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SUMMARY IN SWEDISH  

Det huvudsakliga syftet med projektet som föreslås är att undersöka 
de problem som medförs av föroreningarna av floden Ganga i 
Varanasi i Indien ur ett vattenhanteringsperspektiv, och att undersöka 
bristerna i de projekt som tidigare utförts med syfte att åtgärda 
problemen. Därefter kommer vi att föreslå några lösningar på 
problemet, genom att bevara hållbarheten i vattenmiljön. Projektet 
motiveras av behovet att hindra föroreningen av Gangafloden i 
Varanasi.  

För att söka uppnå målet har projektet infattat fältstudier, litterära 
studier och tester på vatten, jord och sediment från Gangafloden vid 
Varanasi, respektive vid närliggande byar. Vi har även samlad prover 
på bevattnings- och dricksvatten samt på bruksjord från byarna. 
Fältarbetet har utförts i samarbete med Sankat Mochan-stiftelsen, en 
ideell organisation i Varanasi som har försökt bekämpa föroreningen 
av Ganga sedan 1982. Vi har intervjuat lokalbefolkningen och 
jordbrukare. Vi har besökt reningsverk för att se hur de hanterar 
avloppsvatten – den största källan till föroreningen av Ganga.  

PH-värdet i jorden mättes med en Systronics Digital pH Meter 335 
med en Cl-51B-elektrod. 20 gram testjord blandades med 50 ml 
destillerat vatten. Jordens pH-värde bestämdes genom att blanda jord 
med destillerat vatten med en proportion på 1:2,5 (g:ml), vilket sedan 
skadades i femton minuter innan pH-värdet togs. EC mättes med en 
Thermo Electron Corporation. Basic- cond/TDS/salinty Orion 
115A+ med en Thermo Electron Corporation-elektrod. Vi 
analyserade natrium med en eldfotometer. Kalcium- och 
magnesiummängden mättes med hjälp av komplexometrisk titrering. 
Den totala hårdheten mättes med hjälp av EDTA-titrering. Vid 
vattenproverna mättes natrium (Na+) och kalium (K+) med 
eldfotometri. Kalcium (Ca2+) och magnesium (Mg2+) mättes med 
EDTA-titrering, med murexid och Eriochrom Black-T som 
indikatorer. Mängderna sulfat (SO42-), klorid (Cl-) och nitrat (NO3-) 
bestämdes genom titrering. I projektet diskuteras förvaltning och 
vattenhantering i korthet, följt av en diskussion om vilken typ av 
vattenhantering som kan användas för att lösa problemet med 
föroreningen av Gangafloden. Projektets resultat kommer att bli ett 
fastställande av orsakerna till föroreningen av floden i Varanasi och 
av jordbruksmarkerna i de närliggande byarna. Det viktigaste är dock 
att kvalitetens på Gangas vatten kommer att förbättras. 
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ABSTRACT  

Major rivers in developing countries around the world are heavily loaded with 
pollutants. According to the UN Water Statistics around 2 million tons of waste is 
dumped into rivers daily.  In the developing countries 70 % of the industrial waste is 
diverted into the water courses without treating daily.  In particular in Asia where 
more than half of the world population is living, World Wide Fund for Nature (WWF) 
estimates that five major rivers in Asia aid over 870 million people are the most 
endanger in the world. In India over the past 50 years the population and economic 
growth leads to increasing pressure on the water recources. It is expected that the 
population of India would be 1.4 billion by 2024. Till today wide range of research is 
being undertaken on the pollution problem of Ganga River. Many scientists and 
NGOs are trying to study the condition of Ganga water by measuring metals, 
chemical pollutants, coli form bacteria…etc. Government of India has officially 
launched Ganga Action Plan (GAP-1) during April 1985 and GAP-2 in February 
1991to reduce the pollution of Ganga River. Even though lot of research is going on 
to decrease the pollution load, no significant change has occurred. The main aim of 
this project is to identify gaps in current efforts and to suggest measures to sustainably 
resolve the problem. There are six highly polluted cities on the bank of the river with 
different type of pollution loads they are Rishikesh, Kanpur, Allahabad, Varanasi, 
Patna and Calcutta. Out of the all the cities Varanasi has a distinctive pollution fill to 
the river over the belt of the river that you can find a lot of dead bodies flowing on 
the river. On March 4th 2010, the Government of India approved to implement 
“Mission Clean Ganga” project to control the pollution sources on Ganga River in 
Uttar Pradesh, Bihar, Uttarkhand and West Bengal. Government has approved 
highest budget to Varanasi, 490.90 Crore Indian Rupees which clearly emphasizes 
how severally the water is polluted in Varanasi. This situation inspires me to 
concentrate on Varanasi in my project. During this project I visited Varanasi to study 
the current situation in collaboration with Sankat Mochan Foundation, a NGO 
organization whose aim is “Not A Drop Of Sewage In Ganga In The Religious 
Bathing Area Around It”. 

Key words: Ganga River, World Wildlife Fund (WWF), Ganga Action Plan 
(GAP), Varamasi, Sankat Mochan Foundation (SMF), Pollution. 

INTRODUCTION  

Water is very important natural resource in the world. Without water no 
living organism can survive. 70 % of the world is covered with water out 
of which 97.5 % of water is salt water and remaining 2.5 % is fresh water 
available for human. 70 % of the fresh water in the world is available as 
frozen ice in Antarctica and Greenland and most of the remaining is 
available as air moisture and water in  deep underground which human 
can`t access easily. So, there is one percent of fresh water available to 
humans for direct use. This amount of fresh water is available in rivers, 
lakes and other such water bodies (Coleridge, 2012) 

In contemporary times the surface water resources are increasingly facing 
a number of challenges.On the one hand is the problem of increasing 
demand due to population rise and developmental needs which leads to 
decrease in it’s availability. From the estimations of several UN 
organizations one billion people on the earth don’t have adequate 
fecilities of safe drinking water and virtually two billion people don’t 
have adequate access to sanitation facilities.During the meeting of 
UNGASS held in New York, June 1997, Vice President of World Bank 
said that “By 2050 two out of every three people in the world might not 
have access to fresh water and sanitation”. 
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Both in developed and developing countries water demands are more in 
three key areas: 

1. Human needs, drinking water and adequate sanitation.  

2. Agricultural needs for the growing population. 

3. Industrial needs, to provide the required goods and services to the 
growing population. 

The other major problem confronting world’s water resources is their 
declining quality. Over three billion people are losing their lives every 
year because of water related diseases resulting from consumption of 
water of poor quality. From the past several decades the water quality in 
the Indian rivers is declining drastically. There are 14 major rivers, 55 
minor rivers and several hundreds of small rivers that are receiving 
million liters of raw sewage, agricultural and industrial wastes daily.  

