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Abstract:  Wastewater is a complex mixture of organic and inorganic impurities, suspended solids, nutrients, saprotrophic and 
disease-causing bacteria, and other microbes. The nitrogen, an organic element, is an essential nutrient for all 
organisms, and a fundamental component of proteins and nucleic acids. Dominant forms of nitrogen include organics 
nitrogen, ammonia nitrogen, nitrite nitrogen, and nitrate nitrogen. The forms of nitrogen are altered by mechanisms 
that include assimilation, oxidation, reduction, hydrolysis, volatilization, adsorption, etc. These mechanisms mainly 
depend on physicochemical characteristics such as temperature, pH, and dissolved oxygen. The aim of this study is to 
assess the impact of the physicochemical characteristics of wastewater on nitrogen dynamics in the wastewater of 
Stormwater Flow channel (SWF), a 30 km stretch, located in Kolkata city, India, for one year period. Eight sample 
locations are selected along the SWF channel and sampling is done seasonally for one year period from December 
2018 to December 2019. The results showed that the dynamics of all forms of nitrogen, such as Org-N, NH3-N, NO2-
N, and NO3-N are strongly related to internal physicochemical characteristics changes of wastewater in the SWF 
channel. It is also observed that NH3-N dynamics are strongly dependent on temperature whereas, dynamics of NO2-N 
and NO3-N are strongly dependent on pH and dissolved oxygen levels in the wastewater. It is also observed that the 
wastewater in the SWF channel is not undergoing fully bio-treatment and not meeting the permissible limits of the 
receiving waters. And, this study only investigated the impact of the physicochemical characteristics of wastewater in 
the SWF channel using just one-year monitoring data and produced the preliminary indication of the existing state of 
the wastewater in the SWF channel. 
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1. INTRODUCTION 

Water demand in the urban agglomerates of India, like most developing countries, is increasing 
under pressure from a constant influx of migrants from the countryside looking for better 
livelihoods and job opportunities (Tacoli and McGranahan, 2015; United Nations, 2018). As a 
result, the wastewater (or sewage) discharges from these areas are also increasing which, if not 
managed suitably, may result in inflicting harmful consequences to the environment. The Central 
Pollution Control Board (CPCB, 2009) of India reports that between 1947, when the country 
became independent, and 1997 there has been a six-fold rise in wastewater generation in the Class I 
cities (population more than 1,000,000) and Class II towns (population more than 50,000) of India. 
The report also estimates that the wastewater generated in 2009 was around 38,000 million liters per 
day (MLD), of which only 35 percent was being treated. Hence, evaluating the quality of 
wastewater that is being discharged into the natural rivers, seas, and oceans has become a critical 
issue in recent years. 

Typically, domestic wastewater contains organic and inorganic impurities, suspended solids, 
nutrients, saprotrophic and disease-causing bacteria, and other microbes. Out of all, nitrogen forms 
are considered to be significant indicators to get the extent of domestic wastewater treatment (Gupta 
et. al., 2016). The nitrogen element is an essential nutrient for all organisms, and a fundamental 
component of proteins and nucleic acids. Dominant forms of nitrogen include organics nitrogen, 
ammonium nitrogen, ammonia nitrogen, nitrite nitrogen and nitrate nitrogen. The forms of nitrogen 
are altered by mechanisms that include assimilation, oxidation, reduction, hydrolysis, volatilization, 
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adsorption etc. (Saito et al., 2018). These mechanisms mainly depend on available temperature, pH, 
and dissolved oxygen (DO) (Zhou et al., 2016).  

Initially, raw wastewater contains nitrogen in the form of organic nitrogen. When the bio-
treatment started, through a process called hydrolysis, the particulate organic nitrogen begins to 
convert to ammonia or ammonium. The amount of ammonia and ammonium formed depends on the 
liquid pH and temperature. When the pH of the wastewater is acidic (<6.9) or neutral (7.0), the 
majority of the nitrogen is ammonium (NH4

+). When the pH rises to 8.0 and is increasing, the 
ammonium begins to shift in form to dissolved ammonia gas (NH3) (Prinčič et al., 1998). Further, at 
the end of biodegradation, ammonium is converted to nitrite nitrogen (Eq. 1) by aerobic bacteria 
known as Nitrosomonas and nitrite nitrogen is further converted to nitrate nitrogen (Eq. 2) by 
aerobic bacteria called Nitrobacter. The growth rates of Nitrosomonas and Nitrobacte are affected 
by the concentration of dissolved oxygen (DO) (Tallec et al., 2008). Water temperature also affects 
the rate of nitrification. Nitrification reaches a maximum rate at liquid temperatures between 30 and 
35 oC (Werker et al., 2002; Kuschk et al., 2003; Picard et al., 2005).  

