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ABSTRACT

Rivers are important source of fresh water which is important for the sustenance and
welfare of the society. The present study deals with the assessment of water quality
parameters and with the population of phyto- and zoo-plankton of Himalayan
Bhagirathi river in Uttarkashi, Uttarakhand (India). The samples were collected
from the study area during summer, monsoon, and winter seasons for water
quality and phyto- and zoo-plankton analysis. The air temperature, depth
temperature, pH, total alkalinity, total dissolved solids (TDS), dissolved oxygen
(DO), turbidity, free COg, electric conductivity (EC), biological oxygen demand
(BOD) and total hardness were determined. The study revealed that DO was
maximum in winter (12.35 + 0.25 mg L) and minimum in June to September
(9.75 £ 0.25 mg LY). The Bhagirathi water contained maximum DO in colder
month, followed by a gradual decrease to its lowest value during June to
September. BOD, an important indicator of pollution status of a water body, was
high during summer perhaps due to low discharge at river. BOD was high in
monsoon (4.4 + 0.14 mg LY and low in winter (1.5 + 0.14 mg L™). The study
revealed low river flow during winter. Bacillariophyceae was maximum (442
units L) in February and minimum (18 units L1) in July. Chlorophyceae was
maximum (80 units L) in January and minimum (6 units L%) in August, while
Myxophyceaewas maximum (34 units L) in February and minimum in June
and Xanthophyceae was not recorded at this site. The maximum number of
zooplankton genera was observed during winter and minimum in rainy season.
The study showed that there is an urgent need to have proper water management
in rainy and summer seasons so as to restore the water quality of this river.

Keywords: Himalayan ecosystem, phytoplankton, river health, water quality,
zooplankton

INTRODUCTION

Bhagirathi river originates from Gaumukh glacier in Himalayan mountains at an elevation of 3892 m
masl and is a source of water supply for drinking and irrigation purposes to the Uttarakhand state of
India. The rapid increase in population has rapidly increased the demand for clean water globally
(Vliet et al., 2021). Rivers meet various needs of human civilization, improve the quality of climate
and landscape, and support the flora and fauna (Sharma, 2008). Since water of Bhagirathi river is
potable, it is necessary to check its quality and monitor the factors affecting its quality. The water
quality of Bhagirathi river mainly depends on the local environment, anthropogenic activities (such
as industrial, domestic, agricultural and mining operations), etc. Several parameters provide basis for
judging the water suitability for its specified uses and for improving the existing conditions. The
parameters monitored to measure the water quality include temperature, dissolved oxygen, pH,
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conductivity, turbidity, total dissolved solids (TDS), biological oxygen demand (BOD), chloride, etc.
The various parameters of drinking water quality are regulated on the basis of the recommendations
of Bureau of Indian Standards: 10500 (2012).

