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Abstract 
 
The Ganges provides ecosystem services which are of vital importance for the inhabitants of 
the Ganges river basin. However, the water quality of the Ganges river deteriorates 
downstream. Indian cities, e.g., Kanpur and Varanasi, are local hotspots of pollution and poor 
water quality. Downstream of these cities the river’s water quality improves, but never restores 
to its original state.  
 
Haentjens (2017) analyzed the physico-chemical water quality of the entire Ganges and 
identified the city of Kanpur as the major pollution source. This MSc dissertation is a follow up 
of Haentjens' (2017) study in order to stimulate future discussions and actions on improving 
the water quality and ecology of the Ganges river. 
 
The first objective of this MSc study is to assess the impact of Kanpur’s urban activity on 
Ganges water quality and to identify and quantify Kanpur’s major pollution sources into the 
Ganges. The second objective included the search for an existing biotic index which can 
analyze Ganges ecological status. 
 
The results of this study revealed alarmingly high levels of nutrient- and organic pollution in the 
Ganges along Kanpur. Along Kanpur, the physico-chemical water quality of the Ganges 
reaches the most deteriorated OECD water quality class. The Sisamau nala, Jajmau industrial 
tannery zone and the Jajmau wastewater treatment plant effluent are the major pollution 
sources of Kanpur into the Ganges. Besides these major wastewater drains, a significant 
amount of smaller drains are diffusively discharging untreated domestic- and tannery 
wastewater into the Ganges. 
 
No biotic index which can evaluate Ganges ecological status was found. As such, this MSc 
study provides a summarized guideline to construct a Ganges biotic index. Due to the high 
urgency to evaluate Ganges ecology, it might be useful to first develop a simple, i.e., non-type 
specific and qualitative, Ganges biotic index by modifying an existing and generally accepted 
biotic index. Over time, a more complex and representative Ganges biotic index can be 
developed based on newly obtained data and experience. 
 
The results of this MSc study highlight the severely eroded state of the Ganges along Kanpur, 
however, they also emphasizes the potential of a clean Ganges river if sufficient treatment 
measures would be realized.  
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1. Introduction 
 
The Ganga (or Ganges river) is a 2525 km long river crossing the northern part of the Indian 
craton. The Ganges river basin houses about 40% of the Indian population (Ganga River Basin 
Environment Management Plan, 2012d). In 2000, approximately 500 million people were living 
in the Ganges river basin (Markandya & Murty, 2004). It is expected that this number will grow 
to 1 billion by 2030 (Markandya & Murty, 2004). The 15th National census survey, conducted 
by the official Census Organization of India, estimated the Indian population at 1,210,854,977 
and decadal growth rate 17.64% in 2011 (census2011.co.in). Based on UN data, India’s 2018 
population is estimated at 1.35 billion (worldpopulationreview.com). The Ganges river provides 
a wide range of ecosystem services which are essential to support the livelihoods of a large 
number of people in the basin. Due to the monsoon, the discharge of the Ganga has extreme 
seasonal variations (Singh et al., 2007). In addition, Ganges river flow is highly regulated by 
various human interventions, such as dams and barrages for domestic water supply and 
irrigation. The river is heavily polluted due to anthropogenic activity. Urban wastewater, 
industrial effluents and pollutants from several other point- and diffuse sources are released 
into the Ganges with limited or no treatment (Ganga River Basin Environment Management 
Plan, 2012d). The cities of Kanpur and Varanasi are the major contributors to this problem 
(Haentjens, 2017). 
 
Already a large number of papers dealing with Ganges river water quality have been published 
(e.g.; Aktar et al., 2010; Arora et al., 2013; Baghel et al., 2005; Beg & Ali, 2008; Chaudhary et 
al., 2017; Ganga River Basin Environment Management Plan, 2012d; Gupta et al., 2009; 
Haentjens, 2017; Haritash et al., 2016; Khatoon et al., 2013; Khwaja et al., 2001; Kumar et al., 
2010; Purkait et al., 2009; Rai et al., 2010; Sankararamakrishnan et al., 2005; Sarkar et al., 
2007; Semwal & Akolkar, 2006; Sharma et al., 2014; Shweta & Satyendra, 2015; Sood et al., 
2008; Thareja et al., 2011; Tiwari et al., 2016; Trivedi et al., 2010; Yadav & Srivastava, 2011). 
However, compared to the size and importance of the Ganga, the amount of research is still 
limited. In addition, many of these studies are already outdated, due to the rapid increase in 
Indian waste and wastewater emission, and do not represent the current situation anymore. 
 
Both the Ganga River Basin Environment Management Plan (2012d) and Haentjens (2017) 
provide a long term analysis of Ganges water quality along its entire course. These datasets 
will be discussed in detail later on. 
 
The water quality of the Ganges river deteriorates downstream. Indian cities, such as Kanpur 
and Varanasi, are local hotspots of pollution and poor water quality. Downstream of these 
cities, the river’s water quality improves but never restores to its original state (Haentjens, 
2017). Ganges water quality is a major study subject, however, a thorough analysis of the 
anthropogenic pollution along Kanpur city is still missing. This master dissertation aims to fill 
this knowledge gap. 
 
The objective of this master dissertation is twofold: 

1. Identify and quantify the major sources of pollution in the Ganga along Kanpur city as 
a consequence of urban activity. 

2. Search for an existing standardized method which can analyze Ganges ecological 
quality based on a biotic index. If not existing, provide recommendations for the 
construction of such a method. 

 
The first objective will be achieved through literature research and through the analysis of a 
dataset obtained during a sampling campaign on the Ganga during February 2018. This 
sampling campaign consisted of analyzing water samples from the surface of the Ganga at 
approximately the middle of the river. About 16 sampling locations were chosen on an 
approximately 18 km long transect along Kanpur city. These water samples were analyzed for 

https://www.census2011.co.in/states.php
http://worldpopulationreview.com/countries/india-population/
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dissolved oxygen (DO), temperature, pH, electrical conductivity (EC), total dissolved solids 
(TDS), nitrite (NO2

-), nitrate (NO3
-), ammonium (NH4

+), ortho-phosphate (PO4
3-), sulfate (SO4

2-

), chemical oxygen demand (COD) and biological oxygen demand (BOD5). An approximately 
14 km long transect of the Ganga upstream of Kanpur was analyzed in order to quantify the 
physico-chemical water quality of the Ganga before entering Kanpur. 
 
The second objective will be achieved by obtaining information from local, Indian researchers 
and through literature research. 

2. Regional setting 
 

Ganges river 
The Ganga (or Ganges river), one of the world’s major rivers, flows from the Himalayan 
mountains, over the Indian subcontinent, towards the Bay of Bengal (Fig. 2.1) (Singh et al., 
2007; Singh, 2009). The Ganga river basin covers an area of 1086 x 106 km2, encompassing 
the Himalaya orogenic belt, northern Indian craton and the Ganga alluvial plain (Singh et al., 
2007). The Ganga river drainage network comprises a wide range of rivers acting as tributaries 
(Singh et al., 2007). Based on their source area, these rivers can be classified in three 
categories: 1. Himalayan source rivers, 2. Ganga alluvial plain source river, and 3. Northern 
Indian craton source rivers (Singh, 1996, 2004). The main tributaries of the Ganges originate 
from the Himalayan mountains (Singh et al., 2007; Singh, 2009). Discharge in the Ganga 
increases rapidly downstream due to significant inputs from these tributaries (Singh et al., 
2007). 
 

 
Fig. 2.1 The Ganga fluvial system is located on the Indian subcontinent, it’s source originates in the Himalayan 

orogenic belt. Together with the Brahmaputra, the Ganga river is responsible for the creation of the Ganga-
Brahmaputra delta (Singh et al., 2007)  
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The Ganga alluvial plain has a humid subtropical climate with four seasons: 1. winter (January-
March), 2. summer (April-May), 3. monsoon (June-September), and 4. Post-monsoon 
(October-December) (Fig. 2.2) (Singh et al., 2007; Singh, 2009). Fig. 2.2 visualizes the climate 
of four major Indian cities along the Ganges (India Meteorological Department, n.d.). Due to 
monsoon rainfall, the Ganga river discharge is prone to strong seasonal variations (Fig. 2.2 
and 2.3, and Table 2.1). Discharges are often described as monsoon, post-monsoon, winter 
and summer (Das Gupta, 1984). During the monsoon season, heavy rainfall occurs 
everywhere in the basin (Fig. 2.2) (Singh et al., 2007). During this period, 70 to 80% of the 
annual rainfall occurs (Singh et al., 2007). For the other part of the year, dry conditions prevail 
and large amounts of water are lost through evapotranspiration (Singh et al., 2007). Each km2 
of the Ganga river basin receives about one million m3 of water per year as rainfall. Nearly 
30% is lost to evapotranspiration, 20% goes to the groundwater, and 50% is available as 
surface water in the basin (Das Gupta, 1984). Eventually, this surface water flows to the 
Ganga-Brahmaputra delta and the bay of Bengal (Fig. 2.1). 
 

 
Fig. 2.2 Seasonality and monthly mean climate data, i.e. minimum-, maximum temperature (°C) (green- and red 
curves, respectively) and mean rainfall (mm; blue bars), from four major Indian cities along the Ganges river: (A) 
Kanpur, (B) Varanasi, (C) Patna, and (D) Calcutta. (India Meteorological Department, n.d.; Singh et al., 2007). 
January is month n°1, and December is month n° 12.  
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Singh et al. (2007) provides an extensive analysis of Ganges river hydrology; Fig. 2.3(A) 
visualizes the annual hydrograph of the Ganges, and Table 2.1 provides seasonal flow 
variations and maximum discharge values from several stations, including Kanpur city, along 
the Ganges. In addition, the Ganga River Basin Environment Management Plan (2012d) 
provides monthly rainfall and river flow data from the Ganga at Farakka (Fig. 2.3(B)). 
 

 
Fig. 2.3 The Ganga river is a tropical monsoon river with an extreme seasonality. (A) Annual hydrograph of the 
Ganga, characterized by low flows during post- and pre-monsoon seasons and extremely high flows during the 
monsoon season (Singh et al., 2007). The measurement location of the hydrograph is not specified by Singh et al. 
(2007). (B) Monthly rainfall and river flow of the Ganga at Farakka in an average year (Ganga River Basin 
Environment Management Plan, 2012d). 

 

Table 2.1 Seasonal flow variations and maximum discharge data from various measurement stations along the 
Ganges river (Singh et al., 2007)  

 
  

A B 
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Kanpur city 
Kanpur is a major industrial city located in the state of Uttar Pradesh, in the center of northern 
India (Fig. 2.4). Zia & Devadas (2007) state that the urban agglomeration of Kanpur covered 
an area of 298.98 km2 in 2001, and this will increase to 340.23 km2 by 2021. Kanpur’s 
population size is highly uncertain. In 2001, Kanpur urban agglomeration had a population of 
2.71 million, which rose to 3.1 million in 2006 (Dimitriou, 2006; Zia & Devadas, 2007). Dimitriou 
(2006) estimated that the population would reach 4.31 million by 2015. However, based on the 
15th National census survey, Kanpur city had a population of 2,765,348 and Kanpur’s 
metropolitan area a population of 2,920,067 in 2011 (census2011.co.in). Based on Dimitriou 
(2006), Kanpur has a yearly population growth of ±3.3%. However, the 15th National census 
survey reports a decadal growth rate of 9.92%. The World Population Review website states 
that Kanpur would reach a population size of 3,109,000 and a growth of 0.96% in 2018 
(worldpopulationreview.com). Together with Lucknow, Kanpur belongs to the two biggest cities 
of Uttar Pradesh and the top 12 largest cities of India (census2011.co.in and Zia & Devadas, 
2007). With a per capita income of 159 US dollars in 2001, Kanpur is one of the poorest cities 
in India (Uttar Pradesh State Planning Institute, 2002). 
 

 
Fig. 2.4 (A) Map of India and its major cities, (B) Map of Kanpur: boundary of the Taluk of Kanpur (black line), 
boundary of Kanpur city (red line), Ganges river along Kanpur (blue line), Jajmau city district in the southeast of 
Kanpur, Bithoor city north of Kanpur city, and important infrastructure (yellow dots): (1) drinking water production 

plant at Ganga Barrage, and (2) Jajmau wastewater treatment plant (WWTP) (gadm.org and Google Earth) 

Kanpur, often referred to as ‘Manchester of the East’, has a highly inefficient waste 
management system due to reasons such as poor management, lackadaisical approach 
towards waste management practices, public apathy, lack of political will, urbanization 
patterns, populations growth, poverty, etc. (Zia & Devadas, 2007). In addition, waste 
generation is still increasing (Zia & Devadas, 2007). The main sources of wastewater are 
domestic (about 426 MLD, Million Liter per Day) and tannery effluents (about 50 MLD) (Vedala 
et al., 2013). Most of which is ending up untreated in the Ganga river (Beg & Ali, 2008; Khwaja 
et al., 2001; Uttar Pradesh Jal Nigam et al., 2017; Vedala et al., 2013). It has been estimated 
that the domestic wastewater production will increase to 672 MLD by 2025 and to 1035.85 
MLD by 2040 (Vedala et al., 2013). 
  

https://www.census2011.co.in/city.php
http://worldpopulationreview.com/world-cities/kanpur-population/
https://www.census2011.co.in/city.php
http://gadm.org/download_country.html
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Tanneries make up the primary industrial activity in Kanpur, which is mainly concentrated in 
the Jajmau district (Fig. 2.4). In 2012, about 400 tanneries were located in Jajmau. This makes 
Jajmau the largest cluster of tanneries in India (Central Leather Research Institute (CLRI), 
2012). These tanneries mostly process hides and about 90% practices chrome tanning (Beg 
& Ali, 2008; CLRI, 2012). 30 - 50% of the used chromium ends up in the tannery effluents and 
eventually in the Ganges (Beg & Ali, 2008; Khwaja et al., 2001). This chromium pollution is a 
major environmental problem and harmful to both humans and aquatic fauna and flora (Beg & 
Ali, 2008; Khwaja et al., 2001; Sharma et al., 2012). 
 

Existing studies on Ganges river water quality 
As mentioned in the introduction, research on Ganges water quality is limited compared to the 
size and importance of the river. In addition, a significant amount of these studies is already 
outdated due to rapid changes in the water quality status of the Ganges. 
 
Semwal & Akolkar (2006) provide an extensive analysis of Ganges water quality in the state 
of Uttarakhand, where the Ganges originates. This analysis includes bacterial indicators, 
physico-chemical parameters, pesticides and metals. In addition, a bio-monitoring study was 
performed (Semwal & Akolkar, 2006). Baghel et al. (2005), Chaudhary et al. (2017), Kumar et 
al. (2010) and Sood et al. (2008) provide additional studies of Ganges water quality in 
Uttarakhand. Already in Uttarakhand, fecal contamination is omnipresent (Baghel et al., 2005; 
Kumar et al., 2010; Sood et al., 2008). In addition, organic-, nutrient- and metal pollution 
increases downstream and culminates at Haridwar (Fig. 2.5) (Chaudhary et al., 2017; Kumar 
et al., 2010; Semwal & Akolkar, 2006; Sood et al., 2008). Haritash et al. (2016) analyzed 
Ganges water quality in Rishikesh, a city located in the upper part of the Ganges basin near 
the foot of the Himalaya (Fig. 2.5). Haritash et al. (2016) assumed that pollution from urban 
activity was absent upstream of Rishikesh. In Rishikesh, a relatively good water quality was 
observed (Haritash et al., 2016). Arora et al. (2013) analyzed the water quality in terms of 
bacterial load, pH, alkalinity, chlorine, total dissolved solids (TDS) and total suspended solids 
(TSS) during the religious mass bathing event ‘Maha Kumbha’ in Haridwar in 2010 (Fig. 2.5). 
During such events, 
pilgrims dispose milk, 
curd, ghee, flowers, 
coins, idols, human 
ashes, body hairs, 
plastic bags and other 
non-biodegradable 
materials in the river 
(Arora et al., 2013). 
Due to the bathing 
event, pH decreased 
and chlorine, TDS 
and TSS increased 
(Arora et al., 2013). 
Probably, the most 
problematic was the 
major increase in 
fecal coliforms (Arora 
et al., 2013). Arora et 
al. (2013) concluded 
that the river water 
was extremely contaminated and not suitable for drinking water production during the mass 
bathing event. Along the entire course of the Ganga, such religious mass bathing events take 
place. In addition, people bath daily in the Ganga. Chaudhary et al. (2017) observed severely 
contaminated Ganges river water between Haridwar and Garhmukteshwar due to nutrients 

Fig. 2.5 Major Indian cities along the Ganges river (Chaudhary et al., 2017). Near the 
border of India and Bangladesh, the Ganges river splits into the Padma- and Hooghly 
river. 
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and heavy metals. In this river stretch, pollution was more severe during pre-monsoon 
compared to post-monsoon (Chaudhary et al., 2017). Probably, due to lower river discharge 
and less dilution during pre-monsoon (Chaudhary et al., 2017). 
 
The quality of Ganges water and sediment in the vicinity of Kanpur has already been studied 
by Beg & Ali (2008), Khatoon et al. (2013), Khwaja et al. (2001), Sankararamakrishnan et al. 
(2005), Thareja et al. (2011) and Trivedi et al. (2010). Besides identifying the detrimental 
impact of Kanpur’s domestic- and industrial wastewater on the Ganges, all these studies fail 
to identify and quantify the urban and industrial pollution sources along Kanpur city. Trivedi et 
al. (2010) observed a better water quality of the Ganges along Kanpur during the monsoon 
season, compared to the winter season. Again, this is probably due to a decrease in river 
discharge and dilution during the dry seasons (Fig. 2.2 and 2.3). 
 
At Allahabad (Fig. 2.5), the Ganges confluences with the Yamuna river. Sharma et al. (2014) 
analyzed several physico-chemical parameters on Ganges- and Yamuna water samples, 
considerable deterioration of the water quality was observed. Based on a water quality index 
(WQI; Hameed et al. (2010)) of post-monsoon water samples, Sharma et al. (2014) concluded 
that Ganges water quality at Allahabad is of ‘poor’ quality. Gupta et al. (2009) studied the 
occurrence and bioaccumulation of certain heavy metals (Cu, Cr, Cd, Pb and Zn) in Ganges 
river water, sediments and cat fish at Allahabad. Gupta et al. (2009) concluded that Zn was 
the most occurring and accumulating metal. Shweta & Satyendra (2015) investigated the 
increase in water pollution in the Ganga and Yamuna rivers during mass bathing events in 
Allahabad. 
 
Shukla et al. (1988 &1989), Sikandar (1987) and Tiwari (1983) studied the water quality at 
Varanasi (Fig. 2.5). However, these studies are already obsolete. Recent studies of the water 
quality near Varanasi are limited. Rai et al. (2010) measured heavy metals, BOD, DO and fecal 
coliforms in the effluent of three sewage treatment plants disposing in the Ganga near 
Varanasi. These treated effluents were still heavily polluted, and as a consequence severely 
degrading Ganges water quality (Rai et al., 2010). Yadav & Srivastava (2011) studied the water 
quality of the Ganges at Ghazipur, a small city between Varanasi and Patna (Fig. 2.5). Most 
of the pollution indicators had the highest values in summer (Yadav & Srivastava, 2011). 
Probably, this is due to the lower river discharge and higher water temperatures resulting in 
lower oxygen solubility during the Indian summer (Fig. 2.2 and 2.3). In addition, less dilution 
results in higher pollution concentrations and more DO consumption. 
 
Tiwari et al. (2016) compared Ganges water quality between Kanpur, Allahabad and Varanasi, 
probably the three most polluting Indian cities along the Ganges (Fig. 2.5). The lowest DO 
content and highest BOD- and COD content were observed at Kanpur (Tiwari et al., 2016). 
Tiwari et al. (2016) concluded that the water quality at Kanpur was very poor compared to 
Varanasi and Allahabad, which is supported by the analysis of Haentjens (2017). 
 
Near the border of India and Bangladesh, the Ganges river splits into the Padma and Hooghly 
river (Fig. 2.5). The Hooghly river, ca. 280 km, is the lower tidal stretch of the Ganges river, a 
partially mixed estuary (Sarkar et al., 2007). Calcutta is the most polluting city along the 
Hooghly river (Fig. 2.5) (Sarkar et al., 2007). Purkait et al. (2009) analyzed the sewage-water 
and sewage-sludge of Calcutta for organic pollution-, physico-chemical-, fecal contamination-
, heavy metal- and pesticide parameters. Purkait et al. (2009) concluded that without treatment 
the sewage-water and sewage-sludge cannot be used for irrigation and fertilization, 
respectively, in agriculture. In addition, the disposal of these sewage products in the Ganges 
leads to severe water quality deterioration (Purkait et al., 2009). Aktar et al. (2010) analyzed 
the pollution level in the surface water of the Ganges around Calcutta, and came to the same 
conclusion as Purkait et al. (2009). 
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Sarkar et al. (2007) states that the deterioration of Ganges water quality is directly related to 
non-functioning and malfunctioning of wastewater treatment plants and a lack of environmental 
planning and coordination. In addition, Sarkar et al. (2007) provides the basis of an integrated 
water quality management plan in the Hooghly river basin, a plan which could be extrapolated 
to entire India. This management plan includes: (1) decreasing the contaminant flow towards 
the river through installation and maintenance of wastewater treatment plants, and (2) 
execution of legislation, mass awareness programs and thorough environmental education 
(Sarkar et al., 2007). Roy et al. (2004) performed an economic analysis of the demand for 
qualitative water in Calcutta. 
 

Long term monitoring data 
Haentjens (2017) provides an extensive analysis of long term monitoring data on Ganges water 
quality. Two data sources were used by Haentjens (2017) in order to evaluate Ganges water 
quality, both along the entire course of the river and along the city of Kanpur. The first dataset 
was provided to Haentjens (2017) by the Indian Institute of Technology in Kanpur (IIT Kanpur), 
the second by the CPCB. The CPCB (Central Pollution Control Board) is part of the Ministry 
of Environment, Forest and Climate change from the Indian government. Haentjens (2017) 
results will be shortly discussed in this section in the scope of the presented MSc research 
project. Haentjens (2017) discusses temperature, pH, DO, BOD, COD, nitrate and ammonium. 
 
Along the Ganges river, temperature increases gradually (Fig. 2.6). At two locations, a 
significant temperature increase can be observed: 1. downstream of Badrinath, located in the 
most upstream section of the Ganges river, and 2. along Kanpur city (Fig. 2.6). pH seems to 
be relatively steady along the Ganges river, except around Kanpur city (Fig. 2.7). At Kanpur 
city, a local pH drop can be observed, however, pH increases significantly downstream of 
Kanpur city (Fig. 2.7). Along the Ganges river, DO decreases gradually, except along Kanpur 
city where a significant drop in DO can be observed (Fig. 2.8). Downstream of Kanpur, the DO 
levels restore partly, however, DO does not reach its original value from upstream Kanpur 
again (Fig. 2.8). Fig. 2.9 and 2.10 indicate exceptionally high excursions of BOD and COD 
along Kanpur city. 
 

 
Fig. 2.6 Seasonal variations in water temperature throughout the Ganga River from 2001 until 2013 (Haentjens, 
2017) 
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The Ganga River Basin Environment Management Plan (2012d) provides a 25 year (1986-
2010) dataset of 70 measurement locations of DO (mg/L) and BOD5 (mg/L) along the entire 
course of the Ganges. This report compares annual averages, dry- (November-June) and wet 
season (July-October) averages. The annual-, dry season- and wet season averages reveal 
downstream decreases in DO and increases in BOD5. A significant drop of DO and increase 
in BOD5 are observed at Kanpur. DO values are lower during the wet season than during the 
dry season (Fig. 2.8) (Ganga River Basin Environment Management Plan, 2012d; Haentjens, 
2017; Yadav & Srivastava, 2011). BOD5 does not significantly differ between both seasons. 
As Haentjens (2017), the Ganga River Basin Environment Management Plan (2012d) identifies 
Kanpur as one of the major sources of pollution. The Ganga River Basin Environment 
Management Plan (2012d) concludes that Ganges water quality aggravates during periods of 
low water flows. 
 

 

Fig. 2.7 Seasonal variations in pH throughout the Ganga River from 2001 until 2013 (Haentjens, 2017) 

 

 

Fig. 2.8 Seasonal variations in dissolved oxygen throughout the Ganga River from 2001 until 2013 (Haentjens, 
2017) 
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Fig. 2.9 Seasonal variations in biological oxygen demand throughout the Ganga River from 2001 until 2013 
(Haentjens, 2017) 

 

 

Fig. 2.10 Seasonal variations in chemical oxygen demand throughout the Ganga River from 2001 until 2013 
(Haentjens, 2017) 

Besides an evaluation of the entire Ganga, Haentjens (2017) also provides a more detailed 
study of the water quality around Kanpur. Based on data from IIT Kanpur and the CPCB, 
Haentjens (2017) compares the water quality upstream and downstream of Kanpur City in 
terms of pH, DO, BOD, COD, nitrate and ammonium (Fig. 2.11). 
 
Haentjens (2017) reveals a small decrease in pH, a significant decrease in DO, and increases 
in BOD, COD, nitrate and ammonium in Ganges river water along Kanpur city (Fig. 2.11). 
 
Haentjens (2017) clearly shows that Kanpur is the most polluting city along the Ganges river. 
However, a detailed study on Kanpur’s pollution sources is still missing. The study presented 
in this dissertation will focus on identifying the major sources of pollution in the Ganges river 
originating from Kanpur city.  



  

  

  

Fig. 2.11 Yearly variations in a) pH, b) DO, c) BOD, d) COD, e) nitrate, and f) ammonium upstream and downstream of Kanpur city. Data originates from the CPCB, unless stated 
differently (Haentjens, 2017)  

A. B. 

C. 

F. E. 

D. 



Major drains of Kanpur 
In January 2017, a collective of four organizations, i.e., Uttar Pradesh Jal Nigam, Uttar Pradesh 
Pollution Control Board, National Mission for Clean Ganga and Central Pollution Control 
Board, submitted a report about drains discharging wastewater in the Ganges river to the 
National Green Tribunal of India (Uttar Pradesh Jal Nigam et al., 2017). This collective 
identified 15 drains discharging wastewater from Kanpur into the Ganges river (Fig. 2.12 and 
Table 2.2). In the report, two types of wastewater are identified, i.e., domestic- and mixed 
wastewater. Mixed wastewater is a combination of domestic- and industrial wastewater (Uttar 
Pradesh Jal Nigam et al., 2017). In Kanpur, the industrial wastewater mainly originates from 
the tannery industry (Khwaja et al., 2001). 11 of these drains discharge domestic wastewater 
into the Ganges river (Fig. 2.12 and Table 2.2). Only in the industrial area of Jajmau, 
southeastern part of Kanpur, mixed wastewater is discharged into the Ganges (Fig. 2.12). 
Drain n°12 discharges ‘Kanpur city sewage’ into the Ganges, based on the report this consists 
mainly of domestic waste (Uttar Pradesh Jal Nigam et al., 2017). Per drain the report provides 
a dataset of relevant pollution parameters, i.e., BOD, COD, TDS, TSS, pH, Cl-, N-NH3, NO3

-, 
SO4

2-, S and P (Table 2.3). This dataset includes two flow measurements per drain: 1. average 
flow data from Uttar Pradesh Jal Nigam (expressed as MLD), and 2. a flow measurement 
(expressed as MLD) done during a drain survey, performed by a team of representatives of 
the four organizations, this survey is referred to as the ‘joint inspection’ (Uttar Pradesh Jal 
Nigam et al., 2017). 
 

