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ABSTRACT

World across, there is an increasing concern about river health. In India, Ganga River Basin Management
Plan (GRBMP) 2015 considered River Ganga as an ecological entity. This paper attempts to present
a framework for river health assessment in India and discusses its applicability for River Ganga near
Varanasi. In the proposed framework, the River Health Condition (RHC) is assessed through the
calculation of River Health Index (RHI) on a 0-100 scale and categorized as Acceptable or Poor. RHI
is calculated by using selected parameters/indices normalized on the 0-5 scale based on their critical
and target values. River Health is presented through a coloured circumscribed pentagon each of whose
side represents one of five indicator groups: i. Organo-electrolytic-bacterial qualities. ii. Nutrients, iii.
Algae, iv. Macroinvertebrates, and v. Fish. Application of the proposed framework has been tested
and explained using observed data for four seasons per year for two years from five locations of River
Ganga near Varanasi. The colour of circumscribing pentagon reflects overall river health condition at
a given location and each side of pentagon reflects health score concerningto one indicator group.
The analyses indicate that the health of River Ganga near Varanasi is improving with time. The river
health is found at its best level during Spring season and unstable during Post Monsoon period at most
of the locations. The severely reduced RHI indicate “Overstressed” condition of River Ganga at the
confluence points of River Assi and Varuna, which are evidenced by the presence of pollution tolerant
biotic species. There are clear stretches of the river near outfall points which are nutrients rich and
organically polluted causing poor health of river showing a disturbed balance of biotic species. Indicator
group score based RHI gives a clear identification of critical parameters which may be used in strategic
planning for river health restoration.

INTRODUCTION

to define river health. These aquatic organisms convey the
integrated and continuous characteristics of water quality.

Since ages, rivers have been taken as a source of water. See-  Therefore, many experts (Hawkes 1979, Sladecek 1979,

ing its importance, the Government of India declared River
Ganga as the National River in the year 2008 (MoWR 2014).
However, the river is getting polluted from many sources,
including domestic sewage, industrial wastewaters and sur-
face run off from fields. Different types of pollutants enter the
river system which affects the water quality in turn affecting
the aquatic organisms present in the riverine environment.
For most of the times, water resource managers understand
water quality by measuring a few physico-chemical and bi-
ological characteristics and suggest its suitability for various
beneficial uses. Ganga River Basin Management Plan (GRB-
MP) 2015 prepared by Government of India has considered
River Ganga as ‘ecological entity’. From this perspective,
researchers and experts in the field have been feeling the need
to define river health and parameters for its assessment. It
has been realized that in addition to physico-chemical and
bacteriological water quality parameters, it is necessary to
include aquatic organisms, such as algae, macroinvertebrates
and fishes present in the riverine environment as indicators

Tittizer & Koth 1979, Hellawell 1986, Rosenberg & Resh,
1993, Allan 1995) are of the view that algae, macroinverte-
brates and fish should be considered as suitable indicators for
assessing the health of rivers. The Australia-China Environ-
ment Development Partnership (ACEDP) Report 2011, under
the title ‘Assessment of River Health in Liao River Basin,
Taizi Sub-catchment’, China is a good example in this line
of thinking. In the study, from the whole spectrum of water
quality characteristics, 15 parameters have been selected
and divided into five categories: i. Physical and Chemical
parameters (P&C), ii. Nutrients (NT), iii. Algae (A), iv. Mac-
roinvertebrates (MI), and v. Fish (F). Five P&C parameters
included Electrical Conductivity (EC), Dissolved Oxygen
(DO), Biochemical Oxygen Demand (BOD), Chemical
Oxygen Demand (COD) and Phenols. Two NT parameters
include Ammonia-N (NH,-N) and Total Phosphorus (TP).
Two algal indices include a multi-metric Index of Biotic In-
tegrity (A_BI2) and Berger-Parker dominance index (A_BP).
Three macroinvertebrate indices include family-level rich-
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ness (M_S), BMWP score (M_BMWP) and family-level EPT
richness (M_EPT_S). Three fish indices include family-level
richness (F_S), fish index of biotic integrity (F_BI) and Berg-
er Parker index (F_BP). River health assessment has been
made using these 15 parameters. River Health Report Card
(2012) has been presented in pictorial form in the shape of
a pentagon, each side of pentagon depicting river health in
terms of one category of characteristics, i.e. P&C, nutrients,
algae, macroinvertebrates and fish. Under Indian conditions,
it has been observed that organic pollution is predominant in
rivers and almost all the surface water sources have the pres-
ence of Coliform group of bacteria to some extent (Bhard-
waj 2005). Accordingly, Singh & Saxena (2018) proposed
calculation of River Health Index (RHI) based on suitably
selected indicators and parameters. In this framework, Faecal
Coliform (FC) was included (replacing Phenol taken in Aus-
tralia-China Study) among five P&C category characteristics,
NT parameters were increased from 2 to 3 by including Total
Nitrogen (TN) as this is more readily available data. Among
biotic indicators, identification and counting based simple
indices for algae, macroinvertebrate and fish which could be
performed by non-experts also, were selected and used. This
included Algal Palmer Genus Pollution Index (APPI), (index
for algae), Macroinvertebrate Shannon Weiner Diversity In-
dex (M_SW), Macroinvertebrate BMWP score (M-BMWP)
(two indices-for macroinvertebrates), and Fish Family level
Richness Index (F_S), Shannon Weiner Diversity index
(FSW) (two indices for fishes).

