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Abstract: Biosphere consist water in various forms of which oceans contain 97%. Remaining 3% is 
divided between glaciers, polar caps and rivers. A minute quantity (0.6%) is present in rivers. 
Although a small quantity, it is the major and substantial source for domestic, irrigation, industrial 
and daily activities. The quality of water is in great demand and hence need to be determined 
before its use. Water Quality Index is one of the factors for determining quality of any particular 
water bodies. One such study was carried at Erai River during monsoon to determine the WQI of 
the river. Prerequisite to WQI, physico-chemical properties of Erai River were determined and the 
work has been already published. This paper aims to determine WQI of the Erai River and the 
results showed that the WQI of Erai River was of fair quality (below average) during monsoon 
2020. Samples were collected from five different locations of Erai River for a period of two months 
(July – August) and based on the test results WQI was determined. Direct consumption of such 
quality of water can cause serious threat to aquatic lives as well as to humans.  
Keywords: WQI, Water quality, Physico-chemical properties, Erai River, Monsoon. 
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INTRODUCTION 
 

The Erai River is located in the Chandrapur 
district of Maharashtra. The latitude and 
longitude of the river are 19°57'31.67"N and 
9°16'37.18"E respectively at its center. It is one 
of the tributaries of Wardha River (the major 
river in the district which further joins Godavari 
in the south). The Erai River has continuously 
remained in high demand as a major part of the 
people in and around the city depends on it for 
their daily activities. The companies located 
inside the city also withdraw a huge amount of 
water from the river for their production. The 
Municipal Corporation of the city discharges 
untreated sewage directly into the river which 
has caused serious water pollution. Also the 
partially treated wastewater from the factories 
is discharged into the river. Such continuous 
attempts have deteriorated the quality of water 
making it unsuitable for drinking and 

decreasing the life span of aquatic organisms. 
To assess the quality of water during monsoon 
(July – August), a study was conducted at the 
Erai River and various physico-chemical 
parameters of water were estimated through 
laboratory testing. Further, the Water Quality 
Index of the Erai River was determined to 
check the quality of water and threats due to 
the pollution level. To determine the WQI, a 
certain parameters among those tested were 
taken and based on that calculations were 
carried. The result obtained was a number 
which directly reveals the quality of water. 
 

Main objectives of the study were (i) to 
study the impact of lockdown on water quality 
of major rivers due to restriction of activities in 
the country, (ii) to compare the water quality of 
major rivers during pre-lockdown (March 2020) 
and lockdown period (April 2020), and (iii) to 
assess water quality of major rivers for 
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compliance to the parameters prescribed under 
Primary Water Quality Criteria for Outdoor 
Bathing. 
 

The Water Quality Index (WQI) is one of the 
valuable methods used to determine the quality 
of water in terms of a dimensionless number. It 
represents the physical, biological and 
chemical properties of water with a two-digit 
number. It has a scale ranging from 0-100 
which distinguishes the quality of water and 
based on the result, it becomes easy to design 
a suitable type of water treatment. Table 1 
below shows the scale rating range. The 
objective of this study is to establish the water 
quality status of the river for all seasons of a 
year. The results obtained could provide a 
base-line data for designing a suitable remedial 
action plan. 

Table 1: WQI Scale Rating 
Water Quality Index Scale Color 

91-100 Excellent water quality  

71-90 Good water quality  

51-70 Medium or average 
water quality 

 