River Ganga plays an important spiritual and religious role for many 
people in India. Since ancient times Ganga River has played a significant 
role in the Indian civilization (Priyadarshi, 2009).Around 2,000,000 
people take holy bath in Ganga River on a daily basis. Ganga originates 
from Gaumukh in the Gangotri glacier at 310 N, 70 E in Himalayas 
placed around 4000 m above the mean sea level (Tare, 2003). Ganga 
river basin covers 8, 61,404 sq km and it is the fourth largest river basin 
in the world. Its length is 2,525 km which is covering Uttaranchal, Uttar 
Pradesh, Bihar and West Bengal. 

The general rainfall in the Ganga basin varies from 390 mm to 2000 mm 
with an average of about 1100 mm. Each square kilometer of the basin 
receives an average of about 1 million m3 of rainfall out of them 20 % of 
the water steps in to the subsurface and 30 % of the water goes as 
evaporation into atmosphere and the rest 50 % of the water is available 
as surface runoff (National River Conservation Directorate, 2011). 

Currently half a billion people are living beside the banks of the river and 
an estimation of over one billion people by year 2030 (Jaiswal, 2011). 
Uttar Pradesh state alone contributes upto 50 % of the pollution load to 
the river (Jaiswal, 2011). Though water quality and quantity in the river 
changes depending on the season. The river is severely polluted in cities 
like Varanasi, Rishikesh, Kanpur, Allahabad, Patna and Calcutta and the 
pollution in these cities is different from each other (Gosselin, 2012).  

Varanasi is situated in Uttar Pradesh state, north part of India. The city is 
located on the bank of the River Ganga. Varanasi city is also called as the 
city of temples. Most renowned temples are Kashi Vishwanath Temple, 
Annapurna Temple, Sankatha Temple, Sankatmochan Temple etc.  
Varanasi is also called as the “Cultural Capital of India”. The city is 
connected with spiritualism, Sanskrit, yoga and many kinds of dance and 
music. Sri Tulsi Das, famous poet who wrote the Rama Charit Manas 
and Internationally famous Sitar maestro Mr. Ustad Bismillah Khan heils 
from Varanasi (National Informatic Center, 2011(a)).  

Throughout the year many kinds of festivals are celebrated in Varanasi, 
almost every month atleast one festival is celebrated. Also there are many 
kinds of religious fairs (Mela`s) going in Varanasi throughout year and 
the pollution load during that that will higher (Ruback, 2008). 
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Varanasi is situated at the tropic of cancer. During summer seasons the 
temperature goes up to 45 degrees centigrade. Usually monsoon rains 
starts in the month of June or in early month of July and continues for 
two months. On the other hand during winter season the temperature 
falls as low as 7 degree centigrade (Ministry of Earth Science, 2011). 

People believe that Varanasi is older than the traditions. Ghats on the 
bank of the river are the holiest spots of Varanasi.  Pilgrims take holy 
dips in the ghats to free from their sins. Also there is another belief that 
by taking holy dips on the ghats will clean them physically, mentally and 
spiritually (Ally, 1992). There are about 84 ghats on the bank; some of 
the popular are Dasaswamedh ghat, Manikarnika ghat, Harischandra 
ghat, Kabir ghat and Assi ghat (Sankat Mochan Foundation, 2011). 

The city is still in a process of development. Till today local municipality 
is not able to supply 24 hours electricity to the city. The situation in the 
nearby villages is worst. In peak summer many villages do not have 
access to electricity, and drinking water, as informed by the local people. 

In Varanasi the water quality is very poor and it is no longer suitable for 
holy dips. The city lies between the two tributaries of Ganga namely 
Varuna and Assi which are vast sources of sewage (Tripathi, 1991). 
According to the World Health Organization the Coli-form bacteria level 
is 3000 times higher than the standard permissible limit on the ghats in 
Varanasi. Dept. of Zoology, Patna University reveals the presence of 
Mercury in Ganga River water at Varanasi as 0.00023 ppm which is 
barely below the alarming level (Priyadarshi, 2009). 

Government of India started a project to control the pollution load to 
the Ganga River in 1986 called “Ganga Action Plan” (GAP).  The aim of 
the project was to divert and treat the sewage that goes into Ganga River 
and protect the river from pollution sources. The project was carried out 
in two phases, GAP-1 from 1986 till 1991 and GAP-II from 1991 and 
continues till now. According to the government statistics, 35 % of river 
pollution has been tackled in GAP-I and 30 % in GAP-II (Comptroller 
and Auditor General of India, 2011). Several thousand millions of rupees 
has been spent in this project but the result is still reported as failure, 
leadingto increasing concern over pollution in the river Looking into the 
gravity of the situation, but without adequate consideration of the factors 
leading to the failures, on 2nd June 2010 Indian Prime Minister 
Manmohan Singh announced “Mission Clean Ganga 2020” project aims 
to stop raw municipal sewage and industrial wastes enter Ganga (The 
Hindu, 2011). 

Figure 1 Major cities on the bank of Ganga River causing 
pollution. 
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In other part, SMF is a NGO founded in 1982, in Varanasi campaigning 
for clean Ganga and creating awareness amongst local people about the 
pollution of Ganga. SMF is monitoring the Ganga water quality weekly 
at 9 different points and reported in their home page.  The goal of SMF 
is “Not a single drop of sewage enters Ganga”. SMF people found that 
the Ganga water quality is degrading day by day. They have invited 
experts from all over the world to study the condition of Ganga and 
solution for the problem. They recommend Algae-Based Wastewater 
Oxidation Pond System (AIWPS) technology to Varanasi Nagar Nigam 
(VNN, local municipality) for treating the diverted sewage into Ganga. 
The technology doesn’t need electricity it works with earth gravitational 
force. But the government did not agree to implement this technology 
(Because of high cost of installation). Every year SMF people organize 
World Water Day on 22nd March; arrange workshops and seminars to 
educate the local people. On that day SMF supports the formation of 
7 km long human chain on the bank of the river to create awarnes in the 
people and draw attention of the local municipality about the pollution 
of the river (Sankat Mochan Foundation, 2011). 