𝑁𝑁𝑁𝑁3 + 1.5𝑂𝑂2−→ 𝑁𝑁𝑂𝑂2
− + 𝑁𝑁+ + 𝑁𝑁2𝑂𝑂 (1) 

𝑁𝑁𝑂𝑂2
− + 0.5𝑂𝑂2−→ 𝑁𝑁𝑂𝑂2 (2) 

Several studies have shown the impact of physicochemical properties on nitrogen dynamics with 
help of case studies. Studies of Ineson et al. (1998) revealed that temperature is the main controlling 
factor for nitrogen dynamics. Prinčič et al. (1998) studied the effects of pH and oxygen 
concentrations on nitrifying bacteria from wastewater and revealed that nitrification rate is high at 
high pH and oxygen concentrations. Zhou et al. (2015) studied the nitrogen dynamics variations in 
Jinshan Lake, China with one year monitoring data and concluded that nitrogen changes are related 
to internal variation of temperature, DO and pH. Thus, examination of effect of physicochemical 
properties on nitrogen dynamics is important and it reveals the state of water body.  

Storm water flow (channel), a 30 km stretch, is constructed during 1940’s for diverting the 
domestic wastewater and runoff, during monsoon, from pumping stations to outfall tidal creek, 
Kulti, located in Kolkata, India (Ghosh, 2005; Mukherjee, 2009). But, population pressure and 
increased wastewater loads have led to conveying the wastewater through SWF channel during all 
seasons. Importantly, the wastewater, which is conveying through SWF channel, is not undergoing 
any prior conventional treatment (Bunting et al., 2010). Hence, it is essential to monitor the 
wastewater quality in the SWF channel spatially and seasonally to check whether wastewater 
discharges to the outfall get bio-treated enough to meet the receiving water standards on its 30 km 
journey or additional treatment facilities are required. 

Therefore, the aim of this study is to assess the impact of physicochemical characteristics of 
wastewater on nitrogen dynamics in the wastewater of SWF channel for one year period, and the 
results of this study will provide the status of wastewater treatment along the SWF channel for 
further actions towards the pollution control. 

2. MATERIAL AND METHODS 

2.1 Study area 

Kolkata presently serves as the administrative headquarters of the eastern state of West Bengal 
of India (Figures 1a, b), located at approximately 22° 30´ N latitude and 88° 30´ E longitude. The 
city is situated on the eastern banks of the River Hooghly, a distributary of the River Ganges, also 
known locally as the Ganga (Bandyopadhyay, 2011; KMC, 2018). An administrative boundary by 
the name Kolkata Metropolitan Area (KMA) (Figure 1c) encompasses Kolkata and constitutes some 
portions of the five Districts of the State: Nadia, Hooghly, Haora, and North and South 24 Parganas. 
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Within this boundary lies the core region, having an area of 205 km2 and houses a population of 
44,96,894 as per 2011 census, administered by the Kolkata Municipal Corporation (KMC), as 
shown in Figure 1c, which is the authority owning and operating the drainage pumping stations 
within its purview. 

The climate of Kolkata is hot and humid. The average yearly rainfall is about 1600 mm. The 
monsoon season, between mid-June to mid-October, is recorded as having the highest rainfall. The 
maximum annual temperature is around 42 oC, sometimes falling in the month of May and the 
minimum annual temperatures hovers at around 10 oC, occurring mainly in the month of January. 
The relative humidity in the area varies from 64 to 79 % during summer, 60 to 67 % in winter and 
80 to 85 % during rainy season (Ghosh, 2005). Daily water supply to the KMC area is in the order 
of 250 liters per capita and wastewater generation from the area is estimated at around 1100 million 
liters (Biswas and Santra, 2000; KMC, 2018). 