26-50 Fair water quality  

0-25 Poor water quality  
 

EXPERIMENTAL 
   

a) Physico-chemical parameters: The 
following parameters of Erai River were 
evaluated for physico-chemical analysis of 
water quality as per standard protocol 
(Shende & Rathoure, 2020) to calculate the 
water quality index: 
 Rainfall  Temperature 

 pH  Calcium  

 Alkalinity   Color 

 Conductivity  Turbidity 

 Hardness  Taste 

 TDS  Odor 

 Chlorides  DO 

 Nitrates  BOD 

 Phosphates  COD 

 Sulphates  Free CO2 

 Fluoride  

b) Samples and sampling sites: The 
samples were collected from five different 
locations of Erai River. The tests were 
performed following the standard method 
of APHA. The sampling stations were 
selected based on the criteria of incoming 
load in to the river due to population 
density, industrial areas as well as human-
induced activities and also ease of their 
collection. Many regions within 10 km 
buffer zone were dense forest and hence 
there was no human settlement resulting 
into less discharge. The total distance of all 
sampling stations was 23.3 km. The first 
sampling station (S1) was the starting point 
of the path upstream and located near 
Datala road, approx. 6.7 km from Erai 
River. The second station (S2) was near 
Wadgaon Bridge, located 2.9 km from Erai 
River. The third sampling station (S3) was 
7.9 km downstream of Erai River near 
Balaji Ward (Bimba Gate), the fourth 
station (S4) was taken near son chafa 
mahadev mandir (charwat gaon) 12.3 km 
downstream, and the last and fifth station 
(S5) was at the Hadasti village 16.6 km 
from Erai River (the point from where the 
Wardha River flows towards Erai River). 
The Google earth image of study area map 
is depicted in figure 1. The latitudes and 
longitudes of stations are mentioned in 
table 1. 
WQI Calculation: The formula to calculate 
WQI is as follows: 
 p 

∑ Wili 
i=1 

where, Wi = weight of each water 
parameter 
li = sub-index of water quality parameter 
p = number of parameters 

 

Table 2: Latitude and Longitude of five stations 

Stations Latitude Longitude Remarks 

S1 20° 1'8.77"N 79°15'51.22"E Upstream 

S2 19°59'44.00"N 79°15'52.62"E Upstream 

S3 19°56'13.75"N 79°17'9.36"E Downstream 

S4 19°54'56.53"N 79°17'26.86"E Downstream 
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S5 19°52'37.63"N 79°18'11.38"E Downstream 

Confluence Point  19°52'31.24"N 79°18'10.30"E 
Confluence point Wardha & Erai 

River at village Hadasti 
 

RESULTS AND DISCUSSION  
 

The WQI of five stations is given in table 3. 
From the result, the average value of river 
water was 34.10 which confirm that the water 
quality was of medium or average quality. This 
was due to the surface runoff during the 
monsoon which results into more solid content 

and also direct release of domestic sewage 
and industrial effluent.  

Table 3: WQI Results of 5 stations 
Station WQI Range 

1 51.24 

2 51.34 

3 21.78 

4 22.5 

5 23.64 

Average range – 34.10 
 

 

Figure 2: Graphical representation of physico-chemical parameters used to calculate WQI 

                                 
Figure 3. WQI of Erai River in Monsoon Season (2020) 

 

Assessment of Impact of Major Rivers 
during lockdown (April 2020 – June 2020) 
The COVID-19 global pandemic, caused by the 
novel coronavirus, is considered to be one of 
the most virulent diseases to have afflicted 
humankind. With infections rising swiftly and no 
vaccine/treatment formulated, most nations had 
called for immediate and widespread 
lockdowns to curb the virus transmission. As 
human activities were restricted due to the 
lockdown, most of the activities took a long 
pause. Such restrictions were also implied on 

