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ABSTRACT

This study investigates the productivity and cell count of Microcystis aeruginosa and the Physico-chemical
properties of Dighalipukhuri Lake, a rectangular man-made pond in Guwahati. The research provides a
comprehensive overview of algal growth, its concentration, and its correlation with the lake’s physical and
chemical attributes. Water samples were analyzed following APHA (2005) protocols. Results indicated an
alkaline pH, which promotes cyanobacterial blooms, and consistently low dissolved oxygen (DO) levels
across all seasons, likely due to surface cyanobacterial proliferation. The lake’s conditions-low water flow,
stagnant environment, good light penetration, and abundant nutrients (particularly nitrogen and
phosphorus)-are conducive to algal bloom development. The study highlights that blue-green algae blooms
can severely deteriorate water quality and produce toxins. It was observed that varying pH levels significantly
affect algal growth. Maintaining the lake’s pH at neutral levels could potentially reduce algal bloom growth
and mitigate water quality degradation, thereby improving the overall health of Dighalipukhuri Lake.
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Introduction

Blue-green algae, also known as cyanobacteria, are
photosynthetic bacteria that can exist as single cells
or in colonies. They possess only one type of chloro-
phyll, chlorophyll a, a green pigment, along with ad-
ditional pigments such as carotenoids and
phycobilins. These bacteria naturally inhabit marine
and freshwater environments, including dams, riv-
ers, reservoirs, lakes, and even hot springs. Typi-
cally, green cyanobacteria can sometimes appear
blue as they die and form scum. Most species are
buoyant and float on the water’s surface, forming
floating mats known as “blooms.” These blooms can
discolor the water and produce unpleasant tastes
and odors. Additionally, the decomposition of these

blooms leads to oxygen depletion, which can result
in fish kills (Sellner et al., 2003)

Microcystis is a genus of cyanobacteria frequently
encountered in freshwater phytoplankton commu-
nities. In nutrient-rich lakes, it can give rise to dense
algal blooms. Multiple species of Microcystis often
coexist within these blooms, with Microcystis
aeruginosa being the most prevalent and commonly
associated with toxic blooms. Individual Microcystis
cells are small, spherical, or oval in shape and are
encased in a clear, often transparent mucilage. This
mucilage forms dense, spherical or irregular colo-
nies (Dang et al., 2012). Microcystis blooms typically
occur in warm, calm conditions in lakes and ponds
with high nutrient levels, especially those with el-
evated nitrogen or phosphorus concentrations, or
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low nitrogen-to-phosphorus ratios. Although
Microcystis does not fix atmospheric nitrogen, it effi-
ciently absorbs ammonium and urea, often forming
blooms when nitrogen is limiting for other algae.
These blooms can produce various toxins, including
anatoxins (nerve toxins), microcystins (liver toxins),
lipopolysaccharides (skin irritants), and BMAA
(beta-Methylamino-L-alanine; a nerve toxin). These
toxins are released into the environment when the
cell walls are disrupted (cell lysis). Notably,
microcystin was first isolated from Microcystis
aeruginosa (Gardiner et al., 2019). Microcystins are
the most commonly encountered cyanobacterial tox-
ins and have the potential to bioaccumulate in vari-
ous aquatic vertebrates and invertebrates, including
fish, mussels, and zooplankton. These toxins prima-
rily target the liver (hepatotoxins) but can also im-
pact the kidneys and reproductive systems.
Microcystins are hepatotoxic heptapeptides typi-
cally found in freshwater environments and are pro-
duced by several cyanobacteria species, including
Microcystis and Anabaena (Martins and Vasconcelos,
2009).

This study was conducted to examine the envi-
ronmental water variables contributing to algal
bloom formation in Dighalipukhuri Lake in
Guwahati, Assam, and to assess the productivity of
the algal blooms in the lake.

Materials and Methods

Study Site

Guwabhati, the capital of Assam and often referred to
as the Gateway to Northeast India, is located on the
southern bank of the Brahmaputra River, towards
the southeastern part of Kamrup District. The city is
characterized by an undulating topography with
elevations ranging from 49.4 meters to 55.5 meters.
It features a landscape dotted with swamps,
marshes, and small water bodies, including Deepor
Beel and Dighalipukhuri. Guwahati experiences a
moderate climate, with summer temperatures rang-
ing from 20 to 32 degrees Celsius and winter tem-
peratures between 10 and 30 degrees Celsius.
Dighalipukhuri Lake, situated in the heart of
Guwabhati, is a rectangular man-made pond ap-
proximately 1260 feet long and 470 feet wide, cover-
ing an area of 41.125 bighas. The lake is surrounded
by a road that connects various parts of the city. It is
geographically positioned at latitude 26.11 and lon-
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gitude 91.83. To the north of the lake is the
Guwahati High Court, while the Assam State Mu-
seum lies to the south. Its central location adds to the
aesthetic appeal of the surrounding area, including
nearby colleges and hostels, making it a notable
tourist attraction in Guwahati