The river Bhagirathi is perennial in nature as it receives all the three types of water inputs viz.,
snow melt runoff, rain runoff and groundwater (Mane et al., 2005). The measurement of seasonal
variation in water quality parameters over time is a significant component for evaluating the temporal
variation of river pollution due to natural or anthropogenic inputs from point and non-point sources
(Rani et al., 2011; Shetty et al., 2013). Bhagirathi river is one of the biggest source of water which
caters to the needs of Uttarkashi area. In river Bhagirathi, large number of streams such as Ashi,
Ganga, Indrawati and Badethi are combined in different places, which cater to the different needs of
the city. The Bhagirathi River, coursing through the heart of Uttarakhand, holds both spiritual and
practical significance. It weaves a tale of culture, spirituality, and sustenance, captivating all who
encounter its majestic flow. Preserving this sacred river and its surrounding ecosystem is not just a
responsibility but a privilege, ensuring that the Bhagirathi remains an enduring symbol of India’s
natural and cultural heritage. The importance of river is not only for its socio-cultural perspective, but
also for various livelihood and economic activities for the people living around the basin. Improving
the health of this river has been a growing debate in India since last decade, mainly in terms of its
quality and quantity (Matta and Uniyal, 2017). The river is facing multi-dimensional issues like, flow
disturbance, water pollution, climate influences, habitat and biodiversity conservation (Kaushal et
al., 2019). The water pollution has become a global threat for developing countries due to the climate
change, rapid urbanization, agricultural runoff and industrialization (Rana et al., 2017; Matta et
al., 2018c). More than two hydroelectric power projects have been built in river, which discharge their
waste into the water bodies, thus deteriorating the water quality of Himalayan rivers. Dam
construction can cause damage to river basins, including changes in downstream flow, changes in
river species and other organisms, and material sedimentation. Degradation of river ecosystems has a
direct impact on aquatic biodiversity. Such changes in ecology have led to the fragmentation of river
communities, which either disappear or shift to other locations (Rawat and Agarwal, 2015). Large
dams and reservoirs cause changes in water temperature, water chemistry, and disrupt the migration
of aquatic life forms (McAllister et al., 2001). Dam has a major impact on fish populations, migrations
and other fish movements. Fishes suffer major damage during their transit through hydraulic turbines
or over spillways (Tiwari and Tiwari, 2022).

The development of river systems through dams has emerged as one of the important valuable
tools for managing water resources (Mull et al., 2018). Dams promote social and economic
development of the state and country through power generation, water supply and flood control
(Hussain et al., 2012). The scale of socio-economic activities, urbanization, industrialization, and
hydropower production have major impact on water resources (Kurbatova et al., 2005) which, in turn,
impact water quality and aquatic biodiversity. Dams influence natural river flow and the flow is
generally less than the normal flow. These changes may adversely affect the habitats of micro-
organisms and plants. The phytoplankton are the primary producers of water bodies and the main
source of food directly or indirectly for various animal groups. The efficiency of water body depends
on the quantity of planktons in it (Guy, 1992). Plankton populations serve as a consistent tool for bio-
monitoring the status of pollution in the river bodies (Mathivanan et al., 1995). Some studies on water
quality assessment of different rivers of Uttarakhand have previously been reported (Sati and Paliwal,
2008; Semwal and Jangwan, 2009; CPCB, 2010; Bhandari and Joshi, 2013). However, literature
survey has revealed that meagre work has been done on water quality assessment based on phyto- and
zoo-plankton of river Bhagirathi (Poonam, 2019; Mahidhar, 2020; Tiwari, 2022). Phytoplankton are
important biological component to maintain and balance aquatic ecosystems (Hambright et al., 2006).
Some phytoplankton provides reliable information about the state of pollution of water bodies.
Therefore, they are considered a reliable indicator of water quality. Such monitoring is useful for
controlling the physicochemical and biological conditions of water. In last few decades,
physicochemical factors have mainly been found responsible for the processes influencing the
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development of phytoplankton communities (Akbey et al., 1999, Peerapornpisal et al., 2011). These
components vary over space and time (Mane et al., 2006). Natural concentrations of environmental
variables are majorly influenced by human interference with nature (Kulshrestha et al., 2006). The
objective of present study was to assess the water quality of Bhagirathi river by analysing seasonal
variations in physicochemical parameters as well as determine the effect of water quality on
population of phyto- and zoo-plankton in the study area.

MATERIALS AND METHODS

Study area

The first study site was in Maneri, district Uttarkashi (30°44°16” N, 78°32°22” E). Maneri village is
located on the bank of river Ganges (Bhagirathi) 13 km upstream from Uttarkashiand 165 km from
Rishikesh. The second site was downward near the Rishiram School approximately 2 km away from
Uttarkashi (30°42°36” N;78°24°7” E) [Fig. 1]. The distance between the two sites is 15 km. The
present study was conducted from August 2022 to July 2023. Regular monthly sampling was done at
each site. All the physicochemical parameters, and zoo- and phyto-plankton were recorded at the same
time during different days to minimize the time dependent variations of each site. The time of sampling
at both the sites was between 9.00 to 11.00 am on different days of month. Some physicochemical
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Fig. 1: The map showing the sampling sites (site 1 & site 11) of Bhagirathi river in Uttarakhand (India)
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parameters were measured on spot and the rest were analysed in the laboratory of the Department of
Chemistry, RCU, GPG College, Uttarkashi, Uttarakhand (India).