industries, resulting into minimum discharges in 
most of the areas. Also, lockdown period 
offered a unique situation to carryout 
assessment of water quality of surface water 
bodies including major rivers in the Country as 
it provides an opportunity to re-comprehend 
and redesign existing frameworks and put in 
place robust mechanism to cleanse identified 
polluted river stretches. Therefore, Central 
Pollution Control Board (CPCB) in association 
with the State Pollution Control Boards 
(SPCBs)/Pollution Control Committees (PCCs) 
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have made an attempt for assessment of 
impact of lockdown on water quality of major 
rivers. Accordingly, a total of 20 State Pollution 
Control Boards (SPCBs) form the country 
participated in the assessment. The samples 
were collected from 19 major rivers and 
analyzed for the parameters i.e., pH, Dissolved 
Oxygen (DO), Biochemical Oxygen Demand 
(BOD), Fecal Coliform (FC). The results 
obtained were compared with the Primary 
Water Quality Criteria for Outdoor Bathing 
notified under Environment (Protection) Rules, 
1986. SPCBs/PCCs faced a major constraint 
while carrying out sampling as all the existing 
monitoring locations under NWMP could not be 
monitored due to lockdown. The water quality 
monitoring network comprises 4111 locations 
which include surface and groundwater in 28 
States and 8 Union Territories. Among these, 
2021 locations were monitored on rivers under 
NWMP.  

 

The frequency of monitoring was 1/12th, 
1/4th, 1/2th and for a year basis depending on 
the type of water body, seasons and the 
location. SPCBs/PCCs have carried out 
analysis of collected water samples at 
laboratories of respective SPCBs/PCCs or 
National Accreditation Board for Testing and 
Calibration Laboratories (NABL) accredited or 
laboratories approved under the Environment 
(Protection) Act, 1986. The test results showed 
improvement in water quality w.r.t Primary 
Water Quality Criteria for Outdoor Bathing in 7 
rivers i.e., Brahmani (from 85 % to 100% 
increase in compliance to the bathing criteria 
limits), Brahmaputra (from 87.5 % to 100 % 
enhancement in compliance to the criteria 
limits), Cauvery ( marginal improvement from 
90.5 % to 96.97 %) , Godavari (from 65.8 % to 
78.4 % increase in compliance), Krishna (from 
84.6 % to 94.4 % improvement in compliance), 
Tapi (improved compliance from 77.8 % to 87.5 
%) and Yamuna (from 42.8 % to 66.67 % 
increase in compliance) which may be 
attributed to (i) a drop in the industrial effluent 
discharges due to closure of almost all 
industries. (ii) No disposal of worshipped puja 
materials and garbage by humans (iii) No 
activities such as river bathing, cloth washing, 
vehicle and cattle washing, no pilgrimage 

activities etc. during lockdown phase and (iv) 
The reduction in biological contamination in 
surface water bodies by cattle due to no 
movement.  
 

There was no improvement in water quality 
in five rivers during the lock down period i.e., 
Beas (reduced from 100 % to 95.45 %), 
Chambal (from 75 % to 46.15 % reduction in  
compliance to the criteria limits), Ganga (from 
64.6 % to 46.2 % reduction in compliance to 
the criteria limits), Sutlej (from 87.1 to 78.3% 
reduction in % compliance) and Swarnarekha 
(from 80 % to 53.33 % reduction in % 
compliance) which may be attributed to (i) no 
reduction in discharge of untreated or partially 
treated sewage; (ii) increase in pollutant 
concentrations levels due to negligible dry 
season flow; and (iii) no fresh water discharges 
from the upstream. Again 6 rivers showed cent 
percent compliance during lockdown w.r.t 
Primary Water Quality Criteria for Outdoor 
Bathing (i.e., river Baitarani, Brahmani, 
Brahmaputra, Mahanadi, Narmada and 
Pennar) which may be attributed to presence of 
sufficient infrastructure for managing sewage in 
the catchment of the respective river bodies 
and might had adequate dilution. 
 