Looking at the above context, a study was carried out in Varanasi to 
understand the problems underlying the continuation and increase in 
pollution in the river and suggest measures which may help address the 
problem by filling-in critical gaps in the current approach. The report is 
divided into four chapters. Chapter-1 consists of Abstract and 
Introduction, Chapter-2 consists of Aim and Objectives, Theoretical 
Framework and Methodology, Chapter-3 consists of Discussion and 
Results and finally Chapter-4 consists of Conclusion, Recommendations 
and References. 

Aims and objectives  
To study the Ganga River pollution problem in Varanasi, India so as to 
identify gaps in current efforts and to suggest measures to sustainably 
resolve the problem. 

The specific objectives of this project are as follows: 

1. To assess the different pollution sources to river Ganga at 
Varanasi and its impact on nearby villages.  

2. To review the policy and action frameworks for control of 
pollution in Indian rivers in general and Ganga in particular and 
to identify gaps. 

3. To suggest recommendations for effectively cleaning the river and 
sustainably control further pollution from identified sources. 

Research questions 
1. What is the present water quality of Ganga River?  

2. How far are the agricultural fields affected due to pollution in 
Ganga? 

3. Role of government, local municipality and NGOs in addressing 
the problem of Ganga pollution. 

4. To suggest recommendations for effectively cleaning the river and 
sustainably control further pollution from identified sources. 

METHODOLOGY  

The Study Area 
The study was carried out in the city of Varanasi and its neighbouring 
villages, on the banks of river Ganga. Varanasi is a densely populated city 
which has a greater importance in Hindu religion. It is the wish of every 
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Hindu (major religion in India) people to go to Varanasi at least once in 
their life to take holy dip in Ganga River. But the situation of Ganga is 
very bad in Varanasi even till today millions litters of sewage is flowing 
through the river in different ghats. Cremation of dead bodies also 
continues throughout the day, while poor people who cannot afford the 
money for cremation throw the body into the river, all this further 
contributing to the pollution to the river. The Ganga Action Plan (GAP) 
was officially launched by the Late Prime Minister Sri Rajiv Gandhi at 
Varanasi in year 1986 (National Informatic Center, 2011(b)). Also on 
31st December 2009, Mr. Jay ram Ramesh, Environment and forest 
minister has a announced a long term project named Mission Clean 
Ganga 2020 shows the importance of Varanasi on the whole river basin 
for Indians (Daily News and Analysis, 2011). Considering these reasons, 
it was decided to carry out the study in the city of Varanasi. In this 
project water, soil and sediment (Ganga River) were collected for 
analysis. 

Villages for the study were selected based on two main criteria. 

1. Villages near the Dinapur STP which use treated STP water for 
irrigation.  

2. Villages how are using Ganga water for irrigation purpose. 

Criteria-1 

Dinapur and Raghunathpur villages were selected to study the influence 
of treated STP water to agriculture fields (By SMF suggestion). Soil 
samples were collected from their fields and analysis was done byACME 
Analytical Laboratories LTD, Abo Akademi University. 

Criteria-2 

Ramnagar and Tatepur villages were selected for the influence of Ganga 
water on the agriculture fields (By SMF suggestion).  

Water Samples 
The water samples were collected from Ganga River at Tulasi ghat, hand 
pumps, open wells in Varanasi city and in selected surrounding villages. 
Water sample from the treated water were collected from Dinapur STP. 
20 ml and 50 ml bottles and 12ml syringe were used for sampling. High 
density polypropylene bottles (previously rinsed with deionized water 
twice) were used for sampling. Temperature, pH, electrical conductivity 
was measured on site using a calibrated, portable thermometer, pH 
meter, and EC meter, respectively. Anions and cations were measured in 
ACME Analytical laboratories Ltd, Abo Akademi University.  

Two different water samples were collected, filtered and unfiltered. In 
case of agriculture fields the water was more turbid pre-filters were used 
for samples. Water samples were filtered with 0.45 μm pore diameter 
membrane filters immediately after collection. The filtered samples were 
preserved by acidifying with Merck nitric acid and stored in polyethylene 
bottles. 

In each selected point, four different quantities of samples including 
50 ml filter, 50 ml unfiltered, 20 ml filter and 20 ml unfiltered for analysis 
in two different laboratories were collected. Bottles were marked 
immediately after sampling in the field to avoid errors. The sample 
bottles were put into icebox to preserve during the transport to 
laboratory. 

Sodium (Na+) and potassium (K+) were determined by flame 
photometry (Hald, 1946). Calcium (Ca2+) and magnesium (Mg2+) were 
measured by titration with EDTA, and Murexide, Eriochrom Black-T as 
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indicators (Outreach, 2011). The concentrations of sulphate (SO42-), 
chloride (Cl-), and nitrate (NO3-) were determined using ion 
chromatography. Bicarbonate (HCO3-) was determined by titration. 

Soil and Sediment Samples 
Sediment samples were collected from Ganga River at Tulasi ghat in 
Varanasi and soils from agriculture fields in the selected villages. The 
sediments were collected from the bottom of the river and kept in a 
polyethylene bag. In the agriculture fields 200 gr samples were collected 
from the top soil (0-15 m). The collected samples were kept in plastic 
bags and marked. Sediment samples were dried at room temperature and 
sieved with <0.65 μm nylon mesh. The soil and sediments samples were 
then submitted for total heavy metal concentration analysis (by ICP-
OES) in ACME (Spectro, 2012). 

The soil pH was measured using a Systronics Digital pH Meter 335 with 
a Cl-51B electrode. The soil samples were first ground and 20 gr of soil 
which was mixed with 50 mL distilled water. Soil pH was determined by 
mixing soil and distilled water in a 1:2.5 (g:ml) ratio and shaking for 
15 min before measuring pH (Gee, 1986). The EC were measured using 
a Thermo Electron Corporation Basic cond/TDS/salinity Orion 115A+ 
with a Thermo Electron Corporation Orion 011510 electrode. Sodium 
was analysed using a flame photometer. Calcium and magnesium content 
were established by complexometric titration. Total hardness was 
measured by titration with EDTA. 

Data Collection on Policy and Action Aspects 
Pollution sources that directly concering or affecting the river was 
studied with the help of SMF people; a boat was hired to travel along the 
ghats. Study was carried during monsoon season; when the river is full 
with rain water and storm water. By the suggestions from SMF, river 
samples were not taken (Reason: Results from the samples would not 
show the exact pollution level of river because the river is diluted). 