 
Fig. 2.12 Map of the major drains discharging wastewater from Kanpur city in the Ganges river. Drain 1 to 11 
discharge domestic wastewater, drain 12 discharges a mixture of Kanpur city sewage, domestic-, and industrial 
(mainly tannery) wastewater, and drains 13 to 15 discharge mixed (i.e., domestic and industrial) wastewater (Uttar 
Pradesh Jal Nigam et al., 2017). Drain 16 was observed during the river sampling campaigns of this study. Drain 
16 wastes the effluent of the Jajmau WWTP of Kanpur into the Ganges. Names of the drains: 1. Permiya nala, 2. 
Ranighat nala, 3. Sisamau nala, 4. Tefco nala, 5. Parmath nala, 6. Muir nala, 7. Police line nala, 8. Jail nala, 9. Gola 
Ghat nala, 10. Bagwatdas nala, 11. Satti Chaura nala, 12. Dabka nala, 13. Shetla Bazar nala, 14. Budhiya Ghat 
nala, 15. Wazipur nala, and 16. WWTP drain (‘Nala’ is Hindi for ‘drain’) (Uttar Pradesh Jal Nigam et al., 2017). 

During the field campaigns, white foams were observed in Permiya nala (Fig. 2.12) and these 
were entering the Ganga (Appendix A). Probably, these foams originated from the overflow of 
the drinking water production plant (Fig. 2.4) (Arvind Ashish, IIT Kanpur lab assistant, personal 
communication, February 28th 2018). In addition, drain n°16 was observed (Fig. 2.12). Before 
entering the Ganga, this drain flows next to the Jajmau WWTP. Based on field observations 
and on a personal communication with Arvind Ashish (IIT Kanpur lab assistant, February 28th 
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2018), this drain partly discharges the effluent of the Jajmau WWTP into the Ganga. However, 
this was denied by Ajay Kanaujza (Jajmau WWTP representative, personal communication, 
February 22nd 2018). 
 
Based on the pollution concentration parameters and both flow parameters (Table 2.3), the 
daily load of pollution from each drain into the Ganges was calculated (Table 2.4 and 2.5). 
Based on this daily pollution load data, the Sisamau nala (domestic wastewater) and the drains 
of the Jajmau industrial area (mainly tannery wastewater) can be identified as the major 
sources of pollution into the Ganges river along the city of Kanpur (Table 2.4 and 2.5) (Uttar 
Pradesh Jal Nigam et al., 2017). The wastewater of the 15 reported drains is discharged into 
the Ganges without treatment (Khwaja et al., 2001; Uttar Pradesh Jal Nigam et al., 2017). 
 
The presence of a significant number of unreported, small drains discharging wastewater from 
Kanpur into the Ganges is highly probable. However, these drains will not contribute as much 
to Ganges pollution as the Sisamau nala and the drains from the Jajmau industrial area do. 
 
Khwaja et al. (2001) investigated the impact of untreated tannery effluent on Ganges river 
water quality along Kanpur. Increases in BOD, COD, chromium, sulfides, chlorides, TDS, TSS 
and conductivity, and decreasing pH were observed (Khwaja et al., 2001). However, since only 
two locations were sampled, i.e., Bithoor (upstream of Kanpur) and a site downstream of 
Kanpur, the exact sources of pollution could not be identified by this study. In addition, this 
study provides a physico-chemical characterization of tannery wastewater in Kanpur. 
Depending on the season and tanning process, Kanpur tannery wastewater can be 
characterized as follows (Khwaja et al., 2001): 
 

1. BOD: 230±20 to 6200±300 mg/L 
2. COD: 980±30 to 2500±1200 mg/L 
3. Chromium: below detection limit to 1060±40 mg/L 
4. Sulfides: 9±4 to 279±12 mg/L 
5. Chlorides: 2060±40 to 13,900±200 mg/L 
6. TDS: 12,900±600 to 76,500±1200 mg/L  
7. TSS: 480±30 to 16,800±300 mg/L 
8. pH: 2.6±0.1 to 8.1±0.1 
9. Conductivity: 310 to 2520 µmho/cm 

 
Durai & Rajasimman 
(2011) provide a more 
recent study on 
tannery wastewater 
characteristics. Durai 
& Rajasimman (2011) 
confirm the high 
variability in tannery 
wastewater 
characteristics, which 
depend on the size of 
the tannery, used 
chemicals, used 
amount of water and 
type of end-product. In 
general, tannery 
wastewater is alkaline 
(pH: 7.5 to 10), highly 
saline, dark brown, rich in organic substances (high COD- and BOD content) and has a high 
chromium-, ammonium- and sulfate content (Durai & Rajasimman, 2011).  

N° Drain name Pollution load

Latitude Longitude * mixed = domestic sewage 

+ industrial wastewater

1 Permiya nala N 26° 30' 1.9614" E 80° 19' 12.0966" Domestic

2 Ranighat nala N 26° 29' 36.4302" E 80° 19' 44.0004" Domestic

3 Sisamau nala N 26°29'29.26" E 80°19'59.68" Mixed (Mostly sewage)

4 Tefco nala N 26° 29' 14.1498" E 80° 20' 40.2504" Domestic

5 Parmath nala N 26° 29' 13.635" E 80° 20' 41.046" Domestic

6 Muir nala N 26° 29' 4.1784" E 80° 21' 0.9432" Domestic

7 Police line nala N 26° 28' 44.8068" E 80° 21' 32.925" Domestic

8 Jail nala N 26° 28' 44.583" E 80° 21' 33.609" Domestic

9 Gola Ghat nala N 26° 28' 17.4246" E 80° 22' 11.1966" Domestic

10 Bhagwatdas nala N 26° 28' 28.506" E 80° 21' 56.6958" Domestic

11 Satti Chaura nala N 26° 27' 34.8474" E 80° 22' 50.0478" Domestic

12 Dabka nala N 26°25'51" E 80°23'40" Mixed (Mostly sewage)

13 Shetla Bazar nala N 26°26'13" E 80°24'13" Mixed

14 Budhiya ghat nala N 26°25'51" E 80°24'42" Mixed

15 Wazidpur nala N 26°25'24" E 80°25'8.87" Mixed

Confluence with Ganga

Table 2.2 Drains discharging wastewater in the Ganges along Kanpur (Uttar Pradesh 

Jal Nigam et al., 2017) 
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Table 2.3 Summary of the data provided by the collective’s report on drains discharging wastewater in the Ganges along Kanpur (Uttar Pradesh Jal Nigam et al., 2017) 

 

  

Table 2.4 Calculation of the daily pollution load from wastewater drains of Kanpur, based on the flow data from the joint inspection (Uttar Pradesh Jal Nigam et al., 2017) 

 

Drain name BOD (kg/d) COD (kg/d) TSS (kg/d) TDS (kg/d) Cl
-
 (kg/d) NH3-N (kg/d) NO3

-
 (kg/d) SO4

2-
 (kg/d) S (kg/d) P (kg/d)

Permiya nala 13,562.64 30,270.24 19,262.88 57,985.20 8,127.76 5,130.22 268.30 - - -

Ranighat nala 240.47 643.57 492.06 1,324.67 184.87 105.92 2.81 - - -

Sisamau nala 10,790.00 32,630.00 24,310.00 78,520.00 14,170.00 4,693.00 352.30 - - -

Tefco nala - - - - - - - - - -

Parmath nala - - - - - - - - - -

Muir nala 720.79 1,774.50 3,557.45 6,540.30 1,352.00 345.61 16.98 - - -

Police line nala - - - - - - - - - -

Jail nala - - - - - - - - - -

Gola Ghat nala 205.92 416.16 336.96 1,349.28 218.88 61.78 1.26 - - -

Bhagwatdas nala 1,049.75 2,884.05 1,624.35 7,978.10 1,535.95 538.14 23.98 - - -

Satti Chaura nala 87.47 200.20 164.78 797.72 112.73 41.12 3.31 - - -

Dabka nala - - - - - - - - - -

Shetla Bazar nala 554.63 25,724.40 13,837.20 94,614.00 553.80 3,619.20 352.56 18,688.80 575.64 139.62

Budhiya ghat nala 3,399.50 10,536.50 4,816.50 65,318.50 404.30 1,488.50 523.90 13,156.00 271.05 35.62

Wazidpur nala 10,179.00 32,713.20 22,358.70 132,912.00 425.88 2,410.20 785.07 23,598.90 623.61 52.07

Total 40,790.17 137,792.82 90,760.88 447,339.77 27,086.16 18,433.67 2,330.48 55,443.70 1,470.30 227.31

Daily load based on flow data from 'Joint inspection'

Drain name Flow (MLD) Average flow (MLD) Colour BOD (mg/L) COD (mg/L) TSS (mg/L) TDS (mg/L) pH Cl
-
 (mg/L) NH3-N (mg/L) NO3

-
 (mg/L) SO4

2-
 (mg/L) S (mg/L) P (mg/L)

Joint inspection UP Jal Nigam

Permiya nala 98.28 4.07 - 138.00 308.00 196.00 590.00 7.16 82.70 52.20 2.73 - - -

Ranighat nala 1.39 - - 173.00 463.00 354.00 953.00 7.37 133.00 76.20 2.02 - - -

Sisamau nala 130.00 143.00 - 83.00 251.00 187.00 604.00 7.05 109.00 36.10 2.71 - - -

Tefco nala - 0.43 - - - - - - - - - - - -

Parmath nala - 1.78 - - - - - - - - - - - -

Muir nala 8.45 3.13 - 85.30 210.00 421.00 774.00 7.38 160.00 40.90 2.01 - - -

Police line nala - - - - - - - - - - - - - -

Jail nala - - - - - - - - - - - - - -

Gola Ghat nala 1.44 1.00 - 143.00 289.00 234.00 937.00 7.34 152.00 42.90 0.88 - - -

Bhagwatdas nala 11.05 2.31 - 95.00 261.00 147.00 722.00 7.24 139.00 48.70 2.17 - - -

Satti Chaura nala 1.54 2.00 - 56.80 130.00 107.00 518.00 7.42 73.20 26.70 2.15 - - -

Dabka nala 0.00 1.23 - - - - - - - - - - - -

Shetla Bazar nala 15.60 5.75 Black 35.55 1,649.00 887.00 6,065.00 8.09 35.50 232.00 22.60 1,198.00 36.90 8.95

Budhiya ghat nala 6.50 2.34 Black 523.00 1,621.00 741.00 10,049.00 8.14 62.20 229.00 80.60 2,024.00 41.70 5.48

Wazidpur nala 11.70 7.68 Black 870.00 2,796.00 1,911.00 11,360.00 8.05 36.40 206.00 67.10 2,017.00 53.30 4.45

Measurements on untreated discharge into the Ganges river



 
 

Drains from Bithoor 
Bithoor is a city located ±12 km upstream of Kanpur (Fig. 2.4). Uttar Pradesh Jal Nigam et al. 
(2017) report the presence of 7 drains discharging domestic wastewater into the Ganges along 
Bithoor (Table 2.6). No drains with industrial wastewater where observed (Uttar Pradesh Jal 
Nigam et al., 2017). Based on the pollution concentration parameters and both flow parameters 
(Table 2.7), the daily load of pollution from each drain into the Ganges was calculated (Table 
2.8 and 2.9). The wastewater drains from Bithoor have an insignificant pollution load compared 
to the wastewater drains from Kanpur (Table 2.4, 2.5, 2.8 and 2.9). 
 

Table 2.6 Drains discharging wastewater in the Ganges along Bithoor (Uttar Pradesh Jal Nigam et al., 2017) 

 
 

Table 2.7 Summary of the data provided by the collective’s report on drains discharging wastewater in the 
Ganges along Bithoor (Uttar Pradesh Jal Nigam et al., 2017) 

 
 
  

Drain name BOD (kg/d) COD (kg/d) TSS (kg/d) TDS (kg/d) Cl
-
 (kg/d) NH3-N (kg/d) NO3

-
 (kg/d) SO4

2-
 (kg/d) S (kg/d) P (kg/d)

Permiya nala 561.66 1,253.56 797.72 2,401.30 336.59 212.45 11.11 - - -

Ranighat nala - - - - - - - - - -

Sisamau nala 11,869.00 35,893.00 26,741.00 86,372.00 15,587.00 5,162.30 387.53 - - -

Tefco nala - - - - - - - - - -

Parmath nala - - - - - - - - - -

Muir nala 266.99 657.30 1,317.73 2,422.62 500.80 128.02 6.29 - - -

Police line nala - - - - - - - - - -

Jail nala - - - - - - - - - -

Gola Ghat nala 143.00 289.00 234.00 937.00 152.00 42.90 0.88 - - -

Bhagwatdas nala 219.45 602.91 339.57 1,667.82 321.09 112.50 5.01 - - -

Satti Chaura nala 113.60 260.00 214.00 1,036.00 146.40 53.40 4.30 - - -

Dabka nala - - - - - - - - - -

Shetla Bazar nala 204.43 9,481.75 5,100.25 34,873.75 204.13 1,334.00 129.95 6,888.50 212.18 51.46

Budhiya ghat nala 1,223.82 3,793.14 1,733.94 23,514.66 145.55 535.86 188.60 4,736.16 97.58 12.82

Wazidpur nala 6,681.60 21,473.28 14,676.48 87,244.80 279.55 1,582.08 515.33 15,490.56 409.34 34.18

Total 21,283.55 73,703.94 51,154.69 240,469.95 17,673.10 9,163.51 1,249.00 27,115.22 719.10 98.46

Daily load based on average flow data from 'UP Jal Nigam'

N° Drain name Pollution load

Latitude Longitude * mixed = domestic sewage 

+ industrial wastewater

1 Bramhavart nala N 26°36’50” E 80°16’29” Domestic

2 Lakshman ghat nala N 26°37’0” E 80°16’24” Domestic

3 Lavkush ghat nala N 26°35’51” E 80°16’26” Domestic

4 Bhuni ghat nala N 26°36’26” E 80°16’26” Domestic

5 Gudara ghat nala N 26°36’41” E 80°16’30” Domestic

6 Kalwarighat nala N 26°37’12” E 80°16’17” Domestic

7 Peshwa ghat nala N 26°36’20” E 80°16’26” Domestic

Confluence with Ganga

Drain name Flow (MLD) Average flow (MLD) BOD (mg/L) COD (mg/L) TSS (mg/L) TDS (mg/L) pH Cl
-
 (mg/L) NH3-N (mg/L)

Joint inspection UP Jal Nigam

Bramhavart nala - 0.12 81 178 85.6 778 7.48 111 20.2

Lakshman ghat nala 0.095 0.20 17.2 58.8 26.9 638 7.64 78.1 10.7

Lavkush ghat nala 0.86 0.42 112 266 241 1,067 7.43 228 3

Bhuni ghat nala 0.63 0.48 37.6 91.5 48.1 677 7.39 94.3 8.21

Gudara ghat nala - 0.08

Kalwarighat nala 0.76 0.30 94.4 248 116 1,008 7.57 174 39

Peshwa ghat nala 0.87 0.10 26.2 76.9 41.5 822 7.54 146 16.4

Measurements on untreated discharge into the Ganges river

No sample

Table 2.5 Calculation of the daily pollution load from wastewater drains of Kanpur, based on the average flow 
data from Uttar Pradesh Jal Nigam (Uttar Pradesh Jal Nigam et al., 2017) 
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Table 2.8 Calculation of the daily pollution load from wastewater drains of Bithoor, based on the flow data from 
the joint inspection (Uttar Pradesh Jal Nigam et al., 2017) 

 
 
Table 2.9 Calculation of the daily pollution load from wastewater drains of Bithoor, based on the average flow data 

from Uttar Pradesh Jal Nigam (Uttar Pradesh Jal Nigam et al., 2017) 

 
 

Wastewater treatment plants of Kanpur 
The information presented in this sub-chapter was provided by Ajay Kanaujza (Jajmau WWTP 
representative, personal communication, February 22nd 2018) during a visit to the Jajmau 
WWTP (Fig. 2.4) on February 22nd 2018. In addition, Heylen (2018) provides a more detailed 
analysis of the WWTPs in Kanpur. 
 
The Jajmau WWTP has in total three wastewater treatment units: (1) 5 MLD, (2) 130 MLD, 
and (3) 36 MLD. The 130 MLD unit uses activated sludge technology, the other two units use 
upflow anaerobic sludge blanket (UASB) technology. In theory, the 5 MLD and 130 MLD units 
only treat domestic wastewater. However, these units also receive variable amounts of tannery 
wastewater due to illegal discharge in the sewer network. As a result, the treatment efficiency 
of these units decreases. The 36 MLD unit is referred to as the ‘Combined Effluent Treatment 
Plant’ or CETP, since it treats 27 MLD of domestic wastewater and 9 MLD of tannery 
wastewater. As such, the Jajmau WWTP has a treatment capacity of 9 MLD for tannery 
wastewater and 162 MLD for domestic wastewater. However, during the Jajmau WWTP visit, 
only 55 MLD capacity of the 130 MLD unit was used due to sewer maintenance works. It is 
unclear how long these works were already going on and for how long they would go on. Plans 
to add a capacity of 43 MLD have been accepted. This will increase the domestic wastewater 
treatment capacity to 205 MLD.  

Drain name BOD (kg/d) COD (kg/d) TSS (kg/d) TDS (kg/d) Cl
-
 (kg/d) NH3-N (kg/d)

Bramhavart nala - - - - - -

Lakshman ghat nala 1.63 5.59 2.56 60.61 7.42 1.02

Lavkush ghat nala 96.32 228.76 207.26 917.62 196.08 2.58

Bhuni ghat nala 23.69 57.65 30.30 426.51 59.41 5.17

Gudara ghat nala - - - - - -

Kalwarighat nala 71.74 188.48 88.16 766.08 132.24 29.64

Peshwa ghat nala 22.79 66.90 36.11 715.14 127.02 14.27

Total 216.18 547.37 364.38 2,885.96 522.17 52.68

Daily load based on flow data from 'Joint inspection'

Drain name BOD (kg/d) COD (kg/d) TSS (kg/d) TDS (kg/d) Cl
-
 (kg/d) NH3-N (kg/d)

Bramhavart nala 9.72 21.36 10.27 93.36 13.32 2.42

Lakshman ghat nala 3.44 11.76 5.38 127.60 15.62 2.14

Lavkush ghat nala 47.04 111.72 101.22 448.14 95.76 1.26

Bhuni ghat nala 18.05 43.92 23.09 324.96 45.26 3.94

Gudara ghat nala - - - - - -

Kalwarighat nala 28.32 74.40 34.80 302.40 52.20 11.70

Peshwa ghat nala 2.62 7.69 4.15 82.20 14.60 1.64

Total 109.19 270.85 178.91 1,378.66 236.76 23.10

Daily load based on average flow data from 'UP Jal Nigam'
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At the end of the Jajmau WWTP, the effluents of all units are mixed. Subsequently, this effluent 
flows in an irrigation channel which is used by local farmers (Ajay Kanaujza, Jajmau WWTP 
representative, personal communication, February 22nd 2018). However, this effluent is still 
heavily contaminated and has a detrimental effect on the environment and health of the local 
population (Strybos, 2017). Based on the information provided by Ajay Kanaujza, the produced 
effluent flows completely in the irrigation channel. However, a drain located closely to the 
Jajmau WWTP which discharges water into the Ganges has been observed during fieldwork 
(Fig. 2.12). Based on Vedala et al. (2013), the effluent of the 5 MLD unit flows into the Ganges 
river and the effluents of the 36 MLD and 130 MLD units flow in the irrigation channel. The 
sludge produced in the Jajmau WWTP is disposed through landfilling.  
 
Besides the Jajmau WWTP, other WWTPs for domestic wastewater will be realized in Kanpur. 
Near the Ganga Barrage, sequential batch reactors (SBR) with a total capacity of 15 MLD will 
be constructed. This plant will be operational by 2019. In Sangawa Chakeri, a 42 MLD WWTP 
will be installed. In South Kanpur, plans have been accepted to construct a 210 MLD WWTP, 
and plans to expand this WWTP with 30 MLD capacity by 2030 have been proposed. Plans to 
build an 80 MLD WWTP in Panki (northwest Kanpur) by 2030 have also been proposed.  
 
In 2010, Kanpur was producing 426 MLD of domestic wastewater and 50 MLD of tannery 
wastewater (Vedala et al., 2013). Only 162 MLD of domestic wastewater and 9 MLD of tannery 
wastewater is currently treated, the other parts are being discharged into the Ganges without 
treatment (Vedala et al., 2013). At this time, the Sisamau drain discharges about 130 MLD of 
untreated domestic wastewater into the Ganges. Future plans want to divert 60 MLD towards 
the Jajmau WWTP and 80 MLD towards the WWTP in South Kanpur. However, these plans 
do not incorporate the scenario were the Sisamau drain discharges more than 140 MLD. 
 
If all above stated plans get realized, the domestic wastewater treatment capacity will increase 
to 582 MLD by 2030. However, estimations reveal that the domestic wastewater production 
will increase to 672 MLD by 2025 and to 1035.85 MLD by 2040 (Vedala et al., 2013). In 
addition, none of the above mentioned WWTPs perform tertiary treatment to remove nutrients, 
and no future plans include this treatment.  
 
Currently, 41 MLD of tannery wastewater is being discharged into the Ganges without 
treatment. How much the tannery wastewater production will increase in the future is unknown. 
Kanpur’s city sanitation plan assumes there will be no increase in tannery wastewater 
production (Vedala et al., 2013). Besides the recommendation to install an additional 50 MLD 
CETP to treat tannery wastewater (Vedala et al., 2013), no plans are existing to increase the 
treatment capacity. The Indian government has installed a policy which states that the tannery 
industry should accommodate the primary treatment of its wastewater before sending it to the 
WWTPs where secondary treatment takes place. However, no inspection authority has been 
installed to control the tannery industry. As a result, a significant amount of tanneries illegally 
discharge their wastewater untreated into the sewer network or Ganges river. The CLRI wants 
to implement a zero discharge policy for tanneries (CLRI, 2012). However, there is not yet an 
agreement with the tannery industry. 
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3. Water quality standards 
 
In order to evaluate the analyzed parameters, it was chosen to use water quality standards as 
proposed by the Organisation of Economic Co-operation and Development (OECD) as a 
reference (Buijs & Toader, 2007). The OECD defines five classes of water quality (Table 3.1), 
each with its own water quality criteria (Table 3.2) (Buijs & Toader, 2007). For this study, it was 
chosen to use the water quality standards of class 2, since the Ganges needs to maintain its 
ecosystem functioning, aquatic life and drinking water provisioning service (Table 3.1). 
 
Table 3.1 Water quality classification scheme for surface waters as proposed by the OECD (Buijs & Toader, 2007)  

 
 
Table 3.2 Water quality standards for surface waters as proposed by the OECD (Buijs & Toader, 2007). (*) 
Standards for COD values measured by the dichromate method are not provided by the OECD, these were 
calculated based on the CODMn standards (Appendix B). 

 
  

Parameter Acronym Unit Class 1 Class 2 Class 3 Class 4 Class 5

pH pH - 6.5-8.5 6.5-8.5 6.5-8.5 6.5-8.5 <6.5 or >8.5

Water temperature T °C

Natural 

temperature 

variations

≤8°C winter, 

≤28°C summer

≤8°C winter, 

≤28°C summer

>8°C winter, 

>28°C summer

>8°C winter, 

>28°C summer

Dissolved Oxygen DO mg/L ≥7 ≥7 ≥5 ≥4 <4

Biochemical oxygen demand 

(5 days)
BOD5 mg/L 3 5 6 7 >7

Chemical oxygen demand, 

permanganate method
CODMn mg/L <7 7 15 20 >20

Chemical oxygen demand, 

dichromate method*
CODCr mg/L <21 21 41 53 >53

Nitrate NO3
- mg N /L 1 3 5.6 11.3 >11.3

Nitrite NO2
- mg N /L 0.01 0.06 0.12 0.3 >0.3

Ammonium NH4
+ mg N /L 0.2 0.4 0.8 3.1 >3.1

Ortho-phosphates PO4
3- mg P /L 0.05 0.1 0.2 0.5 >0.5

Sulphates SO4
2- mg/L <250 250 350 500 >500
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4. Ganges river ecology and potential biotic index 
 
The principle of water quality indexes to evaluate water quality has already been applied on 
the Ganges (e.g.; Bhargava, 1983; Chauhan & Singh, 2010; Kumar et al., 2015; Sharma et al., 
2014). However, all these indexes are based on physical- and chemical parameters and not 
on biological parameters. Ishaq & Khan (2013) evaluated the water quality of the Yamuna river 
(Fig. 4.1) based on physico-chemical parameters and biodiversity- and abundance data of 
phytoplankton, zooplankton and macrobenthos. However, a systematic approach, such as a 
biotic index, was not used. Biomonitoring methods or biotic indexes, to evaluate Ganges 
aquatic ecology, have not yet been developed (Dr. Vinod Tare, professor at IIT Kanpur, 
Department of Civil Engineering, personal communication, February 11th 2018). However, the 
Ganga River Basin Environment Management Plan, composed by seven1 Indian Institutes of 
Technology, provides a report which compiles all available information on Ganges ecology and 
biodiversity. This report consists of four parts or ‘sub-reports’ (Ganga River Basin Environment 
Management Plan, 2011, 2012a, 2012b, 2012c). This report can serve as a basis for the 
development of a biotic index for the Ganges river. 
 

Ganga River Basin Environment Management Plan: ‘Ecology and Biodiversity 

report’ 
Unless otherwise stated, the information provided in this sub-chapter can be found in the 
Ganga River Basin Environment Management Plan (2011, 2012a, 2012b, 2012c). This 
‘Ecology and Biodiversity report’ compiles all Ganges ecology- and biodiversity data from 
student’s project reports and theses, reports from sponsored, consultancy, investigatory and 
environment impact assessment studies, published papers and articles from journals, 
conferences, workshops, symposia proceedings etc.. The report splits the Ganges river into 
three main segments: Upper Ganga, Middle Ganga, and Lower Ganga (Fig. 4.1 and Table 
4.1). Each segment is divided into multiple sub-stretches (Table 4.1). 
 

 
Fig. 4.1 Map of the three main segments of the Ganges river: (1) Upper Ganga: Gaumukh to Haridwar (blue), (2) 
Middle Ganga: Haridwar to Varanasi (yellow), and (3) Lower Ganga: Varanasi to Gangasagar (blue). The major 

tributaries of the Ganges river are indicated in green (Ganga River Basin Environment Management Plan, 2012c) 

                                                
1 Indian Institutes of Technology (IIT) of Bombay, Delhi, Guwahati, Kanpur, Kharagpur, Madras & 
Roorkee 
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The first report discusses the first segment, i.e. the Upper Ganga (Ganga River Basin 
Environment Management Plan, 2011). The Upper Ganga segment is split into three sub-
stretches (Table 4.1). Per sub-stretch, the report describes the human interventions, river 
water quality and river environment including habitats, substrates, current velocity, 
temperature etc. Qualitative animal and plant diversity data is provided for each sub-stretch. 
The species and taxa diversity of phytoplankton, periphyton, zoobenthos and fish are 
discussed. However, the most upstream sub-stretch (Gaumukh to Gangotri), incorporating the 
source of the Ganga, is not considered because it is devoid of biota due to hostile conditions. 
 