The present work is an attempt to interpret and understand
the above framework of river health assessment for Ganga at
Varanasi taking water quality and biotic indicators together
into consideration. The framework calculates River Health
Index (RHI) based on five indicator group scores, using a
total of 13 parameters/indices. Organo-Electrolytic-Bacterial
(OEB) group has five parameters (BOD, COD, DO, Elec-
trical Conductivity and Fecal Coliform values), Nutrients
(NT) group consists of 3 monitoring characteristics: NH;-N,
Total-Nitrogen and Total Phosphorus measurements. In ad-
dition, algae, macroinvertebrates and fishes are represented
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using five indices suitable for their groups. River Health
Condition (RHC) has been classified as Acceptable (Excel-
lent, Very Good, Good) and Poor (Stressed, Overstressed,
Critical and Sick/Dead) based on RHI.

MATERIALS AND METHODS
Study Area

The Varanasi district lies in Uttar Pradesh (UP) province of
India between 82°56’E-83°03°E and 25°14’N-25°23.5°N.
The city of Varanasi is situated in the middle stretch of
Ganges basin in the eastern part of Uttar Pradesh. The cres-
cent-shape Ganges banks are all through the left side of the
city (Fig. 1). The samples of the river water were collected
for two years from September 2016 to May 2018 during four
seasons: Post Monsoon (16 Sep-15 Nov), Winter (16 Nov-15
Jan), Spring (16 Jan-15 Mar) and Summer (16 Mar-15 May)
from 5 locations along the Ghats, starting from Saamne Ghat
(upstream of confluence point of river Assi with Ganga)
to the confluence point of River Varuna with Ganga in the
downstream side of the city. The samples were collected
from Saamne Ghat (L1), the confluence of (C/O) Assi Nala
with Ganga (L2), Dashashwamedh Ghat (L3), Raaj Ghat
(L4) and C/O Varuna with Ganga (L5) stretched in a length
of around 7 km.

The Framework of River Health Index (RHI)
Calculation

In this study, the framework of River Health Index (RHI)
calculation is based on scores of aquatic environment pa-
rameters divided into five indicator groups: i. Organo-Elec-
trolytic-Bacterial (OEB) group (comprising of EC, DO,
BOD, COD and FC, Total 5 parameters), ii. Nutrients (NT)
group (consisting of NH;-N, TN and TP, Total= 3 parame-
ters), iii. Algae (Genus level Algal Palmer Pollution Index
(APPI) One index), iv. Macroinvertebrate (Shannon Weiner
Diversity index (MSW) and Macroinvertebrate BMWP score
(MBMWP), Two Indices), and v. Fishes (Family level Fish
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Fig.1: River Ganga near Varanasi and sampling locations.
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Species richness index (FS) and Shannon Weiner Diversity
index (FSW), Two indices).

The group scores of Organo-Electrolytic-Bacterial
(OEB), Nutrient (NT), Algae (A), Macroinvertebrate (MI)
and Fish (F) indicators were used to calculate the River
Health Index (RHI) by the following formula:

River Health Index (RHI)
=[(OEB x w;) + (NT x w,) + (A x w3) + (MI x w,)
+ (Fx ws)] (1)

Where, OEB = Organo-Electrolytic-Bacterial indicator
group score, NT = Nutrient indicator group score, A= Algal
indicator group score, MI = Macroinvertebrate indicator
group score, and F= Fish indicator group score and w,, w,,
ws;, W, and w are weightages given to different groups (Table
1). The OEB and NT group indicators are normally affected
by short term fluctuations, whereas biotic indicators such as
algae, macroinvertebrates and fish are long term integrators of
river health. Therefore, the biotic indicators should contribute
more heavily towards an overall RHI. With similar reasoning,
macroinvertebrates and fish indicators are weighted more
heavily than algal indicators as they are longer lived than
algae (Leigh et al. 2012).

River Health Condition (RHC) is defined based on indi-
cator group score andRiver Health Index (RHI) and colour
code is given for visual representation, as shown in Table 2.

Table 1: Weightage of different indicator groups.

937

The river health is considered Acceptable or Poor if RHI
is greater than or less than 60. Acceptable river health may
be of three categories: Good (RHI 60-70), Very Good (RHI
70-80) or Excellent (RHI>80). With poor river health, rivers
may be categorized as Stressed (RHI 50-60), Overstressed
(RHI 40-50), Critical (RHI 20-40) or Sick/Dead (RHI < 20).
The river health is pictorially represented by a circumscribed
pentagon in which colour of each side represents one indi-
cator group score of water quality in the river environment
and the colour of the circumscribing pentagon represents the
river health condition (RHC) based on overall River Health
Index (RHI) for the site (Fig. 2).