The city is the only river port of India, situated about 120 km inland from the outfall of the River 
Hooghly at the mouth of the Bay of Bengal. The Hooghly, due to its very low longitudinal slops at 
this place, is tidal at Kolkata with a maximum water level variation of about 3 m at Kolkata port. 
The banks of the river by the city are at a slightly higher elevation than those of the hinterland, 
formed probably as a result of natural levees that have grown up over several years. The land, 
therefore, slopes to the east, away from the River Hooghly, with a general topographic elevation 
ranging between 3 m to 4 m above the mean sea level. This unique physiographic setting has forced 
the city’s internal drainage, except for a relatively narrow strip of land close to the Hooghly, to be 
directed eastward away from the river. Two parallel open drains, the 40 m wide stormwater flow 
(SWF) and the smaller, 5 m wide, dry weather flow (DWF), respectively, originate from the 
combined drainage pumping stations (Figure 1d), conveying the flows to the tidal creek Kulti, about 
30 km away from the city. Around 75 percent of the generated wastewater is transported by these 
independent channels (Mukherjee, 2009).  

 

Figure 1. Location details of SWF channel and sampling stations 

DWF channel is constructed to carry the wastewater during all seasons except monsoon, 
whereas, SWF channel is mainly meant for conveying the wastewater during monsoon along with 
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runoff. But, population pressure and increased wastewater loads have led to conveying the 
wastewater through SWF channel during all seasons without prior treatment. Hence, it is essential 
to monitor the spatiotemporal variations of wastewater quality in terms of nitrogen forms in the 
SWF channel to check whether wastewater discharges to the outfall get bio-treated enough to meet 
the receiving water standards on its 30 km journey or additional treatment facilities are required. 

2.2 Sampling collection and analysis 

Nitrogen forms such as organic nitrogen (Org-N), ammonia nitrogen (NH3-N), nitrite nitrogen 
(NO2-N), and nitrate nitrogen (NO3-N), and physicochemical properties such as temperature, pH, 
and dissolved oxygen, are considered to reflect the extent of wastewater treatment in the SWF 
channel. These are monitored on May 2019 (summer), on August 2019 (monsoon), and again on 
December 2019 (winter), seasonally, for the one-year duration at eight different locations (shown in 
Figure 1d) between the pumping stations to the tidal creek, Kulti, covering a stretch of 30 km. The 
SWF channel is trapezoidal in a section with an average bottom width of 40 m. The depths of water 
and flow velocity vary along the length but, in general, are about 2.5 m and 0.4 m/s, respectively. 
All eight samples are collected one after another along the channel's length and a depth of 50 – 
60 cm below the water surface. The collected samples are tested in one of the environmental 
engineering laboratories of the Indian Institute of Technology, Kharagpur, West Bengal, India, for 
analysis of nitrogen forms according to the procedures of the APHA standard procedures (APHA, 
1995). Temperature, pH, and dissolved oxygen (DO) are measured in situ using a multi-parameter 
probe. 

2.3 Calculations 

Linear regression analysis is done to get the correlation between nitrogen forms and 
physicochemical properties of wastewater in the SWF channel. One-way ANOVA is performed to 
get the significant differences in spatial and seasonal variation of nitrogen forms and 
physicochemical properties at a 95% confidence interval (Sawyer, 2009; Wahid et al., 2017). All 
these calculations are done using the MS Office Excel application. The standard concentration 
limits or permissible limits of the nitrogen forms, temperature, and pH (presented in Table 1) for 
releasing into the tidal creeks are considered from Indian standards by Environmental protection act 
rules (EPA, 1986). 

 
Table 1. Standard concentration limits of nitrogen forms, temperature and pH (EPA, 1986) 

Parameter Standard concentration limits 
(EPA, 1986) 

Nitrate nitrogen (mg/l) 10 
Organic-Nitrogen (Org-N) (mg/l) 50 
Ammonia nitrogen (NH3) (mg/l) 50 
Nitrite nitrogen (mg/l) 1 
pH 5-9 
Temperature ( oC) 40 

3. RESULTS 

3.1 Physicochemical properties of wastewater in SWF channel 

Physicochemical properties of wastewater in the SWF channel have shown in Figure 2. The 
seasonal temperature trends have shown that the wastewater in the SWF channel exhibits high 
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temperature, i.e. 32 oC in May, and low temperature, i.e. 21.9 oC in December. Spatial average 
temperature values are 31.5 oC, 29.8 oC, and 22.5 oC in May, August, and December, respectively. 
One-way ANOVA analysis further revealed that there have been no significant differences in 
temperature values between all eight sample locations (p > 0.05). Significant differences in 
temperature values have existed between seasons (p < 0.05). 