Geology of the study area

The study area has different types of rock formations, i.e. white and cream coloured quartzite grading
into talc-chlorite schist’s along the thrust and migmatites, augengneisses, garnetiferous mica-schist’s
and amphibolite’s. The rock types in the area are quartzite.

Physicochemical parameters

Monthly sampling was done for obtaining the data on physicochemical environment of the sites.
Standard methods as outlined by Welch (1952), Trivedi and Goel (1986), and APHA (1995) were
followed. Readings were taken in triplicates. Temperature was measured using a mercury
thermometer with a graduated scale. The water samples were taken in a beaker from the sites and then
its pH was determined at study site using an electronic pH meter (Hanna pocket pH meter; model H-
196-107). Modified Winkler’s method was adopted for the analysis of DO concentration. Free COzin
water was estimated by titrating the sample with strong alkali of pH 8.3. Alkalinity is the expression
of total quantity of base (usually in equilibrium with carbonates and bicarbonate) that can be
determined by titration with strong acid (Hutchinous, 1975). The conductivity of water samples was
measured with the help of a water and soil analysis kit (Systronics, model 460E; manufactured by
Environmental and Scientific Instrument Co. Haryana, India). The total dissolved solids (TDS) of
water samples were measured with the help of a water and soil analysis kit. The turbidity of water
samples was determined by using a digital nephelo-turbidity meter (Systronic, model 132). Turbidity
of samples was expressed as nephalometric turbidity unit (NTU). BOD of water was determined by
incubation method (APHA, 1995).

Assessment of phytoplankton population

The phytoplankton population was estimated at both the sites. At each site, 100 L water (in buckets
of 10 L each) was filtered through plankton net and the planktons were collected in glass tube and
fixed in 5% formalin. In laboratory, 1 mL preserved phytoplankton sample was diluted with 100 mL
distilled water and centrifuged at 1500 rpm for 20 min to concentrate the planktons for quantitative
analyses. A Hensen-Stempel pipet was used to take 1 mL aliquots into Sedgwick-Rafter counting
chamber (Microscope world, BSW-15). Each cell was then examined under an inverted compound
microscope (500X) for identification and count of each phytoplankton. Primary taxonomic reference
used for the identification of phytoplankton were Needham and Needham (1962), Ward and Whipple
(1992), APHA (1998) and the population densities were calculated as per Welch (1952).

n= "= x 100
Where n = No. of plankton Lof original water (unit L™); a = average number of plankton in all counts
in counting unit of 1 mm?3 capacity; C = volume of original concentration in counting cell); L = volume
of original water expressed in L.

Assessment of zooplankton population

The estimation of zooplankton population was done at both the sites. Sampling was done through-out
the study period by pouring 10 L water through a plankton bucket with mesh apertures of 50 mL. The
entire sample was immediately fixed with 4% formalin solution. The identification and enumeration
were done in Sedgwick-Rafter counting cell. The identification of zooplankton species was done as
per Needham and Needham (1962), Ward and Whipple (1992), and APHA (1998). Zooplankton were
identified under a microscope (Microscope world, SKU: HS-3800) (500X). The total number of
plankton in 1 L water sample was calculated using the formula of Santhanam et al. (1989).

__nxv
N= v

Where: N = Total No. of organisms L * water filtered, n = No of organisms counted in 1 mL sample, v = Volume
of concentrated sample (mL), V = Volume (mL) of total water filtered L.
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Data analysis

The data of phyto- and zoo-plankton density, and water quality parameters were analysed by principal
component analysis (PCA). PCA of standardized water quality and phyto- and zoo-plankton
parameters were performed by origin software.