As untreated sewage is the biggest pollution to the river, there are two 
STPs in Varanasi, Dinapur STP and Bhagvanpur STP. Both are visited 
and interviewed the staff. Treated water from Dinapur STP is going back 
to Ganga through a channel that goes along the nearby villages. Earlier 
days, people use the treated water for irrigation purpose but they 
stopped later because of the bad quality of the treated water. Villages 
along with Dinapur were visited and farmers and other residents of the 
villages selected for the study were interviewed. 

Villages on the bank of the river using Ganga water for irrigation were 
visited to study the condition of their agriculture fields and the farmers 
and other residents interviewed. 

Projects carried against the pollution of the Ganga River were studied by 
looking the project details in the government websites; india.gov.in, 
cpcb.nic.in and Ministry of Environment, India. Project implementation 
in Varanasi has been studied through SMF website. Also, pollution 
control acts for rivers have been checked to analyze the reason for the 
pollution of rivers in India. 

Heavy Metal Contamination 
Recently there is much research going on in controlling the heavy metal 
contamination problem in the environment. The ‘heavy metal’ can be 
any kind of metallic element that is having density of 4 g/cm3 or more 
or equal to 5 times the density of the water (Hawkes, 1997). The 
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chemical properties of the heavy metals play even more influencing role 
in the environment pollution. 

Environment pollution is the presence of excess amount of heavy metals 
in environment and reducing their quality and eventually influencing the 
welfare of the environment. Generally, large amount of heavy metals are 
present in the soil and water, whereas little is present as the form of 
vapour in the air (Nagajyoti et al, 2010). Presence of higher quantities of 
heavy metals can cause chain effects in the ecosystem and finally ended 
up with human death. Lower concentrations of essential metals can 
cause deficiency problems and higher concentrations can cause toxicity 
problems (Lokeswari and Chandrappa, 2006). From the studies of 
(R.K.Sharma et al, 2009) there is a higher chance of health problems by 
long term consuming of the contaminated food. 

Wastewater irrigation is very common practice in many cities in Asia, 
Africa and Latin America (Gupta et al, 2008). Many studies reveal that 
the wastewater significantly carries highly toxic heavy metals and long 
run use of it in agriculture fields can spoil the soils (Rattan et al, 2002). 
Even though certain heavy metals are essential for the plant growth but 
the presence of excess amount of heavy metals like Pb, Zn, Cd, Cr, Cu 
and Ni can cause serious health problems when they are consumed for 
longer periods of time (Voutsa et al, 1996). 

BOD, DO and FCC: 
In general natural water is used for various purposes like agriculture; 
domestic, industrial etc. which results in contamination with organic and 
inorganic chemicals, toxic substances and pathogens. Anthropogenic 
activities cause much more pollution load than natural, organic waste is 
the major pollution from anthropogenic activities.  

Organic matter entering into river utilizes the oxygen that is naturally 
dissolved in rivers resulting in depletion of dissolved oxygen in water 
causing harmful effects to biota. Biochemical Oxygen Demand (BOD) is 
a measure that indicates amount of biodegradable organic material and 
oxygen that can be used to oxidize inorganic material present in the 
water (Liu and Mattiasson 2002). Monitoring of DO and the BOD 
provide adequate checks on the river conditions (Tyagi et al, 1999). 

Microbial pollution is a threat to aquatic ecosystem and human health 
especially the areas of higher population. Scientists believe that human 
activities can increase the nutrient input into water ecosystems. For 
controlling the water-borne diseases regular monitoring is needed 
including total and fecal coliforms (Janelidze et al, 2011). 

Limitations 
There are some limitations in the study. They are follows: 

1. The collected sample in this work was analyzed and compared to 
the Indian standards. But it would be better if an unpolluted 
sample is available to compare the samples to understand the 
amount of pollution load on the soil and water. 

2. The previous data, available for Ganga river samples in Varanasi 
city, are not reliable. Because, the data available from the two 
government websites CPCNB and MoEF are different and 
showing the river water quality is under acceptable limits. But, 
actually, data from SMF is totally different from that of the 
government websites. The results show that the Ganga River 
water quality is at alarming level.  As a result, the obtain results 
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were not able to be compared with the previous data to see the 
trend of the water quality. 

RESULTS  

Present Water Quality of Ganga and its Impact on Surrounding Soil and 
Water Resources 

Water samples collected from Ganga River, STP and the surrounding 
villages are contaminated with daingerous heavy metals. The type of 
heavy metal contamination varies from one source to other. 

Ganga water sampling, from a location at Tulasi ghat, in this study was 
carried out and more detailed analysis was carried out by referring to the 
results from the studies on Ganga river water quality in the literature. 
CPCB is the Indian government agency which is responsible for natural 
water resources in India, and they are also monitoring the water bodies at 
different monitoring stations. To study the quality of Ganga water we 
have collected the sampling data for the years 2005 to 2009 from CPCB 
and SFM database (Table 3&4). But SMF data is from three different 
stations on the bank of Ganga, those three stations data were averaged 
and taken as the representative value for Varanasi. According to our 
knowledge upto date, the data from two sources are in quite contrast in 
both BOD and FCC but quite similar for DO. BOD values from CPCB 
are showing that the values are almost near the standards, but SMF data 
shows that values are exceeding much higher than standards. The 
similarity between both the data is FCC which is very much higher. 

Table 1&2 has some properties of water samples and concentrations of 7 
heavy metals in soil respectively. As it can be seen Cd cntent is 
(8.9 mg/kg) in Raghunath Pur agricultural field is the higher than the 
permissible limit of Indian soil standards, 5 mg/kg. But the reality is 
different because from the interviews with the farmers they are very 
disappointed with treated water from the Dinapur STP. One more thing 
we have to consider is the season, which affects extensively the 
concentration of pollutants in the river water. 

The problem is different for using Ganga water for irrigation and STP 
water for irrigation. 

In case of Ganga water the problem extensively depends on the season 
of the year. The pollution effect is more in summer season than in rainy 
season because in summer water level in the river will be low but the 
pollution load is same resulting in increasing concentration level of 
pollutants in the water. Samples were taken in monsoon season as river 
water is diluted with rain water; the readings are not actually representing 
the reality. 