The second report covers the Middle Ganga segment (Ganga River Basin Environment 
Management Plan, 2012c). The Middle Ganga segment is divided into five sub-stretches 
(Table 4.1). This report doesn’t describe the human interventions, water quality and river 
environment in the different sub-stretches. For each sub-stretch, qualitative biodiversity data 
is provided. The species and taxa diversity of phytoplankton, periphyton, zooplankton, 
zoobenthos, fish and higher vertebrates are discussed. However, this data is highly 
fragmented since zooplankton data in MG-5 and zoobenthos data in MG-2 and MG-5 is 
missing (Table 4.1). For each sub-stretch, the report identifies multiple ‘characteristic taxa’. 
However, the meaning of these ‘characteristic taxa’ is not clarified and highly questionable due 
to the lacking data.  
 
Table 4.1 Summary of the main segments and sub-stretches of the Ganga. Data provided by Ganga River Basin 
Environment Management Plan (2011, 2012a, 2012b, 2012c). Red rectangles indicate the sum of the distances of 
the sub-stretches, which are not in agreement with the distances of the main segments in the grey titles.  

 
 
The third report deliberates the fresh water zone or ‘LG-A’ sub-stretch of the Lower Ganga 
segment (Table 4.1) (Ganga River Basin Environment Management Plan, 2012b). The report 
provides a general description of the ‘LG-A’ sub-stretch river environment and qualitative 
biodiversity data. The species and taxa diversity of phytoplankton, zooplankton, zoobenthos, 
macro-invertebrates, fish and higher vertebrates are discussed. 
 
At Farakka, near the Indian-Bangladesh border, the Ganges bifurcates into the Padma and 
Hooghly rivers (Fig. 2.5 and 4.1). The Padma river is not discussed in the ‘Ecology and 
Biodiversity report’ since it is mostly located in Bangladesh. The Hooghly estuary or ‘LG-B’ 
sub-stretch of the Lower Ganga is discussed in the fourth report (Table 4.1) (Ganga River 
Basin Environment Management Plan, 2012a). The report provides a general description of 
the ‘LG-B’ sub-stretch river environment and qualitative biodiversity data. The ‘LG-B’ sub-
stretch is further divided into four zones; (1) freshwater zone, (2) nearly freshwater zone, (3) 
estuarine zone, and (4) marine zone (Fig. 4.2). The species and taxa diversity of 
phytoplankton, zooplankton, macrobenthos, fish, higher vertebrates and angiosperms are 
discussed. In addition, climatologic information and a scenario analysis are provided, which 
were not provided in the previous reports.  

Distance (km)

Sub-stretch km Location Latitude Longitude Elevation Location Latitude Longitude Elevation 

m above m.s.l. m above m.s.l.

UG-1 - Gangotri 30°59'56.2”N 78°54'56.5”E 3037 Gangnani 30°55'15.4”N 78°40'43.2”E 1945

UG-2 - Gangnani 30°55'15.4”N 78°40'43.2”E 1945 Devprayag 30°08'49.5”N 78°35'51.9”E 474

UG-3 - Devprayag 30°08'49.5”N 78°35'51.9”E 474 Haridwar 29°57'20.1”N 78°10'56.3”E 290

MG-1 77.39 Haridwar 29°58'33.82"N 78°11'16.36"E 297 Bijnor 29°22'25.82"N 78° 2'24.72"E 220

MG-2 156.45 Bijnor 29°22'25.82"N 78° 2'24.72"E 220 Narora 28°11'44.57"N 78°23'30.93"E 177

MG-3 185 Narora 28°11'44.57"N 78°23'30.93"E 177 Fatehgarh 27°23'55.54"N 79°37'38.13"E 132

MG-4 331 Fatehgarh 27°23'55.54"N 79°37'38.13"E 132 Allahabad 25°25'31.79"N 81°53'9.23"E 78

MG-5 144 Allahabad 25°25'31.79"N 81°53'9.23"E 78 Varanasi 25°15'16.26"N 83° 1'35.49"E 72

894

LG-A: Fresh water zone 701 Varanasi - - - Farakka - - -

LG-B: Estuarine zone 286 Farakka - - - Gangasagar - - -

987

Upper Ganga (UG) - 294 km - Gaumukh to Haridwar

Middle Ganga (MG) - 1082 km - Haridward to Varanasi

Lower Ganga (LG) - 1134 km - Varanasi to Gangasagar

Start End
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The ‘Ecology and Biodiversity 
report’ highlights the biological 
richness, i.e., high biodiversity, 
of the Ganga. However, the 
report has some flaws. 
 
The report subdivides the Ganga 
into three main segments and 
multiple sub-stretches. 
However, a clear argumentation 
of the applied division system is 
not provided. It seems that the 
segment borders are chosen 
based on the locations of major 
Indian cities and not on 
ecological borders. 
 
A thorough qualitative 
biodiversity analysis is provided. 
However, quantitative data on 
species and taxa abundance is 
missing. 
 
Distances of the main segments 
and sub-stretches are provided. 
However, the sum of the sub-
stretch distances per main 
segment do not agree with the 
main segment’s distance (Table 
4.1). In addition, coordinates of 
sub-stretch boundaries do not 
match between the different 
reports, e.g., Haridwar in Table 
4.1. 

 
There is no consistency between the four reports. In the first report, each sub-stretch is 
discussed in detail, however, this is not done in the other reports. ‘Summary remarks’ are 
provided in the first two reports, but not in the last two reports. The second report identified 
‘characteristic taxa’ in the sub-stretches of the Middle Ganga, however, this is not done for the 
Upper- and Lower Ganga. The fourth report provides climatologic information and a scenario 
analysis for the ‘LG-B’ sub-stretch, however, such data is not provided for other segments and 
sub-stretches. Distances of the Upper Ganga sub-stretches and coordinates and elevation of 
the lower Ganga sub-stretch boundaries are not provided (Table 4.1).The four reports should 
follow the same structure and use identical biodiversity reporting protocols. 
 
Despite these flaws, the ‘Ecology and Biodiversity report’ provides a valuable starting point for 
the construction of a biotic index to evaluate Ganges aquatic ecology. 
 
  

Fig. 4.2 The four zones of the ‘LG-B’ sub-stretch (Hooghly estuary) of the 
Lower Ganga segment; (I) freshwater zone, (II) nearly freshwater zone, 
(III) estuarine zone, and (IV) marine zone (Ganga River Basin 

Environment Management Plan, 2012a) 
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Constructing a biotic index: examples 
 

Nile Biotic Pollution Index (NBPI; Fishar & Williams (2008)) 
Fishar & Williams (2008) developed a biotic index, to evaluate Nile water quality, by modifying 
the Biological Monitoring Working Party (BMWP) biotic index (developed in the UK). The 
development of a biotic index through the modification of the BMWP has already been 
successful in Spain, Australia, Thailand, Ghana and Brazil (Alba-Tercedor & Sánchez-Ortega, 
1988; Chessman, 1995, 2003; Thorne & Williams, 1997). 
 
First, chemical data was collected from a wide range of sites, including unpolluted reference 
sites and sites with varying levels of pollution. Seven key chemical pollution parameters were 
selected to construct a Nile Chemical Pollution Index (NCPI). Three primary parameters, which 
each contributed 20% to the final NCPI score, were chosen: BOD5, DO and NH3. In addition, 
four secondary parameters, which each contributed 10% to the final NCPI score, were chosen: 
NO3

-, PO4
3-, TSS and TDS. The final NCPI value ranges between 1 and 50 and determines 

the chemical water quality category: grossly polluted (36-50), heavily polluted (26-35), 
moderately polluted (21-25), slightly polluted (16-20) and clean (<15). 
 
Next, biological samples, i.e., invertebrate fauna, were collected at the same sites using a 
uniform sampling technique, i.e., Artificial Substrate Samplers. A preliminary analysis of the 
biological data consisted of calculating a BMWP score through the unaltered, UK based BMWP 
scoring system.  
 
Subsequently, the BMWP scoring system was refined by assigning a Nile Pollution Tolerance 
Score (NPTS) to each taxonomic group found in the Nile. In most cases, the original BMWP 
score on family level was assigned. However, the BMWP score was not available or seemed 
inappropriate for certain taxa. For these taxa, the Saprobien level of the taxon was used to 
assign an estimated NPTS score (Kolkwitz & Marsson, 1908, 1909; Rosenberg & Resh, 1993). 
If the Saprobien level was not available, an intuitive score was given based on the perceived 
distribution of the taxon in the Nile during the sampling surveys. This scoring system is rather 
subjective, however, NPTS scores can be refined if more data on invertebrate distribution in 
relation to chemical variables becomes available. At each sampling site, the total NPTS score, 
i.e., the sum of the NPTS’s of the observed taxa, was determined to provide a NBPI. As such, 
the NBPI is only based on qualitative data, i.e., presence or absence of taxa, and not on 
quantitative data, i.e., abundance of taxa. 
 
At the end, the BMWP-, NBPI- and NCPI scores were compared to see how far these indexes 
reflected the chemical water quality. Compared to the BMWP, the NBPI increased the variety 
of taxa used from 29 to 43 (31%), and the total number of recorded taxon presences from 377 
to 490 (40%). Fishar & Williams (2008) concluded that the NBPI is an excellent tool for the 
biological assessment of organic pollution in the Nile, and provides a very useful adjunct to 
chemical monitoring of water quality. 
 

Bangladesh Lake Biotic Index (BLBI; Chowdhury et al. (2016)) 
Chowdhury et al. (2016) developed the BLBI, i.e., the first lake biotic pollution index for 
Bangladesh. A similar methodology as for the NBPI development was used. However, the 
construction of the BLBI started from scratch, and did not include the modification of an existing 
biotic index. 
 
Sampling was performed both during the dry- and wet season in order to assess the ecological 
impact of the monsoon. 
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An important feature in the development of a biotic pollution index is the evaluation of a wide 
range of sites, from undisturbed sites to heavily polluted sites (Chowdhury et al., 2016; Fishar 
& Williams, 2008). In Bangladesh, no undisturbed sites could be identified. As such, ‘minimally 
impaired sites’ were chosen as ‘clean’ reference sites (Chowdhury et al., 2016). 
 
Based on the Hindu Kush-Himalayan biotic score (HKHbios; Korte et al. (2010); Ofenböck et 
al. (2010)) and the British BMWP system (Metcalfe, 1989), Chowdhury et al. (2016) developed 
a four-step methodology for the construction of the BLBI. 
 
The first step is described as: ‘Identification of the main disturbance gradient’. Principle 
component analysis (PCA) on obtained physical and chemical data was used to evaluate the 
level of pollution (disturbance) in the lakes. This step is similar to the calculation of the NCPI 
to evaluate Nile river water quality. This PCA evaluated the differences between the dry- and 
wet season as ‘not significant’. 
 
The second step consisted of calculating the taxa tolerance scores (TTS). A statistical method 
was designed to assign a tolerance score to each taxon. The assigned TTS’s were significantly 
correlated with the tolerance scores of the BMWP (Metcalfe, 1989) and of the HKHbios (Korte 
et al., 2010; Ofenböck et al., 2010). As such, the calculated TTS’s could be used in the 
construction of the BLBI (Chowdhury et al., 2016). This TTS assigning step is similar to the 
NPTS assigning step in the NBPI calculation. 
 
In the third step, a BLBI calculation formula was designed based on Hilsenhoff (1988): 
 

𝐵𝐿𝐵𝐼 =  
∑ (n𝑖 ∙ 𝑇𝑆𝑆𝑖)

𝑁
 

 
‘n𝑖’ is the number of specimens in each observed taxonomic group, 𝑇𝑆𝑆𝑖 is the taxa tolerance 
score of taxon 𝑖 and 𝑁 is the total number of scored taxa. Contrarily to the NBPI, the BLBI is 
based on qualitative and quantitative data.  
 
Subsequently, the total range of the BLBI was divided into three classes of ecological condition: 
(1) least polluted, (2) moderately polluted, and (3) severely polluted (Chowdhury et al., 2016). 
 
The fourth step consisted of testing the BLBI. This validation procedure evaluated the 
correlation between the BLBI and a series of biodiversity metric (e.g., Richness, Shannon 
Diversity Index, Evenness, Variance, Abundance, Simpson’s Diversity Index etc.) to assess 
the BLBI’s ability to reflect different aspects of aquatic communities such as diversity, 
sensitivity, and tolerance to pollution (Chowdhury et al., 2016; Hering et al., 2004). 
 
Chowdhury et al. (2016) concluded that the BLBI performed good for the assessment and 
monitoring of the ecological status of lakes in Bangladesh. However, since the BLBI is the first 
lake index for Bangladesh, the BLBI should be revised regularly to include new taxa and assign 
appropriate tolerance scores (Chowdhury et al., 2016). This, together with the NBPI 
construction, illustrates the iterative process of constructing a biotic index (Chowdhury et al., 
2016; Fishar & Williams, 2008). 
 

Belgian Biotic Index (BBI; De Pauw & Vanhooren (1983)) 
The BBI is a method for biological quality assessment of Belgian watercourses. It is an old 
method which is already replaced by the Multimetric Macroinvertebrate Index Flanders (MMIF) 
in Flanders (Belgium) (De Pauw & Vanhooren, 1983; Gabriels et al., 2010). 
  



29 
 

The BBI is based on macroinvertebrate samples which are collected in situ, using a handnet. 
The development of the BBI was based on two existing biological assessment methods: (1) 
Trent River Board (U.K.; Woodiwiss (1964)), and (2) Department of Fisheries and Pisciculture 
(France; Tuffery & Verneaux (1968)). The major advantages of the BBI are its simplicity, speed, 
reliability, low cost, practical utility and applicability to various types of watercourses (De Pauw 
& Vanhooren, 1983). 
 
To determine the BBI, a standardized and qualitative sampling procedure of macroinvertebrate 
fauna must be applied. Standardized sampling procedures were designed for: (1) shallow, fast 
running waters, (2) deep watercourses, and (3) slow running or stagnant watercourses (De 
Pauw & Vanhooren, 1983). In addition, a field protocol must be filled in to facilitate the 
interpretation of the obtained biological data (De Pauw & Vanhooren, 1983). 
 
Subsequently, the collected macroinvertebrates are identified using a stereoscopic dissection 
microscope. To obtain maximum comparability and accuracy of results, the same identification 
keys, preferably Micha & Noiset (1982) and Tachet et al. (1980), must be applied. The purpose 
of the identification is to determine the number of systematical units (S.U.) present in the 
sample (i.e., diversity), and the presence of the most sensitive faunistic groups (Table 4.2) (De 
Pauw & Vanhooren, 1983). 
 
The BBI is a qualitative method. However, if one of the three most pollution sensitive faunistic 
groups, i.e., (1) Plecoptera or Ecdyonuridae, (2) Cased Trichoptera, and (3) Ancylidae or 
Ephemeroptera, is only represented by a single individual, then this faunistic group will not be 
considered in the biotic index because its occurrence might be accidental (De Pauw & 
Vanhooren, 1983). 
 
Table 4.2 Standard table to determinate the Belgian Biotic Index (De Pauw & Vanhooren, 1983; Tuffery & Verneaux, 

1968) 
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The BBI is determined based on the standard table of Tuffery & Verneaux (1968) (Table 4.2). 
In Table 4.2, the observed faunistic groups are ranked from 1 to 7, with rank 7 having the 
highest tolerance to pollution. First, the row which corresponds to the most sensitive faunistic 
group observed in the sample is selected. Second, the number of S.U.’s observed in the 
sample determines the diversity class and the selected column. The crossing of the selected 
row and column determines the biotic index. Finally, the biotic index will vary between 0 and 
10. The resulting BBI value can be interpreted using Table 4.3 (De Pauw & Vanhooren, 1983). 
 

De Pauw & Vanhooren (1983) conclude 
that the BBI is a reliable reflection of the 
ecological status of Belgian 
watercourses, including different types of 
rivers, canals and brooks. In addition, the 
results are reproducible to a high degree 
and valid over a long time period, as long 
as no major changes in the watercourse 
occur (De Pauw & Vanhooren, 1983). 
 
However, the BBI has some challenges 
with translating the biotic index into 
degrees of pollution and at sites where 
handnet sampling is impossible. The 
artificial substrate method (Rosenberg & 
Resh, 1982) could serve as a 
standardized sampling procedure in large 
and deep rivers and canals (De Pauw & 
Vanhooren, 1983). 

 
In addition, De Pauw & Vanhooren (1983) state that an analogue version of the BBI can be 
constructed for biological quality assessment in brackish- and saline watercourses. 
 

Multimetric Macroinvertebrate Index Flanders (MMIF; Gabriels et al. (2010)) 
The MMIF was developed, mainly based on the BBI, because the BBI does not meet all the 
requirements of the European Water Framework Directive. First, the BBI is a non-type specific 
method, which means that all river types are evaluated following the same criteria. Second, 
the BBI was developed for watercourses, however, it cannot evaluate the ecological status of 
stagnant waters, i.e., lakes. Third, the BBI is a qualitative evaluation method which does not 
take into account the abundance of macroinvertebrates. As such, the MMIF was developed to 
overcome these technical shortcomings of the BBI (De Pauw & Vanhooren, 1983; Gabriels et 
al., 2010). 
 
The MMIF provides a method for a general assessment of the ecological deterioration of rivers 
and lakes in Flanders caused by any kind of stressor, such as water pollution and habitat 
degradation (Gabriels et al., 2010). 
 
The MMIF is based on macroinvertebrate samples and applies the same sampling and 
identification procedures as the BBI (De Pauw & Vanhooren, 1983; Gabriels et al., 2010). 
Contrarily to the BBI, the MMIF is a qualitative and quantitative method, which means that total 
taxa abundance is taken into account (De Pauw & Vanhooren, 1983; Gabriels et al., 2010). 
  

Table 4.3 Interpretation of the Belgian Biotic index into five 
quality classes (I to V). Each quality class needs to be 
represented by a specific color on surface-water quality maps 
(De Pauw & Vanhooren, 1983). 
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The MMIF is a type-specific (i.e., index calculation depends on the examined type of river or 
lake) multimetric system based on five equally weighted metrics (Gabriels et al., 2010): 

1. Taxa Richness (TAX) 
2. Number of Ephemeroptera, Plecoptera and Trichoptera Taxa (EPT) 
3. Number of other (i.e., non-EPT and tolerance score > 5) Sensitive Taxa (NST) 
4. Shannon-Wiener Diversity Index (SWD) 
5. Mean Tolerance Score (MTS) 

 
Gabriels et al. (2010) developed a set of reference values, i.e., high ecological quality, for all 
five metrics per type of river and lake. Based on these reference values, a scoring system for 
each metric was developed. This scoring system consists of five threshold values which define 
five scoring classes, i.e., zero to four. Score four represents the target reference, i.e., high 
ecological quality, and score zero represents bad ecological quality. Subsequently, the scores 
of the five metrics are summed and divided by 20. As such, a final index value between zero, 
i.e., very poor ecological quality, and one, i.e., very good ecological quality, is obtained. When 
reporting the MMIF results, the type of river or lake should always be specified (Gabriels et al., 
2010). 
 
The MMIF method was validated through the evaluation of the relationship between MMIF 
index values and a set of environmental variables including O2 concentration and -saturation, 
Kjeldahl nitrogen, total nitrogen, ammonium, nitrite, nitrate, total phosphorous, ortho-
phosphate, BOD5 and COD (Gabriels et al., 2010). 
 
Currently, the MMIF is used by the Flemish Environment Agency as a standard method to 
evaluate the ecological status of rivers and lakes in Flanders within the context of the EU Water 
Framework Directive. 

5. AndicosTM technology 
 
Andicos (Anaerobic Digestion by Combining Organic Waste and Sewage) is a technology for 
wastewater treatment and energy production developed by VITO (Flemish Institute for 
Technological Research) (Diels, 2016; Diels et al., 2017; Heylen, 2018; Logie, 2016; Strybos, 
2017). By adding solid, organic waste (i.e., kitchen waste) to wastewater, the treatment 
efficiency of anaerobic digestion and biogas production can be increased (Diels, 2016; Diels 
et al., 2017). 
 
Currently, the WWTPs of Kanpur use conventional activated sludge treatment. This is an 
aerobic technology which is energy intensive and produces large amounts of sludge and 
greenhouse gasses. The Andicos technology aims to generate energy and reduce sludge and 
greenhouse gas (i.e., mainly CO2 and N2O) production. However, the fermentative processes 
during anaerobic digestion need COD concentrations of >5 g/L. Currently, average sewage 
water only provides 0.1 to 0.5 g COD/L. To solve this problem, Andicos increases the COD 
concentration through membrane filtration and addition of organic waste (Fig. 5.1) (Diels, 2016; 
Diels et al., 2017; Strybos, 2017). 
 
First, the wastewater is filtered by IPC (Integrated Permeate Channel) membranes developed 
by VITO (Fig. 5.1). This is a backwashable ultrafiltration membrane with an average pore size 
of 80 nm (Diels et al., 2017; Strybos, 2017). 90% of the feed flow (i.e., wastewater) can be 
converted into permeate, and 10% into retentate (Fig. 5.1) (Diels et al., 2017). IPC membranes 
have the potential to remove 85% of the COD content, 98% of the BOD content and 95% of 
the TSS content. However, no nutrients and TDS can be removed (Diels et al., 2017). As a 
result, organic matter (i.e., COD and BOD) will be concentrated in the retentate flow (Diels, 
2016; Diels et al., 2017; Strybos, 2017).  
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Fig. 5.1 Operation scheme of the Andicos technology (Diels, 2016; Diels et al., 2017; Strybos, 2017) 

Next, an all-in-one system, developed by Europem NV, prepares a homogeneous, organic 
feed material for anaerobic digestion from solid kitchen waste and the produced retentate (i.e., 
concentrated wastewater) (Fig. 5.1) (Diels, 2016; Diels et al., 2017; Strybos, 2017). 
 
Subsequently, the anaerobic treatment results in three products: (1) treated water, (2) biogas 
and (3) sludge (Fig. 5.1). The treated water can be re-used for irrigation or as industrial process 
water, or potable water can be produced after tertiary treatment. Through a combined heat 
and power (CHP) unit, the biogas can be converted into electricity and heat (Fig. 5.1). This 
heat can be used to dry the sludge, and eventually organic fertilizers for agriculture can be 
produced (Fig. 5.1) (Diels, 2016; Diels et al., 2017; Strybos, 2017). 
 
The Andicos technology is based on a modular step-by-step concept in which nutrient 
recovery- and power generation units can be installed intermittently. As such, installation cost 
can be spread over time (Diels et al., 2017). 
 
Wastewater treatment through Andicos offers multiple advantages (Diels, 2016; Diels et al., 
2017; Strybos, 2017): 
 

1. The investment cost is similar to conventional aerobic treatment systems, however, the 
maintenance cost is 10 times lower. 

2. Energy is produced and not consumed. 
3. No solids will be discharged to the river. 
4. Less BOD will be discharged in the river and eutrophication will be reduced. This will 

rejuvenate the resilience of the river. As a result, the river will naturally reduce 
micropollutants and increase the potential for Si-based algae to grow. These algae will 
take up CO2 and nutrients and produce O2. 

5. Reduction of sludge production will reduce landfilling and greenhouse gas emission. 
 
The Indian climate, with temperatures regularly varying between 30°C and 40°C (Fig. 2.2), 
promotes anaerobic digestion and reduces operational costs (Diels et al., 2017; Strybos, 
2017). Since November 2017, the first Andicos based wastewater treatment project in India 
(Hyderabad) is operational (Diels et al., 2017). In addition, Heylen (2018) studied the 
applicability of Andicos on Kanpur’s wastewater, and more specifically on Sisamau nala 
wastewater.  
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6. Material and Methods 
 

Probe methods 
To measure physico-chemical parameters on Ganges river water, three different probes were 
used. A Hanna instruments HI98128 probe was used to measure pH (±0.05 pH accuracy) and 
temperature (±0.5°C accuracy) (hannainst.com). A Hanna instruments HI98312 probe was 
used to measure electrical conductivity (EC) (±2% accuracy), total dissolved solids (TDS) (±2% 
accuracy) and temperature (±0.5°C accuracy) (hannainst.com). In order to measure dissolved 
oxygen (DO) concentration (mg/L) and DO saturation (%), a WTW CellOx 325 oxygen sensor 
(wtw.com) was combined with a WTW Oxi 3310 meter (wtw.com). This instrument measures 
temperature (±0.1°C accuracy) and provides temperature compensated DO measurements 
(±0.5% accuracy). At the end, the average temperature of the three probes was determined. 
 

Spectrophotometer 
A Hach DR2000 spectrophotometer was used to measure chemical water quality parameters: 
nitrite (NO2

-), nitrate (NO3
-), ammonium (NH4

+), ortho-phosphate (PO4
3-) and sulfate (SO4

2-) 
(hach.com) (Appendix C). For the measurement of each parameter, a glass sample cell was 
filled with 25mL of river water. Subsequently, a certain reagent was added depending on the 
parameter analyzed (Table 6.1). After a certain reaction time (Table 6.1), the sample was 
measured by the spectrophotometer. For each parameter analysis, a certain blank was used 
(Table 6.1). NO2

-, NO3
- and NH4

+ were measured as N-NO2
-, N-NO3

- and N-NH3, respectively.  
 