RESULTS AND DISCUSSION

The average air temperature recorded was maximum (27.8°C) in monsoon season and minimum
(20.6°C) in winter season in Bhagirathi river at site 1. The average depth temperature was maximum
(15.8°C) in monsoon and minimum (9.23°C) in winter season (Fig. 2). The average air temperature
was maximum (30.8°C) in monsoon and minimum (20.8°C) in winter season. The average depth
temperature was maximum (17.4°C) in monsoon and minimum (9.9°C) in winter season (Fig. 3). The
lower water temperature in winter season in the study area may be attributed to the infrequent rainfall

140 _
vV 120 ® Winter B Summer Monsoon
a 100
| 80
u 60
e 40
S
O = T T
S N S N R N S O RO SN
&S W IENEEFONIN AN AN
e $'b \){0 ,.04\ N Q e (\Q,‘o .\\Q‘\& Q’o
< N & 'b‘b NG
N < NS ks
QO
Parametrs

Fig. 2: Mean seasonal variation in physicochemical parameters of Bhagirathi river at site |
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Fig. 3: Mean seasonal variation in physicochemical parameters of Bhagirathi river at site 11
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and cold weather conditions. The higher temperature in April and May was related to the longer
photoperiod bright sunshine dry wind conditions. Turbidity was maximum (108.23 = 0.56 NTU) in
monsoon and minimum (3.75 £ 0.20 NTU) in winter at site | (Fig. 2). Turbidity was maximum (100.12
+ 0.56 NTU) in monsoon and minimum (4.23 £ 0.13 NTU) in winter at site Il (Fig. 3). The turbidity
of river Bhagirathi water was lowest during November to March which gradually increased from May
to September This was due to the rising atmospheric temperature which resulted in melting of glaciers
thereby increasing the water level of the river. Higher turbidity was due to the construction activities
and mixing of muck into the water. Same result was obtained by NTPC report (2011) and NEERI July
(2011).

The electrical conductivity (EC) was higher (129.06 + 0.20 pu S cm™) in winter and lower in
summer (102 + 0.23 1 S cm™?) at site | (Fig. 2). The EC value was higher (121.6 + 0.20 p S cm?) in
winter and lower in summer (109.6 + 0.23 p S cm?) at site Il (Fig. 3). Higher conductivity was
observed in all sampling site in winter and lower conductivity in summer. This is due to low level of
water in dry season. This may be due to low volume of water which brought about concentration
effect. Ovie and Adeniji (1994) reported a similar trend in Shiroro lake, while NEERI (2011) reported
almost similar results in Bhagirathi river. The TDS was maximum (79.23 £ 0.23 mg L) in winter and
minimum in summer (63.1 + 0.13 mgL™) at site | (Fig. 2). The TDS was maximum (81.2 + 0.23 mg
L) in winter and minimum in summer season (63.4 + 0.52 mg L™?) at site Il (Fig. 3). The average DO
was maximum (11.31 £ 0.21 mg L) in winter and minimum (9.75 £ 0.25 mg L) in summer season
at site | (Fig. 2). The DO was maximum (12.35 + 0.25 mg L) in winter and minimum (9.85 + 0.29
mg L1) in summer season at site 11 (Fig. 3). The river had maximum DO in colder month followed by
a gradual decrease to its lowest value in June to September. The higher concentration during colder
months is due to low water temperature, low turbidity and less photosynthetic activities of green algae,
which grow over submerged stones and rocks (Badola, 2009). Free CO; in river water was maximum
(3.0 £0.01 mg L) in summer and minimum (1.82 + 0.013 mg L) in colder months at site | (Fig. 2).
CO,was maximum (3.2 £ 0.01 mg L) in summer and minimum (2.02 + 0.13 mg L) in winter at site
Il (Fig. 3). The increase in CO. concentration at the onset of rainy season may be due to anaerobic
decomposition of organic materials. The higher mean observed at both sites could be attributed to
lesser population density of photosynthesis plankton, a process which tends to remove CO; from the
surrounding system. This is in agreement with those of Boyd (1979) and (Wade, 1987). Similar
observations were reported by Agarwal (2009). The free CO,showed negative correlation with DO.