In case of STP water used for Irrigation the problem is with two major 
pollutant sources. One is chemicals and other is heavy metals. From the 
beginning the STPs are not dealing with chemicals in the sewage, they 
are only responsible for bacteria removal as they are using biological 
treatment method (National Informatic Center, 2011(a)). Government of 
India has constructed pipe lines to the agriculture fields by the request of 
the local farmers with their money. In the mid 90`s increasing population 
results in more daily usage of different chemicals in the form of 
detergents, shampoo, soaps etc. increases the chemical quantity of the 
treated sewage water results farmers started facing problems like the 
contamination of the ground water due to the seepage of treated water 
from the pipelines of the treated water that pass through the village 
(Interview with local farmers).  
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Table 1 Basic water properties measured in different places. 

Water Sample EC 250C ds/m pH 
Water Saliity 
Rating 

Varanasi 1.08 8.2 Moderate 

Ramnaagar 0.667 7.8 Moderate 

Tatepur 0.691 7.8 Moderate 

Dinapur 1.205 8.3 Moderate 

Raghunathpur 1.218 8.3 Moderate 

 

Table 2 Different types of heavy metals in Soil Samples. 

Soil Sample Cu Pb Zn Ni As Cd Cr  

Varanasi 20 13 45 20 20 <0.5 23 

Ramnagar 30 17 66 33 33 <0.5 35 

Tatepur  29 15 61 31 31 2.3 36 

Dinapur 29 14 64 18 18 3.1 20 

Raghu- 
Nathpur 

39 23 94 30 30 8.9 30 

 

Table 3 Ganga water quality data at Varanasi from SMF 
(Friends of Ganges, 2012). 

Year BOD DO FCC 

2005 16.67 6.87 1560333 

2006 19.27 6 1168000 

2007 18.07 5.62 1272333 

2008 18.2 7.79 1309666 

2009 19.5 5.3 14372666 

Permissible limit 3mg/l or less 5mg/l or more 500/100ml 

 

Table 4 Ganga water quality data at Varanasi from CPCB 
(Central Pollution Conrtrol Board, 2012). 

Year BOD DO FCC 

2005 3.45 8.48 17000 

2006 3.60 8.32 17000 

2007 3.05 8.10 14000 

2008 3.50 8.34 18000 

2009 3.70 8.25  13800 

Permissible limit 3mg/l or less 5mg/l or more 500/100ml 

 

Table 5 Statistics of cremation at different ghats. 

Name of ghat 
Normal Season 
(bodies per day) 

Peak Season 
(bodies per day) 

Manikarnika  
Ghat 

About 100 
About 300 
 

Harischandra 
Ghat 

50-60  100-150 
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In this study we have interviewed several farmers in the STP and its 
surrounding villages who are using the treated water from the plant for 
irrigation from past many years. According to them we came to 
understand that they are facing serious problem with the treated water in 
many ways. Due to heavy metal in the water their agriculture fields are 
totally spoiled and fail to cultivate any vegetable in their fields. But, even 
when they succeeded in cultivating, the produced vegetables are of very 
poor quality and are highly contaminated with heavy metals. Due to all 
these major problems the farmers, whose fields are near STP, are only 
growing paddy and some flowers in their fields. Even their drinking 
water is polluted as the treated water is entering into the ground and 
ultimately contaminating ground water. 

Dinapur STP was installed during GAP-1. Treated water will send back 
to the Ganga through a channel that goes through the near villages. By 
the request of the village people, government has constructed pipelines 
to their agriculture fields to use the treated water for irrigation. STP uses 
biological treatment method to treat sewage comes from Varanasi and 
they are not responsible for the chemical polluteents and heavy metals in 
the sewage which result the contamination of the agriculture fields.  

During 90`s local people have stoped using the treated water for 
agriculture, because their yield was getting spoiled with the pollutants. 
Now the sewage water is leaking into the ground water because of the 
seepage process. Agriculture fields in the surrounding STP villages are 
totally spoiled with the pollutants; they are cultivating paddy in their 
fields, but not able to produce vegetables because the pollutants are 
entering into them. They are growing flowers instead of vegetables 
(Interview with local farmers). 

In 2002, NRCD (National River Conservative Directorate) made a 
survey in the STP surrounding villages and found that heavy metals 
present in their ground water. NRCD has put notice on the hand pumps 
and wells that the water should be not used for drinking purpose. NRCD 
has installed a water tank for the village to get water from the 
municipality. Now the water tank was out of order; so they are using the 
polluted water for their usage. Their ground water was polluted up to 
150 m. 

Industrial Pollution in Varanasi 

In Varanasi city there is only one big disel industry manufactures disel 
engines. They have a special treatment plant to treat their effulent. As the 
treated effulent is high content of chromium and lead they send that 
treated effulent to the surrounding small scale fabric industries.  

In the city there are many small scale household industries and most of 
them are on the bank of the river. In these industries they use color dies 
which contain higher amounts of lead. Even though it is not allowed to 
send their waste to river but it is very difficult to monitor because it is 
very expensive for them to treat and send out. Usually people mix their 
industrial waste into their sewage or they send directly into Ganga. 

Policy and Action for Controlling Pollution in Ganga River                      
Efforts at controlling pollution load to the Ganga River range from the 
legal and administrative frameworks applicable to rivers of the country, 
in general to specific actions with respect to Ganga in particular 
undertaken by government or other agencies. 
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Legal instruments 

The Water Act  

The Water Act was made in the year 1974 to deal with environmental 
issues. Later in 1988 some changes were made and revised it closely 
related to Environment (Protection) act 1986.  It has also established 
central and state pollution control boards. Central pollution board has to 
research proper plans to reduce the water pollution and give direction to 
state government to implement the plan. For union territories central 
government take responsibility. Main concern has to be given for 
pollution of streams, inland water bodies and sea. Central government 
has not fixed standards to the quality of effluent that discharges to the 
water; instead central government has asked to make standards for the 
effluent. 

According to this act it is prohibited to mix the effluent to the water 
bodies if they exceed the standards prescribed by the state government. 
A person first need to submit the details of the place where they 
discharge effluent from the industry, quality and quantity of discharge 
should be informed to get permission from the state government to 
establish industry. It is the duty of the state government to verify the 
data provided by the industry people before gave permission. In 1988 
new section was introduced; 33A which gave full powers to government 
to give directions to the person or industry to follow the environmental 
protection plans. If any industry fails to follow the directions by state 
government; state government can give direct orders to shut down the 
industry. State government has responsibility to make records about the 
quality of water bodies and should available to the common citizen 
(Haryana State Pollution Control Board, 2011). 