Table 6.1 Hach DR2000 Spectrophotometer methods 

Parameter Method Reagent Reaction 
time 
(minutes) 

Blank 
(25mL) 

NO2
- Diazotization 

method 
Potassium Phosphate 
Monobasic Sodium Sulfanilate 
Potassium pyrosulfate 
4,5-Dihydroxy-2,7-
naphthalenedisulfonic acid 
Disodium salt 
CDTA Trisodium salt 

15 River 
water 

NO3
- Cadmium 

reduction 
method 

Benzenesulfonic acid 
4-amino Benzoic acid 
2,5-dihydroxy Copper 
[propanedioato(2-)-O,O] Cadmium 
Phosphoric acid 
Potassium salt (1:1) 
2-Propenamide, homopolymer 

5 River 
water 

NH4
+ Nessler 

method 
Mineral stabilizer 
Polyvenyl alcohol dispersing agent 
Nessler reagent (Sodium 
hydroxide, Sodium iodide and 
Mercuric iodide) 

1 DI-water 

PO4
3- Ascorbic acid 

method 
Ascorbic acid 
Tetrasodium EDTA 
Sodium molybdate 
Potassium pyrosulfate 

2 River 
water 

SO4
2- Turbidimetric 

method 
Barium chloride BaCl2 
Citric acid C6H8O7 

5 River 
water 

https://hannainst.com/hi98128-phep-ph-tester.html
https://hannainst.com/hi98312-dist-6-ec-tds-temperature-tester.html
https://www.wtw.com/en/products/product-categories/sensor-technology/conventional-sensors-lab/galvanic-oxygen-sensors-universal.html
https://www.wtw.com/en/products/product-categories/portable-meters/portable-meters/profiline-oxi-3310.html
https://www.hach.com/dr-2000-spectrophotometer/product-downloads?id=7640439022
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Chemical oxygen demand (COD) 
To measure the chemical oxygen demand in the water samples, the standard closed reflux 
method of the American Public Health Association (APHA) was used (American Public Health 
Association et al., 1997; Lapara et al., 2000). First, a 10 mL glass COD test tube was filled with 
2.5 mL of the water sample. Next, 1.5 mL of Potassium dichromate (K2Cr2O7) solution and 3.5 
mL of Sulfuric acid (H2SO4, 98%) were added. The COD tubes were closed with a cab and 
placed in a COD reactor at 150°C for 120 minutes. Afterwards, the samples cooled to room 
temperature for 60 minutes. 2 drops of ferroin indicator solution were added to the sample. 
This sample solution was titrated with Ferrous Ammonium Sulfate (FAS). The amount (mL) of 
FAS added was used to calculate the COD (mg/L) content of the water sample. This analytical 
COD method is based on the reduction of the strong oxidant Potassium dichromate under 
highly acidic conditions at high temperature (Lapara et al., 2000). For statistical reliability, three 
replicates per sample were preferred. However, due to practical limitations and time 
restrictions, only two replicates per sample could be analyzed (Appendix C). 
 

Biological oxygen demand (BOD) 
Two different methods were used to measure biological oxygen demand (BOD5) on the water 
samples. First, the standard BOD5 method of APHA was applied. Second, the oxitop method 
was used. 
 

1. Standard BOD5 APHA method  
The standard titrimetric iodometric method from APHA was applied to measure BOD5 
(American Public Health Association et al., 2017). Per water sample, two 300 mL glass BOD 
bottles were filled with 200 mL of Ganges river water. Next, the BOD bottles were completed 
with aerated water (‘dilution water’) until overflow and closed to obtain an airtight BOD bottle. 
One of the bottles was used for direct DO determination, the other one was stored in an air 
incubator for 5 days at 20°C. After 5 days, DO was determined on the second bottle. For both 
BOD bottles, the same titration method was used for DO determination. Before titration, 1 mL 
of MnSO4, 1 mL of ‘Azide’ solution, 1 mL of H2SO4 (98%) and 2-3 drops of starch were added 
to the sample. The ‘Azide’ solution was prepared by adding 50 gram of NaOH, 15 gram of KI 
and 1 gram of sodium azide (NaN3) to 100 mL deionized water. Subsequently, the sample was 
titrated with 0.025 M Na2S2O3 solution until a transparent solution was obtained. The amount 
(mL) of Na2S2O3 solution added was used to calculate the DO content. Finally, BOD5 was 
calculated based on the difference in DO content of both bottles. Due to practical limitations 
and time restrictions, BOD5 was only measured on the water samples of transect n° 2 and only 
one replicate could be analyzed (Appendix C). In this procedure, oxygen consumption due to 
oxidation of reduced nitrogen forms was not prevented. As such, the BOD5 results are the sum 
of the carbonaceous- and nitrogenous oxygen demands. The measuring range of the APHA 
method was 0 to 15 mg/L BOD5. 
 

2. Oxitop method 
To perform a respirometric BOD5 determination using the Oxitop method, a preparation 
procedure was constructed together with Heylen (2018) based on American Public Health 
Association et al. (2017), Rud (2003), WTW (n.d., 2004 & 2010) and polyseed.com. 
 
Due to practical limitations and time restrictions, it was only possible to analyze 6 samples from 
the second transect. It was randomly chosen to analyze samples 8 and 13 in duplicate, and 
samples 1 and 2 with only one replicate. 
 
First, a magnetic stirring rod and nitrification inhibitor (i.e., N allythiourea) were added to each 
BOD bottle. Next, 432 mL of sample was added to the BOD bottle with an overflow beaker. 
The bottle necks were fitted with a rubber sleeve that had been filled with 2 tablets of NaOH. 
Subsequently, the Oxitop pressure measuring heads were tightly screwed onto the BOD 

http://polyseed.com/videos/index.php
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bottles. These bottles were placed in an air incubator at 20°C for 5 days. During these 5 days, 
the samples were continuously stirred by a magnetic stirring plate. 
 
Based on the COD results and the fact that relatively clean river water was analyzed, it was 
chosen to use 432 mL samples. As such, the measuring range of the Oxitop was 0 to 40 mg/L 
BOD5, and the measured values of the Oxitop heads had to be multiplied by a factor 1 to obtain 
the BOD5 result in mg/L or ppm (Appendix C). 
 
During the 5 day incubation period, bacteria consumed oxygen (O2) in order to degrade the 
biodegradable organic matter in the sample. As a results, carbon dioxide (CO2) was produced. 
This CO2 reacted with the NaOH tablets and formed H2O and Na2CO3 precipitate. As such, a 
pressure drop occurred in the BOD bottle. This pressure drop was measured by the 
piezoresistive electronic pressure sensors in the Oxitop head. At the end, the Oxitop head 
converted the pressure measurement into a BOD5 value (mg/L or ppm). 
 

Sampling campaigns 
In order to visualize spatial and temporal variations in the water quality of the Ganges river 
along Kanpur, one transect of the Ganges river along Kanpur city was sampled and measured 
multiple times over different days. One upstream transect of the Ganges river was analyzed in 
order to quantify the quality of Ganges river water before entering Kanpur city. During all 
measurement campaigns, water samples were taken from a small raft in approximately the 
middle of the Ganges river. 
 

1. Ganges river transect n°1, February 14th 
The first transect along the Ganges river was sampled and measured on Wednesday February 
14th 2018. This sampling campaign started at 10 a.m. and ended at 4 p.m.. The transect starts 
just upstream of Kanpur city, east of the Ganga Barrage, and ends downstream of the city (Fig. 
6.1). In total 14 locations were sampled (Fig. 6.1). 
 

 
Fig. 6.1 Sampling locations of transect n°1 
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Sonde measurements were performed in order to measure temperature, pH, EC, TDS and 
DO. The spectrophotometer was used to measure NO2

-, NO3
-, NH4

+, PO4
3- and SO4

2- directly 
on the river. From every sampling location, water samples were taken in plastic bottles and 
stored in an icebox. These samples were analyzed for COD on February 15th. In order to save 
time, 5 sampling locations (i.e., 2, 5, 6, 8 and 10) were randomly chosen to perform 
spectrophotometer measurements in the lab. 
 
During this sampling campaign, winds and water current were strong and often resulted in 
heavy movements of the raft. This, in combination with the field conditions, made it difficult to 
perform the spectrophotometer measurements in a clean and quite manner. Probably, this can 
have had a negative impact on the precision and accuracy of the measurements. 
 

2. Ganges river transect n°2, February 17th 
The second transect along the Ganges river was sampled and measured on Saturday 
February 17th 2018. This sampling campaign started at 9.30 a.m. and ended at 1 p.m.. The 
transect starts just upstream of Kanpur city, east of the Ganga Barrage, and ends downstream 
of the city (Fig. 6.2). In total 16 locations were sampled (Fig. 6.2). 
 
Sonde measurements were performed in order to measure temperature, pH, EC, TDS and 
DO. From every sampling location, water samples were taken in plastic bottles and stored in 
an icebox. COD, BOD and spectrophotometer analyses were performed in the lab on February 
18th. 
 

 
Fig. 6.2 Sampling locations of transect n°2 

3. Sisamau drain, February 21st 
On Wednesday February 21st 2018 approximately 200 liters of water was sampled from the 
Sisamau nala (coordinates: N 26° 29’ 21.53”; S 80° 19’ 52.32”). At the IIT Kanpur lab, this 
water sample was used by Heylen (2018) to test how efficiently the VITO IPC membrane can 
filter out COD, BOD and suspended solids (SS) from the Sisamau nala domestic wastewater. 
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The spectrophotometer was used to measure NO2
-, NO3

-, NH4
+, PO4

3- and SO4
2- on the raw 

Sisamau nala wastewater and on the permeate of the IPC membrane produced on February 
22nd. The results are presented in Appendix D, however, these results will be discussed by 
Heylen (2018). 
 

4. Wastewater treatment plant, February 22nd 
On Thursday February 22nd 2018, a visit to the Jajmau-Kanpur wastewater treatment plant 
was organized for inspection and sampling. All information about the plant, as discussed 
earlier, was provided by Ajay Kanaujza (Jajmau WWTP representative, personal 
communication, February 22nd 2018). 
 
The irrigation channel and influent and effluent of all treatment units were sampled and 
analyzed. Sonde measurements were performed in order to measure temperature, pH, EC, 
TDS and DO. Water samples were taken in plastic bottles and analyzed by the 
spectrophotometer for NO2

-, NO3
-, NH4

+, PO4
3- and SO4

2- on the same day (22/02/2018). The 
results are presented in Appendix D, however, these results will be discussed by Heylen 
(2018). 
 

5. Ganges river upstream transect, February 26th 
In order to quantify the quality of the water arriving at Kanpur city, a transect from upstream 
Kanpur city was sampled and measured on Monday February 26th 2018. This transect started 
at Bithoor city and ended west of the Ganga Barrage (Fig. 6.3). This sampling campaign started 
at 9.30 a.m. and ended at 12.15 p.m.. In total 11 locations were sampled (Fig. 6.3). 
 
Sonde measurements were performed in order to measure temperature, pH, EC, TDS and 
DO. From every sampling location, water samples were taken in plastic bottles and stored in 
an icebox. COD and spectrophotometer analyses were performed in the lab on February 27th. 
 

 
Fig. 6.3 Sampling locations of the upstream transect 
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6. Ganges river transect n°3, February 28th 
The third and last transect along the Ganges river along Kanpur was sampled and measured 
on Wednesday February 28th 2018. This sampling campaign started at 9.30 a.m. and ended 
at 3.30 p.m.. The transect starts just upstream of Kanpur city, east of the Ganga Barrage, and 
ends downstream of the city (Fig. 6.4). In total 16 locations were sampled (Fig. 6.4). 
 
Sonde measurements were performed in order to measure temperature, pH, EC, TDS and 
DO. From every sampling location, water samples were taken in plastic bottles and stored in 
an icebox. COD and spectrophotometer analyses were performed in the lab on March 1st. 
 
During this sampling campaign, the motor of the raft broke down twice; between sampling 
locations 3 and 4, and between 8 and 9, resulting in a 1hr45min and 1hr30min time loss, 
respectively. 
 

 
Fig. 6.4 Sampling locations of transect n°3 
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7. Results 
 

Transect n°1 
Fig. 7.1 shows a temperature increase along Kanpur from 17.8°C (first sampling point) east of 
the Ganga Barrage (0 m reference point upstream of Kanpur) to 19.3°C (last sampling point) 
downstream of Kanpur, with a maximum of 19.5°C (13th sampling point). Besides sampling 
points 4 and 7, the temperature increase can be regarded as stable. 
 
Both the DO concentration (mg/L) as the DO saturation (%) increase along Kanpur (Fig. 7.1). 
The DO concentration is within the best OECD water quality class, i.e., class 1. However, a 
significant drop in DO (mg/L and %) can be observed downstream of the Sisamau nala. 
Between the Sisamau nala and the tannery zone, the DO content recovers. Throughout the 
tannery zone, the DO content decreases again. At the end, the DO content of the Ganges river 
is higher downstream of Kanpur than upstream of the city (Fig. 7.1). 
 
Along Kanpur, the pH remains relatively stable at approximately 8.5 (Fig. 7.1). In most of the 
sampling points, the most deteriorated OECD water quality class, i.e., class 5, is reached. 
Downstream of the Sisamau nala, the pH drops and reaches better OECD water quality 
classes, i.e., 1 to 4. Downstream of the tannery zone and WWTP drain, pH increases. 
 
EC and TDS were measured using the same probe (hannainst.com). The only difference 
between the EC and TDS results is a conversion factor. However, during the first sampling 
campaign, errors occurred when analysing samples K1.3 and K1.13. As a consequence, the 
EC and TDS results of these samples are not consistent (Appendix C). These samples will not 
be included in the evaluation of Ganges water quality along Kanpur. 
 
EC and TDS remain relatively stable along Kanpur, except downstream of the Sisamau nala, 
tannery zone and WWTP drain (Fig. 7.1). At the end, the EC and TDS values are higher 
downstream of Kanpur than upstream of the city (Fig. 7.1). 
 
NO2

- reaches OECD water quality class 3 and NO3
- class 2 (Fig. 7.2). At the outflow of the 

Ganga Barrage, i.e., the first sampling point, NO2
- and NO3

- concentrations are high. However, 
these concentrations rapidly decrease. Downstream of the Sisamau nala, NO2

- and NO3
- 

concentrations increase again. Further downstream, fluctuations in NO2
- and NO3

- 
concentrations are present, however, NO2

- and NO3
- concentrations start to decrease again 

and better OECD water quality classes are reached. 
 
NH4

+ reaches OECD water quality class 4 (Fig. 7.2). At the outflow of the Ganga Barrage, a 
high NH4

+ concentration is observed, however, this decreases rapidly. A significant increase in 
NH4

+ is present downstream of the Sisamau nala. The NH4
+ concentration increases again 

downstream of the tannery zone and WWTP drain. Between the Sisamau nala and the tannery 
zone, NH4

+ concentrations decrease and restabilize. 
 
PO4

3- reaches OECD water quality class 4 (Fig. 7.2). A significant increase in PO4
3- 

concentration is present downstream of the Sisamau nala. Further downstream, PO4
3- 

concentration decreases and restabilizes.  
 
SO4

2- remains within the best OECD water quality class, i.e., class 1 (Fig. 7.2). At the outflow 
of the Ganga Barrage, a high SO4

2- concentration is observed, however, this decreases rapidly. 
Increases in SO4

2- concentration are observed downstream of the Sisamau Nala and 
throughout the tannery zone. Between the Sisamau nala and the tannery zone, SO4

2- 
concentrations decrease and restabilize. 
  

https://hannainst.com/hi98312-dist-6-ec-tds-temperature-tester.html
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Fig. 7.1 Sonde measurements of transect n°1 along Kanpur city: temperature, pH, electrical conductivity, total 
dissolved solids and dissolved oxygen. OECD water quality classes are indicated for pH and DO (mg/L), the colour 
of these graphs represents the most detrimental water quality class observed (Table 3.2). Locations of the major 
pollution sources, i.e., (1) Sisamau drain (red vertical line), (2) tannery zone (grey rectangle), and (3) WWTP drain 
(purple vertical line), are indicated. Distance to the sample locations (x-axis) was measured from the 0 m reference 

point, i.e., the Ganga Barrage, using Google Earth (Fig. 2.4 and 6.1). 
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Fig. 7.2 Nutrient measurements of transect n°1 along Kanpur city: nitrite, nitrate, ammonium, ortho-phosphate and 
sulfate. OECD water quality classes are indicated for nitrite, nitrate, ammonium, ortho-phosphate and sulfate, the 
colour of these graphs represents the most detrimental water quality class observed (Table 3.2). Locations of the 
major pollution sources, i.e., (1) Sisamau drain (red vertical line), (2) tannery zone (grey rectangle), and (3) WWTP 
drain (purple vertical line), are indicated. Distance to the sample locations (x-axis) was measured from the 0 m 

reference point, i.e., the Ganga Barrage, using Google Earth (Fig. 2.4 and 6.1). 
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Fig. 7.3 COD measurements of transect n°1 along Kanpur city, i.e., replicate 1 (R1), replicate 2 (R2), and the 
average of R1 and R2. OECD water quality classes are indicated (Table 3.2). Locations of the major pollution 
sources, i.e., (1) Sisamau drain (red vertical line), (2) tannery zone (grey rectangle), and (3) WWTP drain (purple 
vertical line), are indicated. Distance to the sample locations (x-axis) was measured from the 0 m reference point, 
i.e., the Ganga Barrage, using Google Earth (Fig. 2.4 and 6.1). 

The COD analysis of all transects is of poor quality. The two replicates (R1 and R2) display 
large discrepancies (Fig. 7.3, 7.6, 7.9 and 7.12). Due to practical limitations and time restriction, 
no third replicate could be analysed. As such, erroneous measurements cannot be identified. 
Multiple errors can explain these discrepancies: 

1. Insufficient mixing of the bulk river sample (1 L) could have led to different amounts of 
organic pollution, i.e., COD, in both sub-samples (2.5 mL), i.e., replicates R1 and R2. 

2. Inaccurate sample- and reagent volumes. 
3. Leakages in the COD test tubes 
4. The COD reactor could only hold 25 samples. As such, both replicates had to be heated 

separately, resulting in different reaction times between both replicates. 
5. Sample contamination 

 
In the first transect, COD replicate R1 reaches multiple impossible, negative concentrations 
(Fig. 7.3). As such, COD replicate R1 and the average COD concentrations of the first transect 
will not be included in the evaluation of organic pollution along Kanpur. 
 
Along the first transect, COD replicate R2 varies between 23 mg/L and 116 mg/L (Fig. 7.3). 
COD replicate R2 reaches the most deteriorated OECD water quality class, i.e., class 5. 
  



Transect n°2 
Fig. 7.4 shows a temperature increase along Kanpur from 18.7°C (first sampling point) east of 
the Ganga Barrage (0 m reference point upstream of Kanpur) to 20.1°C (last sampling point) 
downstream of Kanpur, with a maximum of 20.2°C (15th sampling point). The largest 
temperature increases can be observed downstream of the Sisamau drain and throughout the 
tannery zone. Between these peaks, temperature is relatively stable. 
 
In the second transect along Kanpur, the DO concentration (mg/L) and the DO saturation (%) 
do not increase and do not reach the high values as in the first transect (Fig. 7.1 and 7.4). The 
DO concentration is mostly in the best OECD water quality class, i.e., class 1. However, a 
significant drop in DO (mg/L and %) content towards OECD water quality class 3 can be 
observed downstream of the Sisamau nala. Between the Sisamau nala and the tannery zone, 
the DO content recovers. Throughout the tannery zone and downstream of the WWTP drain, 
the DO content decreases again. At the end, the DO content of the Ganges river is lower 
downstream of Kanpur than upstream of the city (Fig. 7.4). 
 
Along Kanpur, the pH remains relatively stable, i.e., between 8.5 and 9, and within the most 
deteriorated OECD water quality class, i.e., class 5 (Fig. 7.4). Downstream of the Sisamau 
nala and throughout the tannery zone, pH increases.  
 
EC and TDS remain stable along Kanpur (Fig. 7.4). However, significant increases in EC and 
TDS occur downstream of the Sisamau nala and throughout the tannery zone. Downstream of 
the WWTP drain, EC and TDS start to decrease again. At the end, EC and TDS are significantly 
higher downstream of Kanpur than upstream. 
 
NO2

- reaches OECD water quality class 4 and NO3
- class 2 (Fig. 7.5). At the outflow of the 

Ganga Barrage, i.e., the first sampling point, the NO3
- concentration is high. However, this 

decreases rapidly (Fig. 7.5). Downstream of the Sisamau nala, NO2
- and NO3

- concentrations 
increase. Further downstream, a restabilization of NO2

- and NO3
- concentrations occurs. 

 
NH4

+ reaches OECD water quality class 4 (Fig. 7.5). Upstream of the tannery zone, NH4
+ 

remains relatively low, fluctuating between OECD water quality classes 2 and 3. A significant 
increase in NH4

+ concentration occurs throughout the tannery zone and downstream of the 
WWTP drain.  
 
PO4

3- reaches OECD water quality class 4 (Fig. 7.5). A significant increase in PO4
3- 

concentration is present downstream of the Sisamau nala. Further downstream, PO4
3- 

concentration decreases and restabilizes. Downstream of the tannery zone, PO4
3- decreases 

again. 
 
SO4

2- remains within the best OECD water quality class, i.e., class 1 (Fig. 7.5). Increases in 
SO4

2- concentration are observed downstream of the Sisamau Nala and WWTP drain and 
throughout the tannery zone. Between the Sisamau nala and the tannery zone, SO4

2- 
concentrations decrease and restabilize. 
 
Along the second transect, both COD replicates display large discrepancies. Nevertheless, 
both replicates were used to calculate the average COD concentrations (Fig. 7.6). These 
average values will be used to evaluate organic pollution along Kanpur. 
 
The average COD concentration varies between 0 mg/L and 54 mg/L (Fig. 7.6), which is 
significantly lower than the COD concentrations along the first transect (Fig. 7.3). The most 
deteriorated OECD water quality class, i.e., class 5, is reached. 
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Fig. 7.4 Sonde measurements of transect n°2 along Kanpur city: temperature, pH, electrical conductivity, total 
dissolved solids and dissolved oxygen. OECD water quality classes are indicated for pH and DO (mg/L), the colour 
of these graphs represents the most detrimental water quality class observed (Table 3.2). Locations of the major 
pollution sources, i.e., (1) Sisamau drain (red vertical line), (2) tannery zone (grey rectangle), and (3) WWTP drain 
(purple vertical line), are indicated. Distance to the sample locations (x-axis) was measured from the 0 m reference 
point, i.e., the Ganga Barrage, using Google Earth (Fig. 2.4 and 6.1).  
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Fig. 7.5 Nutrient measurements of transect n°2 along Kanpur city: nitrite, nitrate, ammonium, ortho-phosphate and 
sulfate. OECD water quality classes are indicated for nitrite, nitrate, ammonium, ortho-phosphate and sulfate, the 
colour of these graphs represents the most detrimental water quality class observed (Table 3.2). Locations of the 
major pollution sources, i.e., (1) Sisamau drain (red vertical line), (2) tannery zone (grey rectangle), and (3) WWTP 
drain (purple vertical line), are indicated. Distance to the sample locations (x-axis) was measured from the 0 m 

reference point, i.e., the Ganga Barrage, using Google Earth (Fig. 2.4 and 6.1).  
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Fig. 7.6 COD and BOD5 measurements of transect n°2 along Kanpur city. COD measurements include replicate 1 
(R1), replicate 2 (R2), and the average of R1 and R2. OECD water quality classes are indicated (Table 3.2). 
Locations of the major pollution sources, i.e., (1) Sisamau drain (red vertical line), (2) tannery zone (grey rectangle), 
and (3) WWTP drain (purple vertical line), are indicated. Distance to the sample locations (x-axis) was measured 
from the 0 m reference point, i.e., the Ganga Barrage, using Google Earth (Fig. 2.4 and 6.1). 

BOD5 was measured using the APHA and Oxitop methods (Fig. 7.6). Oxitop results are 
systematically lower than APHA results since the Oxitop method does not measure 
nitrogenous oxygen demand. The correlation between the APHA and Oxitop results was 
analyzed using IBM SPSS Statistics 25. This statistical analysis yielded a Pearson correlation 
coefficient r of 0.917 and a p-value of 0.083 (two-tailed test of significance). The high r-value 
indicates a correlation between the APHA and Oxitop results. However, due to the high p-
value, the correlation cannot be regarded as significant. 
 
Sample K2.1 had a BOD5 content below the detection limit of the Oxitop method. The BOD5 
concentration of sample K2.1 is visualized as 0 mg/L in Fig. 7.6 (Appendix C). Sample K2.6 
had a BOD5 content above the detection limit of the APHA method. The BOD5 concentration 
of sample K2.6 is visualized as 15 mg/L in Fig. 7.6 (Appendix C). 
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Samples K2.8 and K2.13 were measured in duplicate using the Oxitop method. The results 
(K2.8: 3 mg/L and 4 mg/L, and K2.13: 2 mg/L and 2 mg/L) confirm the precision of the Oxitop 
method. The precision of the APHA method cannot be confirmed since only one replicate of 
each sample was analyzed. The correlation between the APHA and Oxitop results (r = 0.917; 
p = 0.083) could suggest a sufficient precision of the APHA method (Fig. 7.6). However, the 
high p-value makes this statement uncertain. 
 
Along Kanpur, BOD5 concentrations in the Ganges river increase (Fig. 7.6). The largest 
increases occur downstream of the Sisamau nala and throughout the tannery zone. Between 
these peaks, BOD5 decreases and stabilizes. BOD5 concentrations reach the most 
deteriorated OECD water quality class, i.e., class 5. 
 

Upstream transect 
Fig. 7.7 visualizes the temperature variations along the upstream transect. The largest 
temperature increase (0.4°C) can be observed along Bithoor city, i.e., between sampling points 
one and two. More downstream, i.e., the less populated and more natural stretch along the 
upstream transect, temperature remains stable between 23.9°C and 24.2°C. 
 
At the start of the upstream transect, the DO content is within the best OECD water quality 
class, i.e., class 1 (Fig. 7.7). However, approximately halfway the upstream transect, the DO 
content (mg/L and %) starts to decrease significantly towards OECD water quality class 4. 
 
In the upper half of the upstream transect, the pH remains relatively stable and within the most 
deteriorated OECD water quality class, i.e., class 5 (Fig. 7.7). In the downstream half of this 
transect, pH decreases and reaches the better OECD water quality classes, i.e., 1 to 4. 
 
At the start of the upstream transect, the lowest EC and TDS values can be observed (Fig. 
7.7). Approximately halfway of the transect, a positive and subsequently negative peak in EC 
and TDS can be observed. By the end of the transect, i.e., closer to the Ganga Barrage (0 m 
reference point upstream of Kanpur), EC and TDS increase again.  
 
PO4

3- reaches OECD water quality class 4, NO2
- and NH4

+ reach class 3 and NO3
- class 2 (Fig. 

7.8). In the upper half of the upstream transect, PO4
3-, NO2

-, NO3
- and NH4

+ concentrations 
remain stable. However, towards the Ganga Barrage, PO4

3-, NO2
-, NO3

- and NH4
+ 

concentrations increase. SO4
2- shows the exact opposite trend and remains within the best 

OECD water quality class, i.e., class 1. 
 
Along the upstream transect, both COD replicates display large discrepancies. Nevertheless, 
both replicates were used to calculate the average COD concentrations (Fig. 7.9). These 
average values will be used to evaluate organic pollution along the upstream transect. 
 
The average COD concentration varies between 46 mg/L and 137 mg/L and reaches the most 
deteriorated OECD water quality class, i.e., class 5 (Fig. 7.9). 
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Fig. 7.7 Sonde measurements of the upstream transect: temperature, pH, electrical conductivity, total dissolved 
solids and dissolved oxygen. OECD water quality classes are indicated for pH and DO (mg/L), the colour of these 
graphs represents the most detrimental water quality class observed (Table 3.2). Distance to the sample locations 
(x-axis) was measured from the 0 m reference point, i.e., the Ganga Barrage, using Google Earth (Fig. 2.4 and 6.1).  
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Fig. 7.8 Nutrient measurements of the upstream transect: nitrite, nitrate, ammonium, ortho-phosphate and sulfate. 
OECD water quality classes are indicated for nitrite, nitrate, ammonium, ortho-phosphate and sulfate, the colour of 
these graphs represents the most detrimental water quality class observed (Table 3.2). Distance to the sample 
locations (x-axis) was measured from the 0 m reference point, i.e., the Ganga Barrage, using Google Earth (Fig. 
2.4 and 6.1).  
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Fig. 7.9 COD measurements of the upstream transect, i.e., replicate 1 (R1), replicate 2 (R2), and the average of R1 
and R2. OECD water quality classes are indicated (Table 3.2). Distance to the sample locations (x-axis) was 
measured from the 0 m reference point, i.e., the Ganga Barrage, using Google Earth (Fig. 2.4 and 6.1). 