The average BOD was maximum (3.78 + 0.14 mg L) in monsoon and minimum (1.5 + 0.14 mg
L) in winter season at site | (Fig. 2). The average BOD was maximum (4.4 + 0.14 mg L™*) in monsoon
and minimum (2.02 + 0.14 mg L1) in winter at site Il (Fig. 3). BOD is the amount of O, required by
living organisms engaged in the utilization and ultimate destruction or stabilization of organic water
(Hawkes, 1993). BOD serves as an important indicator of pollution status. BOD of water samples in
Bhagirathi river was higher in monsoon and low in winter (Kumar et al., 2010; Sati et al., 2011).
Pattnaik (2018), Tiwari et al. (2019), and Tiwari et al. (2022) have reported higher BOD during
summer due to low river discharge. In present study, the water pH in the study sites ranged from 7.0
to 7.9. The pH increased during summer but decreased in monsoon. Maximum BOD during summer
may be attributed to the increased photosynthesis by algal blooms leading to the precipitation of
carbonates of calcium and magnesium from bicarbonates thus causing higher alkalinity. Similar
results were reported by Kumar et al. (2010). Water hardness is due to the presence of bicarbonate,
sulphate, chloride and nitrates of Ca and Mg (Kumar et al., 2010). Total water hardness in river was
maximum in winter and minimum in monsoon. The results are in line with Ayoade et al. (2009) and
NEERI (2011). Alkalinity is the measure of the capacity of water to neutralize a strong acid; and
alkalinity in water is generally imparted by the salts of carbonate silicates together with the hydroxyl
ions in free state (Trivedi and Goyal, 1986). In present study the alkalinity was maximum in summer
and minimum in monsoon at both the sites. NTPC (2011) have reported high alkalinity during summer
and lower in monsoon.
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The qualitative and quantitative analysis of phytoplankton was done from July 2022 to June 2023
which showed wide variation. Bacillariophyceae was maximum 440 units L in March and minimum
(34 units L) in July. Chlorophyceae was maximum (66 units L) in February and minimum (6 units
L) in August, while Myxophyceae was maximum (34 units L?) in February and minimum in
monsoon (Fig. 4). Bacillariophyceae was maximum in February and minimum in July; while
Chlorophyceae was maximum in January and minimum in August. Myxophyceae was maximum in
December and minimum in June (Fig. 5). Xanthophyceae was not recorded at any of the sites studied.
Phytoplankton are the primary producers in water bodies and the main source of food (directly or
indirectly) for various animal groups. The productivity of any aquatic water body depends on the
amount of plankton present in water body (Guy, 1992). The pollution status of aquatic bodies depends
on the plankton population (Mathivanan and Jayakumar, 1995). The density of phytoplankton and
their associations with water quality have been used as biological indicators (Nwankwo and Akinsoji,
1992; Lee, 1999; Nwankwo et al., 2003). Seasonal variations in phytoplankton density are as a result
of complex interplay of physical, chemical and biological processes which indicate the diversity
richness in the ecosystem (Bansal et al., 1989). Plankton have survived the ecological individuality
and have served as a water quality indicator (Saha et al., 2000). Joshi et al. (1996) reported maximum
phytoplankton density during winter and minimum in rainy season in a study site in Ganges near
Haridwar. Joshi et al. (1993) in their study on phytoplankton production in snow-fedriver Bhagirathi
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both the sites during the entire study period with zooplankton communities belonging to Cladocera
(3 genera), Protozoa (2 genera), Copepoda (4 genera) and Rotifer (2 genera). The maximum number
of zooplankton genera were noted in winter season and minimum in rainy season (Fig. 6 & 7). Similar
findings were reported by Abdus et al. (1995) and Kumar (2001). Ahmed et al. (2009) and Gautam
et al. (2011) reported fluctuation in zooplankton diversity due to the seasonal changes in Keetham
lake at Agra and in river Gomati at Lucknow.
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(Lehman, 1988). Zooplanktons are important food item of many omnivorous and carnivorous fishes.
The Eigen values of principal component analysis (PCA) of water quality and phyto- and zoo-
plankton variables showed that the 1%t and 2™ principal component (PC1 & PC2) explained 76.95 and
23.05% of total variation at site I, and 75.15 and 24.83% of total variation at site 1, respectively (Table
1; Fig. 8 & 9). PC1 axis was positively correlated with phytoplankton, zooplankton, DO, TDS,
conductivity and pH; and negatively correlated with BOD, water temperature, and turbidity in site |
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and II. Additionally, the PC2 axis was positively correlated with BOD, and turbidity but negatively
correlated to hardness. These results indicate that with DO, TDS, electric conductivity and alkalinity
are good for phyto- and zoo-plankton.