Comparison of WQI of Erai River with other 
Rivers in the State 
I. Water Quality of River Basin in 

Maharashtra State 
In Maharashtra, nearly 1821 considerable large 
dams are located on the river basins of 
Krishna, Godavari, Narmada and Tapi. The 
45% water resources of Maharashtra state is 
mainly from rainy season specific rivers which 
starts from the Western Ghats and ends in the 
Arabian Sea. But this water is not fully utilized 
because the height of Western Ghats is 600 
meters above the sea level. Currently there are 
nearly 11000 rural and 389 urban schemes for 
water supply as well as 26 schemes for 
sewerage in urban areas of the state. In 
Maharashtra, the water quality testing is 
monitored by state nodal agency Maharashtra 
Pollution Control Board (MPCB). A routine 
monitoring is carried out at 294 stations which 
include 176 rivers, 36 sea creek, 66 
groundwater and 12 nallahs. MPCB has 
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designed and maintained an infrastructure for 
monitoring 44 parameters including field 
observations, general as well as core 
parameters and trace metals. The frequency of 

water samples monitoring is monthly and six 
monthly for surface and ground water stations 
respectively. The annual average WQI of 
Godavari basin is presented table below-

Sub-basin Name of Rivers 

Category wise number of WQMS 

Good to 
Excellent 

Medium to 
Good 

Bad 
Bad to Very 

Bad 
Dry Total 

Wardha Wardha, Penganga - 11 1 - - 12 

Weinganga Kolar, Kanhan, 
Weinganga 

3 8 - 4 - 15 

 

II. Determination of WQI of Wardha River 
near Kaundyanapur 

Kaundyanapur is one of the villages in 
Amravati district of Maharashtra. Wardha River 
passing through this village is believed as a 
figure of purification by Hindus and believes in 
dumping the ashes of cremated bodies into it 
and taking a holy dip in the river as a sign of 
purity. It is famous historical place for 
Rukminidevi Mandir built along the bank of 
Wardha River. This river has remained under 
constant threat due to pollution caused by 
discharges of ashes of dead bodies, wastes 
generated during pilgrimage and fair organized 
by the people every year and also agricultural 
runoff, cattle grazing, fecal contamination, 
washing of cloths and vehicles. For calculation 
of WQI, selection of parameters is an utmost 
responsibility. Selecting many parameters 
could enlarge the water quality index and 
importance of each parameter depends on its 
use. Eight physicochemical parameters such 
as pH, total alkalinity, Dissolved oxygen (DO), 
BOD, COD, total solids, total hardness and 
nitrate were considered for calculating WQI. 
The WQI was calculated using weighted 
arithmetic index method (Brown et al.,1972, 
Bhadja et al., 2013). 
 

qn= 100[(Vn- Vio) / (Sn- Vio)] 

Where qn = quality rating for the nth water 
quality parameter 
Vn = estimated value of the nth parameter at a 
given sampling station 
Sn = standard permissible value of nth 
parameter  
Vio = ideal value of nth parameter in pure water 
Ideal value in most cases for Vio = 0 (except for 
pH and dissolved oxygen).  
The calculation of quality rating for pH and DO 
(Vio ≠ 0) was 7.0 and 14.6 mg/l respectively. 
Unit weight was determined from a value that 
was inversely proportional to the recommended 
standard values (Sn) of the corresponding 
parameters. 
Wn = K/Sn  
Where Wn = Unit weight for nth parameter  

Sn = Standard value for nth parameters  
K = Proportionality constant 

Further, the total water quality index was 
determined by aggregating the quality rating 
with the unit weight linearly. 

W.Q.I. = ΣqnWn/ ΣWn 
On the basis of water quality status, the 
suitability of river water was analyzed (Chatterji 
and Raziuddin, 2002). Seasonal variations of 
physico-chemical parameters of Wardha River 

water (Kaundyanapur). 