Sample Collection and Analyses

Samples for organo-electrolytic-bacterial, nutrient, algae and
macroinvertebrate analyses were collected from 5 locations
along the Ghats of Varanasi during post-monsoon (16Sep-
15Nov), winter (16Nov-15Jan), spring (16Jan-15Mar) and
summer (16Mar-15May) for two years 2016-2017 and 2017-
2018. Three grab samples were collected during morning
hours between 8.00 a.m. and 11.00 a.m. from each location
and mixed to form a compound sample for that location
once every month and grouped in seasons. The total num-
ber of samples for which analyses have been performed is
360 (120 each for Organo-Electrolytic-Bacterial, Nutrient,
Algae and Macroinvertebrate). Some parameters such as
electrical conductivity (EC), dissolved oxygen (DO) (includ-

Indicator Group Parameters/Indices No. of Parameters/Indices ~ Weight factor Weight factor
given in the present study
1 Organo-Electrolytic-Bacterial (OEB) EC,DO,BOD,COD.FC 5 W, 0.15
2 Nutrient Score (NT) NH;-N, TN, TP 3 W, 0.15
3 Algae Score (A) APPI 1 w3 0.20
4 Macroinvertebrate Score (MI) MSW, MBMWP 2 Wy 0.25
5  Fish Score (F) FS, FSW 2 Ws 0.25
Total 13 1.00
Table 2: River Health Condition (RHC) based on Indicator Group Score and River Health Index (RHI).
River Health Indicator Group Score/ RHI Score RHC Colour Code
>80 Excellent Blue
Acceptable 70-80 Very Good Green
60-70 Good Yellow
50-60 Stressed Orange
40-50 Over Stressed Grey
Poor
Critical Red
Sick/Dead Black
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Fig. 2: Circumscribed pentagon for the river health condition and river health index.

ing temperature, and pH) were recorded on the site using
a multi-parameter analyser. Others including biochemical
oxygen demand (BOD) by 5-day BOD test, chemical ox-
ygen demand (COD) by closed reflux titrimetric method
(Hanna Instrument), faecal coliforms (FC) by multiple
tube fermentation technique and nutrient parameters, such
as ammonia-nitrogen (NH;-N) by titrimetric method, total
nitrogen (TN) and total phosphorous (TP) by stannous chlo-
ride method were tested in the laboratory as per the standard
methods (APHA 2005).

The samples for algal analyses were collected in bottles
and preserved in 4% formalin solution and transported to the
laboratory for identification using the microscope.

The Genus based Algal Palmer Pollution Index (APPI)
was calculated using Table 3 (Palmer 1969, Nandan & Patel
1986). Pollution classification of Palmer (1969) suggests that
APPI =0-10 represents lack of organic pollution, 10-15 indi-
cates moderate pollution, 15-20 marks probable high organic
pollution, and 20 or more confirms high organic pollution.

The macroinvertebrate samples were collected using
standard D-frame dip net having 500-micron opening. Ben-

thic macroinvertebrates were collected systematically from
all available instream habitats by kicking the substrate and
jabbing with a D-frame dip net. The samples were preserved
in 4% formalin solution and transported to the laboratory
for further examination. In the laboratory, the samples were
rinsed thoroughly with pure water to remove the preserva-
tive. Collected samples were examined and counted using
the hand lens and microscope. The macroinvertebrates were
identified to the lowest possible taxonomic level using stand-
ard taxonomic literature APHA (2005), Gerber & Gabriel
(2002), Barbour et al. (1999), Merritt & Cummins (1996),
William & Feltmate (1992), Pennak (1989), Durrand &
Leveque (1981), Tonapi (1980), Pennak (1978) and Needham
& Needham (1969). The Macroinvertebrate Shannon Weiner
Diversity Index (MSW) was calculated as follow:

MSW = -Zpi.ln pi
Where, pi=S/N, S =Number of individual of particular

specie, N = Total number of individuals of all species in the
sample.

Macroinvertebrate Biological Monitoring Working Party
(MBMWP) score was calculated based on the presence of

Table 3: Genus based Algal Palmer Pollution Index (APPI) (Palmer 1969, Nandan & Patel 1986).

Genus Pollution Index Genus Pollution Index
Anacystis 1 Micractinium 1
Ankistrodesmus 2 Navicula 3
Chlamydomonas 4 Nitzschia 3
Chlorella 3 Oscillatoria 5
Closterium 1 Pandorina 1
Cyclotella 1 Phacus 2
Euglena 5 Phormidium 1
Gomphonema 1 Scenedesmus 4
Lepocinclis 1 Stigeoclonium 2
Melosira 1 Synedra 2
Anabaena 1

at APPI = 0-10 represents lack of organic pollution, 10-15 indicates moderate pollution, 15-20
onfirms high organic pollution.

lution Technology
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taxonomical class and families using Table 4 (De Zwart
&Trivedi 1994).

The two fish indices, i.e. Fish Species Index (FS) and
Shannon Weiner Diversity Index (FSW) were calculated
based on species count and process suggested in the available
literature (Das et al. 2013, Dwivedi et al. 2016).

The ‘Target Value’ and ‘Critical Value’ for the in-
dicators were obtained from available literature as given in
Table 5.

The values of individual parameter/indices obtained
from sample analysis are used to calculate the score of
the parameter/index at a particular location. For making

the score calculation more precise, the full range between
‘Target value’ and ‘Critical value’ has been divided into five
zones on a 0-5 scale, as given in Table 6. According to this,
if at a particular site, the observed value of an indicator is
better than or equal to the target value, the site would have
an indicator score 5 and if the observed value is less than the
critical value, the indicator score would be 0.

The group indicator score is calculated by aggregating
the parameters/indices score of each group.

Indicator Group Score

= [X scores of parameters or indices/(5xNo. of parameters
or indices in the group)]x100 ...(2)

Table 4: Biological Monitoring Working Party (BMWP) Score (De Zwart & Trivedi 1994).