Table 1: Coefficients of principal components (PC) of some water quality parameters and phyto-
and zoo-plankton variables in Bhagirathi river at site | and site 11

Site 1 Site 11
Extracted Eigen vectors Coefficients of ~ Coefficients of Coefficients of ~ Coefficients of
PC1 PC2 PC1 PC2
Bacillariophyceae 0.23866 -0.25505 0.27119 -0.11938
Chlorophyceae 0.27632 -0.01720 0.27842 -0.04716
Myxiphyceae 0.27522 -0.04813 0.27764 -0.05945
Xanthophycea 0 0 0 0
Rotifera 0.27559 -0.04064 0.27842 -0.04716
Copepoda 0.26173 0.16280 0.26626 0.14923
Protozoa 0.27122 -0.09813 0.27966 -0.01065
Cladocera 0.27178 0.09281 0.27358 0.10150
Water temperature -0.27645 -0.00813 -0.27966 -0.01083
Dissolved oxygen 0.22172 0.30180 0.25260 0.20912
Turbidity -0.24796 0.22346 -0.25199 0.21135
Hardness 0.27570 0.03792 0.27971 -0.00637
Alkalinity 0.22941 -0.28196 0.14347 -0.41787
Biological oxygen demand -0.27272 0.08303 -0.27456 0.09317
Total dissolved solids 0.19560 0.35703 0.16049 0.39869
CO2 -0.20334 -0.34231 -0.18368 -0.36712
Electric conductivity 0.07624 0.48560 0.06084 0.47512
pH 0.15349 -0.42019 0.16574 -0.39212
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Conclusion: The physicochemical parameters of the study area was near the standard values in winter
but varied from standard values in monsoon season and summer. The study showed the water is not
healthy for drinking in monsoon season due to run-off of organic matter into Bhagirathi river. The
nutrients and water quality parameters undergo seasonal changes and the values showed slight
variations in all the seasons. The changes in physicochemical properties of water appear due to the
seasonal variations and anthropogenic activities. The fauna population was maximum during the
winter season and minimum during the monsoon mainly because of less turbidity in winter months.
Zooplankton, phytoplankton and water quality are interrelated to each other. River Bhagirathi at these
sites seems to have tremendous healing potential whereas on the other sited the river ecology is
damaged due to the disproportionate water release from the hydro-electric power project into main
river channel. However, this recovery might be limited to few cycles and immediate steps need to be
taken in order to restore the ecological balance — mainly after the construction of dam walls of hydro-
electric power projects. An integrated approach involving each stakeholder is required or the
conservation and management of aquatic biodiversity of Bhagirathi.
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