S.No. Parameters Winter season Summer Season Monsoon Season 

1 pH 8.5 8.775 8.487 

2 Total Hardness 219 219 215.375 

3 Total Alkalinity 358.5 357.5 356.25 

4 Nitrate 6.37 6.55 6.033 

5 Dissolved oxygen 6.9 6.9 7.05 

6 BOD 2.91 3.0 2.975 

7 Total Solids 412 415.5 413 

8 COD 8.95 9.05 9.187 

WQI 259.30 103.66 117.06 

The WQI values of Wardha River passing by 
kaundyannapur are above 100 which indicates 

that the Wardha River was not suitable for 
drinking. The pollution was due to the disposal 
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of ashes in river, floral wastes, domestic 
sewage, agricultural runoff, fecal 
contamination, cattle grazing, washing of 
cloths. Therefore, people in these areas have 
high potential risk of contracting water borne 
diseases if they use this river water for drinking. 
Therefore, it was recommended not to use the 
river water for domestic without prior treatment. 
III. Water Quality Index of the Wainganga 

River, Bhandara, Maharashtra, India 
River Wainganga is one of the tributaries of 
River Godavari flowing towards southern 
part of India. The surface water quality 
index assessment of River Wainganga was 
analyzed as per the procedure provided by 
Bureau of Indian standards, Union Health 
Ministry, Government of India & Indian 
Council of Medical Research. A total of 
eighteen samples were collected from 
drainage and sub-drainage of River 
Wainganga to perform the test and obtain 
the results to calculate WQI. From the 
various parameters tested, Iron was found 
to be beyond limit (i.e., 169.9 mg/L).  The 
method used to calculate WQI was Brown 
weighted arithmetic method. Further water 
quality rating (qn) was calculated using the 
following expression: 

qn = 100 [vn –vio ]/ [ sn –vio ] 
where, qn = Quality rating for the nth 
parameter at given sampling station 

vn = Estimated value of nth 
parameter at given sampling 
station 

Sn = Standard permissible value of 
the nth parameters 

vio = Ideal value of the nth 
parameters in pure water 

The unit weight was calculated by a value 
inversely proportional to the recommended 
standard value (Sn) of the corresponding 
parameter.  
Wn= k/Sn  
where Wn = Unit weight of the parameters 

Sn = Standard permissible value of 
the nth parameters 

k = Constant for proportionality 
The overall WQI was calculated by 
aggregating the quality rating (qn) with the 
unit weight linearly.  
WQI = Σ qnwn / Σ wn  
where wn = Unit weight of the parameters &  

qn = Quality rating for the nth 
parameter at given sampling station. 

S.No. Parameters Observed 
Avg. values 

Standard 
values (Sn) 

Unit weight 
(Wn) 

Quality 
rating (qn) 

Wn X qn 

1.  Iron 30.18 0.3 0.90959 10060 9150.475 

2.  Color 3.333 5 0.05457 66.66 3.67636 

3.  pH 7.84 6.5-8.5 0.03898 56 2.18288 

4.  EC 450 300 0.00091 150 0.1365 

5.  TDS 306.66 500 0.00054 61.332 0.033119 

6.  Alkalinity 180.11 120 0.00136 150.09166 0.204125 

7.  Turbidity 111.22 5 0.05457 2224.4 121.3855 

8.  Total hardness 210.44 300 0.00091 70.146666 0.063833 

    =1.0614 =128383.63 =9278.119 

Water Quality Index = ∑qnwn / wn = 8741.150148 
 

IV. Water quality assessment of Kham 
River, Aurangabad, Maharashtra 

Kham River is one of the major rivers in 
Aurangabad city. Water Quality Index of the 
river was carried for a period of ten months to 
assess the quality and to obtain WQI of the 
Kham River. Major water quality parameters 
were considered and WQI was calculated using 
modified Mishra and Tiwari method as well as 
weighted arithmetic mean method. The results 
obtained showed that the Kham River was 

heavily polluted due to direct discharge of 
industrial and domestic sewage. The DO was 
very low and hence BOD and COD values 
were beyond permissible limits. The range was 
beyond 100 mg/l and 200 mg/l respectively. 
The electrical conductivity was very high due to 
presence of highly dissolved solids. WQI using 
modifies Mishra and Tiwari method was as 
follows: 
Factors having higher permissible limits were 
less harmful as they can harm river water when 
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present only in very high quantity. Hence, 
weightage of factor gives inverse relationship 
with its permissible limits.  
Therefore Wi = k/Si  
Where, k = constant of proportionality  