Transect n°3 
Fig. 7.10 shows a temperature increase along Kanpur from 23.9°C (first sampling point) east 
of the Ganga Barrage (0 m reference point upstream of Kanpur) to 25.6°C (last sampling point) 
downstream of Kanpur, with a maximum of 25.8°C (15th sampling point). The largest 
temperature increases can be observed at and downstream of the Sisamau drain. Throughout 
the tannery zone, an additional temperature increase can be observed. Between 9500 m and 
the beginning of the tannery zone, temperature is relatively stable. 
 
Compared to the first and second transects along Kanpur, the DO (mg/L and %) content is the 
most deteriorated along the third transect (Fig. 7.1, 7.4 and 7.10). The DO concentration is 
mostly in OECD water quality class 3. However, significant drops in DO (mg/L and %) content 
towards OECD water quality class 5 can be observed downstream of the Sisamau nala and 
tannery zone. Between the Sisamau nala and the tannery zone, the DO content recovers 
towards OECD water quality class 3. At the end, the DO content of the Ganges river is lower 
downstream of Kanpur than upstream of the city (Fig. 7.10). 
 
Along Kanpur, the pH remains relatively stable around 8 and within the best OECD water 
quality classes, i.e., classes 1 to 4 (Fig. 7.10). Downstream of the Sisamau nala, pH decreases. 
 
EC and TDS remain stable along Kanpur (Fig. 7.10). However, increases in EC and TDS occur 
downstream of the Sisamau nala and WWTP drain and throughout the tannery zone. At the 
end, EC and TDS are significantly higher downstream of Kanpur than upstream. 
 
NO2

- reaches OECD water quality class 3 and NO3
- class 2 (Fig. 7.11). Downstream of the 

Sisamau nala, NO2
- and NO3

- concentrations increase. Further downstream, a restabilization 
of NO2

- and NO3
- concentrations occurs. Downstream of the tannery zone and WWTP drain, 

the NO3
- concentration increases again. 
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Fig. 7.10 Sonde measurements of transect n°3 along Kanpur city: temperature, pH, electrical conductivity, total 
dissolved solids and dissolved oxygen. OECD water quality classes are indicated for pH and DO (mg/L), the colour 
of these graphs represents the most detrimental water quality class observed (Table 3.2). Locations of the major 
pollution sources, i.e., (1) Sisamau drain (red vertical line), (2) tannery zone (grey rectangle), and (3) WWTP drain 
(purple vertical line), are indicated. Distance to the sample locations (x-axis) was measured from the 0 m reference 

point, i.e., the Ganga Barrage, using Google Earth (Fig. 2.4 and 6.1).  
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Fig. 7.11 Nutrient measurements of transect n°3 along Kanpur city: nitrite, nitrate, ammonium, ortho-phosphate and 
sulfate. OECD water quality classes are indicated for nitrite, nitrate, ammonium, ortho-phosphate and sulfate, the 
colour of these graphs represents the most detrimental water quality class observed (Table 3.2). Locations of the 
major pollution sources, i.e., (1) Sisamau drain (red vertical line), (2) tannery zone (grey rectangle), and (3) WWTP 
drain (purple vertical line), are indicated. Distance to the sample locations (x-axis) was measured from the 0 m 

reference point, i.e., the Ganga Barrage, using Google Earth (Fig. 2.4 and 6.1).  
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Fig. 7.12 COD measurements of transect n°3 along Kanpur city, i.e., replicate 1 (R1), replicate 2 (R2), and the 
average of R1 and R2. OECD water quality classes are indicated (Table 3.2). Locations of the major pollution 
sources, i.e., (1) Sisamau drain (red vertical line), (2) tannery zone (grey rectangle), and (3) WWTP drain (purple 
vertical line), are indicated. Distance to the sample locations (x-axis) was measured from the 0 m reference point, 
i.e., the Ganga Barrage, using Google Earth (Fig. 2.4 and 6.1). 

NH4
+ reaches OECD water quality class 4 (Fig. 7.11). Increases in NH4

+ concentration can be 
observed downstream of the Sisamau nala, tannery zone and WWTP drain. 
 
PO4

3- reaches the most deteriorated OECD water quality class, i.e., class 5 (Fig. 7.11). 
Upstream of the tannery zone, PO4

3- concentrations remain stable, fluctuating between OECD 
water quality classes 3 and 4. A significant increase in PO4

3- concentration occurs throughout 
the tannery zone and downstream of the WWTP drain. 
 
SO4

2- remains within the best OECD water quality class, i.e., class 1 (Fig. 7.11). At the outflow 
of the Ganga Barrage, a high SO4

2- concentration is observed, however, this decreases rapidly. 
Increases in SO4

2- concentration are observed around the Sisamau nala, throughout the 
tannery zone and downstream of the WWTP drain. SO4

2- concentrations remain stable 
between the Sisamau nala and the tannery zone. 
 
Along the third transect, both COD replicates display large discrepancies. In addition, COD 
replicate R2 contains two impossible, negative concentrations. Nevertheless, both replicates 
were used to calculate the average COD concentrations (Fig. 7.12). However, in this 
calculation, negative concentrations were replaced by zero. These average values will be used 
to evaluate organic pollution along Kanpur. 
 
The average COD concentration varies between 35 mg/L and 138 mg/L and reaches the most 
deteriorated OECD water quality class, i.e., class 5 (Fig. 7.12). 
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8. Discussion 
 

Impact of urban activity on the physico-chemical water quality of the Ganges 

Ganges physico-chemical water quality objective 
Within the Ganges river basin, it is of vital importance to restore and maintain the river’s 
ecosystem functioning, aquatic life and drinking water provisioning service. In addition, the 
river’s physico-chemical water quality must be sufficient to allow bathing, recreation and 
irrigation. As such, this study proposes OECD water quality class 2 to be the objective for the 
physico-chemical water quality of the Ganges river (Table 3.1 and 3.2). 
 
Along Kanpur, this water quality objective is not reached (Fig. 8.1, 8.2 and 8.3). pH, PO4

3-, 
COD and BOD5 reach OECD water quality class 5 and are the most problematic pollution 
parameters (Fig. 7.6, 8.1, 8.2 and 8.3). NH4

+ and NO2
- reach OECD water quality class 4 (Fig. 

8.2) and DO class 3 (Fig. 8.1). SO4
2- and NO3

- reach OECD water quality classes 1 and 2, 
respectively, and are not problematic (Fig. 8.2). Based on the ‘one out, all out’ principle, the 
physico-chemical water quality of the Ganges river along Kanpur reaches the most 
deteriorated OECD water quality class, i.e., class 5. 
 

Identification and quantification of the major pollution sources along Kanpur 
Based on Uttar Pradesh Jal Nigam et al. (2017), the Sisamau nala and the three major drains 
of the tannery industry, i.e., Shetla Bazar nala, Budhiya Ghat nala and Wazipur nala, are the 
largest pollution sources along Kanpur (Fig. 2.12 and Table 2.3). The pollution load of both 
sources is similar (Table 8.1), however, the type of wastewater, i.e., domestic versus industrial, 
is different (Uttar Pradesh Jal Nigam et al., 2017). Based on the flow data of the joint inspection 
(Table 8.1), the industrial tannery drains have a more severe impact on the Ganges. However, 
based on the flow data from Uttar Pradesh Jal Nigam, the Sisamau nala has a more detrimental 
impact (Table 8.1). 
 
Uttar Pradesh Jal Nigam et al. (2017) provides two flow measurements for the Permiya nala 
(Fig. 2.12), i.e., 98.28 MLD and 4.07 MLD (Table 2.3). If a flow of 98.28 MLD would occur, the 
Permiya nala would have a similar detrimental impact on the Ganges as the Sisamau nala 
(Table 2.4). However, if a 4.07 MLD flow would occur, the impact of the Permiya nala would 
be significantly lower than the Sisamau nala and industrial tannery drains (Table 2.5). During 
the field campaigns, no significant flow from the Permiya nala into the Ganges was observed. 
The results of this study do not indicate a significant impact of the Permiya nala, compared to 
the Sisamau nala and tannery zone, on Ganges physico-chemical water quality (Fig. 7.1 to 
7.12). However, this does not deny the detrimental impact of the Permiya nala on the Ganges. 
 
During the field campaigns, an additional drain was observed, i.e., the WWTP drain (Fig. 2.12). 
As previously mentioned, the source of this drain is uncertain. However, most probable, this 
drain transports a certain amount of the Jajmau WWTP effluent towards the Ganges. Vedala 
et al. (2013) states that the effluent of the 5 MLD unit flows into the Ganges. 
 
Based on the above discussion, the Sisamau nala, Jajmau industrial area (i.e., the tannery 
zone) and the WWTP drain are identified as the major pollution sources in the Ganges along 
Kanpur. Uttar Pradesh Jal Nigam et al. (2017) analyzed the concentration of different pollution 
parameters in the wastewater drains of Kanpur (Table 2.2 and 2.3). These concentrations were 
used to quantify the pollution load of the Sisamau nala and the three major industrial tannery 
drains (Table 8.1). Based on data provided by Ajay Kanaujza (Appendix E), the pollution load 
data in the Jajmau WWTP effluents was calculated (Table 8.1). However, since the WWTP 
drain is located just downstream of the tannery zone, the impacts of the tannery zone and 
WWTP drain are difficult to distinguish.  
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Fig. 8.1 Sonde measurements, i.e., temperature, pH, electrical conductivity, total dissolved solids and dissolved 
oxygen, from the upstream transect and of the average of the three Kanpur transects (vertical error bars indicate 
the standard deviation). OECD water quality classes are indicated for pH and DO (mg/L), the colour of these graphs 
represents the most detrimental water quality class observed (Table 3.2). The temperature plot includes the three 
Kanpur transects separately. Locations of the major pollution sources, i.e., (1) Sisamau drain (red vertical line), (2) 
tannery zone (grey rectangle), and (3) WWTP drain (purple vertical line), are indicated. Distance to the sample 
locations (x-axis) was measured from the 0 m reference point, i.e., the Ganga Barrage, using Google Earth (Fig. 

2.4 and 6.1). 
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Fig. 8.2 Nutrient measurements, i.e., nitrite, nitrate, ammonium, ortho-phosphate and sulfate, from the upstream 
transect and of the average of the three Kanpur transects (vertical error bars indicate the standard deviation). OECD 
water quality classes are indicated for nitrite, nitrate, ammonium, ortho-phosphate and sulfate, the colour of these 
graphs represents the most detrimental water quality class observed (Table 3.2). Locations of the major pollution 
sources, i.e., (1) Sisamau drain (red vertical line), (2) tannery zone (grey rectangle), and (3) WWTP drain (purple 
vertical line), are indicated. Distance to the sample locations (x-axis) was measured from the 0 m reference point, 
i.e., the Ganga Barrage, using Google Earth (Fig. 2.4 and 6.1). 
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Fig. 8.3 COD measurements from the upstream transect and of the average of the three Kanpur transects (vertical 
error bars indicate the standard deviation). OECD water quality classes are indicated, the colour of these graphs 
represents the most detrimental water quality class observed (Table 3.2). Locations of the major pollution sources, 
i.e., (1) Sisamau drain (red vertical line), (2) tannery zone (grey rectangle), and (3) WWTP drain (purple vertical 
line), are indicated. Distance to the sample locations (x-axis) was measured from the 0 m reference point, i.e., the 
Ganga Barrage, using Google Earth (Fig. 2.4 and 6.1). 

The Sisamau nala discharges approximately 130 to 140 MLD of untreated domestic 
wastewater into the Ganges (Table 8.1). The three major drains of the tannery zone, i.e., Shetla 
Bazar nala, Budhiya Ghat nala and Wazipur nala, discharge together approximately 15.77 to 
33.80 MLD of untreated tannery wastewater into the Ganges (Table 8.1). Kanpur city produces 
approximately 426 MLD of domestic- and 50 MLD of tannery wastewater (Vedala et al., 2013). 
Currently, 162 MLD of domestic- and 9 MLD of tannery wastewater is treated. As such, besides 
the Sisamau nala and the three major industrial tannery drains, a significant amount of smaller 
drains are discharging untreated wastewater into the Ganges. However, the wastewater 
emission of these drains is less locally concentrated compared to the Sisamau nala and the 
three major industrial tannery drains (Uttar Pradesh Jal Nigam et al., 2017). 
 
The Sisamau nala has a detrimental effect on the DO content of the Ganges (Fig. 8.1). In 
addition, the Sisamau nala causes significant peaks in NH4

+, NO3
- and NO2

- concentrations 
(Fig. 8.2). Additional peaks in EC, TDS, PO4

3- and SO4
2- can be observed downstream of the 

Sisamau nala (Fig. 8.1 and 8.2). Throughout the tannery zone and downstream of the WWTP 
drain, DO decreases and pH, EC and TDS increase (Fig. 8.1). The tannery zone and WWTP 
drain cause SO4

2-, PO4
3- and NH4

+ concentrations to peak (Fig. 8.2). 
 
Due to large discrepancies between replicates and transects, the COD standard deviation is 
very large and the quality of the COD analyses is insufficient to identify the sources of organic 
pollution. However, the COD results indicate that the organic pollution in the Ganges, both 
along Kanpur and Bithoor, is alarmingly high (Fig. 8.3). Based on the BOD5 results, the 
Sisamau nala and the tannery zone are the most important sources of organic pollution along 
Kanpur (Fig. 7.6). 
  



Table 8.1 Quantification of the pollution load (kg/d) of the identified major pollution sources of Kanpur into the Ganges. The pollution load of the domestic- and tannery wastewater 
drains was calculated based on the flow- and concentration data of Uttar Pradesh Jal Nigam et al. (2017). The pollution load of the WWTP effluent was calculated based on the 
flow- and concentration data provided by Ajay Kanaujza (Jajmau WWTP representative, personal communication, February 22nd 2018) (Appendix E). * Total = Shetla Bazar nala 
+ Budhiya Ghat nala + Wazipur nala. ** Total = 130 MLD unit + 36 MLD unit + 5 MLD unit. *** ‘Design’ refers to the standard flow- and concentration values of the WWTP 
construction plan (Appendix E).  

   

Wastewater Drain Flow measurement Flow (MLD) BOD (kg/d) COD (kg/d) TSS (kg/d) TDS (kg/d) Cl
-
 (kg/d) NH3-N (kg/d) NO3

-
 (kg/d) SO4

2-
 (kg/d) S (kg/d) P (kg/d)

Domestic Sisamau nala

Joint inspection 130.00 10,790.00 32,630.00 24,310.00 78,520.00 14,170.00 4,693.00 352.30 - - -

UP Jal Nigam 143.00 11,869.00 35,893.00 26,741.00 86,372.00 15,587.00 5,162.30 387.53 - - -

Tannery Shetla Bazar nala

Joint inspection 15.60 554.63 25,724.40 13,837.20 94,614.00 553.80 3,619.20 352.56 18,688.80 575.64 139.62

UP Jal Nigam 5.75 204.43 9,481.75 5,100.25 34,873.75 204.13 1,334.00 129.95 6,888.50 212.18 51.46

Budhiya Ghat nala

Joint inspection 6.50 3,399.50 10,536.50 4,816.50 65,318.50 404.30 1,488.50 523.90 13,156.00 271.05 35.62

UP Jal Nigam 2.34 1,223.82 3,793.14 1,733.94 23,514.66 145.55 535.86 188.60 4,736.16 97.58 12.82

Wazipur nala

Joint inspection 11.70 10,179.00 32,713.20 22,358.70 132,912.00 425.88 2,410.20 785.07 23,598.90 623.61 52.07

UP Jal Nigam 7.68 6,681.60 21,473.28 14,676.48 87,244.80 279.55 1,582.08 515.33 15,490.56 409.34 34.18

Total *

Joint inspection 33.80 14,133.13 68,974.10 41,012.40 292,844.50 1,383.98 7,517.90 1,661.53 55,443.70 1,470.30 227.31

UP Jal Nigam 15.77 8,109.85 34,748.17 21,510.67 145,633.21 629.23 3,451.94 833.88 27,115.22 719.10 98.46

WWTP effluent

Average February 2018

130 MLD unit Appendix E 55.83 1,400 4,145 2,250 - - - - - - -

36 MLD unit Appendix E 24.93 4,102 14,667 4,434 - - - - - - -

5 MLD unit Appendix E 3.82 170 628 197 - - - - - - -

Total ** Appendix E 85 5,671 19,440 6,881 - - - - - - -

Design ***

130 MLD unit Appendix E 130 3,900 - 6,500 - - - - - - -

36 MLD unit Appendix E 36 6,300 - 7,200 - - - - - - -

5 MLD unit Appendix E 5 150 - 250 - - - - - - -

Total ** Appendix E 171 10,350 - 13,950 - - - - - - -



The upstream transect: from Bithoor city until the Ganga Barrage  
Upstream of Kanpur city and the Ganga Barrage, the physico-chemical water quality objective, 
i.e., OECD class 2, is also not reached (Fig. 8.1, 8.2 and 8.3). Bithoor city is located along the 
most upstream half of the upstream transect (Fig. 6.3). The downstream half of the upstream 
transect, i.e., between Bithoor and the Ganga Barrage, is less populated. Here, nature and 
agriculture takes over (Fig. 6.3). Along this downstream half, current velocity and water 
circulation slows down due to the presence of the Ganga Barrage. As a result, a water storage 
reservoir is formed upstream of the Ganga Barrage. 
 
The presence of the Ganga Barrage and the reservoir has an effect on Ganges water quality 
which is clearly visible in Fig. 8.1 and 8.2. In the upstream half of the upstream transect, DO, 
NO2

-, NO3
-, NH4

+ and PO4
3- remain within OECD water quality classes 1 and 2. However, these 

parameters start to severely deteriorate along the downstream half (Fig. 8.1 and 8.2). When 
the water passes through the Ganga Barrage, aeration occurs due to turbulence and the DO 
content increases again (Fig. 8.1). Eventually, the water entering Kanpur, i.e., east of the 
Ganga Barrage, has approximately the same quality as the water arriving at the Ganga 
Barrage, i.e., west of the barrage (Fig. 8.1 and 8.2). 
 
The Ganga Barrage has an indirect effect on the physico-chemical water quality of the Ganges 
since it accumulates all pollution from upstream Kanpur. This might be problematic for the 
drinking water production plant which extracts Ganges river water in the vicinity of the Ganga 
Barrage (Fig. 2.4) (Strybos, 2017). 
 

The physico-chemical water quality of the Ganges 
Both the data of this study (Fig. 8.1) and the data of Haentjens (2017) (Fig. 2.8 and 2.11) prove 
that Kanpur city has a detrimental effect on the DO content of the Ganges. The main causes 
of this DO depletion are the Sisamau nala, the Jajmau tannery industry and the WWTP drain 
(Fig. 8.1). 
 
pH already reached the most deteriorated OECD water quality class, i.e., class 5, upstream of 
Bithoor city (Fig. 8.1). The pH of domestic wastewater can vary significantly, from alkaline over 
neutral to acidic, depending on the used household products (Eriksson et al., 2002; Hughes et 
al., 2007; Patterson, 2001). Average domestic wastewater can be simplified to a neutral (Gupta 
& Gupta, 2001; Hench et al., 2003; Neralla et al., 2000; Vlyssides et al., 2002; Wu et al., 2007; 
Zhang et al., 2010) or slightly acidic (Eriksson et al., 2002) pH. The reservoir effect west of the 
Ganga Barrage and the dilution effect due to the discharge of untreated neutral to slightly acidic 
domestic wastewater along Kanpur result in a pH decrease. This results in a pH within OECD 
water quality classes 1 to 4 (Table 3.2). However, due to the discharge of untreated alkaline 
tannery wastewater (Durai & Rajasimman, 2011), pH increases again towards OECD water 
quality class 5 throughout the tannery zone (Fig. 8.1). This trend is also observed in the data 
of Haentjens (2017) (Fig. 2.7). Eventually, pH is higher downstream of Kanpur compared to 
upstream (Fig. 2.7). 
 
The observed Ganges water temperatures (Fig. 8.1) are significantly higher than the 8°C 
OECD winter standard (Table 3.2). However, the OECD water quality standards were primarily 
developed for Moldavian surface water bodies (Buijs & Toader, 2007). Since Moldova and 
India have very different climates, the OECD water temperature standards should not be 
applied on Indian rivers.  
 
Climatological warming of Ganges water, i.e., in time and in the downstream direction, is clearly 
observed between the results of the different transects (Fig. 8.1). However, a warming effect 
due to the urban activity in Bithoor and Kanpur can also be observed.  
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Table 8.2 Calculation of the temperature (°C) increase per km, i.e., the temperature gradient (°C/km), along each 
transect based on the minimum- and maximum temperatures observed along the transect and the distance (km) 
between the involved sampling locations. 

 
 
Table 8.3 Calculation of the temperature (°C) increase per km, i.e., the temperature gradient (°C/km), along each 
transect based on the first (start) and last (end) sampling locations along the transect and the distance (km) between 
the involved sampling locations. 

 
 
Along the upstream transect, the largest temperature increase, i.e., ± 0.4 °C, occurs between 
the first and second sampling locations, i.e., along Bithoor city (Fig. 7.7). This results in a 
temperature gradient of 0.109 °C/km along the upstream transect based on minimum- and 
maximum temperatures (Table 8.2). Along the rest of the transect, temperature remains 
relatively stable between 23.9°C and 24.2°C (Fig. 7.7). This results in a temperature gradient 
of 0.032 °C/km along the upstream transect based on start- and end temperatures (Table 8.3). 
 
Bithoor is significantly less urbanized and inhabited compared to Kanpur (census2011.co.in). 
However, Table 8.2 indicates a similar urban warming effect on the Ganges. 
 
Table 8.3 is more suited to compare climatological- and urban warming effects. The Kanpur 
transects, i.e., transects 1, 2 and 3, cover approximately 18 km and are almost completely 
bordered by Kanpur city. The upstream transect covers approximately 14 km and only the most 
upstream 3 km is bordered by Bithoor city. As such, the upstream transect can be simplified 
to a ‘non-urbanized’ transect and the Kanpur transects to ‘urbanized’ transects. Based on 
these simplifications, the temperature gradients (°C/km) constructed in Table 8.3 quantify the 
urban warming effect. 
 
The urban warming effect due to Bithoor and Kanpur can also be observed in Fig. 2.6 
(Haentjens, 2017). 
 
Along Kanpur, large amounts of organic pollution enter the Ganges (Fig. 7.6 and 8.3), which 
is confirmed by Haentjens (2017) (Fig. 2.11). In addition, Haentjens (2017) identified Kanpur 
as the largest contributor to organic pollution in the Ganges (Fig. 2.9 and 2.10), which is 
supported by Tiwari et al. (2016). Based on Fig. 2.9 and 2.10, the second largest contributor 
to organic pollution is located approximately 60 km upstream of Kanpur, i.e., Kannauj city. At 
the Ganga-Brahmaputra delta, i.e., the most downstream point of the Ganges river basin, 

organic pollution peaks again. Here, all upstream pollution accumulates (Fig. 2.9 and 2.10) 
(Haentjens, 2017). 
 
The increase in NH4

+ concentration along Kanpur (Fig. 8.2) is also observed in the data of 
Haentjens (2017) (Fig. 2.11). 
  

 

 Tmin (°C) Tmax (°C) Distance (km) °C/km 

Transect 1 17.8 19.5 16.467 0.101 

Transect 2 18.7 20.2 16.479 0.091 

Transect 3 23.9 25.8 16.600 0.114 

Transect upstream 23.6 24.2 5.827 0.109 

 

 

 Tstart (°C) Tend (°C) Distance (km) °C/km 

Transect 1 17.8 19.3 17.787 0.086 

Transect 2 18.7 20.1 18.124 0.081 

Transect 3 23.9 25.6 18.207 0.095 

Transect upstream 23.6 24.0 13.686 0.032 

 

http://www.census2011.co.in/data/town/801004-bithoor-uttar-pradesh.html
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Resilience of the Ganges river 
As previously mentioned, the Sisamau nala and the industrial tannery zone are the largest 
pollution sources along Kanpur. However, in between these pollution peak localities, Ganges 
physico-chemical water quality partly recovers (Fig. 7.6, 8.1 and 8.2). 
 
This partial recovery is probably due to natural treatment processes, i.e., dilution and aeration. 
In addition, the Ganges river has a self-purifying mechanism (Pandey et al., 2017). This 
mechanism is supported by diatoms and their transparent exopolymeric particles (TEP) 
production (De La Rocha & Passow, 2007; Passow & Alldredge, 1995). Sticky TEP favors 
aggregate formation and adsorption. Eventually, the formed aggregates sink to the river bed 
(Passow et al., 2001). TEP enhances the removal of carbon, nutrients and heavy metals 
through sedimentation (De La Rocha & Passow, 2007; Passow & Alldredge, 1995). The 
occurrence of this process in the Ganges has been confirmed by Pandey et al. (2017). 
 
The results of this study indicate the presence of a Ganges buffer capacity against pollution 
through dilution, aeration and TEP-enhanced sedimentation. However, pollution levels along 
Kanpur exceed this buffer capacity and are currently severely eroding Ganges water quality. 
 

Impact of the seasons and monsoon 
Chaudhary et al. (2017) observed the physico-chemical water quality of the Ganges between 
Haridwar and Garhmukteshwar being more deteriorated during pre-monsoon, i.e., summer, 
compared to post-monsoon. Trivedi et al. (2010) observed a better physico-chemical water 
quality of the Ganges along Kanpur during the monsoon season compared to the winter 
season. Yadav & Srivastava (2011) observed Ganges water quality at Ghazipur being the most 
deteriorated during the summer season. 
 
Based on the above mentioned studies, it can be hypothesized that Ganges water quality is 
the best during the monsoon season and the most deteriorated during the summer season. 
During the winter- and post-monsoon seasons (Fig. 2.2), water quality would be intermediate. 
 
The better water quality during the monsoon season could be explained by pollution dilution 
and flushing due to increased river discharge (Fig. 2.2 and 2.3). In addition, more intense 
precipitation and higher river discharge could lead to increased aeration of the Ganges during 
the monsoon. 
 
During the summer season, river discharge, dilution and flushing are significantly smaller 
compared to the monsoon season (Fig. 2.2 and 2.3). If pollution emission into the Ganges 
remains relatively constant throughout the year, pollution concentrations would be the highest 
during summer due to the low river discharge (Fig. 2.3). This would result in a larger DO content 
decrease due to aerobic pollution degradation. In addition, increased water temperature would 
lead to lower oxygen solubility. These processes could explain the severely eroded state of 
the Ganges during summer. 
 