Taxonomical Class Taxonomical Families BMWP Score
Ephemeroptera Heptogeniidae, Leptophlebiidae, Ephemerellidae, Ephemeridae, Potoaminthidae, Siphonuridae 10
Plecoptera Leuctridae, Capniidae, Perlodidae, Perlidae, Taeniopterygidae
Hemiptera Aphelocheiridae
Trichoptera Leptoceridae, Goeridae, Lepidostomatidae, Brachycentridae, Sericostomatidae
Odonata Lestidae, Gomphidae, Cordulegasteridae, Aeschnidae, Corduliidae, Libellulidae, Plathycnemididae 8
Trichoptera Psychomyiidae, Philopotomidae
Ephemeroptera Caenidae 7
Plecoptera Nemouridae
Trichoptera Rhyacophilidae, Polycentropodidae, Limnephilidae
Mollusca Ancylidae, Hydrobiidae, Neritidae, Viviparidae, Thiaridae, Bithynidae, Unionidae 6
Trichoptera Hydroptilidae
Crustacea Palaemonidae, Atydae, Gammaridae
Polychaeta Nereidae, Nephthyidae
Odonata Coenagriidae, Agriidae
Hemiptera Mesovelidae, Hydrometridae, Gerridae, Nepidae, Naucoridae, Notonectidae, Pleidae, Corixidae, Veliidae, 5
Hebridae, Belestomatidae
Coleoptera Haliplidae, Hygrobidae, Dytiscidae, Gyrinidae, Hydrophilidae, Noteridae, Helodidae, Dryopidae, El-
minthidae, Psephenidae
Trichoptera Hydropsychidae
Diptera Tipulidae, Culicidae, Blepharoceridae, Simulidae
Planaria Planariidae, Dendroceolidae
Ephemeroptera Baetidae 4
Megaloptera Sialidae
Hirudinea Piscicodidae
Mollusca Lymnaeidae, Planorbidae, Sphaeridae 3
Hirudinea Glossiphonidae, Hirudidae, Erpobdellidae
Planaria Dugesiidae
Crustacea Asselidae
2
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Table 5: Target and Critical values for parameters/indices in a river environment.

S.N.  Indicator Group Parameter/ Indices Targetvalue  Critical value ~ Source
1 Organo-Electrolytic-Bac-  i. EC (umhos/cm) <400 >1500 EHMP (2010); (Anon 2000)
terial (OEB) ii. DO (mg/L) >7 3 UNECE (1994)
iii. BOD (mg/L) <3 >8 CPCB (2015)(Existing); CPCB (2002)
iv. COD (mg/L) <30 >80 Assumed (Currently no limit is available).
v. FC (MPN/100mL) <500 >2500 CPCB (2015) (Existing)
2 Nutrients (NT) i.NH;-N (mg/L) <0.3 >1.5 CPCB (2002); MEP (2008)
ii. TN (mg/L) <0.5 >2 Anon (2000); MEP (2008)
iii. TP (mg/L) <0.1 >0.3 CPCB (2002)
3 Algae (A) i. Genus APPI <10 >20 Palmer (1969)
4 Macroinvertebrate (MI) i. MSW >3.5 Kerkhoft (2010)
ii. MBMWP (Saprobic) >7 CPCB (2015)
5 Fish (F) i. Family Level Fish Species >75 Das et al. (2013)
Richness Index (FS)
ii. FSW >3.5 0 Das et al. (2013)
Table 6: Score of parameters/indices on a 0-5 scale.
Indicator Group ~ Parameter/Indices Score
0 1 2 3 4 5
1 Organo-Elec- i. EC (umhos/cm) >1500 1250-1500 1000-1250  750-1000 400-750 <400
Eg;)ll}(ftOiCE-BB)acte- ii. DO (mg/L) 3 34 45 5.6 67 >7
iii. BOD (mg/L) >8 6.5-8 5.0-6.5 4.0-5.0 3.0-4.0 <3
iv. COD (mg/L) >80 65-80 50-65 40-50 30-40 <30
v. FC (MPN/100 mL) >2500 2000-2500 1500-2000  1000-1500 500-1000 <500
2 Nutrients (NT)  i.NH;-N (mg/L) >1.5 1.2-1.5 0.9-1.2 0.6-0.9 0.3-0.6 <0.3
ii. TN ( mg/L) >2 1.6-2.0 1.2-1.6 0.8-1.2 0.5-0.8 <0.5
iii. TP (mg/L) >0.3 0.25-0.3 0.2-0.25 0.15-0.2 0.1-0.15 <0.1
3 Algae (A) i. APPI (Genus) >20 18-20 15-17 13-14 11-12 <10
4 Macroinverte-  i. MSW 0 0-1.0 1.0-2.0 2.0-3.0 3.0-3.5 >3.5
brate (MD ii. MBMWP (Saprobic) 0 0-2.0 2.0-4.0 4.0-5.5 5.5-7.0 >7
5  Fish (F) i. FS (Species) 0 1-15 15-35 35-55 55-75 >75
ii. FSW 0 0-0.75 0.75-1.5 1.5-2.5 2.5-35 >3.5

RESULTS AND DISCUSSION

The list of algae and different macroinvertebrate families
found at all five locations of sampling in Varanasi during
the study period is listed in Tables 7 and 8.

The range of values observed for different parameters/
indices at all 5 locations of Varanasi during four seasons of
two years period is given in Table 9.

score is calculated using Eqn. (2). Based on the indicator
group score, the River Health Index (RHI) is calculated from
Eqn. (1)and the River Health Condition (RHC) is categorized.
The parameter/index score of the individual parameter/index,
indicator group score, RHI and RHC at a particular location
for two years (Sep 2016-May 2017 and Sep 2017- May 2018)
is given in Table 10.

