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Abstract: The Ganges, or Ganga, is a trans-boundary river of India and Bangladesh. It is the largest water
resource available to India. As a result of the increasing anthropogenic activities in the Gangetic plain, Ganga
water quality has deteriorated over years. Major efforts to clean the Ganga, named Ganga Action Plan (GAP),
in two phases, were instituted by the Government of India. Phase-I was launched in 1985 and completed in
March 2000 and Phase-II started in 1993. The main aim of GAP was the reduction of organic load on the river
through interception, diversion and treatment of wastewater reaching the river, thus maintaining the
biochemical  oxygen demand  (BOD)  and  dissolved  oxygen (DO) levels of river within the acceptable limits.
A major criticism of GAP is that the significance of river ecology has not been addressed adequately during
its conception and implementation. So the water quality of the river remains a major concern. This present study
aims at the assessment of the pollution load on the river in the geographical state of West Bengal. The total
organic  and inorganic  load  has  been  calculated.  Statistical  analysis  is performed on the water quality of
5 specific locations using one way analysis of variance.
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INTRODUCTION variations in precipitation, surface run-off, ground water

Rivers constitute the main inland water resources for effect on river discharge and subsequently on the
all civilizations on earth. They are used by people all over concentration of pollutants in river water [4].
the world for domestic, industrial and irrigation purposes. Coming to India, Ganga is the longest river basin
So, it is imperative to prevent and control the rivers here. The basin lies between East longitudes 73°30 and
pollution and to have reliable information on the quality 89°0 and North latitudes of 22°30 and 31°30, covering an
of water for effective management [1]. Since most rivers area of 1,086,000 sq km, extending over India, Nepal and
carry  off  the  municipal and industrial wastewater and Bangladesh. About 79% area of Ganga basin is in India.
run-off from agricultural land in their vast drainage basins, The basin covers 11 states viz., Uttarakhand, Uttar
they are among the most vulnerable water bodies to Pradesh, Madhya Pradesh, Rajasthan, Haryana, Himachal
pollution. The surface water quality in a region is largely Pradesh, Chhattisgarh, Jharkhand, Bihar, West Bengal
determined both by the natural processes (precipitation and Delhi.
rate, weathering processes, soil erosion) and the It is the lifeline to millions of Indians who live along
anthropogenic influences viz. urban, industrial and its course as they depend on it for their daily needs.
agricultural activities and increasing exploitation of water Millions of Ganga devotees and lovers go to the river just
resources [2, 3]. The municipal and industrial wastewater to have a holy dip, Aachman (mouthful with-holy water)
discharge constitutes the constant polluting source, and absolve themselves of sins. However, the river itself
whereas, the surface run-off is a seasonal phenomenon, is under threat from pollution that is being generated from
largely affected by climate in the basin. Seasonal many uncontrolled activities over the whole Ganga Basin.

flow and water interception and abstraction have a strong
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There are around 100 cities and towns which are located the main aim was to access the pollution load on the river
on the banks of the river. Several large, medium and small Ganga due to both industrial and domestic discharges
scale industries function very close to the river. It is the into the river. A statistical analysis has been performed to
major water source for almost all civilizations based on its find the effects of Physico-Chemical parameters of five
banks. It is a river with which the people of India are specific locations.
attached both spiritually as well as for their daily needs.

The water quality of the river has deteriorated due to MATERIALS AND METHODS
discharge of pollution load from different sources. To be
more precise, as the river Ganga runs its course along Area under Study: On its 2,510-km course in plains,
2525 km from Gangotri in the Himalayas to Gangasagar in Ganga flows southeast through the Indian states of Uttar
the Bay of Bengal through 29 Class-I cities having a Pradesh, Bihar and West Bengal. The Ganga passes
population of over 100,000, 23 Class–II cities with through some of the most populous cities of India,
population ranging between 50,000 and 100,000 and above including Kanpur, Allahabad, Varanasi, Patna and
48 towns (Class-III cities) with a population of less than Kolkata.
50,000, the river receives huge quantity of pollution load Here study area is limited to the river Ganga in the
which generates from different major sources. geographical area of the State of West Bengal as shown