 

Figure 2. Spatiotemporal variations of physicochemical properties of wastewater in SWF channel 

The seasonal pH trends have shown that wastewater in the SWF channel exhibits high pH, i.e. 
7.55 in May, and low pH, i.e. 7.15 in December. Spatial trends have shown that the highest values 
of pH, i.e. 7.55 at sample location #8, 7.52 at sample location #8, and 7.53 at sample location #8 
occurred in May, August, and December, respectively. The lowest values of pH, i.e. 7.22 at sample 
location #5, 7.29 at sample location #4, and 7.15 at sample location #3 and #5 occurred in May, 
August, and December, respectively. One-way ANOVA analysis further revealed that there have 
been no significant differences in pH values between seasons (p > 0.05). But, significant differences 
in pH values have existed between all eight sample locations (p < 0.05). 

The seasonal DO trends have shown that wastewater in the SWF channel exhibits high DO, i.e. 
2.92 mg/l in December and low DO, i.e. 0.22 mg/l in August. Spatial trends have shown that the 
highest values of DO, i.e. 1.9 mg/l at sample location #8, 1.1mg/l at sample location #8, and 2.9 
mg/l at sample location #8 occurred in May, August, and December, respectively. The lowest 
values of DO, i.e. 0.31 mg/l at sample location #2, 0.22 mg/l at sample location #3, and 0.4 mg/l at 
sample location #4 occurred in May, August, and December, respectively. One-way ANOVA 
analysis further revealed that there have been no significant differences in DO values between 
seasons (p > 0.05). Significant differences in DO values have existed between all eight sample 
locations (p < 0.05). 

3.2 Spatial variation of nitrogen forms of wastewater in SWF channel 

The summary of spatial variations of all nitrogen forms of wastewater in SWF channel for one 
year period is presented in Figure 3. 

The results showed that concentration values of organic nitrogen have a good spatial variation 
trend. The trend has shown that the highest values of Org-N, i.e. 23.27 mg/l at sample location #1, 
12.34 mg/l at sample location #7, and 22.43 mg/l at sample location #1 occurred in May, August, 
and December, respectively. The lowest values of Org-N, i.e. 0.99 mg/l at sample location #5, 2.39 
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mg/l at sample location #6, and 0.29 mg/l at sample location #2 occurred in May, August, and 
December, respectively.  

Similar to Org-N, ammonia nitrogen also exhibited a good spatial trend. The trend has shown 
that the highest values of NH3-N, i.e. 26.90 mg/l at sample location #7, 18.48 mg/l at sample 
location #1, and 15.8 mg/l at sample location #6 occurred in May, August, and December, 
respectively. The lowest values of NH3-N, i.e. 2.80 mg/l at sample location #8, 0.56 mg/l at sample 
location #8, and 4.2 mg/l at sample location #2 occurred in May, August, and December, 
respectively. 

  

Figure 3. Summary of spatial variations of nitrogen forms of wastewater in SWF channel for one year period (2019) 

There are no significant differences in Nitrite nitrogen values existed between all eight sample 
locations. The highest values of NO2-N, i.e. 0.75 mg/l at sample location #8, 1.03 mg/l at sample 
location #2, and 0.01 mg/l at sample location #1 occurred in May, August, and December, 
respectively. The lowest values of NO2-N, i.e. 0.001 mg/l at sample location #2, 0.00043 mg/l at 
sample location #5, and 0.00043 mg/l at sample location #8 occurred in May, August, and 
December, respectively.  

Nitrate nitrogen exhibited a good spatial trend. The trend has shown that the highest values of 
NO3-N, i.e. 2.05 mg/l at sample location #8, 1.47 mg/l at sample location #1, and 0.80 mg/l at 
sample location #1 occurred in May, August, and December, respectively. The lowest values of 
NO3-N, i.e. 0.005 mg/l at sample location #2, 0.09 mg/l at sample location #7, and 0.05 mg/l at 
sample location #3 occurred in May, August, and December, respectively.  