From Table 10, it is observed that, based on RHI calculat-
ed through the proposed framework, health condition of River
Ganga at Varanasi is acceptable and under ‘Good’ category

lution Technology
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Table 7: Algal groups and genera found at different locations of River Ganga near Varanasi (Sept 2016-May 2018).

Group Genus Group Genus
Achnanthes Mougeotia
Asterionella Oedogonium
Cocconeis Oocystis
Cyclotella Palmella
Cymbella Pediastrum
Fragilaria Scenedesmus
Chlorophyceae
. Gomphonema Sphaerocystis
Bacillariophyceae . .
Melosira Spirogyra
Navicula Staurastrum
Nitzschia Stigeoclonium
Stauroneis Tetraspora
Surirella Tribonema
Synedra Ulothrix
Tabellaria Volvox
Zygnema
Actinastrum
Ankistrodesmus Anabaena
Chlorella Anacystis
Chlorococcum Cylindrospermum
Cyanophyceae
Chlorophyceae Cladophora Lyngbya
Clostridium Merismopedia
Coelastrum Oscillatoria
Crucigenia Phormidium
Draparnaldia Spirulina
Hydrodictyon
Microspora Xanthophyceae Vaucheria

Table 8: Macroinvertebrate Groups and Families found at different locations in River Ganga near Varanasi

(Sept 2016-May 2018).

Taxonomical Group Taxonomical Families Common names
Dytiscidae Diving Beetles
1 Coleoptera Elmidae Riffle Beetles
Hydrophilidae Water scavenger Beetles
Chironomidae Non biting Midges
Culicidae Mosquito larvae
Psychodidae Moth fly
. Simuliidae Black fly
2 Diptera . .
Syrphidae Rat-tailed maggot
Tabanidae Horse fly
Tipulidae Crane fly
Muscidae Muscid fly
3 Ephemeroptera Baetidae May fly
Lymnaeidae Pond Snails
B Mollusca Physidae Pouch Snails
Pilidae Apple Snail
Viviparidae Snails
‘Worms
‘Worms

Nature Environment and Pollution Technology ® Vol. 19, No. 3, 2020
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Table 9: Range of values of parameters/indices observed in River Ganga near Varanasi in four seasons during Sept 2016-May 2018.

2016-2017 2017-2018
Ef;?ég:ter/ Unit Post Winter Spring Summer Post Winter Spring Summer
Monsoon (16Nov- (16Jan- (16Mar- Monsoon (16Nov- (16Jan- (16Mar-
(16Sep- 15Jan) 15Mar) 15May) (16Sep- 15Jan) 15Mar) 15May)
15Nov) 15Nov)
Temperature °C 23.0-24.5 17.0-18.0 22.1-23.5 27.2-28.2 23.4-249 17.1-18.0 22.3-23.8 27.3-28.2
pH 7.8-8.4 8.2-8.8 8.0-8.6 7.5-7.9 7.8-8.3 8.1-8.6 7.9-8.6 7.5-8.0
EC umhos/cm 600-700 265-300 300-400 420-900 572-650 293-372 332-390 420-1100
DO mg/L 3.9-6.5 4.0-6.3 4.1-6.3 2.9-5.8 4.2-6.7 4.6-6.5 4.2-6.3 2.9-59
BOD mg/L 4.3-7.0 4.2-6.2 4.0-6.0 4.3-6.8 4.7-6.8 3.9-6.0 4.0-6.4 4.4-6.9
COD mg/L 34-72 38-68 55-82 60-100 40-68 42-78 52-80 52-110
FC MPN/100 mL  1100-4200  1500-3200  1300-2200  1800-3600 1200-3100  1200-2200  1200-1900  1600-3300
NH;-N mg/L 0.40-1.48 0.50-1.50 0.45-1.04 0.90-2.01 0.60-1.18 0.38-0.60 0.19-0.56 0.90-1.50
TN mg/L 0.91-2.34 1.35-2.50 1.08-1.68 1.37-2.40 1.35-1.65 0.68-1.38 0.52-1.32 1.35-2.00
TP mg/L 0.160- 0.195- 0.145- 0.210- 0.202- 0.195- 0.125- 0.160-
0.359 0.378 0.410 0.320 0.280 0.298 0.220 0.290
APPI(Genus) 13-16 13-18 13-17 15-18 13-16 13-16 13-15 15-21
MSW 0.70-1.09 1.18-1.59 1.33-1.58 0.64-1.27 0.99-1.20 0.88-1.64 1.41-1.65 1.11-1.33
MBMWP 3.00-4.50 3.83-4.40 3.83-4.80 3.00-5.20 4.25-4.33 3.60-4.80  4.20-5.00 3.00-5.00
ES 70 70 70 70 70 70 70 70
FSW 2.23 2.23 2.23 2.23 2.23 2.23 2.23 2.23
Table 10: The Parameter/Index Score, Indicator Group Scores, RHI and RHC (Sep 2016-May 2018).
2 R = 5 5 . & , & & :
s Sz £ Sz= 55 t_ Sz § Sgz: =
Sa 52 @ sS85% % 5% 53 T4 5% % 5
Eé =29 gé gég% =2 £§2 =2 32 ‘59&)8 T
£ g 58 c& £5ct 58 55 £§% Eg <tsS 58
£ 3 £2  £2 EREF E4 £9 EE £84 EQ &S &5
z . .
«28 8¢ B feec & . B2z 2. z
2016-2017
§“ L1 4 4 3 4 372 4 3 367 3 60 13 40 4 370 603 Good
% L2 4 1 1 1 0 28 1 0 0o 7 2 40 1 2 30 4 3 70 38.2  Critical
% L3 4 4 3 2 1 56 3001 2 40 3 60 2 3 5 4 3 70 564  Stressed
% /Zg 14 4 4 2 2 1 52 2 1 1 27 3 60 1 3 40 4 3 70 51.3  Stressed
2 Ls 4 3 2 1 0 40 1 1 0 13 2 40 2 2 40 4 3 70 43.5  Over Stressed
LI 5 4 3 4 3 176 4 2 360 3 60 2 3 5 4 3 70 624 Good
a L2 5 2 2 1 0 40 2 0 0 13 1 20 2 2 40 4 3 70 39.5 Critical
§ L3 5 3 3 3 2 o4 3 1 1 33 3 60 2 3 50 4 3 70  56.6 Stressed
5 4 5 3 3 3 1 60 2 1 0o 20 3 60 2 2 40 4 3 70 515 Stressed
0 13 3 60 2 2 40 4 3 70 49.3  Over Stressed
Table Cont....
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Cont. Table...

