution. The Yamuna River conveys poisons from 

Delhi and different urban communities into its water when it converges with the Ganga River at Allahabad. 

Furthermore, a lot of contemporary and homegrown garbage is unloaded into the river, compounding the 

pollution issue. Yet again river water quality at Varanasi is influenced by metropolitan and contemporary 

releases into the river. Focusing on changes in water quality over a huge river basin can be profitable when 

geospatial improvements are joined with OIP. It is easy to survey and take a gander at the circumstances 

across river basins and to recognize designs after some time utilizing the proposed OIP joined with GIS stage. 

It is additionally reasonable for managing unfortunate water quality and the legitimacy of water quality 

administration rehearses. Thusly, involving OIP for water quality evaluation could assist with dealing with 

the accessible water resources in a sensible way. The comprehension of the hydrologic and natural reaction 

of the different water quality varieties all through the river basin is one of the review's future objectives. 

6. CONCLUSION 

The complete examination of legislative actions and pollution sources in India's Ganga River highlights the 

sporadic exchange among regular debasement, monetary elements, and authoritative snags. Despite the fact 

that drives like the Namami Gange Program and cooperative undertakings including a few accomplices have 

accomplished huge advancement, there are as yet numerous impediments in the approach to returning the 

Ganga to its optimal structure. A synergistic blend of sound regulatory systems, neighbourhood local area 

improvement, and legitimate improvement ought to be integrated into pragmatic plans. To guarantee that the 

Ganga River is spotless and revived and that it stays a significant water body for society and the climate from 

here onward, indefinitely, basic actions taken to address pollution sources, improve the establishment for 

sewage treatment, advance eco-obliging practices, and cultivate accomplice support. 
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