The Environment (Protection) Act 

Environment (protection) act deals with water quality and controls water 
pollution. Act clearly defines the interrelationship between water and 
human; living organisms. It gave powers to central government to 
organize standards for the pollutants that discharge into environment. 
MoEF has established standards for certain types of industrial pollutants 
and publish them in the rules. MoEF has not yet made standards for the 
ambient inland water. In 1997 Maharashtra state government has 
finalized standards for fresh water bodies but they are not authorized; 
industries use those standards as guide to locate the suitable place for 
disposal of effluents (Ministry of Environment and Forest, 2011). 

Administrative Frameworks: 

Central Pollution Control Board (CPCB) 

CPCB is a statutory organization, constituted under the Water Act in the 
year 1974. The main functions of CPCB are: (i) Promoting cleanliness of 
streams and wells in all the States by reducing water pollution and (ii) 
Improving the quality of air in the country. Good quality water is 
essential for use in agriculture production, industrial development and 
for human survival. India is having 14 major rivers, 44 medium rivers 
and 55 minor rivers and many other small lakes and ponds which are 
primary source for drinking water. Many of the rivers are being fed by 
seasonal monsoon rains during three months in a year and run dry rest 
of the year by carrying wastewater discharges from many different 
sources. CPCB has responsibility of collecting, collating and publishing 
the technical and statistical data which are relating to water pollution in 
India (Central Pollution Control Board, 2011). 
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Specific Actions: 

Ganga Action Plan (GAP) 

Pollution of Ganga was considered for the first time as a problem by late 
Prime Minister Sri Indira Gandhi. During 1979 she gave order to the 
CPCB (Central Pollution Control Board) to carry out survey on the 
Ganga River. As per their report during 1984 first GAP praposal was 
prepared but it was not officially launched because of her assassination. 
After that her son late Prime Minister Sri Rajiv Gandhi formed Central 
Ganga Authority (CGA) in 1985 with Prime Minister as Chairman with 
initial budget of 300 Cr Indian Rupees. GAP was officially launched on 
June 1986 by Sri Rajiv Gandhi at Varanasi (Jaiswal, 2011). 

Objectives of GAP 

The objectives of GAP are divided into two schemes “Core Sector” and 
“Non-Core Sector”. Where direct pollution sources are addressed in 
Core Scheme and indirect pollution sources are addressed in Non-Core 
Schemes. Core schemes include intersection and diversion of municipal 
sewage and non-core schemes include installing electrical crematoriums, 
implementation of lower cost sanitation system and their maintanence 
(Ministry of Environment and Forest, 2003-04). 

Critical analysis of GAP 

GAP is one of the most prestigious projects in the history of India but it 
is also not untouched with drawbacks. UP itself causing 50 % pollution 
to the river but never gave importance to it in GAP project. GAP-I&II 
has launched officially in Varanasi but till date no work has been done in 
Varanasi under GAP-II. In the planning of GAP-I they have chosen 
100 MLD out of 160 MLD of sewage to treat and the rest 60 MLD is 
allowed to go into river directly (The Times of India, 2009).The situation 
is same in other major cities in UP, Kanpur the highly polluted city in 
UP, government has chosen to clean 165 MLD out of 425 MLD and the 
rest is allowed to go to river directly (The Times of India, 2009). 
Practically there exists a wide communication gap amongst the low level 
officers, in most cases low level officers have no idea about the work 
carried out by the previous group. The members of GAP are Chief 
Ministers of the concern states, union ministers, secretaries of concern 
central ministers and experts. GAP members are the decision maker’s 
public has no role in decision making. They should have included public 
because they know the exact problem and ultimately they have to take 
major part to solve the problem. GAP has failed to create awareness to 
local people about the problem and the work they are doing to solve it 
(Jaiswal, 2011). Government has installed STPs to treat the sewage GAP 
as universal solution but they have not considered about the local 
problems that can happen for it; for example, STPs need continuous 
electricity supply to run which is practically not possible in many cities 
(Jaiswal, 2011). In GAP the importance has given to reduce pollution 
from point sources but not from non-point sources; causing the failure 
of GAP. Agriculture runoff has never been given importance; it is the 
main non-point source of pollution contains residues from fertilizers, 
pesticides and weedicides. In the initial stage of GAP implementation 
some work has done to stop agriculture runoff but later on it was 
neglected; today there is no data about the usage of fertilizers for 
agriculture in India. To study water quality of rivers, Water samples are 
recommended to take at three points i.e, upstream (where river enters 
city), midstream (river water somewhere in the mid of the city) and 
downstream (where river leaves city). Pollution load to river actually 
differs from place to place; SMF has measured BOD, DO and Total 
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Coli-form at different points on the bank of river. Results from SMF 
shows the difference in pollution levels in water at different places. 
Samples should be taken at the points of usage. Eg: Bathing ghats. BOD 
and DO are chosen as parameters to study the quality of river water in 
GAP. But BOD and DO are not enough to explain the quality of river 
water. For instance DO values of Varanasi from 1986-2010 are in 
acceptable limits all the years which practically not possible. In Kanpur, 
Allahabad and Varanasi BOD and DO values are acceptable limits which 
show the river water is good. Research projects says that disposal of 
treated/untreated sewage has only caused limited bacterial pollution to 
the river but there are other reasons for increasing bacterial pollution 
such as mass bathing, cattle wallowing, open defecation, garbage and 
carcass dumping. According to the statistics from Indian Government, 
35 % of river pollution has been tackled in GAP-I and 30 % in GAP-II. 
There is still 35 % of pollution which government is not able to tackle it 
due to the lack of funds (Jaiswal, 2011). For example to tackle pollution 
loads for cities Hardwar, Kanpur, Allahabad and Varanasi need 500 crore 
rupees other than GAP-I&II. Mismanagement, corruption and lack of 
public participation are major reasons for failure of GAP. 

Shortcomings in CPCB: 

Out of about 34000 MLD of sewage generated, the treatment capacity 
exists only for 12000 MLD. Thus, there is a large gap existing between 
generation and treatment of waste water in India. 