~ L1 5 4 4 2 3 72 4 3 4 73 3 60 2 3 50 4 3 70 63.8  Good

§ L2 5 2 2 0 1 40 2 1 0 20 2 40 2 3 50 4 3 70 47.0  Over Stressed
o E L3 5 4 3 2 2 64 4 3 1 53 3 60 2 3 50 4 3 70 59.6  Stressed
i % L4 5 3 3 2 2 60 4 2 1 47 3 60 2 3 50 4 3 70 58.0  Stressed
@~ L5 5 3 2 1 1 48 4 2 0 40 3 60 2 2 40 4 3 70 52.7  Stressed

E‘ L1 4 3 3 2 2 56 3 2 2 47 2 40 2 3 50 4 3 70 53.4  Stressed

E L2 3 0 1 0 0 16 0 0 0 0 1 20 1 2 30 4 3 70 31.4 Critical
g ':_“IG L3 4 3 2 2 2 52 2 2 1 33 2 40 2 3 50 4 3 70 50.8  Stressed
E E 4 3 2 2 0 1 32 2 1 2 33 2 40 1 3 40 4 3 70 453 Over Stressed
>~ L5 301 1 0 0 20 1 1 1 20 1 20 2 2 40 4 3 70 37.5 Critical
2017-2018
=3 L1 4 4 3 4 3 72 4 2 2 53 3 60 2 3 50 4 3 70 60.8 Good
§ ‘% L2 4 2 1 2 0 36 2 2 1 33 2 40 1 3 40 4 3 70 45.9  Over Stressed
é g‘ L3 4 4 3 3 2 64 3 2 2 47 3 60 2 3 50 4 3 70 58.6  Stressed
‘g § L4 4 4 3 2 1 56 2 2 2 40 3 60 2 3 50 4 3 70 56.4  Stressed
- s 4 03 2 1 1 4 21 127 2 40 2 3 50 4 3 70 486 Over Stressed

a L1 5 4 4 3 2 72 4 3 3 67 3 60 2 3 50 4 3 70 62.9  Good

S L2 s 2 2 1 1 4 4 2 o4 2 40 2 2 40 4 3 70 491 OverStressed
5 E L3 5 4 3 3 3 72 4 4 2 67 3 60 2 3 50 4 3 70 62.8  Good
§ \ZD L4 5 3 3 3 2 64 4 3 1 53 3 60 1 3 40 4 3 70 57.1  Stressed
B < L5 5 3 3 1 1 52 4 2 2 53 2 40 2 3 50 4 3 70 53.8  Stressed

. L1 5 4 4 2 3 72 4 4 4 80 3 60 2 3 50 4 3 70 64.8  Good

é L2 5 2 2 1 2 48 5 4 2 73 2 40 2 3 50 4 3 70 56.2  Stressed
o ":: L3 5 4 3 2 3 68 5 4 3 80 3 60 2 3 50 4 3 70 64.2  Good
é \? L4 5 3 3 2 3 64 5 4 3 80 3 60 2 3 50 4 3 70 63.6  Good
@~ L5 5 3 3 1 2 56 4 2 2 53 2 40 2 3 50 4 3 70 544  Stressed

’5 Lt 4 3 3 2 2 56 3 2 3 53 2 40 2 3 5 4 3 70 544  Stressed

E L2 3 0 1 0 0 16 1 1 1 20 O 0 2 2 40 4 3 70 32,9  Critical
5 L L3 4 3 2 2 2 52 2 2 2 40 2 40 2 3 50 4 3 70 518 Stressed
E \% 14 4 2 2 1 1 40 2 1 1 27 2 40 2 2 40 4 3 70 455  Over Stressed
@~ L5 2 1 1 0 1 20 2 1 1 27 1 20 2 2 40 4 3 70 38.5  Critical

only at upstream location (L1) and this location also becomes
stressed during the summer season. All other locations are
under poor river health category, varying from ‘Stressed’ to
‘Critical’ levels. Fig. 3 shows the variation of RHIas graphs
and Fig.4 gives the coloured pictorial representation of River
Health Condition (RHC) as quality pentagon and scores
under various categories for four seasons during 2016-17
and 2017-18 at different locations.