3.3 Seasonal variations of nitrogen forms of wastewater in SWF channel 

The summary of seasonal variations of all nitrogen forms of wastewater in SWF channel for one 
year period is presented in Figure 4. 

The results showed that concentration values of organic nitrogen exhibited a good seasonal 
variation trend. The seasonal trends of Org-N have shown that Org-N varies in the range of 
0.987 mg/l - 23.27 mg/l, with average value of 7.69 mg/l in May, 2.39 mg/l - 12.34 mg/l, with 
average value of 6.50 mg/l in August, and 0.29 mg/l - 22.43 mg/l, with average value of 7.61 mg/l 
in December. Also, the maximum Org-N value occurred in May and the minimum value in 
December. The rank order of the average concentration value of Org-N is May > December > 
August. 



Water Utility Journal 27 (2021) 33 

 

The seasonal trends have shown that NH3-N varies in the range of 2.80 mg/l - 26.88 mg/l, with 
an average value of 13.77 mg/l in May, 0.56 mg/l - 18.48 mg/l, with an average value of 9.11 mg/l 
in August, and 4.20 mg/l - 15.82 mg/l with an average value of 9.42 mg/l in December. Also, the 
maximum NH3-N value occurred in May and the minimum value in August. The rank order of the 
average concentration value of NH3-N is May > December > August. 

 

Figure 4. Summary of seasonal variations of nitrogen forms of wastewater in SWF channel for one year period (2019) 

The seasonal trends have shown that NO2-N varies in the range of 0.001 mg/l - 0.77 mg/l, with 
average value of 0.07 mg/l in May, 0.00043 mg/l - 1.03 mg/l, with average value of 0.19 mg/l in 
August, and 0.00043 mg/l - 0.01 mg/l, with average value of 0.001 mg/l in December. Also, the 
maximum NO2-N value occurred in August month and the minimum value in both December and 
August. The rank order of the average concentration value of NO2-N is August > May > December. 

Concentration values of nitrate nitrogen also exhibited a good seasonal variation trend. The 
seasonal trends have shown that NO3-N varies in the range of 0.005 mg/l -2.05 mg/l, with average 
value of 0.23 mg/l in May, 0.09 mg/l - 1.47 mg/l, with average value of 0.52 mg/l in August, and 
0.05 mg/l - 0.80 mg/l, with average value of 0.25 mg/l in December. Besides, the maximum NO3-N 
value occurred in May month and the minimum value in December. The rank order of the average 
concentration value of NO3-N is August > December > May. 

3.4 Correlation between nitrogen form and physicochemical properties of wastewater in SWF 
channel 

The summary of the correlation between nitrogen forms and physicochemical properties of 
wastewater in the SWF channel is presented in Table 2.  

 
Table  2. Summary of the correlation between nitrogen forms and physicochemical properties of wastewater in the SWF 

channel in one year period (2019) 

Parameter Org-N NH3-N NO2-N NO3-N Temperature pH DO 
Org-N 1      
NH3-N -0.337 1      
NO2-N 0.129 -0.574 1     
NO3-N 0.234 -0.345 0.606 1    
Temperature -0.219 0.613 -0.027 0.176 1   
pH 0.034 0.073 0.440 0.271 0.195 1  
DO 0.113 -0.564 0.966 0.744 -0.248 0.459 1 
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The correlation matrix showed that NH3-N has a positive strong correlation with temperature and 
negative relation with DO. NO2-N and NO3-N both have a strong positive correlation with DO.  

3. DISCUSSION 

Nitrogen forms act as an indicator to get the level of wastewater treatment. Initially, the 
wastewater contains nitrogen in the form of organic nitrogen. When bio-treatment gets started, the 
organic nitrogen changed to ammonia nitrogen from then to nitrate nitrogen and finally turned into 
nitrate nitrogen. These forms are dependent on physicochemical properties such as temperature, pH, 
and DO.  