Water quality measuring for river Ganga and Its tributaries are carried 
out in all stations in UP, Bihar, West Bengal and Uttaranchal at 39 
locations by CPCB`s North zonal Office, Lucknow. All class-I cities and 
class-II towns together generated an estimated sewage of 29129 MLD (as 
per population of 2001); installed capacity is only 6190 MLD. CPCB is 
not able to tackle 22939 MLDof sewage (78,9 %) and joins directly into 
water streams.CPCB is planning to install 1742.6 MLD sewage treatment 
capacity, even then there is a gap of 21196 MLD(72.9 %). Nearly 39 % 
of the existing STP installed under CPCB is not able to reach to the 
standards prescribed to discharge into streams. 

Action by nongovernmental organizations 

Sankat Mochan Foundation (SMF) is a nongovernmental organization 
(NGO) founded in 1982, in Varanasi campaigning for clean Ganga and 
creating awareness amongst local people about the pollution of Ganga. 
SMF is monitoring the Ganga water quality weekly at 9 different points 
and reported in their home page.  The goal of SMF is “Not a single drop 
of sewage enters Ganga”. SMF people found that the Ganga water 
quality is degrading day by day. They have invited experts from all over 
the world to study the condition of Ganga and solution for the problem. 
SMF has recommended Algae-Based Wastewater Oxidation Pond 
System (AIWPS) technology to Varanasi local municipality for treating 
the diverted sewage into Ganga. The technology doesn’t need electricity 
it works with earth gravitational force. But the government did not agree 
to implement this technology (Because of high cost of installation). 
Every year SMF people organize World Water Day on 22nd March; 
arrange workshops and seminars to educate the local people. On that day 
SMF supports the formation of 7 km long human chain on the bank of 
the river to draw attention of the local municipality about the pollution 
of the river (Sankat Mochan Foundation, 2011). 

Another prominent NGO is Mc Mehta Environmental Foundation 
which works for environmental protection and human rights in India 
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and south Asian countries. They are organizing seminars, research 
training to students, lawyers, NGO`s, higher officials etc. they believe 
that environmental protection can be achieved only through awareness 
and community participation. They have filed many petitions in count 
for protecting environment; Tajmahal case, Ganga pollution case, vehicle 
pollution case etc (Mehta, 2011). 

Legal Action: 

There are many cases filed against Ganga river pollution in suprime 
court of India, out of them M.C. Mehta, an activist and advocate cases 
are important. Following are the case details 

Case: 1: Ganga Pollution Tanneries Case 

In 1985, M.C. Mehta, advocate has filed a petition under Article 32 in 
Supreme Court (Arun, 2011(a)). The case is about the pollution load to 
Ganga River from the tanneries in Kanpur. Under section 24 Water Act, 
1974 it is not allowed to use any water steam for disposing effluents 
without proper treatment.   At Kanpur the situation looks that no action 
has been taken under Water act by the state board for the control of 
Ganga pollution from the discharging industrial effluents. According to 
the government rule first the effluents has to send to municipal 
treatment plants and after treatment it has to send to river. 

Decision:  

Court has considered tanneries as industries and orders them to install 
their own primary treatment plant before send the effluent to municipal 
sewage plant.  And court has order central pollution control board to 
monitor the work. The tanneries which have not installed primary 
treatment plant are not allowed to exist. 

Case: 2: Ganga Pollution Municipalities Case 

Another petition was filed in Supreme court against the local 
municipality of Kanpur for polluting Ganga River (Arun, 2011(b)). Local 
industries are diverting untreated effluents to neighboring streams. By 
this people living in the downstream are facing severe problems. 

Decision: 

Government has consider Ganga pollution as public nascence and order 
city municipality to increase the sewage capacity in labor places, provide 
public latrines, and prevent placing dead bodies into river. 

Case: 3: Calcutta Tanneries Case, 1997 

During 1997 a case was failed in Supreme court by M.C. Mehta against 
the tanneries in Calcutta for discharging the untreated effluent to 
Ganga(Arun, 2011(c)). 

Decision:  

Supreme Court ordered to install CETP (Common Effluent Treatment 
Plant) and gave responsibility to Calcutta high court to monitor in future.   
Not only with this treatment plant court has order local municipality to 
collect fine Rs.10 000 for polluting the river and results in environmental 
pollution and responsible for the suffering of local people. The collected 
fine should be deposited in Environmental Protection Found and use it 
for restoring the ecology. 
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Major Sources of Pollution in river Ganga 

The key sources of Ganga River pollution in Varanasi are domestic 
sewage, industrial effluents and dead bodies (Tripathi, 1991). There are 
different kinds of large, basic and small scale industries are situated 
around Varanasi. 

There are many reasons for the continuing the pollution of river 
including: sewage discharge, religious customs and washing clothes.  

Currently there are two STP`s running in Varanasi to treat the sewage of 
the city.  

1. Dinapur STP with capacity of 80 MLD.  

2. Bhagvanpur STP with capacity of 12 MLD. 

Till now these two treatment plans have been established as a part of 
GAP. These plants officially work for 7 months in a year and rest from 
mid of June till mid of November, STPs are closed because these are 
located near the river, during those months the river water level increases 
and water from the river enters into pipes and flows back to treatment 
plant (Sankat Mochan Foundation, 2011). Total sewage production of 
the city is around 300 MLD, the municipality is treating 92 MLD and the 
rest of the sewage directed into the river. 

There are many problems to run these treatment plants. During 
monsoon season, the plants will not be operated, where as in summer 
season there is a serious problem of power cut in the city. Both 
STP’s have their own generators but still they are not sufficient for their 
operation. For Bhagvanpur STP, when the power cuts for a long 
time the plant will not run resulting in sending out untreated sewage 
directly to Ganga River. 

Untreated sewage has diverted into river through pipes which can be 
seen clearly (Fig. 4). Surprisingly people take holy dips just beside those 
pipes. At the beginning and end of the Ganga River in Varanasi i.e; 
Varuna and Assi channel, huge amount of sewage is discharged into the 
river ( Fig. 2&3). 

Figure 2 Untreated sewage flowing at Assi channel into Ganga 
River. 
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Religious Customs: 

Varanasi is one of the most famous religious pilgrimages in India for 
Hindus. More than 2,000,000 people take holy dips daily in Varanasi and 
the digit increase several times during festival times. Every month at least 
once or many times, there is some kind of festival ceremony in Varanasi. 
During the festival season pollution loads increase drastically. The reason 
could be due to lack of knowledge about the problems of pollution of 
Ganga River. Many people don’t believe that the river is being polluted 
due to their actions; they always think that Ganga is pure and it never 
loses its holiness. During the ceremony people throw garlands, flowers, 
plastic bags with materials for pooja (worship) into the river (Fig. 5&6). 
Volunteers are working for SMF to clean the plastic bags, garlands and 
flowers on the ghats.  