Wi = unit weight of factor  
Si = maximum permissible limits as 

recommended by Indian Council 
of Medical Research / Public 
Health Environmental 
Engineering Organization  

Values of k were calculated as: K= 
1/∑(1/Si)  
Rating scale was prepared for each parameter. 
The rating varies from 0 to 100 and was divided 
into five intervals. The rating Vr = 0 implied that 
the parameter present in water exceeds the 
standard maximum permissible limits and water 
is severely polluted. Vr= 100 implied that the 
parameter present in water has the most 
desirable value. The other ratings fallen 
between these extremes i.e., Vr = 40, Vr = 60 
and Vr = 80 standing for excessively polluted, 
moderately polluted and slightly less polluted 
respectively.  
 

Essentially, a WQI is a compilation of a number 
of parameters that can be used to determine 
the quality of a river. The parameters involved 

in the WQI were pH, Dissolved Oxygen, 
Electrical Conductivity, Total Dissolved solids, 
Total alkalinity, Total Hardness. The numerical 
value was then multiplied by a weighting factor 
that is relative to the significance of the test to 
water quality. The sum of the resulting values 
was added together to arrive at an overall 
water quality index.  
WQI = ∑Wi x Vr (WQI is equal to the product of 
rating (Vr) and unit weight (Wi) of all the 
factors).  
Wi x Vr = Wi(pH) x Vr(pH) + Wi(DO) x Vr(DO) + 
Wi(EC) + Vr (EC) + Wi(TDS) x Vr(TDS) + 
Wi(Total Alkalinity) x Vr(Total Alkalinity) + 
Wi(Hardness) x Vr(Hardness). 

Water quality at Respective stations 
S.No. Station No. WQI Water quality 

1)  Station A 35.76 Bad 

2)  Station B 35.76 Bad 

3)  Station C 35.72 Bad 

4)  Station D 35.72 Bad 

5)  Station E 35.72 Bad 

6)  Station F 35.72 Bad 

The calculations of WQI depend upon the 
physico-chemical parameters of water. The 
results obtained through testing were used to 
determine the WQI. Here, the DO 
concentration was taken in percentage and the 
remaining parameters are taken in mg/L. 

Table 4. Calculations for WQI 

Dissolved 
Oxygen 

Fecal 
Coliform 

pH BOD-5 
Delta 
Temp 

Phosphate Nitrate Turbidity 
Total 

Solids 

WQI 

% Saturation /100 mL  mg/L degree C mg/L mg/L NTU mg/L - 

0.4 1 7.82 9.8 30 1.2 1.9 40 158 51.24 

0.4 1 7.83 9.2 30 1.2 2 45 138 51.34 

0.5 1 7.85 10 29 1.3 2.1 50 172 21.78 

0.5 1 7.84 9.5 29 1.4 2.1 50 183 22.50 

0.6 1 7.86 8.6 28 1.5 2.2 55 196 23.64 
 

CONCLUSION 
 

Form the study, it can be concluded that the 
water quality of the Erai River was of fair quality 
i.e., below average during monsoon. This must 
be due to continues discharge of untreated and 
partially treated wastewater into the river and 
also due to agriculture run-off. The DO is an 
important parameter as it indicates the oxygen 
level concentration in the water. The study 
found very low DO almost negligible. Such 
insufficiency can create threat for aquatic lives 

to grasp their breath. The high phosphate 
content in the river could be due to agricultural 
runoff during monsoon. The case study 
presented also indicates high pollution of 
Wardha River (Erai River is one of the 
tributaries of Wardha River). Due to its high 
pollution and contamination, there is an urgent 
need to treat the water in order to protect lives 
of humans and aquatic organisms as well. A 
suitable treatment plant for the city is 
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necessary to design to treat the incoming 
waste before discharging it into the river.  
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