This hypothesis is supported by the COD and BOD data of Haentjens (2017) (Fig. 2.9 and 
2.10). However, Fig. 2.10 reveals that COD pollution in the downstream section of the Ganges 
is the worst during the monsoon season. Probably, this is due to the rapid flushing of the 
upstream pollution and the subsequent accumulation of this pollution in the vicinity of the 
Ganga-Brahmaputra delta (Haentjens, 2017). 

 
The DO data of Haentjens (2017), i.e., the DO content of the Ganges is the lowest during the 
monsoon season, contradicts the above stated hypothesis (Fig. 2.8). Based on Haentjens 
(2017), the DO content is the highest during winter and intermediate during summer (Fig. 2.8).  
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The observed seasonal DO variations (Haentjens, 2017) can be explained by two processes. 
First, in the Ganges river, the DO content is primarily determined by the water temperature 
and only secondly by aeration through increased river discharge. Second, there is a delay 
between the climatological warming of the air temperature and the river’s water temperature 
(Fig. 2.2 and 2.6). Based on Fig. 2.2, the air temperature is the highest during summer, 
intermediate during monsoon and the lowest during winter and post-monsoon. Based on the 
delay argument, Ganges water temperature would reach its maximum during the monsoon 
season and its minimum during winter. Intermediate water temperatures would occur during 
summer. This reasoning is confirmed by Fig. 2.6. As a result, DO solubility and content are 
minimal during the monsoon, intermediate during summer and maximum during winter (Fig. 
2.8). 
 
This sub-chapter provides a hypothesis for the seasonal variations of Ganges physico-
chemical water quality. Based on this hypothesis, the water quality of the Ganges reaches its 
intermediate status during winter. This intermediate physico-chemical water quality status of 
the Ganges is quantified by this MSc study. However, in order to quantify the impact of the 
seasons and the monsoon, this study should be repeated during the four seasons (Fig. 2.2) 
and preferably over multiple years. 
 
Another unanswered question is the seasonal variation of the WWTP drain discharge into the 
Ganges. Based on Ajay Kanaujza (Jajmau WWTP representative, personal communication, 
February 22nd 2018), the entire effluent of the Jajmau WWTP flows into the irrigation channel 
and is subsequently used by local farmers. However, based on Vedala et al. (2013), the 
effluent of the 5 MLD unit flows into the Ganges river and the effluents of the 36 MLD and 130 
MLD units flow in the irrigation channel. During the monsoon season, precipitation significantly 
increases (Fig. 2.2) and the need for irrigation decreases. As such, it might be possible that 
the WWTP effluent in the irrigation channel is not completely used and flows into the Ganges. 
 

Developing a Ganges Pollution Biotic Index (GPBI) 
In the Ganges river basin, there is a high need for the development of a Ganges Pollution 
Biotic Index (GPBI) in order to evaluate the ecological status of the Ganges based on a 
standardized protocol. This sub-chapter provides a discussion on the methodology which 
should be followed in order to construct a GPBI, and the primary choices which have to be 
made. 
 
First of all, it should be decided whether to construct a GPBI from scratch (e.g., Chowdhury et 
al., 2016) or to modify an existing and generally accepted biotic index (e.g., Fishar & Williams, 
2008). Developing countries often lack extensive ecological databases and -expertise (Fishar 
& Williams, 2008), as such the latter option should be considered. The Biological Monitoring 
Working Party (BMWP) biotic index (Metcalfe, 1989) could offer an appropriate starting point 
as its modification has already been successful in Egypt, Spain, Australia, Thailand, Ghana 
and Brazil (Alba-Tercedor & Sánchez-Ortega, 1988; Chessman, 1995, 2003; Fishar & 
Williams, 2008; Thorne & Williams, 1997). 
 
The constructed GPBI should meet the following requirements: (1) simple to use in the field 
and in the laboratory, (2) fast, (3) reliable, (4) cost-effective, (5) practical, (6) widely applicable 
to a variety of watercourses and/or lakes, (7) be based on established ecological concepts, (7) 
limited need for expert taxonomical knowledge, (8) easily understandable, (9) associated to 
relevant water quality parameters, and (10) be able to discriminate human impacts 
(Chowdhury et al., 2016; De Pauw & Vanhooren, 1983). 
  



63 
 

The GPBI should be based on the pollution tolerance of benthic macroinvertebrates. The use 
of benthic macroinvertebrates for biological water quality assessment has several advantages: 
(1) relatively long life cycles which reflect pollution effects over longer time periods, (2) fairly 
sessile and often confined to one habitat or locality, (3) easy to sample, (4) ubiquitous and 
abundant, and (5) wide variety of species and traits which reflect a spectrum of environmental 
processes (Bonada et al., 2006; Cairns & Pratt, 1993; Chowdhury et al., 2016; Fishar & 
Williams, 2008; Friberg et al., 2011; Hellawell, 1986; Rosenberg & Resh, 1993; Wiederholm, 
1980). 
 
An important consideration is whether one GPBI should be established for the entire Ganges 
river or whether multiple types of GPBI, i.e., one GPBI per ecological segment or sub-stretch 
as defined by the Ganga River Basin Environment Management Plan (2011, 2012a, 2012b, 
2012c), should be developed. The latter might be considered since the Ganges river ranges 
over a wide variety of ecosystems (Ganga River Basin Environment Management Plan, 2011, 
2012a, 2012c, 2012b). If this option is chosen, the division of the Ganges in segments and 
sub-stretches should be re-evaluated based on the existing ecological boundaries of the river. 
For certain, separate GPBI’s should be developed for the fresh-, brackish-, and saline water 
zones of the Ganges (De Pauw & Vanhooren, 1983). 
  
For the development of the GPBI, a set of survey sites, ranging over a wide variety of pollution 
levels, should be identified. Unpolluted reference sites are of vital importance. If such sites 
cannot be identified, ‘minimally polluted sites’ must be recognized. In the Ganges river basin, 
the Chambal river could provide unpolluted reference sites (Kumar et al., 2014; Yadav et al., 
2014 & 2015). 
 
From these sites, physico-chemical data including temperature, pH, DO (mg/L or %), BOD5, 
COD, Kjeldahl nitrogen, total nitrogen, NH3, NO2

-, NO3
-, PO4

3-, TSS, TDS etc. should be 
collected (Chowdhury et al., 2016; Fishar & Williams, 2008). Subsequently, the obtained data 
should be used to evaluate the physico-chemical water quality of the studied sites, either 
through a chemical pollution index (e.g., Fishar & Williams, 2008) or PCA (e.g., Chowdhury et 
al., 2016). 
 
Biological samples, i.e., benthic macroinvertebrates, need to be collected from the same sites. 
A standardized sampling technique should be developed and different sampling procedures 
must be established for different environments, i.e., the sampling method should be adjusted 
to the river’s depth and current speed (e.g., De Pauw & Vanhooren (1983) and Gabriels et al. 
(2010)). All habitats must be sampled in proportion to their abundance in the study area. 
(Chowdhury et al., 2016). Fishar & Williams (2006) state that the sampling procedure should 
at least collect 80% of the present invertebrate taxa during every sampling occasion. In 
addition, a field protocol (e.g., De Pauw & Vanhooren (1983), Appendix F) can be included to 
facilitate the interpretation of the results. 
 
To obtain maximum comparability and accuracy of the results, a standardized 
macroinvertebrate identification technique must be developed, preferably based on generally 
accepted taxonomic keys, i.e., handbooks and publications (De Pauw & Vanhooren, 1983). A 
correct identification up to species level requires time and taxonomic expertise. Systematic 
identification up to a more general level, e.g., family or genus, will be more practical, especially 
in developing countries where taxonomy is not well developed and where a large number of 
biological samples need to be processed in a restricted period of time (De Pauw & Vanhooren, 
1983; Fishar & Williams, 2008). Gayraud et al. (2003), Mustow (2002) and Thorne & Williams 
(1997) state that family identification of macroinvertebrates is sufficient to differentiate sites of 
different water quality. 
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As indicated by Chowdhury et al. (2016) and Gabriels et al. (2010), the influence of seasonality 
and monsoonal rains on ecology and physico-chemical water quality of rivers cannot be 
neglected when developing a biotic index system. Sampling surveys should be performed 
during the dry- and wet season in order to assess the impact of the monsoon. Haentjens (2017) 
studied the effect of the monsoon on the physico-chemical water quality of the Ganges, 
however, a similar study on Ganges ecology is still missing. PCA can be applied to evaluate 
the significance of the seasonality and monsoonal rains impact (Chowdhury et al., 2016). 
 
The GPBI should include all benthic macroinvertebrate taxa occurring in the Ganges river 
basin. A Ganges Pollution Tolerance Score (GPTS) should be assigned to each taxon. This 
can be done through various methods: 
 

1. Extensive literature study, i.e., apply tolerance scores from existing studies. 
2. Apply the tolerance score of the biotic index method, e.g., the BMWP, on which the 

development of the GPBI is based (Fishar & Williams, 2008). 
3. The tolerance score can be based on the Saprobien System (Fishar & Williams, 2008; 

Kolkwitz & Marsson, 1908, 1909; Rosenberg & Resh, 1993). 
4. Apply a statistical method, e.g., Chowdhury et al. (2016). 
5. Assign tolerance scores based on field observations, i.e., evaluate the tolerance of a 

taxonomic group in the presence of known pollution (Fishar & Williams, 2008). 
6. Assign tolerance scores based on laboratory experiments, i.e., based on 

ecotoxicological information (Fishar & Williams, 2008). 
7. Combine two or more of the above mentioned methods. 

 
The obtained GPTS’s can be validated by evaluating their relationship with tolerance scores 
of existing and generally accepted biotic index methods (Chowdhury et al., 2016). 
 
An important decision which needs to be made is whether the GPBI calculation will be based 
on a qualitative or quantitative method. A qualitative method is based on the presence and 
absence of taxa and not on taxa abundance (e.g., Fishar & Williams, 2008). Fishar & Williams 
(2008) provide a simple qualitative biotic index calculation method, i.e., the biotic index equals 
the sum of the tolerance scores of the observed taxa. A quantitative method is based on both 
the presence and absence of taxa and on their abundance (e.g., Chowdhury et al., 2016). 
Chowdhury et al. (2016) provide a simple equation for a quantitative biotic index calculation, 
i.e., the sum of the taxa products (number of specimens per taxon multiplied by the taxon’s 
tolerance score) divided by the total amount of scored taxa. An alternative is to use a ‘semi-
quantitative’ method, i.e., a taxon is only taken into account when more than one specimen is 
observed, however, the taxon’s abundance is not taken in account (De Pauw & Vanhooren, 
1983). 
 
De Pauw & Vanhooren (1983) and Gabriels et al. (2010) provide more complex biotic index 
calculation methods. The BBI is a qualitative but ‘semi-quantitative’ method (De Pauw & 
Vanhooren, 1983). The BBI calculation is based on the biodiversity and most sensitive taxon 
present in the sample (Table 4.2) (De Pauw & Vanhooren, 1983). The MMIF is a more 
complex, multimetric and quantitative method (Gabriels et al., 2010). The MMIF index 
calculation is based on five biological- and ecological metrics (Gabriels et al., 2010). Such 
multimetric methods can provide a more accurate representation of the ecological water 
quality, however, the calculation will be more complex and time consuming. 
 
Another important decision is whether the GPBI should be type specific or non-type specific. 
In a type specific method, the index calculation depends on the examined river-type (e.g., 
Gabriels et al., 2010). In a non-type specific method, the river-type is not taken into account 
(e.g., De Pauw & Vanhooren, 1983). 
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Subsequently, the range of possible GPBI values should be subdivided into ecological water 
quality classes, i.e., from non-polluted to heavily polluted classes (e.g., Chowdhury et al., 2016; 
De Pauw & Vanhooren, 1983). 
 
When the construction of the GPBI is completed, the GPBI method should be validated. 
Multiple validation methods are possible: 
 

1. The GPBI results can be compared to the results of other biotic indexes, e.g., BMWP, 
and chemical indexes of the same samples. As such, the level of agreement between 
the ecological water quality results and physico-chemical water quality results can be 
used for the validation (e.g., Fishar & Williams, 2008). 

2. The correlation between the GPBI results and a suite of standardized biodiversity 
metrics, e.g., Richness, Shannon Diversity Index, Variance, Abundance, Simpson’s 
Diversity Index, Community Dominance Index etc., can be used as a validation tool and 
to assess the ability of the GPBI to reflect different aspects of aquatic communities, 
such as diversity, sensitivity and pollution tolerance (Chowdhury et al., 2016). 

3. The GPBI can be validated through correlation with physico-chemical parameters, e.g., 
O2 concentration and -saturation, Kjeldahl nitrogen, total nitrogen, ammonium, nitrite, 
nitrate, total phosphorous, ortho-phosphate, BOD5 and COD (Gabriels et al., 2010). 

 
Important to note, the development of the GPBI will be an iterative process. The assigned 
tolerance scores should be regularly revised based on newly obtained ecotoxicological 
information and field observations (Fishar & Williams, 2008). In addition, the list of taxa should 
be regularly updated to include newly encountered taxa. A GPTS should also be assigned to 
these new taxa (Chowdhury et al., 2016; Gabriels et al., 2010). The GPBI should be tested at 
different sites, over different years, including pollution incidents. The GPBI should be able to 
reveal intermittent or unrecorded chemical pollution accidents (Fishar & Williams, 2008).  
 
Based on the high urgency of a GPBI to evaluate the ecological water quality of the Ganges, 
it might be useful to first develop a simple, i.e., non-type specific and qualitative, GPBI by 
modifying an existing and generally accepted biotic index. Over time, a more complex and 
representative GPBI can be developed based on newly obtained data and experience. 
 
In 1995, De Zwart et al. (1995) already developed a biotic index, i.e., the Biological Saprobity 
Index (BSI), to evaluate the ecological water quality of all Indian rivers. The BSI was developed 
by modifying the BMWP system (Metcalfe, 1989), i.e., including Indian species in the benthic 
macroinvertebrate list. Tolerance scores were assigned based on the Saprobien System and 
taxonomic identification up to family level was regarded as sufficient. The BSI is a qualitative, 
non-type specific method which can only be used in fresh water rivers. 
 
Despite the simplicity and promising potential of the BSI, no studies applying the BSI on the 
Ganges river basin were found. The biotic index developed by De Zwart et al. (1995) could 
serve as an auspicious starting point for the development of the GPBI. However, the biotic 
index of De Zwart et al. (1995) should be updated to include state-of-the-art technologies and 
newly encountered Indian species.  
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9. Recommendations 
 
This study was able to identify and quantify the major pollution sources into the Ganges river 
along Kanpur, i.e., the Sisamau nala, Jajmau industrial tannery zone and the WWTP drain. 
Their impact on Ganges physico-chemical water quality was successfully quantified during the 
winter season (Fig. 8.1, 8.2 and 8.3). However, this study was not able to assess the impact 
of the seasons and the monsoon on Ganges physico-chemical water quality along Kanpur. 
 
In order to investigate the seasonal- and monsoonal impacts, the presented research method 
should be repeated during the four seasons (Fig. 2.2), preferably over multiple years. However, 
the presented MSc research was not able to analyze sufficient replicate-, blank- and standard 
samples due to time restrictions and practical limitations. Practical limitations mainly included 
shortage of reagents, common lab materials, i.e., beakers, flasks, funnels, test tubes, safety 
gloves and glasses etc., and standard samples. Due to insufficient storage capacity below 4°C 
and unavailability of storage reagents, water samples could only be stored for a maximum of 
48 hours. This resulted in time restrictions and the inability to analyze sufficient replicates. 
Field- and lab work should be planned carefully to maximize the amount of COD and BOD5 
analyses. 
 
Already a large amount of methods exist to analyze the physico-chemical water quality of the 
Ganges river. However, such data does not provide information on the ecological status of the 
river. To evaluate the ecological status of the Ganges, a standardized protocol must be 
developed. This MSc thesis provides a summarized guideline which can be used to construct 
such a protocol, i.e., the Ganges Pollution Biotic Index. 
 
Kanpur city has a severe wastewater problem. The sewer system is poorly developed or non-
existing (Vedala et al., 2013). Currently, only 38% percent of the daily produced domestic 
wastewater and 18% of the tannery wastewater is being treated (Vedala et al., 2013). The 
remaining wastewater is discharged into the Ganges without treatment. In addition, currently 
used wastewater treatment technologies do not remove nutrients. Based on the existing plans, 
domestic wastewater treatment will only increase to 56% by 2040 (Vedala et al., 2013). The 
city sanitation plan of Kanpur assumes that the tannery wastewater production will not increase 
above 50 MLD (Vedala et al., 2013). This assumption is at least highly questionable. 
Nevertheless, Kanpur city only wants to increase its tannery wastewater treatment capacity up 
to 50 MLD (Vedala et al., 2013), which will not remain sufficient. 
 
The city sanitation plan of Kanpur should strive to install an all-inclusive sewage system and 
to treat 100% of the produced domestic- and tannery wastewaters. Based on Fig. 8.2 and 8.3, 
nutrient- and organic pollution reach alarmingly high levels in the Ganges along Kanpur. The 
Andicos technology can greatly reduce organic pollution. Heylen (2018) investigated IPC 
membrane filtration (Fig. 5.1) on the domestic wastewater from the Sisamau nala and 
assessed its positive impact on Ganges physico-chemical water quality. In addition, tertiary 
treatment technologies must be installed to reduce nutrient pollution. A nutrient recovery unit 
can be installed within an Andicos treatment facility (Diels et al., 2017). 
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10. Conclusion 
 
The presented MSc study analyzed the impact of Kanpur’s urban activity on the water quality 
and ecology of the Ganges river. The physico-chemical water quality of the Ganges was 
successfully quantified along Kanpur city during the winter season, i.e., February 2018. 
 
Within the scope of the first research objective, i.e., identification and quantification of Kanpur’s 
major pollution sources, the following conclusions can be made: 
 

1. Based on the drain analysis of Uttar Pradesh Jal Nigam et al. (2017) and the physico-
chemical water quality data of this study, the Sisamau nala, Jajmau industrial tannery 
zone and the WWTP drain were identified as the major pollution sources into the 
Ganges along Kanpur. However, due to the proximity of the WWTP drain to the tannery 
zone, their impacts on the Ganges could not be distinguished. 

2. Based on the concentration data of Uttar Pradesh Jal Nigam et al. (2017), the daily 
pollution loads of the Sisamau nala and the Jajmau industrial tannery zone were 
quantified. 

3. Based on the data provided by Ajay Kanaujza (Jajmau WWTP representative, 
personal communication, February 22nd 2018), the COD-, BOD- and TSS loads of the 
Jajmau WWTP effluents were quantified. 

4. The Sisamau nala, Jajmau industrial tannery zone and the WWTP drain have a 
detrimental impact on the DO content of the Ganges. 

5. Along Kanpur, COD reaches the most deteriorated OECD water quality class. 
6. The Sisamau nala causes significant peaks in BOD5, NH4

+, NO3
- and NO2

- 
concentrations in the Ganges. Additional peaks in EC, TDS, PO4

3- and SO4
2- can be 

observed downstream of the Sisamau nala. 
7. The wastewater drains of the Jajmau industrial tannery zone and the WWTP drain 

cause significant peaks in BOD5, SO4
2-, PO4

3- and NH4
+ concentrations in the Ganges. 

In addition, pH, EC and TDS increase throughout the tannery zone and downstream 
of the WWTP drain. 

8. Besides these major wastewater drains, a significant amount of smaller drains are 
diffusively discharging untreated domestic- and tannery wastewater into the Ganges. 

 
The identified major pollution sources have a severe impact on the physico-chemical water 
quality of the Ganges. Based on the ‘one out, all out’ principle, the Ganges water quality along 
Kanpur reaches the most deteriorated OECD water quality class, i.e., class 5 (Buijs & Toader, 
2007). pH, PO4

3-, COD and BOD5 are the most problematic pollution parameters. In addition, 
NH4

+ and NO2
- also severely impact Ganges water quality along Kanpur. During the Indian 

winter season of February 2018, SO4
2- and NO3

- remained within OECD water quality classes 
1 and 2, respectively, and were not identified as problematic. 
 
Kanpur’s urban activity results in alarmingly high nutrient- and organic pollution into the 
Ganges river. In addition, Haentjens (2017) identified Kanpur as the largest contributor to 
organic pollution along the Ganges. 
 
The Ganga Barrage indirectly affects Ganges water quality by accumulating upstream 
originated pollution. Within the water storage reservoir upstream of the Ganga Barrage, the 
second most deteriorated OECD water quality class, i.e., class 4, was reached. 
 
Both Bithoor and Kanpur have an urban warming effect on Ganges water temperature. 
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Despite the detrimental impact of the Sisamau nala, Jajmau industrial tannery zone and the 
WWTP drain, Ganges water quality partly recovered in between these pollution sources. The 
Ganges river disposes of a natural buffer capacity against anthropogenic pollution. However, 
pollution levels along Kanpur exceed this buffer capacity and are currently severely eroding 
Ganges water quality. 
 
Probably, Ganges water quality along Kanpur is the most deteriorated during summer, 
intermediate during winter and post-monsoon and at its best during the monsoon. However, 
data to confirm this hypothesis is not yet available. 
 
The Indian government should strive to reach OECD water quality class 2 over the entire 
course of the Ganges (Buijs & Toader, 2007). To reach this objective, organic pollution must 
be reduced significantly. With Andicos, VITO provides an excellent technology to reduce COD 
and BOD in Kanpur’s wastewater (Heylen, 2018). 
 
The second research objective comprised a literature study of a biotic index which can evaluate 
Ganges ecological status based on a standardized protocol. However, no such biotic index 
was found. Subsequently, the literature research was reoriented in order to construct a 
development methodology for a Ganges biotic index. 
 
Based on Chowdhury et al. (2016), De Pauw & Vanhooren (1983), Fishar & Williams (2008) 
and Gabriels et al. (2010), this MSc study provides a summarized guideline to construct a biotic 
index. This guideline can serve in the development of a GPBI. 
 
In the Ganges river basin, there is a high need for the development of a GPBI in order to 
evaluate its ecological status. Due to the high urgency, it might be useful to first develop a 
simple, i.e., non-type specific and qualitative, GPBI by modifying an existing and generally 
accepted biotic index. Over time, a more complex and representative GPBI can be developed 
based on newly obtained data and experience. 
 
The studies of De Zwart et al. (1995) and the Ganga River Basin Environment Management 
Plan (2011, 2012a, 2012b, 2012c) provide important ecological data of the Ganges. These 
studies should be used in the development of the GPBI. 
 
The results of this MSc study highlight the severely eroded state of the Ganges along Kanpur, 
however, they also emphasizes the potential of a clean Ganges river if sufficient treatment 
measures would be realized. 
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Appendix A: Permiya nala white foam observations 
 



Appendix B: OECD water quality standards; CODMn-CODCr conversion 

 The OECD provides water quality 
standards for COD analyzed by the 
permanganate method, however, not for 
COD analyzed by the dichromate 
method (Buijs & Toader, 2007). CODMn 
standards cannot be used to evaluate 
CODCr results, since the oxidation 
efficiency of the CODMn method is 
generally lower than the efficiency of the 
CODCr method (Fujimori et al., 1998). 
Since COD was analyzed by the 
dichromate method, the CODMn 
standards had to be converted to CODCr 
standards. In literature, no conversion 
factor between CODMn and CODCr was 
found. As such, three publications, in 
which CODMn and CODCr measurements 
were performed on the same samples, 
were selected (Table 12.1) (Kang & Suh, 
2011; Seo et al., 2010; Wei et al., 2009). 
Subsequently, this data was used to 
convert the COD standards (Table 12.2). 
In addition, CODMn and CODCr surface 
water quality standards from Romania 
and the International Commission for the 
Protection of the Danube River (ICPDR) 
were included in this dataset (Table 
12.1) (Buijs & Toader, 2007). 
 
For each source of CODMn and CODCr 
data, a linear correlation was 
determined. In addition, a linear 
correlation was determined for all CODMn 
and CODCr data together (Table 12.1). 
Subsequently, these linear correlations 
were used to convert the OECD CODMn 
standards into CODCr values (Table 
12.2). At the end, all CODCr values were 
averaged to construct a final set of 
CODCr surface water quality standards 
(Table 12.2 and 3.2).  

Table 12.1 COD dataset including: (1) CODMn and 
CODCr standards from Romania and the 
International Commission for the Protection of the 
Danube River (ICPDR) (Buijs & Toader, 2007), 
and (2) three studies which analyzed CODMn and 
CODCr on the same samples (Kang & Suh, 2011; 
Seo et al., 2010; Wei et al., 2009). Per COD data 
source, a linear correlation was determined. In 
addition, a linear correlation for all COD data was 
determined. Statistical analyses, including 
Pearson correlation coefficients (r) and two-tailed 
test of significance (p), were conducted with IBM 
SPSS Statistics 25. Correlations with p < 0.01 
were considered significant. 

CODMn CODCr

Source

Romania Class 1 5 10

Class 2 10 25

Class 3 20 50

Class 4 50 125

Class 5 >50 >125

ICPDR Class 1 5 10

Class 2 10 25

Class 3 20 50

Class 4 50 125

Class 5 >50 >125

1.7 2.7

8.9 18.9

7.5 13.4

11.5 21.2

12.8 25.3

7.5 18.6

8.0 21.6

9.9 23.6

9.8 21.0

4.8 10.7

5.4 9.3

5.4 10.1

6.4 12.8

6.8 13.4

6.7 15.8

8.9 24.8

9.1 21.0

9.1 19.8

8.4 18.8

17.80 77.20

2.59 5.00

2.37 5.00

2.47 5.00

1.61 5.00

2.00 5.00

3.00 12.00

2.10 5.00

2.40 5.00

2.10 17.00

13.70 47.67

15.10 124.00

26.30 108.00

2.24 10.93

1.90 9.51

2.70 14.10

10.32 44.00

1.64 5.00

1.80 5.00

2.05 12.10

13.00 29.90

12.00 33.87

12.80 44.33

1.69 5.00

1.08 5.00

6.27 25.58

1523.0 2614.0

372.5 672.3

96.5 162.1

76.2 145.4

73.5 121.3

p < 0.01

Seo et al., 2010

Wei et al., 2009

Kang & Suh, 2011

All data

r = 0.90

p < 0.01

r = 1.00

p < 0.01

CODCr = 1.7142*CODMn + 10.407

r = 0.99

CODCr = 2.5333*CODMn - 1.3333

CODCr = 2.5333*CODMn - 1.3333

CODCr = 2.1928*CODMn - 0.1604

CODCr = 4.3796*CODMn - 1.8773

CODCr = 1.7137*CODMn + 8.9622

r = 1.00

p < 0.01

r = 1.00

p < 0.01

mg/L Statistics

r = 0.92

p < 0.01
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Table 12.2 Conversion of the OECD CODMn standards (std.) to CODCr standards (Buijs & Toader, 2007). Per COD 
data source (Buijs & Toader, 2007; Kang & Suh, 2011; Seo et al., 2010; Wei et al., 2009), the linear correlation 
(Table 12.1) was used to convert the OECD CODMn standards to CODCr values. These CODCr values were 

averaged to construct the CODCr standards (Table 3.2). 