The major sources of pollution of the river Ganga are in Figure 1. The study has covered a total stretch between
generally the discharge of untreated and partially treated Jangipur to Uluberia (around 387.5 km).
wastewater from cities/towns (Class I, II and III),
discharge of untreated & partially treated wastewater from Data Collections and Analytical Methods: In this study,
industries, mixing of surface runoff carrying pesticides, the large and medium scale industries based along the
insecticides,  agricultural  wastes  etc.,  discharge of river path in the study area were listed. The small scale
cattle-shed liquid waste and wallowing/bathing of cattle industries are listed in cluster. Pollution load was
in the river and mainly direct disposal of solid waste in the assessed based on the Primary data, as in drains
river or mixing of leachate from solid waste dumps [4]. discharging wastewater in river Ganga were identified by

In  order to protect the river from the contaminations, physical survey along east and west bank of river Ganga
activities relating to abatement of Ganga pollution was between Jangipur and Uluberia (387.5 km.) and Secondary
taken up by the National River Conservation Directorate data, as in qualitative assessment of river Ganga from the
under the programme GAP Phase-I and Phase-II. data taken from Government organizations like West
However, much relief has not been achieved. In this study Bengal  Pollution Control Board, Central Pollution Control

Fig. 1: Study area: The river course in West Bengal
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Board, Kolkata Municipal Development Authority, means and their associated procedures (such as
Kolkata Metropolitan Water & Sanitation Authority and "variation" among and between groups) along the river.
Public Health Engineering Department, were collected. In the present study results of the 5 Specific locations,
Assessment of performance of existing Municipal Sewage lying over a river stretch of 54.35 kms, were analyzed to
Treatment Plants (STP) of class-I and Class-II towns find the significance of the 9 assessed parameters viz.
including analysis of influent and effluent quality on pH, Total Suspended Solids, Total Dissolved Solids,
BOD, COD, Conductivity, DO, Total Coliform and Faecal Dissolved Oxygen, BOD, COD, Cl, NO3, Total Coliform
Coliform [5]. and  Faecal  Coliform based on the distance between the

Flow measurements in outfall drain during low tide 2 consecutive points. Correlations were also developed to
period were carried out. Composite analysis of wastewater find the deviation of each parameter and there
was collected during low tide period from the outfall drain. interdependency, with distance.
All parameters for qualitative analysis were done as per
standard of practice laid down in APHA standard method. RESULTS AND DISCUSSION
A preliminary survey was undertaken to assess the
approximate wastewater flow and its characteristics in Wastewaters getting discharged in river Ganga
terms of selected parameters after the reconnaissance through outfall drains were analyzed for both left and
survey. During this survey, based on the contributing right  bank.  The  total  discharge  is  shown in Table 1.
wastewater sources to a particular drain, it was also The overall waste water flow into the river through
classified as industrial, domestic or combined discharge. different outlets on both the left and right banks were
As far as possible, during the survey the wastewater flow categorized as shown in Table 2.
measurements were conducted during low tide period to The contribution of BOD and COD from exclusively
have a realistic estimate of the wastewater flow and its domestic wastewater along both left and right bank of
characteristics at that point of time on the sampling day. river Ganga has been found as 17,583.33 kg/day and

All  the  drains  discharging  wastewater in river 43,208.21 kg/day respectively. The total BOD and COD
Ganga were identified by physical survey along east and load  has  been  load   getting   discharged  through
west bank of river Ganga between Jangipur and Uluberia outfalls drains along left and right bank of river Ganga has
(387.5 km.). Composite sampling was done. Waste water been assessed as 97 MT/day and 318 MT/day as
samples were collected in two sets from different stations highlighted in Table 3 and 4.The category A has
at regular intervals along the entire length. The collected contributed around 64.87% from both left and right bank
samples were stored in acid-cleaned, high-density of river Ganga whereas about 17.56% has fallen under the
polyethylene (HDPE) bottles (1000 ml), which were category B classified based on flow. The domestic
carefully rinsed three times before use. The use of HDPE wastewater has been found around 77% based on
bottles minimizes container pollution and promotes the population  contributing  to pollution. Thus per capita
sample preservation. Water samples were carried out BOD contribution is 6.23 gm per  capita  per  day  which
immediately after collection. Samples were stored in a is less than 3 gm/capita/day. It may also be noted that per
refrigerator at4°C prior to analysis. Temperature, pH, capita average wastewater is discharged usually 100 L
conductivity, total dissolved solids were determined in whereas 30 mg/L of BOD can be discharged into the river
the field by sension5 (make: Hach Company, USA). Ganga  so  far  the  CPCB  standard  i.e. 3 gm/capita/day
Advanced Rugged Field Kit (make: Hach Company, USA) (30 mg/L x 100 L).
model no – 8505300) were used for assessment of DO, The maximum and minimum Total Coliform (TC) and
Conductivity, pH and temperature of wastewater in the Faecal Coliform (FC) of river Ganga along both left and
field.  Other  parameters  were measured using standard right bank canals have been highlighted in table 5 and
water quality procedures (American Public Health categorized A, B, C, D.
Association 1992, 1998) [6]. The reproducibility of the
analytical procedures was checked by carrying out Multivariate Statistical Techniques: One way ANOVA
duplicate analysis. The variation in result was less than has  been  used  to  statistically  analyze  9 parameters as
5% of the mean. in TSS, TDS, DO, BOD, COD, Cl, NO  at 5 specific