From Fig. 3, based on River Health Index (RHI), it
appears that river health is at its lowest levels during the
summer season, which improves during post-monsoon
months. During winter, the river health improves further
and attains its best levels during the spring season (16Jan-
15Mar). It is also observed that near Varanasi, the river
health at most of the Ghats has improved in 2017-2018 with
ealth during

the spring season (16Jan-15Mar) could be due to increasing
temperature and other environmental factors. Among OEB
parameters, BOD and faecal coliforms in the riverine envi-
ronment are at lowest levels in the spring in comparison to
other seasons. The OEB group score at L1 and L3 is Very
Good and Good respectively during the spring season. All
the nutrient parameters decreased during the spring season
which increases the NT score and all locations except LS
are in ‘Very Good’ category. As water quality improves for
these parameters, there is an increase in the population and
diversity of biotic indicators. The population of pollution
sensitive species increase, which increases the scores of
biotic indices. The algal group scores at L1, L3 and L4 are
in ‘Stressed’ range and L2 & L5 are in ‘Critical’ condition
during the spring season. It is noted that locations L1, L3
and L4 show presence of the genera Flagilaria, Spirogyra,

Nature Environment and Pollution Technology ® Vol. 19, No. 3, 2020
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Fig. 3: Variation of River Health Index (RHI) for River Ganga at different locations near Varanasi during 2016-2017 and 2017-2018.

Staurastrum, etc. of algae. Venkateswarlu & Reddy (1985)
reported that the abundance of green algal flora like Zygnema,
Spirogyra, Mougeotia, Euastrum, Staurastrum, etc. indicate
less polluted water. Among macroinvertebrates, presence of
moderately sensitive species such as Baetidae, Culicidae,
Dytiscidae, Elmidae, Hydrophilidae, Psychodidae families
at locations L1, L3 and L4 indicate good quality of water at
these locations. Adakole (2001) also noted that the presence
of Mayflies and Caddisflies reflects clean water. This increase
in biotic scores improves the River Health Index (RHI). A
higher RHI indicated a better River Health Condition (RHC).

The water quality and river health are found at its lowest
levels during summer (16Mar-15May), possibly because with
the onset of summer, the temperature starts rising and the DO
starts decreasing due to high microbial activities involved
in organic matter decomposition. The decrease in DO and
an increase in BOD and faecal coliforms reduce the OEB
group score. Due to low dilution and increased pollution,
nutrient concentration also increases. The decrease in water
quali s the aquatic biota presen eqto low level
entration of

pollutants, sensitive biotic species decreases and there is an
increase in the number of pollution resistant species (Genter
& Lehman 2000, Biosson & Perrodin 2006). This increase in
pollution resistant species decreases the biotic indices score
which lowers the RHI value, indicating deteriorating river
health condition. At L2 (the confluence of Assi Nala with
Ganga) and L5 (the confluence of Varuna with Ganga), large
amounts of sewage are added to River Ganga. The presence
of algal genera such as Ankistrodesmus, Euglena, Navicula,
Nitzschia, Oscillatoria, Scenedesmus, etc. at these locations
during the period is indicative of polluted water, as noted
by Patrick (1965) and Palmer (1969) who concluded that
Ankistrodesmus, Euglena, Navicula, Scenedesmus, Stige-
oclonium, Oscillatoria, Chlamydomonas and Nitzschia are
highly pollution tolerant genera and found in organically
polluted waters. Pearsall (1932) was the first to establish a
correlation between blue-green algae and organic pollution
tolerant species of diatoms such as Anabaena, Chlorella,
Closterium, Cosmarium, Eudorina, Melosira, Navicula, Pan-
dorina, Scenedesmus and Spirulina. Rai et al. (2008), Das et
al. (2007), Sanap (2007), Jafari & Gunale (2006), Goel et al.
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Fig. 4: Pictorial representation for River Ganga at different locations near Varanasi during 2016-2017 and 2017-2018.
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(1986), Gunale & Balakrishnan (1981)and Ratnasabapathy
(1975) also suggested that the presence of these pollution
tolerant species indicate polluted waters. At locations, L2,
L4 and L5 the repeated presence of macroinvertebrates
Oligochaeta (Tubificids, Tubifex) Chironomids (midge lar-
vae), Physidae and Muscidae indicate polluted water which
is in accordance with the findings of Adakole (2001) who
reported that certain tubificids (especially Tubifex tubifex and
Lumnodrilus hoffmeisteri) or midge larva of the genus Chi-
ronomus or Eristalis larvae or class Oligochaeta can reflect
low DO levels and high organic concentration in an area. The
macroinvertebrate species which are pollution tolerant are
expected to be more dominant in polluted waters (Sallenave
2015). Sharma et al. (2014) gave the order of disappearance
of organisms due to continuous increase in pollution as
Plecoptera (stoneflies): Ephemeroptera (mayflies, damsel-
flies etc): Trichoptera (caddisflies): Gammarus (freshwater
shrimp): Asellus (water hog louse): Chironomidae (blood
worms): Oligochaeta (tubificid worms).