 

Figure 3 Untreated sewage flow at Varuna Channel to Ganga 
River. 

Figure 4 Pipes carrying untreated sewage into Ganga River at 
Rajendra Prasad ghat. 
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Varanasi is the holy city for Hindus in India. From the ancient times 
people believe that if a person dies in Varanasi his/her soul will directly 
goes to heaven. Hence, old people from many parts of India willing to 
live their last days in Varanasi since ancient times. Nowadays that tradi 
tion is one of the causes for the river pollution. There are two main 
cremation ghats on the banks of river in Varanasi i.e; Manikarnika and 
Harischandra ghat. Out of two, Manikarnika ghat is the biggest and 
cremation takes 24 hours where as in Harischandra ghat cremation takes 
place from 4 am till 12 am in night. People from the nearby villages and 
cities bring the dead bodies for cremation. People in Varanasi have a 
special custom for cremation; they are not allowed to cremate local 
people between 12 am till 4 am (Table 5). Local municipality has installed 
electric crematorium near the Harischandra ghat. Cremation in electric 
crematorium also follows religious customs but people don’t prefer. 
From my experience, I believe that people’s mindset play key role for not 
using electric crematoriums and people have not taken the responsibility 
for its maintenance. Cremation on the ghats varies on seasons; it usually 
takes more in summer than in winter. Cremation is usually done with 
wood, which is generally expensive (Fig. 7). People, who can’t afford this 
money, will just throw them into the river results serious effect to the 
aquatic life.The Municipal Electric Crematoriums are available in the 
ghats but the people are not able to use them properly because of the 
following reasons  

1. Lack of power 

2. Some time out of order because of heater problem 

3. Lack of good working system 

4. Lack of proper education 

Washerman 

Many washermen in Varanasi wash the clothes everyday on the ghats, 
using heavier detergents to wash the clothes to reduce the work strain 
and to quicken the work (Fig. 8). There are about ten to twenty washer 
men washes daily on the ghats. Sankat Mochan Foundation, NGO in 
Varanasi is trying to create awareness to the washer men about the effect 
of detergent to the Ganga River. They have also put a notice on ghats 
for not using detergents for washing clothes. 

Figure 5 Glands, flowers and plastic bags in the River water. 
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DISCUSSION AND CONCLUSION  

Water pollution is the main reason for the water scarcity in the world. 
People are suffering every day because of the water pollution. There are 
different kinds of pollution sources in responsible for the problem. In 
India industrial effluents and municipal sewage are the major pollution 
sources for water resources. Ganga River is the biggest river in India 
serves 9 states. 40% of the total irrigated land in India is under Ganga 
basin and it plays key role in Indian economy. Now a day’s Ganga River 
is facing serious problem of contamination throughout its stretch. This 
work is carried in Varanasi and surrounding villages on the bank of the 
river. In Varanasi, local municipality, sewage treatment plants, local 
people, pilgrims come from other part of India are causing pollution to 
the river in different ways. Sewage discharge is the major pollution 
source out of all (90% of total pollution load). 

Results from the collected samples show higher concentrations of heavy 
metals in the agriculture fields. There is communication gap between the 
local people and municipality people. Local people have no idea about 
the pollution that is causing to Ganga River, they actually believe that 

Figure 6 Water quality on the bank of Ganga river. 

Figure 7 Cremation taking place near the Manikarnika ghat. 
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Ganga River is their mother and it will never get polluted. SMF is trying 
to create awareness in the local people but still there is need to create 
awareness in the pilgrims that comes to Varanasi. 

There is lot more work is needed to solve the problem. The present 
study has carried in monsoon season. The results from the collected 
samples are not enough to explain the situation because the pollution of 
river changes from season to season. During summer season water level 
goes down results in higher concentration of pollution in river water 
were as in rainy season water level in river rises and results in lower 
concentration of pollutants in river water. A year wise study is needed to 
examine the pollution problem of Ganga River. CPCB is the responsible 
government body who is responsible for water bodies in India but the 
data they provide in their database is not reliable because when there is 
no information about the procedure they follow for measurement and 
even when their data compared with the SMF data there is a huge 
difference in both. As CPCB is the government body and they are 
responsible for providing data about the Ganga water, it is necessary to 
improve their quality of data and one can understand if they can provide 
what is the criteria they follow for doing measurement.  

From the previous studies of Sharma et al (2006) and Mishra (2008) it is 
clear that the treated sewage water in Varanasi is containing toxic heavy 
metals. Due to the insufficient capacity of STP in Varanasi the 
municipality is directing the untreated sewage everyday into Ganga. In 
addition to above pollution loads, there is another chance of getting 
heavy metals in to Ganga river is through the agriculture practices of 
using fertilizers which contains some heavy metals like zinc and 
phosphorus (R.K.Sharma et al, 2009). Though in this study the 
descriptive sampling was not carried for Ganga river water, based on the 
previous studies one could see that the chance of heavy metal pollution 
to Ganga River. There is an urgent need for taking action to save Ganga. 

 

Figure 8 Washer man all along the ghats. 



Karteek Kommana TRITA LWR Degree Project 12:25 

 

20 

 

Recommendations  
1. There should some necessary actions be taken to prevent further 

pollution. There is an urgent need of plan of actions to be taken 
against the Ganga pollution in Varanasi. 

2. Good governance practices should be involved in the project 
which could increase the efficiency of the outcome. 

3. Local NGO`s and stakeholders should be involved in the project 
design and implementation. 

4. BOD, DO and Coli-form bacteria are not enough to measure the 
pollution level of the river. Other parameters like heavy metal 
concentration in the water are also important to monitor. 
Because heavier concentrations of heavy metals can cause 
problem to the aquatic life and humans. 

5. The data provided by the government agencies should not be 
manipulated and government should responsible to create trust 
in people about the data. The data should be available to 
common people. 

6. No universal technology should be chosen for treatment process. 
Broad range of survey should be made to find the local 
situations and then technology should be chosen according to it.  
Eg: electric crematoriums are of no use in city like Varanasi 
because of power cuts. 

7. Most importantly, the Ganga problem can only be solved when 
the people have a strong desire to solve the problem. 
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