In this study, nitrogen forms and physicochemical properties of wastewater in the SWF channels 
revealed that all nitrogen forms, except NO2-N, exhibited strong spatial variations. The highest 
amount of nitrogen in the form of Org-N is observed at sample location #1, because this location is 
near the Chowbhage pumping station, shown in Figure 1d. From location #2 to #6, the 
concentration of Org-N has been reduced with increasing concentration of NH3-N. At location #7, 
the sudden rise of Org-N concentration is observed due to the presence of the lateral source of 
domestic raw wastewater. The conversion of Org-N into NH3-N is strongly dependent on the 
temperature and pH of wastewater in the SWF channel at that location. The pH and temperature of 
wastewater in the SWF channel are in the range of 7.1 - 7.4 and 21.9 oC - 32 oC, which are suitable 
for the hydrolysis process. NH3-N has a positive correlation with the temperature and pH of 
wastewater in the SWF channel. Further, the conversion processes of NH3-N to NO2-N to NO3-N 
are very slow along the channel due to the lack of sufficient DO in the SWF channel's wastewater. 
Aerobic bacteria such as Nitrosomonas (converts the NH3-N to NO2-N) and Nitrobacter (converts 
the NO2-N to NO3-N) required a minimum of 2.0 mg/l of DO for the nitrification processes (Tanner 
et al., 2002; Sekiranda et al., 1997).  

Furthermore, NO2-N and NO3-N in the wastewater of the SWF channel have a positive 
correlation with DO. But, DO in the SWF channel's wastewater have less than 2.0 mg/l 
concentration in summer and monsoon seasons due to a negative correlation between the DO and 
temperature. The DO concentration has been increased from sample location #1 to #8, and it 
reached more than 2.0 mg/l at location #8 in the winter season which results in the sudden rise in 
NO2-N at location #8. Overall, the differences in the spatial distribution of all nitrogen forms are 
strongly correlated with differences in the spatial distribution of physicochemical properties of 
wastewater in the SWF and external lateral sources. 

It is also observed that nitrogen forms and physicochemical properties of the wastewater in the 
SWF channel exhibited good seasonal variations. The concentration values of Org-N are low in the 
monsoon season compared to both summer and winter seasons, due to the dilution of wastewater in 
the SWF channel with runoff. The high concentration values of NH3-N are observed in the summer 
season and low concentrations are in the winter season due to the positive correlation between the 
NH3-N and temperature. The concentrations of NO2-N and NO3-N are observed high in the 
monsoon season due to dilution of wastewater and low in the summer season due to the less DO in 
wastewater. 

From this one year of study, it is observed that the wastewater in the SWF channel is not 
undergoing fully bio-treatment and not meeting the permissible limits (shown in Table 1) of the 
receiving waters. The main reasons are the lack of sufficient DO in the wastewater throughout the 
channel and the presence of lateral sources near the outfall of the SWF channel. And, this study 
only investigated the impact of the physicochemical characteristics of wastewater on nitrogen 
dynamics in the SWF channel using just one-year monitoring data and produced the preliminary 
indication of the existing state of the wastewater in the SWF channel. Further research needs to be 
carried out to reveal conversion mechanism between nitrogen forms to longer timescales in the 
SWF channel.  
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4. CONCLUSIONS 

Stormwater flow (SWF) channel, a 30 km stretch, is made for conveying the runoff and domestic 
wastewater from urban areas of Kolkata, India, into outfall tidal creek, Kulti, during monsoon 
seasons But, population pressure and increased wastewater loads have led to conveying the 
wastewater through SWF channel during all seasons. Importantly, the wastewater, which is 
conveying through the SWF channel, is not undergoing any prior conventional treatment. Hence, 
spatiotemporal variations of wastewater quality in terms of nitrogen forms are studied for the SWF 
channel for one year period to check whether wastewater discharges at the outfall get bio-treated 
enough to meet the receiving water standards on its 30 km journey or additional treatment facilities 
are required. 

In summary, one year period of results shown that the spatiotemporal variations of all forms of 
nitrogen, such as Org-N, NH3-N, NO2-N, and NO3-N, are strongly related to internal 
physicochemical characteristics changes of wastewater in the SWF channel and external lateral 
sources. It is also observed that the wastewater in the SWF channel is not undergoing fully bio-
treatment and not meeting the permissible limits of the receiving waters. The main reasons are the 
lack of sufficient DO in the wastewater throughout the channel and the presence of lateral sources 
near the outfall of the SWF channel.  

Overall, this study only investigated the impact of the physicochemical characteristics of 
wastewater on nitrogen dynamics in the SWF channel using just one-year monitoring data and 
produced the preliminary indication of the existing state of the wastewater in the SWF channel. For 
management decisions, further research has to be carried out to longer timescales in the SWF 
channel. 
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