 
 

 
Fig. 12.1 The CODMn and CODCr standards from Romania (Buijs & Toader, 2007) versus the COD standards 
converted in this study 

 
  

OECD std. Romania/ICPDR Seo et al., 2010 Wei et al., 2009 Kang & Suh, 2011 All data Mean

CODMn CODCr CODCr CODCr CODCr CODCr CODCr

mg/L mg/L mg/L mg/L mg/L mg/L mg/L

Class 1 <7

Class 2 7 16.3998 15.1892 28.7799 20.9581 22.4064 21

Class 3 15 36.6662 32.7316 63.8167 34.6677 36.1200 41

Class 4 20 49.3327 43.6956 85.7147 43.2362 44.6910 53

Class 5 >20



Appendix C: Physico-chemical data collected during the four sampling campaigns 
 
Table 12.3 Physico-chemical water quality data of transect n°1 along the Ganges. The measured coordinates have an accuracy of 3 m. The distance (m) of the sample locations 
was measured from the Ganga Barrage reference point using Google Earth. Red cells indicate inconsistent EC and TDS results. These results were not used in the interpretation. 
COD replicate-, i.e., R1 and R2, and average (Av.) values are presented. COD replicate one (R1) was evaluated as incorrect. Consequently, COD R1- and Av. values were not 
used in the interpretation of the results. 

 
 
Table 12.4 Physico-chemical water quality data of transect n°2 along the Ganges. The measured coordinates have an accuracy of 3 m. The distance (m) of the sample locations 
was measured from the Ganga Barrage reference point using Google Earth. COD replicate-, i.e., R1 and R2, and average (Av.) values are presented. BOD5 was measured using 
the APHA- and Oxitop methods. BLD = Below Detection Limit, ADL = Above Detection Limit. * K2.8 BOD5 replicate measurements: 1) 3 mg/L, and 2) 4 mg/L. ** K2.13 BOD5 
replicate measurements: 1) 2 mg/L, and 2) 2 mg/L. 

 
  

Distance (m) Nitrite Nitrate Ammonium Sulfate Average T BOD5

Sample n° Latitude Longitude *from Ganga barrage NO2
-
 (mg N /L) NO3

-
 (mg N /L) NH4

+
 (mg N /L) (mg PO4

3-
 /L) (mg P /L) SO4

2-
(mg/L) pH T (°C) EC (mS) TDS (ppt) T (°C) DO (mg/L) DO (%) T (°C) °C R1 (mg/L) R2 (mg/L) Av. (mg/L) (mg/L)

K1.1 26°30'23.34" 80°19'07.33" 320 0.081 1.8 1.31 0.30 0.10 34 8.72 17.7 0.38 0.19 18.5 8.45 107.3 17.2 17.8 70 116 93 -

K1.2 26°29'59.02" 80°19'17.38" 1135 0.045 0.9 0.29 0.30 0.10 28 8.52 17.8 0.37 0.19 19.5 8.64 109.3 17.4 18.2 210 85 148 -

K1.3 26°29'29.44" 80°20'08.67" 2825 0.095 1.6 0.98 0.34 0.11 25 8.42 18.1 0.44 0.20 19.6 8.69 111.4 17.6 18.4 -30 70 20 -

K1.4 26°29'19.24" 80°20'41.70" 3792 0.081 1.4 0.28 0.16 0.05 29 8.42 18.2 0.38 0.19 19.1 9.30 118.4 17.4 18.2 -110 39 -36 -

K1.5 26°29'05.41" 80°21'00.81" 4471 0.053 0.7 1.57 0.75 0.25 28 8.20 18.4 0.44 0.22 19.2 8.18 103.8 17.9 18.5 10 85 48 -

K1.6 26°28'44.13" 80°21'48.01" 6020 0.047 0.7 0.45 0.43 0.14 26 8.53 18.4 0.38 0.18 20.1 9.50 120.5 17.9 18.8 70 54 62 -

K1.7 26°28'11.91" 80°22'23.49" 7501 0.089 1.3 0.29 0.37 0.12 28 8.55 18.5 0.37 0.19 19.0 10.25 125.5 17.9 18.5 -50 39 -6 -

K1.8 26°28'00.17" 80°23'20.53" 9070 0.048 0.6 0.54 0.45 0.15 27 8.47 18.8 0.39 0.20 19.9 9.07 120.1 18.4 19.0 110 101 105 -

K1.9 26°27'15.08" 80°24'09.89" 11225 0.067 1.4 0.57 0.47 0.16 27 8.52 19.1 0.40 0.20 19.7 9.30 121.4 18.7 19.2 70 23 47 -

K1.10 26°26'20.30" 80°24'15.82" 12932 0.046 0.7 0.52 0.37 0.12 33 8.59 19.1 0.39 0.20 19.5 9.69 129.1 18.8 19.1 30 54 42 -

K1.11 26°26'09.82" 80°24'35.22" 13934 0.059 1.2 0.60 0.40 0.13 28 8.60 19.1 0.39 0.20 19.7 9.87 124.9 18.8 19.2 -30 85 28 -

K1.12 26°25'36.13" 80°25'00.54" 15269 0.043 0.8 0.30 0.36 0.12 31 8.58 19.2 0.39 0.19 19.7 9.88 129.2 18.9 19.3 130 54 92 -

K1.13 26°25'03.87" 80°25'41.54" 16787 0.041 1.0 0.56 0.38 0.13 30 8.61 19.5 0.45 0.07 19.9 9.57 126.6 19.0 19.5 110 85 98 -

K1.14 26°24'42.29" 80°26'24.13" 18107 0.042 1.0 0.84 0.41 0.14 30 8.77 19.3 0.45 0.22 19.8 9.71 123.6 18.9 19.3 270 70 170 -

Coordinates CODpH-sonde Conductivity-sonde DO-sondeOrtho-phosphate

Distance (m) Nitrite Nitrate Ammonium Sulfate Average T

Sample n° Latitude Longitude *from Ganga barrage NO2
- (mg N /L) NO3

- (mg N /L) NH4
+ (mg N /L) (mg PO4

3- /L) (mg P /L) SO4
2-(mg/L) pH T (°C) EC (mS) TDS (ppt) T (°C) DO (mg/L) DO (%) T (°C) °C R1 (mg/L) R2 (mg/L) Av. (mg/L) APHA Oxitop

K2.1 26°30'25.76" 80°19'06.66" 243 0.044 0.8 0.37 0.33 0.11 27 8.75 18.8 0.39 0.19 18.7 8.32 108.6 18.5 18.7 38 33 36 2.7 0 (BLD)

K2.2 26°29'58.65" 80°19'16.78" 1135 0.044 0.2 0.57 0.29 0.10 26 8.66 18.9 0.39 0.19 19.5 8.46 111.7 18.4 18.9 38 8 23 5.4 1

K2.3 26°29'35.54" 80°19'49.85" 2295 0.045 0.8 0.43 0.05 0.02 27 8.61 19.1 0.39 0.19 19.6 8.49 111.2 18.5 19.1 38 33 36 5.1 -

K2.4 26°29'29.62" 80°20'06.43" 2789 0.045 1.0 0.42 0.42 0.14 27 8.61 19.1 0.39 0.19 19.7 8.47 110.7 18.5 19.1 19 41 30 4.8 -

K2.5 26°29'16.57" 80°20'39.32" 3785 0.211 1.2 0.38 0.66 0.22 28 8.53 19.2 0.39 0.20 19.7 8.42 113.4 18.6 19.2 29 41 35 5.4 -

K2.6 26°29'05.53" 80°21'07.68" 4641 0.054 0.7 1.94 0.97 0.32 32 8.73 19.4 0.44 0.22 20.3 6.64 84.4 18.8 19.5 38 50 44 15.0 (ADL) -

K2.7 26°28'42.20" 80°21'48.68" 6102 0.046 0.7 0.48 0.37 0.12 26 8.61 19.3 0.38 0.19 19.2 8.67 110.0 18.7 19.1 38 25 32 6.6 -

K2.8 26°28'11.79" 80°22'23.10" 7473 0.041 0.7 0.24 0.13 0.04 27 8.74 19.6 0.38 0.19 20.2 8.84 115.7 18.9 19.6 19 33 26 6.9 3.5 *

K2.9 26°28'08.66" 80°22'57.30" 8460 0.041 0.5 0.38 0.36 0.12 27 8.75 19.5 0.38 0.19 20.4 8.86 114.3 19.0 19.6 10 33 21 7.2 -

K2.10 26°27'46.22" 80°23'53.45" 10278 0.045 0.7 0.35 0.33 0.11 26 8.78 19.8 0.38 0.19 20.0 8.84 117.6 19.0 19.6 0 33 17 7.2 -

K2.11 26°26'30.35" 80°24'07.12" 12727 0.046 0.8 0.36 0.41 0.14 28 8.75 19.9 0.38 0.19 19.4 8.33 111.8 19.1 19.5 58 50 54 5.7 -

K2.12 26°26'09.81" 80°24'35.58" 13896 0.047 0.8 0.45 0.45 0.15 27 8.82 19.8 0.39 0.20 20.3 8.37 112.5 19.3 19.8 0 0 0 7.8 -

K2.13 26°25'37.00" 80°24'59.89" 15213 0.048 0.8 0.49 0.36 0.12 29 8.88 19.8 0.41 0.20 20.8 8.61 115.3 19.3 20.0 19 50 34 6.0 2 **

K2.14 26°25'21.33" 80°25'15.68" 15864 0.051 0.7 0.56 0.44 0.15 31 8.92 20.0 0.43 0.21 20.4 8.31 109.1 19.4 19.9 19 33 26 9.3 -

K2.15 26°25'04.04" 80°25'40.64" 16740 0.048 0.7 0.78 0.19 0.06 32 8.89 20.3 0.51 0.26 20.8 8.11 108.3 19.4 20.2 0 33 17 9.6 -

K2.16 26°24'40.10" 80°26'32.87" 18367 0.052 0.9 1.17 0.25 0.08 38 8.86 20.3 0.49 0.25 20.7 7.84 102.2 19.4 20.1 0 41 21 9.3 -

BOD5 (mg/L)Ortho-phosphate CODCoordinates pH-sonde Conductivity-sonde DO-sonde
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Table 12.5 Physico-chemical water quality data of the upstream transect along the Ganges. The measured coordinates have an accuracy of 3 m. The distance (m) of the sample 
locations was measured from the Ganga Barrage reference point using Google Earth. COD replicate-, i.e., R1 and R2, and average (Av.) values are presented. 

 
 
Table 12.6 Physico-chemical water quality data of transect n°3 along the Ganges. The measured coordinates have an accuracy of 3 m. The distance (m) of the sample locations 
was measured from the Ganga Barrage reference point using Google Earth. Sample K3.10 does not have a nitrite measurement due to reagent shortage. COD replicate-, i.e., 
R1 and R2, and average (Av.) values are presented. Green cells indicate COD Av. values for which negative replicate values were replaced by zero. 

 
 
  

Distance (m) Nitrite Nitrate Ammonium Sulfate Average T BOD5

Sample n° Latitude Longitude *from Ganga barrage NO2
- (mg N /L) NO3

- (mg N /L) NH4
+ (mg N /L) (mg PO4

3- /L) (mg P /L) SO4
2-(mg/L) pH T (°C) EC (mS) TDS (ppt) T (°C) DO (mg/L) DO (%) T (°C) °C R1 (mg/L) R2 (mg/L) Av. (mg/L) (mg/L)

U1 26°37'03.07" 80°16'30.91" -14069 0.059 0.8 0.21 0.12 0.04 31 8.66 23.8 0.42 0.21 23.5 8.38 120.4 23.4 23.6 57 149 103 -

U2 26°36'33.46" 80°16'43.73" -13085 0.059 0.9 0.17 0.16 0.05 32 8.63 24.1 0.41 0.21 24.4 8.45 120.2 23.5 24.0 57 217 137 -

U3 26°35'52.16" 80°16'45.84" -11808 0.058 0.9 0.21 0.19 0.06 32 8.61 24.2 0.41 0.21 24.2 7.69 110.5 23.6 24.0 91 69 80 -

U4 26°35'01.93" 80°17'23.24" -9743 0.059 0.9 0.21 0.15 0.05 31 8.66 24.3 0.43 0.22 23.9 7.75 111.4 23.9 24.0 57 69 63 -

U5 26°34'31.47" 80°18'05.32" -8242 0.062 0.8 0.23 0.20 0.07 32 8.70 24.5 0.44 0.22 24.0 8.01 115.4 24.0 24.2 23 69 46 -

U6 26°33'26.70" 80°18'13.58" -6280 0.074 1.1 0.29 0.24 0.08 31 8.66 24.3 0.42 0.21 24.0 7.24 104.4 23.9 24.1 103 57 80 -

U7 26°32'35.45" 80°18'14.60" -4580 0.075 1.0 0.42 0.67 0.22 31 8.56 24.3 0.43 0.21 24.1 6.35 91.4 24.0 24.1 194 57 126 -

U8 26°32'00.59" 80°19'05.08" -2819 0.090 1.0 0.44 0.30 0.10 31 8.50 24.3 0.44 0.22 24.3 5.40 77.7 24.0 24.2 69 46 57 -

U9 26°31'32.09" 80°19'15.74" -1966 0.093 1.0 0.42 0.57 0.19 31 8.47 24.1 0.44 0.22 24.0 5.15 73.7 23.7 23.9 103 57 80 -

U10 26°31'05.74" 80°18'57.19" -1017 0.098 1.0 0.51 0.52 0.17 31 8.39 24.1 0.44 0.22 24.4 5.07 72.4 23.5 24.0 137 80 109 -

U11 26°30'45.39" 80°19'00.91" -383 0.101 1.0 0.55 0.43 0.14 30 8.43 24.1 0.44 0.22 24.3 4.76 68.2 23.6 24.0 69 103 86 -

CODpH-sonde Conductivity-sonde DO-sondeOrtho-phosphateCoordinates

Distance (m) Nitrite Nitrate Ammonium Sulfate Average T BOD5

Sample n° Latitude Longitude *from Ganga barrage NO2
- (mg N /L) NO3

- (mg N /L) NH4
+ (mg N /L) (mg PO4

3- /L) (mg P /L) SO4
2-(mg/L) pH T (°C) EC (mS) TDS (ppt) T (°C) DO (mg/L) DO (%) T (°C) °C R1 (mg/L) R2 (mg/L) Av. (mg/L) (mg/L)

K3.1 26°30'29.15" 80°19'06.82" 143 0.086 0.8 0.43 0.46 0.15 33 8.25 24.0 0.43 0.21 24.1 6.10 87.0 23.5 23.9 171 -21 86 -

K3.2 26°29'55.66" 80°19'19.22" 1252 0.083 0.9 0.41 0.46 0.15 28 8.22 24.1 0.43 0.21 24.1 6.06 86.6 23.6 23.9 137 35 86 -

K3.3 26°29'34.80" 80°19'51.60" 2356 0.093 0.9 0.65 0.50 0.17 33 8.13 24.2 0.44 0.22 24.1 5.75 82.2 23.7 24.0 171 7 89 -

K3.4 26°29'30.38" 80°20'10.25" 2890 0.082 0.7 0.32 0.38 0.13 31 8.25 24.5 0.42 0.21 24.8 6.35 91.2 24.0 24.4 120 7 64 -

K3.5 26°29'17.73" 80°20'39.89" 3798 0.086 0.9 0.48 0.52 0.17 33 8.14 24.5 0.44 0.22 24.7 6.15 88.4 24.0 24.4 154 35 95 -

K3.6 26°29'06.25" 80°21'11.27" 4736 0.110 1.0 0.94 0.64 0.21 33 7.84 24.7 0.46 0.23 24.9 3.65 51.7 24.3 24.6 206 35 121 -

K3.7 26°28'42.87" 80°21'48.60" 6079 0.118 1.2 0.63 0.71 0.24 33 7.92 24.8 0.44 0.22 25.1 4.40 63.6 24.4 24.8 120 64 92 -

K3.8 26°28'11.88" 80°22'23.11" 7470 0.096 1.0 0.53 0.57 0.19 31 8.13 25.0 0.43 0.21 25.1 7.20 104.4 24.5 24.9 240 -148 120 -

K3.9 26°28'05.82" 80°23'07.45" 8748 0.098 0.8 1.06 0.80 0.27 33 7.78 25.4 0.46 0.22 25.3 6.30 92.3 25.3 25.3 171 64 117 -

K3.10 26°27'54.07" 80°23'41.53" 9755 - 0.7 0.82 0.62 0.21 30 7.87 25.9 0.45 0.22 25.8 5.19 76.4 25.2 25.6 154 21 88 -

K3.11 26°27'04.61" 80°24'12.66" 11663 0.103 1.1 0.71 0.53 0.18 32 8.02 25.8 0.44 0.22 26.0 5.80 83.7 25.2 25.7 171 35 103 -

K3.12 26°26'11.14" 80°24'35.78" 13843 0.107 1.0 0.65 0.63 0.21 32 8.02 25.7 0.44 0.22 25.8 5.30 78.0 25.3 25.6 240 35 138 -

K3.13 26°25'35.77" 80°24'58.82" 15167 0.106 1.0 0.68 0.56 0.19 33 8.05 25.8 0.45 0.23 25.5 6.29 95.6 25.4 25.6 35 35 35 -

K3.14 26°25'21.49" 80°25'14.27" 15781 0.108 1.0 0.71 2.69 0.90 36 8.07 25.8 0.47 0.24 25.8 5.60 82.5 25.5 25.7 35 35 35 -

K3.15 26°25'03.38" 80°25'42.43" 16743 0.111 0.9 0.76 0.51 0.17 34 8.08 26 0.47 0.23 25.8 6.10 90.0 25.5 25.8 35 64 49 -

K3.16 26°24'39.67" 80°26'34.02" 18350 0.106 1.1 1.29 1.66 0.55 41 8.08 25.7 0.53 0.26 25.8 3.81 56.2 25.3 25.6 64 21 42 -

CODpH-sonde Conductivity-sonde DO-sondeOrtho-phosphateCoordinates
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Table 12.7 Physico-chemical water quality data of the average transect, i.e., the average of transects n° 1,2 and 3, along the Ganges. 

 
 
Table 12.7 Continued  

 
  

K1 K2 K3 K1 K2 K3 Average Std. Dev. K1 K2 K3 Average Std. Dev. K1 K2 K3 Average Std. Dev. K1 K2 K3 Average Std. Dev. K1 K2 K3 Average Std. Dev. K1 K2 K3 Average Std. Dev.

Av.1 K1.1 K2.1 K3.1 320 243 143 235 89 0.081 0.044 0.086 0.070 0.023 1.8 0.8 0.8 1.1 0.6 1.31 0.37 0.43 0.70 0.43 0.10 0.11 0.15 0.12 0.03 34 27 33 31 4

Av.2 K1.2 K2.2 K3.2 1135 1135 1252 1174 68 0.045 0.044 0.083 0.057 0.022 0.9 0.2 0.9 0.7 0.4 0.29 0.57 0.41 0.42 0.11 0.10 0.10 0.15 0.12 0.03 28 26 28 27 1

Av.3 - K2.3 K3.3 2295 2356 2326 43 0.045 0.093 0.069 0.034 0.8 0.9 0.9 0.1 0.43 0.65 0.54 0.11 0.02 0.17 0.09 0.11 27 33 30 4

Av.4 K1.3 K2.4 K3.4 2825 2789 2890 2835 51 0.095 0.045 0.082 0.074 0.026 1.6 1.0 0.7 1.1 0.5 0.98 0.42 0.32 0.57 0.29 0.11 0.14 0.13 0.13 0.01 25 27 31 28 3

Av.5 K1.4 K2.5 K3.5 3792 3785 3798 3792 7 0.081 0.211 0.086 0.126 0.074 1.4 1.2 0.9 1.2 0.3 0.28 0.38 0.48 0.38 0.08 0.05 0.22 0.17 0.15 0.09 29 28 33 30 3

Av.6 K1.5 K2.6 K3.6 4471 4641 4736 4616 134 0.053 0.054 0.110 0.072 0.033 0.7 0.7 1.0 0.8 0.2 1.57 1.94 0.94 1.48 0.41 0.25 0.32 0.21 0.26 0.06 28 32 33 31 3

Av.7 K1.6 K2.7 K3.7 6020 6102 6079 6067 42 0.047 0.046 0.118 0.070 0.041 0.7 0.7 1.2 0.9 0.3 0.45 0.48 0.63 0.52 0.08 0.14 0.12 0.24 0.17 0.06 26 26 33 28 4

Av.8 K1.7 K2.8 K3.8 7501 7473 7470 7481 17 0.089 0.041 0.096 0.075 0.030 1.3 0.7 1.0 1.0 0.3 0.29 0.24 0.53 0.35 0.13 0.12 0.04 0.19 0.12 0.07 28 27 31 29 2

Av.9 K1.8 K2.9 K3.9 9070 8460 8748 8759 305 0.048 0.041 0.098 0.062 0.031 0.6 0.5 0.8 0.6 0.2 0.54 0.38 1.06 0.66 0.29 0.15 0.12 0.27 0.18 0.08 27 27 33 29 3

Av.10 - K2.10 K3.10 10278 9755 10017 370 0.045 0.045 0.7 0.7 0.7 0.0 0.35 0.82 0.59 0.24 0.11 0.21 0.16 0.07 26 30 28 3

Av.11 K1.9 - K3.11 11225 11663 11444 310 0.067 0.103 0.085 0.025 1.4 1.1 1.3 0.2 0.57 0.71 0.64 0.07 0.16 0.18 0.17 0.01 27 32 30 4

Av.12 K1.10 K2.11 - 12932 12727 12830 145 0.046 0.046 0.046 0.000 0.7 0.8 0.8 0.1 0.52 0.36 0.44 0.08 0.12 0.14 0.13 0.01 33 28 31 4

Av.13 K1.11 K2.12 K3.12 13934 13896 13843 13891 46 0.059 0.047 0.107 0.071 0.032 1.2 0.8 1.0 1.0 0.2 0.60 0.45 0.65 0.57 0.08 0.13 0.15 0.21 0.16 0.04 28 27 32 29 3

Av.14 K1.12 K2.13 K3.13 15269 15213 15167 15216 51 0.043 0.048 0.106 0.066 0.035 0.8 0.8 1.0 0.9 0.1 0.30 0.49 0.68 0.49 0.16 0.12 0.12 0.19 0.14 0.04 31 29 33 31 2

Av.15 - K2.14 K3.14 15864 15781 15823 59 0.051 0.108 0.080 0.040 0.7 1.0 0.9 0.2 0.56 0.71 0.64 0.08 0.15 0.90 0.52 0.53 31 36 34 4

Av.16 K1.13 K2.15 K3.15 16787 16740 16743 16757 26 0.041 0.048 0.111 0.067 0.039 1.0 0.7 0.9 0.9 0.2 0.56 0.78 0.76 0.70 0.10 0.13 0.06 0.17 0.12 0.05 30 32 34 32 2

Av.17 K1.14 K2.16 K3.16 18107 18367 18350 18275 145 0.042 0.052 0.106 0.067 0.034 1.0 0.9 1.1 1.0 0.1 0.84 1.17 1.29 1.10 0.19 0.14 0.08 0.55 0.26 0.26 30 38 41 36 6

Ortho-phosphate

PO4
3- (mg P /L)

Sulfate

SO4
2- (mg/L)Sample n°

Distance (m)

*from Ganga barrage

Nitrite

NO2
- (mg N /L)

Nitrate

NO3
- (mg N /L)

Ammonium

NH4
+ (mg N /L)

BOD

(mg/L)

K1 K2 K3 K1 K2 K3 Average Std. Dev. K1 K2 K3 Average Std. Dev. K1 K2 K3 Average Std. Dev. K1 K2 K3 Average Std. Dev. K1 K2 K3 Average Std. Dev. K1 K2 K3 Average Std. Dev. K1 (R2) K2 (Av.) K3 (Av.) Average Std. Dev. K2 (APHA)

Av.1 K1.1 K2.1 K3.1 8.72 8.75 8.25 8.57 0.28 0.38 0.39 0.43 0.40 0.03 0.19 0.19 0.21 0.20 0.01 8.45 8.32 6.10 7.62 1.32 107.3 108.6 87.0 101.0 12.1 17.8 18.7 23.9 20.1 3.3 116 36 86 79 41 2.7

Av.2 K1.2 K2.2 K3.2 8.52 8.66 8.22 8.47 0.22 0.37 0.39 0.43 0.40 0.03 0.19 0.19 0.21 0.20 0.01 8.64 8.46 6.06 7.72 1.44 109.3 111.7 86.6 102.5 13.9 18.2 18.9 23.9 20.4 3.1 85 23 86 65 36 5.4

Av.3 - K2.3 K3.3 8.61 8.13 8.37 0.34 0.39 0.44 0.42 0.04 0.19 0.22 0.21 0.02 8.49 5.75 7.12 1.94 111.2 82.2 96.7 20.5 19.1 24.0 21.5 3.5 36 89 62 38 5.1

Av.4 K1.3 K2.4 K3.4 8.42 8.61 8.25 8.43 0.18 - 0.39 0.42 0.41 0.02 - 0.19 0.21 0.20 0.01 8.69 8.47 6.35 7.84 1.29 111.4 110.7 91.2 104.4 11.5 18.4 19.1 24.4 20.7 3.3 70 30 64 54 21 4.8

Av.5 K1.4 K2.5 K3.5 8.42 8.53 8.14 8.36 0.20 0.38 0.39 0.44 0.40 0.03 0.19 0.20 0.22 0.20 0.02 9.30 8.42 6.15 7.96 1.63 118.4 113.4 88.4 106.7 16.1 18.2 19.2 24.4 20.6 3.3 39 35 95 56 33 5.4

Av.6 K1.5 K2.6 K3.6 8.20 8.73 7.84 8.26 0.45 0.44 0.44 0.46 0.45 0.01 0.22 0.22 0.23 0.22 0.01 8.18 6.64 3.65 6.16 2.30 103.8 84.4 51.7 80.0 26.3 18.5 19.5 24.6 20.9 3.3 85 44 121 83 38 15.0

Av.7 K1.6 K2.7 K3.7 8.53 8.61 7.92 8.35 0.38 0.38 0.38 0.44 0.40 0.03 0.18 0.19 0.22 0.20 0.02 9.50 8.67 4.40 7.52 2.74 120.5 110.0 63.6 98.0 30.3 18.8 19.1 24.8 20.9 3.4 54 32 92 59 30 6.6

Av.8 K1.7 K2.8 K3.8 8.55 8.74 8.13 8.47 0.31 0.37 0.38 0.43 0.39 0.03 0.19 0.19 0.21 0.20 0.01 10.25 8.84 7.20 8.76 1.53 125.5 115.7 104.4 115.2 10.6 18.5 19.6 24.9 21.0 3.4 39 26 120 62 51 6.9

Av.9 K1.8 K2.9 K3.9 8.47 8.75 7.78 8.33 0.50 0.39 0.38 0.46 0.41 0.04 0.20 0.19 0.22 0.20 0.02 9.07 8.86 6.30 8.08 1.54 120.1 114.3 92.3 108.9 14.7 19.0 19.6 25.3 21.3 3.5 101 21 117 80 51 7.2

Av.10 - K2.10 K3.10 8.78 7.87 8.33 0.64 0.38 0.45 0.42 0.05 0.19 0.22 0.21 0.02 8.84 5.19 7.02 2.58 117.6 76.4 97.0 29.1 19.6 25.6 22.6 4.3 17 88 52 50 7.2

Av.11 K1.9 - K3.11 8.52 8.02 8.27 0.35 0.40 0.44 0.42 0.03 0.20 0.22 0.21 0.01 9.30 5.80 7.55 2.47 121.4 83.7 102.6 26.7 19.2 25.7 22.4 4.6 23 103 63 57

Av.12 K1.10 K2.11 - 8.59 8.75 8.67 0.11 0.39 0.38 0.39 0.01 0.20 0.19 0.20 0.01 9.69 8.33 9.01 0.96 129.1 111.8 120.5 12.2 19.1 19.5 19.3 0.2 54 54 54 0 5.7

Av.13 K1.11 K2.12 K3.12 8.60 8.82 8.02 8.48 0.41 0.39 0.39 0.44 0.41 0.03 0.20 0.20 0.22 0.21 0.01 9.87 8.37 5.30 7.85 2.33 124.9 112.5 78.0 105.1 24.3 19.2 19.8 25.6 21.5 3.5 85 0 138 74 69 7.8

Av.14 K1.12 K2.13 K3.13 8.58 8.88 8.05 8.50 0.42 0.39 0.41 0.45 0.42 0.03 0.19 0.20 0.23 0.21 0.02 9.88 8.61 6.29 8.26 1.82 129.2 115.3 95.6 113.4 16.9 19.3 20.0 25.6 21.6 3.5 54 34 35 41 11 6.0

Av.15 - K2.14 K3.14 8.92 8.07 8.50 0.60 0.43 0.47 0.45 0.03 0.21 0.24 0.23 0.02 8.31 5.60 6.96 1.92 109.1 82.5 95.8 18.8 19.9 25.7 22.8 4.1 26 35 31 6 9.3

Av.16 K1.13 K2.15 K3.15 8.61 8.89 8.08 8.53 0.41 - 0.51 0.47 0.49 0.03 - 0.26 0.23 0.25 0.02 9.57 8.11 6.10 7.93 1.74 126.6 108.3 90.0 108.3 18.3 19.5 20.2 25.8 21.8 3.5 85 17 49 50 34 9.6

Av.17 K1.14 K2.16 K3.16 8.77 8.86 8.08 8.57 0.43 0.45 0.49 0.53 0.49 0.04 0.22 0.25 0.26 0.24 0.02 9.71 7.84 3.81 7.12 3.02 123.6 102.2 56.2 94.0 34.4 19.3 20.1 25.6 21.7 3.4 70 21 42 44 25 9.3

COD

(mg/L)

pH-sonde

pH

DO-sonde

DO (mg/L) DO (%)

Average T

°CSample n°

Conductivity-sonde

EC (mS) TDS (ppt)
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Appendix D: Sisamau nala, IPC membrane permeate and Jajmau WWTP analytical results 
 
Table 12.8 Sisamau nala, IPC membrane permeate and Jajmau WWTP analytical results. Water samples had to be diluted for spectrophotometer analysis in order to not exceed 
the detection range of the instrument (DF = Dilution Factor). For two samples, i.e. ‘36 MLD out’ and ‘Irrigation channel’, the DO results represent maximum values because DO 
values decreased slowly during the measurements without stabilizing.  