It is evident from Fig 4. that at upstream of Varanasi
(L1), the health of River Ganga is in ‘Good’ condition. As it
enters the city, the first point is C/O of Assi Nala (L2) where
a large quantity of sewage is being added to the river and the
health condition varies at this point between ‘Over Stressed’
and ‘Critical’ during various seasons of the year. In OEB
group category, DO decreases and there is an increase in the
BOD, COD and faecal coliforms. In Nutrient group, there is
an increase in NH;-N, TN and TP concentration.

At Dashashwamedh Ghat (L3), both OEB and NT group
parameters seem to have improved possibly due to self-puri-
fication, or some physico-chemical reactions, and the health
comes in the ‘Good’ category during winter and spring and
‘Stressed’ condition during summer. However, as it moves

Sonali Saxena and Prabhat Kumar Singh

downstream to Raaj Ghat (L4) and C/O Varuna with Ganga
(LS), the concentration of COD and faecal coliform param-
eters of OEB group and TN and TP parameters of NT group
increase. Consequently, the river health again comes under
‘Stressed’ to ‘Critical’ condition at these points.

CPCB (2018) reported the biological water quality of
River Ganga at Varanasi in moderate pollution range in May
2017 and March 2018. The results of these analyses are also
reflective of similar conclusions, although with a deeper
diagnostic approach.

Using the observational data for two years (Sept 2016-
May 2018), the river health condition of Ganga near Varanasi
may be categorized as ‘Good’ to ‘Stressed’ at upstream of
Varanasi (L1), and near Dashaswamedhghat (L.3), ‘Stressed’
to ’Overstressed’ near Rajghat (L4), and ‘Overstressed’ to
‘Critical’ near the confluence of river Assi with Ganga (L.2)
and Varuna with Ganga (L5). For comparison, the river health
condition of Ganga as categorized from the framework pre-
sented in this study, based on RHI calculation at Rishikesh
(near Laxman Jhoola) in winter and spring 2019 is ‘Very
Good’ and ‘Excellent’ respectively, as shown in Fig. 5.

Thus, the framework for an understanding of river health
condition, based on river health index (RHI) calculation, as
discussed in the present study appears to give good results
capable of describing the riverine condition in a simple but
scientifically sound manner. Its coloured representation of
scores for five indicators groups of river water quality and
overall river health condition makes it simpler to the scien-
tific community for diagnostic and corrective step purposes.

CONCLUSIONS

In the present study, a framework for a scientific assess-

Rishikesh
Winter Spring
RHI RHI
RHI 77.2 RHI 82.8

RHC Very Good

RHC Excellent

Fig. 5: RHI and RHC of Laxman Jhoola, Rishikesh during winter and spring.
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ment of river health condition involving eight water quality
parameters and five biotic indices, have been proposed and
tested. Water quality parameters have been divided into two
groups: i. Organo-Electrolytic-Bacterial (OEB) and ii. Nutri-
ents (NT). Also, one algal (A), two macroinvertebrates(MI)
and two fish (F) indices have been used to calculate River
Health Index (RHI) on a 0-100 scale. Based on RHI value,
River Health Condition (RHC) has been classified from
Sick/Dead to Excellent and represented through a coloured
circumscribed pentagon, each side depicting the condition of
river health for one category of riverine water quality. This
framework has been used to assess the health of River Ganga
near Varanasi through measurement of relevant water quality
parameters and evaluation of biotic indices for four seasons
(post-monsoon, winter, spring and summer) continued for
two years. Based on RHI calculation, the health of River
Ganga near Varanasi was found to be slightly improving in
the year 2017-2018 for 2016-2017. River health is observed
unstable during the post-monsoon period and found its best
levels during the spring season (16Jan-15March). At polluted
locations of the river, pollution resistant and at clean/less
polluted locations sensitive or moderately sensitive algae
and macroinvertebrate community are present. Pollution
resistant species of algae and macroinvertebrate were ob-
served near the confluence of river Assi (L2) and Varuna
with Ganga (L5), and clean locations such as SaamneGhat
(L1) and DashashwamedhGhat (L.3) and moderately polluted
location near RaajGhat (LL4) showed the presence of sensitive
or moderately sensitive species. The confluence of river Assi
(L2) and the confluence of Varuna with Ganga (LS5) were
found to be organically polluted. In spatial terms, the river
health is generally acceptable and found as ‘Good’ near
Saamne Ghat, followed by Dashashwamedh Ghat and Raaj
Ghat in Varanasi stretch. Overall, it varied between ‘Good’
to ‘Overstressed’conditions during the full year, except near
Assi and Varunariver confluence points, where it is found to
be ‘Critical’. The Indicator Group Score based approach of
River Health Index (RHI) calculation gives insights for iden-
tification of critical parameters and strategic plan preparation
for restoration. The analyses indicate that RHI can be used
as a tool to understand river health conditions.

To improve the River Health Condition, the restoration
plan should focus on parameters whose group score are
below acceptable (less than 3 on the 0-5 scale). Nutrients
(NT) group of parameters appear the most critical and algal
score seems the worst affected for river health near Assi and
Varuna confluence points. Highly polluted waters coming
from these rivers need to be checked and controlled. Instream
treatment such as ponding and active algal harvesting to
reduce organic pollutants and nutrients load, use of boulders
to create roughness in the bed, fountains for aeration, and
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floating algal mats in the streams can be used to improve
the water quality of Assi and Varunarivers before they meet
River Ganga. With these initiatives, the river health condition
of Ganga near Varanasi may be improved substantially and
maintain it at acceptable levels all around the year.
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