Chemical data were analyzed by one way Analysis of locations i.e. Jagatdal-Chandannagar, Dhobi-Srirampur,
variance (ANOVA) which is a collection of statistical Kashipur-Jagannath, Sovabazar-Bandhaghat and
models used to analyze the differences between group Ramendrasundar  Tribedi-Mazerpara,  along  the river path

3
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Table 1: Total Domestic and Industrial Discharge along the left and right bank of the river

Domestic flow (m /hr) Combined flow (m /hr) (Domestic + Industrial) Industrialflow (m3/hr) Total flow (m /hr)3 3 3

Left bank 31426.14 66310.63 97736.77
Right bank 8684.8 36765.22 45450.02

13.65 13.65

Total 40110.94 103075.85 13.65 143200.44

Table 2: Category of Waste water discharge into the river

Category Flow (m /h)3

A >3000
B >1000 <3000
C >500 <1000
D >100 <500
E <100

Table 3: Extent of Organic Pollution (Outfall category wise): BOD

River Bank Outfall category A (kg/day) Outfall category B (kg/day) Outfall category C (kg/day) Outfall category D (kg/day) Outfall category E (kg/day) Total (A+B+C+D+E)

LEFT 53733.41 14466.15 2043.55 1900.86 2221.25 74365.22
RIGHT 9112.95 2544.38 7745.95 3099.72 10.48 22513.48
TOTAL 62846.36 17010.53 9789.50 5000.58 2231.73 96878.70
% 64.87 17.56 10.10 5.16 2.30 100

Table 4: Extent of Chemical Pollution (Outfall category wise): COD

River Bank Outfall category A (kg/day) Outfall category B (kg/day) Outfall category C (kg/day) Outfall category D (kg/day) Outfall category E (kg/day) Total (A+B+C+D+E)

LEFT 196354.24 41322.40 5876.836 3926.16 3315.25 250794.886
RIGHT 42432.68 8244.10 8698.62 5359.32 2588.00 67322.72
TOTAL 238786.92 49566.50 14575.46 9285.48 5903.25 318117.61
% 75 15 4.5 2.92 1.9 100

Table 5: TC and FC in outfall drains based on categorize total flow in percentage

Category A (79.73%)

Maximum Minimum
----------------------------------------------- -----------------------------------------------------
TC FC TC FC

Left 8.0×10 2.1 × 10 4.0×10 0.8×107 7 7 7

Right 9.0x10 2.3 x 10 8.0x10 2.1x107 7 7 7

Category B (11.78%)
Left 11.0x10 5.0 x 10 2.4x10 0.8x107 7 7 7

Right 11.0x10 3.3 x 10 2.1x10 0.7x107 7 7 7

Category C (5.73%)
Left 13.0x10 2.7x 10 3.3x10 0.8x107 7 7 7

Right 13.0x10 3.3 x 10 0.13x10 0.04x107 7 7 7

Category D (2.63%)
Left 9.0x10 2.3x 10 0.5x10 0.13x107 7 7 7

Right 14x10 5.0 x 10 2.7x10 1.1x107 7 7 7

Category E (0.13%)
Left 9.0x10 3.0 x 10 0.5x10 0.17x107 7 7 7

Right 5.0x10 1.3 x 10 - -7 7

covering  a  total   river   stretch   of   54.35 kms,  using The parameters are analyzed and checked for
IBM  SPSS  Statistics  20.  The  parameters  are  checked interdependency. The mean, standard deviation, minima
for  interdependency.  The   readings   were   taken in and maxima for each parameter are calculated and are
three  specific  categories   for   each   location,   i.e.  one tabulated in Table 6.
on the left bank, one in the middle and one on the right As  the  Pearson  correlation  factor  is a measure of
bank. the  linear correlation (dependence) between two variables
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Table 6: Descriptive statistics of the water quality parameters
N= no. of samples Minimum Maximum Mean Std. Deviation