 
 

Table 12.8 Continued 

  

Sample NO2
- (mg N /L) DF NO2

- (mg N /L) NO3
- (mg N /L) DF NO3

- (mg N /L) NH4
+ (mg N /L) DF NH4

+ (mg N /L) (mg PO4
3-/L) DF (mg PO4

3-/L) (mg P /L) SO4
2- (mg/L) DF SO4

2- (mg/L)

Sisamau nala 0.008 18 0.144 0.6 18 10.8 0.10 90 9.00 0.57 18 10.26 3.42 24 18 432

IPC membrane permeate 0.006 9 0.054 0.3 9 2.7 0.14 9 1.26 1.41 9 12.69 4.23 18 9 162

5 MLD in 0.004 18 0.072 0.9 18 16.2 0.33 180 59.40 0.51 18 9.18 3.06 50 18 900

5 MLD out 0.003 18 0.054 1.6 18 28.8 2.68 18 48.24 0.65 18 11.70 3.90 8 18 144

36 MLD Tannery in 0.002 9 0.018 4.0 9 36.0 0.34 900 306.00 0.43 9 3.87 1.29 26 90 2340

36  MLD Domestic in 0.004 18 0.072 1.2 18 21.6 0.33 180 59.40 0.51 18 9.18 3.06 23 18 414

36 MLD out 0.003 90 0.270 2.1 90 189.0 2.19 90 197.10 0.15 90 13.50 4.50 20 9 180

130 MLD in 0.006 18 0.108 1.6 18 28.8 0.32 180 57.60 0.69 18 12.42 4.14 26 18 468

130 MLD out 0.128 18 2.304 0.8 18 14.4 0.55 180 99.00 0.57 18 10.26 3.42 46 18 828

Irrigation channel 0.020 18 0.360 1.6 18 28.8 0.50 180 90.00 0.51 18 9.18 3.06 30 18 540

Nitrite Nitrate Ammonia SulfateOrtho-phosphate

Average T

Sample pH-sonde T (°C) EC (mS) TDS (ppt) T (°C) DO (mg/L) DO (%) T (°C) °C

Sisamau nala

IPC membrane permeate

5 MLD in 7.43 24.4 2.59 1.99 25.6 0.11 1.4 23.7 24.6

5 MLD out 7.41 26.7 3.24 1.63 27.5 0.09 1.6 25.9 26.7

36 MLD Tannery in 9.47 26.2 >20 >10 26.3 0.80 11.7 25.2 25.9

36  MLD Domestic in 7.47 25.5 2.85 1.42 26.3 0.07 1.1 24.4 25.4

36 MLD out 7.64 25.5 9.15 4.58 25.8 1.83 26.5 24.6 25.3

130 MLD in 7.94 24.5 3.19 1.60 24.9 0.11 1.6 23.9 24.4

130 MLD out 7.47 23.1 3.03 1.51 23.6 2.74 38.6 22.6 23.1

Irrigation channel 7.78 24.2 4.66 2.33 24.6 2.15 33.3 23.5 24.1

Conductivity-sonde DO-sondepH-sonde



Appendix E: Jajmau WWTP data 
The presented flow- and concentration data in Appendix E was provided by Ajay Kanaujza 
(Jajmau WWTP representative, personal communication, February 22nd 2018) during a visit to 
the Jajmau WWTP on February 22nd 2018. 
 
Table 12.9 Calculation of the pollution load (kg/d) in the effluents of the Jajmau WWTP. * Average of February 
2018. ** ‘Design’ refers to the standard flow- and concentration values of the WWTP construction plan. 

 
  

Date WWTP unit Flow (MLD) COD BOD TSS COD BOD TSS

2/02/2018

130 MLD 55.00 82 28 45 4510 1540 2475

36 MLD 25.23 613 169 178 15466 4264 4491

5 MLD 3.66 190 47 53 695 172 194

5/02/2018

130 MLD 52.00 91 31 53 4732 1612 2756

36 MLD 22.46 583 162 168 13094 3639 3773

5 MLD 3.70 196 51 58 725 189 215

7/02/2018

130 MLD 57.00 74 26 42 4218 1482 2394

36 MLD 25.80 629 188 210 16228 4850 5418

5 MLD 3.90 159 44 60 620 172 234

9/02/2018

130 MLD 57.00 67 23 36 3819 1311 2052

36 MLD 25.23 629 180 195 15870 4541 4920

5 MLD 3.80 159 49 50 604 186 190

12/02/2018

130 MLD 55.00 64 21 32 3520 1155 1760

36 MLD 23.24 537 146 154 12480 3393 3579

5 MLD 3.88 141 40 47 547 155 182

14/02/2018

130 MLD 59.00 69 22 35 4071 1298 2065

36 MLD 27.63 538 142 160 14865 3923 4421

5 MLD 3.96 145 37 42 574 147 166

Average *

130 MLD 55.83 75 25 41 4145 1400 2250

36 MLD 24.93 588 165 178 14667 4102 4434

5 MLD 3.82 165 45 52 628 170 197

Design **

130 MLD 130 - 30 50 - 3900 6500

36 MLD 36 - 175 200 - 6300 7200

5 MLD 5 - 30 50 - 150 250

Concentration effluent (mg/L) Load effluent (kg/d)
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Data provided by Ajay Kanaujza (Jajmau WWTP representative, personal 

communication, February 22nd 2018) 
 

OFFICE OF THE GENERAL MANAGER ,GANGA POLLUTION CONTROL UNIT, 

                 U.P.JAL NIGAM, KANPUR 

                   DAILY PERFORMANCE REPORT OF STP’s AND CETP 

TOWN: KANPUR 

DATE  OF REPORTING:  08/02/2018 

DATE OF SAMPLING FOR COD BOD & TSS TEST: 02/02/2018 

 
 
 
 

Sn
. 

 
Location of 

STP & CETP 
with Design 
Discharge in 

MLD 
 

 
Sewage 

Received in 
STP on 

sampling 
date in mld 

 
Influent 

 
Effluent 

 

Sludge 
Withdrawal 
(wet sludge) 

M3 
 

 
Power 
Cut on 

sampling 
date 

Any Special  
Remark 
 

  COD 
In 

Mg/l 

BOD 
In 

Mg/l 

  TSS 
In 

Mg/l 

 COD 
In 

Mg/l 

BOD 
In 

Mg/l 

    TSS 
In 

Mg/l 

 
 
1 

 
130 mld ASP 
domestic waste 
water 
Treatment  
Plant, Jajmau. 
 

 
  55.0 

 
719 
 

 
288 

 
685 

 
82 

 
28 

 
45 

 
260.0 

 
- 

 Common 
sewage 
pumping station 
closed for  6.75 
hrs due to 
unavailability of 
sewage. 

 
2 

 
36 mld UASB 
Tannery Waste 
Water 
Treatment  
Plant, Jajmau. 

Total Flow 
   25.23 

 
934 

 
386 

 
945 

 
613 

 
169 

 
178 

   
380.0 

 
- 

  
 

 
T 
7.02 

 
D 
18.21 

 
3 

 
5 mld UASB 
Domestic waste 
water 
Treatment  
Plant Jajmau. 
 

 
     3.66 

 
678 

 
265 

 
649 

 
190 

 
47 

 
53.0 

 
46.0 

 
- 

 Common 
sewage 
pumping station 
closed for  6.75 
hrs due to 
unavailability of 
sewage. 

Design Parameters 

130 mld ASP 36 mld UASB 5 mld UASB 

Influent Effluent Influent Effluent Influent Effluent 

BOD TSS BOD TSS BOD TSS BOD TSS BOD TSS BOD TSS 

300 600 30 50 500 1200 175 200 225 600 30 50 

Removal Efficiency ( %)     

        130 mld ASP 36 mld UASB 5 mld UASB 

Design Actual Design Actual Design Actual 

BO
D 

TS
S 

BO
D 

TS
S 

BO
D 

TS
S 

BO
D 

TS
S 

BO
D 

TS
S 

BO
D 

TS
S 

90 92 90 93 65 83 56 81 87 92 82 92 

  *T – Tannery Waste Water, D – Domestic Waste water  

 

               Chemist                                          PE/PM(Civil)                                      PE/PM(E/M)                         General Manager 

Ganga Pollution Control Unit          Ganga Pollution Control Unit         Ganga Pollution Control Unit         Ganga Pollution Control 
Unit 

                  Kanpur                                          Kanpur                                               Kanpur                                        Kanpur 
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OFFICE OF THE GENERAL MANAGER ,GANGA POLLUTION CONTROL UNIT, 

                 U.P.JAL NIGAM, KANPUR 

                   DAILY PERFORMANCE REPORT OF STP’s AND CETP 

TOWN: KANPUR 

DATE  OF REPORTING:  12/02/2018 

DATE OF SAMPLING FOR COD BOD & TSS TEST: 05/02/2018 

 
 
 
 

Sn
. 

 
Location of 

STP & CETP 
with Design 
Discharge in 

MLD 
 

 
Sewage 

Received in 
STP on 

sampling 
date in mld 

 
Influent 

 
Effluent 

 

Sludge 
Withdrawal 

(wet 
sludge) 

M3 
 

 
Power 
Cut on 

sampling 
date 

Any Special  
Remark 
 

  COD 
In 

Mg/l 

BOD 
In 

Mg/l 

  TSS 
In 

Mg/l 

 COD 
In 

Mg/l 

BOD 
In 

Mg/l 

    TSS 
In 

Mg/l 

 
 
1 

 
130 mld ASP 
domestic waste 
water 
Treatment  
Plant, Jajmau. 
 

 
  52.0 

 
785 
 

 
310 

 
788 

 
91 

 
31 

 
53 

 
272.0 

 
- 

 Common 
sewage 
pumping station 
closed for  6.50 
hrs due to 
unavailability of 
sewage. 

 
2 

 
36 mld UASB 
Tannery Waste 
Water 
Treatment  
Plant, Jajmau. 

Total Flow 
   22.46 

 
867 

 
349 

 
819 

 
583 

 
162 

 
168 

   
744.0 

 
- 

  
 

 
T 
5.50 

 
D 
16.96 

 
3 

 
5 mld UASB 
Domestic 
waste water 
Treatment  
Plant Jajmau. 
 

 
     3.70 

 
729 

 
294 

 
686 

 
196 

 
51 

 
58.0 

 
46.0 

 
- 

 Common 
sewage 
pumping station 
closed for  6.50 
hrs due to 
unavailability of 
sewage. 

Design Parameters 

130 mld ASP 36 mld UASB 5 mld UASB 

Influent Effluent Influent Effluent Influent Effluent 

BOD TSS BOD TSS BOD TSS BOD TSS BOD TSS BOD TSS 

300 600 30 50 500 1200 175 200 225 600 30 50 

Removal Efficiency ( %)     

        130 mld ASP 36 mld UASB 5 mld UASB 

Design Actual Design Actual Design Actual 

BO
D 

TS
S 

BO
D 

TS
S 

BO
D 

TS
S 

BO
D 

TS
S 

BO
D 

TS
S 

BO
D 

TS
S 

90 92 90 93 65 83 54 81 87 92 83 92 

  *T – Tannery Waste Water, D – Domestic Waste water  

 

               Chemist                                          PE/PM(Civil)                                      PE/PM(E/M)                         General Manager 

Ganga Pollution Control Unit          Ganga Pollution Control Unit         Ganga Pollution Control Unit         Ganga Pollution Control 
Unit 

                  Kanpur                                          Kanpur                                               Kanpur                                        Kanpur 
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OFFICE OF THE GENERAL MANAGER ,GANGA POLLUTION CONTROL UNIT, 

                 U.P.JAL NIGAM, KANPUR 

                   DAILY PERFORMANCE REPORT OF STP’s AND CETP 

TOWN: KANPUR 

DATE  OF REPORTING:  14/02/2018 

DATE OF SAMPLING FOR COD BOD & TSS TEST: 07/02/2018 

 
 
 
 

Sn
. 

 
Location of 

STP & CETP 
with Design 
Discharge in 

MLD 
 

 
Sewage 

Received in 
STP on 

sampling 
date in mld 

 
Influent 

 
Effluent 

 

Sludge 
Withdrawal 

(wet 
sludge) 

M3 
 

 
Power 
Cut on 

sampling 
date 

Any Special  
Remark 
 

  COD 
In 

Mg/l 

BOD 
In 

Mg/l 

  TSS 
In 

Mg/l 

 COD 
In 

Mg/l 

BOD 
In 

Mg/l 

    TSS 
In 

Mg/l 

 
 
1 

 
130 mld ASP 
domestic waste 
water 
Treatment  
Plant, Jajmau. 
 

 
  57.0 

 
623 

 
269 

 
673 

 
74 

 
26 

 
42 

 
388.0 

 
- 

 Common 
sewage 
pumping station 
closed for  5.75 
hrs due to 
unavailability of 
sewage. 

 
2 

 
36 mld UASB 
Tannery Waste 
Water 
Treatment  
Plant, Jajmau. 

Total Flow 
   25.80 

 
1124 

 
419 

 
1086 

 
629 

 
188 

 
210 

   
250.0 

 
- 

  
 

 
T 
7.59 

 
D 
18.21 

 
3 

 
5 mld UASB 
Domestic 
waste water 
Treatment  
Plant Jajmau. 
 

 
     3.90 

 
586 

 
270 

 
639 

 
159 

 
44 

 
60.0 

 
48.0 

 
- 

 Common 
sewage 
pumping station 
closed for  5.75 
hrs due to 
unavailability of 
sewage. 

Design Parameters 

130 mld ASP 36 mld UASB 5 mld UASB 

Influent Effluent Influent Effluent Influent Effluent 

BOD TSS BOD TSS BOD TSS BOD TSS BOD TSS BOD TSS 

300 600 30 50 500 1200 175 200 225 600 30 50 

Removal Efficiency ( %)     

        130 mld ASP 36 mld UASB 5 mld UASB 

Design Actual Design Actual Design Actual 

BO
D 

TS
S 

BO
D 

TS
S 

BO
D 

TS
S 

BO
D 

TS
S 

BO
D 

TS
S 

BO
D 

TS
S 

90 92 90 94 65 83 55 81 87 92 84 91 

  *T – Tannery Waste Water, D – Domestic Waste water  

 

               Chemist                                          PE/PM(Civil)                                      PE/PM(E/M)                         General Manager 

Ganga Pollution Control Unit          Ganga Pollution Control Unit         Ganga Pollution Control Unit         Ganga Pollution Control 
Unit 

                  Kanpur                                          Kanpur                                               Kanpur                                        Kanpur 
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OFFICE OF THE GENERAL MANAGER ,GANGA POLLUTION CONTROL UNIT, 

                 U.P.JAL NIGAM, KANPUR 

                   DAILY PERFORMANCE REPORT OF STP’s AND CETP 

TOWN: KANPUR 

DATE  OF REPORTING:  16/02/2018 

DATE OF SAMPLING FOR COD BOD & TSS TEST: 09/02/2018 

 
 
 
 

Sn
. 

 
Location of 

STP & CETP 
with Design 
Discharge in 

MLD 
 

 
Sewage 

Received in 
STP on 

sampling 
date in mld 

 
Influent 

 
Effluent 

 

Sludge 
Withdrawal 

(wet 
sludge) 

M3 
 

 
Power 
Cut on 

sampling 
date 

Any Special  
Remark 
 

  COD 
In 

Mg/l 

BOD 
In 

Mg/l 

  TSS 
In 

Mg/l 

 COD 
In 

Mg/l 

BOD 
In 

Mg/l 

    TSS 
In 

Mg/l 

 
 
1 

 
130 mld ASP 
domestic waste 
water 
Treatment  
Plant, Jajmau. 
 

 
  57.0 

 
679 

 
290 

 
685 

 
67 

 
23 

 
36 

 
306.0 

 
- 

 Common 
sewage 
pumping station 
closed for  5.75 
hrs due to 
unavailability of 
sewage. 

 
2 

 
36 mld UASB 
Tannery Waste 
Water 
Treatment  
Plant, Jajmau. 

Total Flow 
   25.23 

 
1124 

 
396 

 
978 

 
629 

 
180 

 
195 

   
136.0 

 
- 

  
 

 
T 
7.02 

 
D 
18.21 

 
3 

 
5 mld UASB 
Domestic 
waste water 
Treatment  
Plant Jajmau. 
 

 
     3.80 

 
623 

 
264 

 
615 

 
159 

 
49 

 
50.0 

 
46.0 

 
- 

 Common 
sewage 
pumping station 
closed for  5.75 
hrs due to 
unavailability of 
sewage. 

Design Parameters 

130 mld ASP 36 mld UASB 5 mld UASB 

Influent Effluent Influent Effluent Influent Effluent 

BOD TSS BOD TSS BOD TSS BOD TSS BOD TSS BOD TSS 

300 600 30 50 500 1200 175 200 225 600 30 50 

Removal Efficiency ( %)     

        130 mld ASP 36 mld UASB 5 mld UASB 

Design Actual Design Actual Design Actual 

BO
D 

TS
S 

BO
D 

TS
S 

BO
D 

TS
S 

BO
D 

TS
S 

BO
D 

TS
S 

BO
D 

TS
S 

90 92 92 95 65 83 55 80 87 92 81 91 

  *T – Tannery Waste Water, D – Domestic Waste water  

 

               Chemist                                          PE/PM(Civil)                                      PE/PM(E/M)                         General Manager 

Ganga Pollution Control Unit          Ganga Pollution Control Unit         Ganga Pollution Control Unit         Ganga Pollution Control 
Unit 

                  Kanpur                                          Kanpur                                               Kanpur                                        Kanpur 
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OFFICE OF THE GENERAL MANAGER ,GANGA POLLUTION CONTROL UNIT, 

                 U.P.JAL NIGAM, KANPUR 

                   DAILY PERFORMANCE REPORT OF STP’s AND CETP 

TOWN: KANPUR 

DATE  OF REPORTING:  19/02/2018 

DATE OF SAMPLING FOR COD BOD & TSS TEST: 12/02/2018 

 
 
 
 

Sn
. 

 
Location of 

STP & CETP 
with Design 
Discharge in 

MLD 
 

 
Sewage 

Received in 
STP on 

sampling 
date in mld 

 
Influent 

 
Effluent 

 

Sludge 
Withdrawal 

(wet 
sludge) 

M3 
 

 
Power 
Cut on 

sampling 
date 

Any Special  
Remark 
 

  COD 
In 

Mg/l 

BOD 
In 

Mg/l 

  TSS 
In 

Mg/l 

 COD 
In 

Mg/l 

BOD 
In 

Mg/l 

    TSS 
In 

Mg/l 

 
 
1 

 
130 mld ASP 
domestic waste 
water 
Treatment  
Plant, Jajmau. 
 

 
  55.0 

 
514 

 
237 

 
509 

 
64 

 
21 

 
32 

 
380.0 

 
- 

 Common 
sewage 
pumping station 
closed for  5.67 
hrs due to 
unavailability of 
sewage. 

 
2 

 
36 mld UASB 
Tannery Waste 
Water 
Treatment  
Plant, Jajmau. 

Total Flow 
   23.24 

 
816 

 
312 

 
615 

 
537 

 
146 

 
154 

   
283.0 

 
- 

  
 

 
T 
5.03 

 
D 
18.21 

 
3 

 
5 mld UASB 
Domestic 
waste water 
Treatment  
Plant Jajmau. 
 

 
     3.88 

 
543 

 
247 

 
571 

 
141 

 
40 

 
47.0 

 
48.0 

 
- 

 Common 
sewage 
pumping station 
closed for  5.67 
hrs due to 
unavailability of 
sewage. 

Design Parameters 

130 mld ASP 36 mld UASB 5 mld UASB 

Influent Effluent Influent Effluent Influent Effluent 

BOD TSS BOD TSS BOD TSS BOD TSS BOD TSS BOD TSS 

300 600 30 50 500 1200 175 200 225 600 30 50 

Removal Efficiency ( %)     

        130 mld ASP 36 mld UASB 5 mld UASB 

Design Actual Design Actual Design Actual 

BO
D 

TS
S 

BO
D 

TS
S 

BO
D 

TS
S 

BO
D 

TS
S 

BO
D 

TS
S 

BO
D 

TS
S 

90 92 91 94 65 83 53 75 87 92 84 92 

  *T – Tannery Waste Water, D – Domestic Waste water  

 

               Chemist                                          PE/PM(Civil)                                      PE/PM(E/M)                         General Manager 

Ganga Pollution Control Unit          Ganga Pollution Control Unit         Ganga Pollution Control Unit         Ganga Pollution Control 
Unit 

                  Kanpur                                          Kanpur                                               Kanpur                                        Kanpur 
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OFFICE OF THE GENERAL MANAGER ,GANGA POLLUTION CONTROL UNIT, 

                 U.P.JAL NIGAM, KANPUR 

                   DAILY PERFORMANCE REPORT OF STP’s AND CETP 

TOWN: KANPUR 

DATE  OF REPORTING:  21/02/2018 

DATE OF SAMPLING FOR COD BOD & TSS TEST: 14/02/2018 

 
 
 
 

Sn. 

 
Location of 

STP & CETP 
with Design 
Discharge in 

MLD 
 

 
Sewage 

Received in 
STP on 

sampling 
date in mld 

 
Influent 

 
Effluent 

 

Sludge 
Withdrawal 
(wet sludge) 

M3 
 

 
Power 
Cut on 

sampling 
date 

Any Special  
Remark 
 

  COD 
In 

Mg/l 

BOD 
In 

Mg/l 

  TSS 
In 

Mg/l 

 COD 
In 

Mg/l 

BOD 
In 

Mg/l 

    TSS 
In 

Mg/l 

 
 
1 

 
130 mld ASP 
domestic waste 
water 
Treatment  
Plant, Jajmau. 
 

 
  59.0 

 
529 

 
241 

 
542 

 
69 

 
22 

 
35 

 
260.0 

 
- 

 Common 
sewage 
pumping station 
closed for  5.00 
hrs due to 
unavailability of 
sewage. 

 
2 

 
36 mld UASB 
Tannery Waste 
Water 
Treatment  
Plant, Jajmau. 

Total Flow 
   27.63 

 
816 

 
326 

 
815 

 
538 

 
142 

 
160 

   
332.0 

 
- 

  
 

 
T 
9.42 

 
D 
18.21 

 
3 

 
5 mld UASB 
Domestic waste 
water 
Treatment  
Plant Jajmau. 
 

 
     3.96 

 
586 

 
251 

 
535 

 
145 

 
37 

 
42.0 

 
45.0 

 
- 

 Common 
sewage 
pumping station 
closed for  5.00 
hrs due to 
unavailability of 
sewage. 

Design Parameters 

130 mld ASP 36 mld UASB 5 mld UASB 

Influent Effluent Influent Effluent Influent Effluent 

BOD TSS BOD TSS BOD TSS BOD TSS BOD TSS BOD TSS 

300 600 30 50 500 1200 175 200 225 600 30 50 

Removal Efficiency ( %)     

        130 mld ASP 36 mld UASB 5 mld UASB 

Design Actual Design Actual Design Actual 

BO
D 

TS
S 

BO
D 

TS
S 

BO
D 

TS
S 

BO
D 

TS
S 

BO
D 

TS
S 

BO
D 

TS
S 

90 92 91 94 65 83 56 80 87 92 85 92 

  *T – Tannery Waste Water, D – Domestic Waste water  

 

               Chemist                                          PE/PM(Civil)                                      PE/PM(E/M)                         General Manager 

Ganga Pollution Control Unit          Ganga Pollution Control Unit         Ganga Pollution Control Unit         Ganga Pollution Control 
Unit 

                  Kanpur                                          Kanpur                                               Kanpur                                        Kanpur 
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Appendix F: Field protocol for the interpretation of the BBI (De Pauw & 

Vanhooren, 1983) 
 

Table 12.10 Field protocol of the Belgian Biotic Index method for biological assessment of surface-water quality in 
Belgian rivers (De Pauw & Vanhooren, 1983) 

 