TSS 15 22.000 348.000 111.66667 95.342740
TDS 15 158.000 326.000 192.66667 39.233125
Cl 15 0.000 62.200 13.74000 13.776678
NO3 15 .440 4.680 1.05267 1.041396
DO 15 5.800 7.400 6.82000 .551880
BOD 15 1.500 3.800 2.46667 .886942
COD 15 5.000 17.000 9.53333 4.085981
TC 15 11000.000 22000000.000 2158800.00000 5757654.522460
FC 15 4000.000 17000000.000 1314466.66667 4361009.006226

Table 7: Correlations
Distance TSS TDS Cl NO3 DO BOD COD TC FC

Distance Pearson Correlation 1 .307 -.116 -.005 -.108 -.371 .099 .151 .242 .193
TSS Pearson Correlation .307 1 -.486 -.212 -.248 -.590 .604 .734 -.361 -.297* * **

TDS Pearson Correlation -.116 -.486 1 .906 .932 -.214 .166 .046 .080 .081** **

CL Pearson Correlation -.005 -.212 .906 1 .961 -.502 .415 .306 -.272 -.278** **

NO3 Pearson Correlation -.108 -.248 .932 .961 1 -.435 .399 .267 -.179 -.162** **

DO Pearson Correlation -.371 -.590 -.214 -.502 -.435 1 -.909 -.889 .370 .321* ** **

BOD Pearson Correlation .099 .604 .166 .415 .399 -.909 1 .963 -.389 -.335* ** **

COD Pearson Correlation .151 .734 .046 .306 .267 -.889 .963 1 -.393 -.340** ** **

TC Pearson Correlation .242 -.361 .080 -.272 -.179 .370 -.389 -.393 1 .978**

FC Pearson Correlation .193 -.297 .081 -.278 -.162 .321 -.335 -.340 .978 1**

*. Correlation is significant at the 0.05 level (2-tailed).
**. Correlation is significant at the 0.01 level (2-tailed).

Table 8: Analysis of ANOVA (using SPSS 20)
Sum of Squares df Mean Square F Sig.

TSS Between Groups 105211.333 4 26302.833 11.928 .001
TDS Between Groups 9005.333 4 2251.333 1.795 .206
Cl Between Groups 826.463 4 206.616 1.129 .397
NO3 Between Groups 3.945 4 .986 .878 .511
DO Between Groups 2.564 4 .641 3.771 .040
BOD Between Groups 6.420 4 1.605 3.494 .049
COD Between Groups 151.733 4 37.933 4.626 .023
TC Between Groups 271439985733333.000 4 67859996433333.300 3.522 .048
FC Between Groups 100836962400000.000 4 25209240600000.000 1.524 .268

Fig. 2: Plot of Distance vs. TSS and TDS

X  and  Y,  giving  a  value  between ±1 and -1 inclusive. distance are far from being ±1 with a maximum of -0.371 in
As the factor nears 1 the variables are said to be more case of DO, i.e. it is most linearly related to distance
closely correlated with each other. In this study as among all parameters. Thus here it can be concluded that
highlighted in Table 7 it is seen that the Pearson the parameters are not much linearly correlated to
correlation factors of the parameters with respect to distance.
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Fig. 3: Plot of Distance Vs. DO, BOD and COD

Fig. 4: Plot of Distance vs. Cl and NO3

Fig. 5: Plot of Distance vs. TC and FC

However, it is seen that the Pearson correlation of significance factor less than p  0.05 and hence can be
TDS and Cl and that of TDS and Nitrate (NO ) there are concluded that they are significant and they are directly3

very much in correlation as the Pearson correlation factor proportional with distance.
is 0.906 and 0.932 respectively. Same goes with chloride
and Nitrate  which  has a Pearson correlation of 0.961. Mean Plots with Distance: The mean plot of TSS with
This is because Chloride and nitrate are the components distance  show  that  the  concentration  of  the
of TDS. Similarly DO is found very much linearly suspended  solids  initially  decrease  but then increase,
correlated with BOD and COD and same goes for TC and this phenomena suggests that in between Sovabazaar
FC. Bandhaghat and Ramendrasundar Tribedi – Mazerpara

The parameters TDS, Cl, NO and FC have there is some discharge outlet which is discharging3

significance factor, as highlighted in Table 8, (which untreated  water  that  is  making the river water quality
should be p  0.05) more than suggested 0.05 hence these very much unfit according  to  the  Central  Pollution
return a Null hypothesis, i.e. they have no relationship Control  Board. Thus the source has to be identified and
with the distance and they vary arbitrarily along the river water has to be treated before it gets discharged into the
stretch. However the other 5 parameters have their river.
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Figure 2 shows that BOD and DO does not vary Central Pollution Control Board, Govt. of India. We are
much with distance in the particular stretch however COD grateful to the Central Pollution Control Board, Govt. of
varies which implies that there might be industrial India for confidence reposed to us for such type of
discharges between the points. research work. The author is greatly wished to thank State

Fig. 4 shows that there is a huge chloride Pollution Control Board, Govt. of West Bengal who are
concentration is getting added at point Kashipur. directly and indirectly involved in this research work and

Again Figure 5 shows that at Sovabazaar some kind have given their expertise and moral support to us. 
of discharge is causing the TC and FC concentration to
rise by huge amount. The sources are to be immediately REFERENCES
identified and action has to be taken.

CONCLUSION river Gudenna, a Danish lake-stream-estuary system,

More than  400 million  people  reside   along  the 2. Carpenter S.R., N.F. Caraco, D.L. Correll, R.W.
river Ganga in urban and rural habitations. An estimated Howarth, A.N. Sharpley and V.H. Smith, 1998.
2 million people, virtually, take bath in the river daily. Nonpoint pollution of Surface Waters with
Thus for the well beings of the civilizations based on the Phosphorous and Nitrogen, Ecol. Appl., 8: 559-568.
river  banks  the  water  quality  has  to be managed [8]. 3. Jarvie, H.P., B.A. Whitton and C. Neal, 1998, Nitrogen
The results suggest that the outlet drains that discharge and phosphorus in east coast British rivers:
waste water into the river; especially the industrial outlets speciation, sources and biological significance,
need to treat their waste water to the allowable limit before Science of the Total Environment, 210/211, 79-109.
they discharge it into the river. 4. Vega M., R. Pardo, E. Barrado and L. Deban, 1998,

The  statistical  analysis  of  the  water quality of the assessment of seasonal and polluting effects on the
5 locations i.e. Jangipur in the upstream to quality of river water by exploratory data analysis,
Ramendrasundar Tribedi - Mazerpara at the downstream Water Res., 32: 3581-3592.
suggest that the distance in between these individual 5. NEERI draft final report on Estimation of waste load
points is enough for self-purification and hence the in Hugli River from Kalyani to Diamond Harbour.
parameter could not be correlated to each other or there 6. Standard Methods  (APHA,   AWWA   &  WPCF,
might be some extra source discharge between the points 20  Edition, 1060B).
which is causing the change in parameters. The study 7. Report from Study on Assessment of Pollution Load
presents usefulness of multivariate statistical techniques in River Ganga in West Bengal, 2010, carried out by
in water quality assessment, identification and School of Water Resources, Jadavpur University,
apportionment of pollution sources/factors with a view to submitted to Central Pollution Control Board, Govt.
get better information about the water quality and design of India.
of monitoring network/strategy for effective management 8. Singh, K.P., A. Malik and S. Sinha, 2005. Water
of water resources [9]. quality assessment and apportionment of pollution

The study suggests if the pollution load on the river sources of Gomti river (India) using multivariate
keeps increasing at this alarming rate, a time will come statistical techniques- a case study, Analytica
when the river, which is now a lifeline to millions of Chimica Acta, 538: 355-374.
people, will no longer be able to serve as a water resource 9. Dixon, W. and B. Chiswell, 1996. “Review of aquatic
threatening the very existence of life that depend on it. monitor-ing  program  design,”  Water  Research,
Therefore immediate action has to be taken by the Indian 30(9): 1935-1948.
Government and the national policy makers such that the
lifeline of India keeps living and supporting life.

ACKNOWLEDGEMENT

The project “Assessment of Pollutional Load in River
Ganga in West Bengal” was awarded to the School of
Water Resources Engineering, Jadavpur University by the

1. Anderson, J.M., 1994. Water Quality management in

Hydrobiologia, 275/276, 499-507.

th