The lake was constructed in the 7* century AD by
Bhagadatta, the son of Narkasura. Originally con-
nected to the Brahmaputra River, it served as a na-
val dockyard for the Ahoms. However, its connec-
tion to the river was eventually severed, and during
colonial times, the portion of the lake adjacent to the
Circuit House was filled in. The study area encom-
passes a region bounded by latitude 26.11'19.0”N
and longitude 91.45’02.0”’E, with an area of
43,785.56 m2. Human activities such as washing
clothes, utensils, and boating have significantly pol-
luted the lake, leading to increased levels of phos-
phate and nitrogen. This has fueled the excessive
growth of cyanobacteria, giving the lake a greenish
hue.

Water Sampling and Analysis

5 replicates of water samples were collected from
different sampling locations by Point sampling
method (also known as Grab sampling) both from
surface and depth for studying different physico-
chemical characteristics (Fig. 1 & 2). Samples were
taken at a selected depth between 1.5m to 2m. All
the precautions were taken during the sampling.
The collected water samples were analysed for dif-
ferent physico-chemical parameters such as for PH,
Dissolved oxygen, temperature, BOD, Free CO,,
Nitrate and Phosphate etc by following the standard
protocols. All the above analysis was performed in
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Site IV

Fig.1. S1-North East corner; S2-Eastern corner; S3-
SouthWestern corner; S4-NorthWestern corner
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triplicate.

The physico-chemical parameters such as pH,
temperature, turbidity, conductivity and DO were
studied in the field itself with Deluxe Water and Soil
Analysis Kit (Model No: 191). Samples for other pa-
rameters like BOD, Free CO,, Nitrate and Phosphate
were brought to the laboratory for further analysis
following the standard methods (Baird et al., 2017).

Identification of the algae

The samples were brought to the laboratory and a
simple portion of it was fixed in 2 % formalin and
examined under light microscope. Different mono-
graphs were followed to identify the samples col-
lected from the water body i.e. Dighalipukhuri.
Taxonomic identification possibly up to species level
were carried out with the help of flora like Tiffani
and Britton (1052), Presscott (1973), Desikachary
(1987) and John et al. (2002).

Cell density

Cell counting is a valuable and necessary technique
for the study of phytoplankton cell concentration
and species representation. Cyanobacterial cells
were counted using a microscope and a hemocy-
tometer at which the cells were in the stationary
phase or death phase. After cell counting the num-
ber of cells per unit volume and the growth rate
were calculated. This method requires a micro-
scopic, slide, a coverslip, a medicine dropper and a
fine pipette. The samples were thoroughly mixed
and 20 pl was withdrawn from the samples and
placed on a microscopic slide and covered with a
cover slip. Depending on the concentration of algal

Fig. 2. Different Collection sites of Dighalipukuri Lake
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cells in the sample one or more horizontal strips
were counted. The number of algal units counted
then multiplied by a factor (total area of cover slip/
area of strip counted) to determine the number of
algal units ml™ in the total volume of sample.

Productivity of Cyanobacterial Bloom

For the estimation of productivity samples collected
were immediately transferred to 10 ml of 90% ac-
etone, brought to the laboratory. Samples were then
centrifuged at 3000 rpm for 15 minutes, supernatant
was collected and absorbance of the samples were
recorded at different wavelengths using Spectro-
photometer. Productivity was calculated using the
methods given by Strickland and Parsons (1972).

Statistical Analysis

One-way analysis of variance (ANOVA) and corre-
lation was used to statistically evaluate the data and
understand their relation with the species.

Results

During the study, various water quality parameters
were assessed across different sites and seasons. At
Site IV during the monsoon season, the pH was no-
tably high at 9.27 mg/m?, while Site I in the same
season had a lower pH of 6.19 mg/m?2. Temperature,
which significantly influences cyanobacterial devel-
opment, varied between sites and seasons. The high-
est temperature recorded was 21 °C at Site I in the
spring, while the lowest was 20 °C at Site II in the
winter.

Conductivity, which measures the ability of wa-
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ter to conduct electricity due to ion presence, ranged
from 83.8 pS/cm to 87.7 puS/cm. It peaked at 98.8
pS/cm at Site II in the winter and was lowest at 83.8
pS/cm at Site I in the monsoon season. Turbidity,
indicating the level of particles such as sediment or
plankton, varied between 5.12 NTU and 7.22 NTU,
with the highest turbidity recorded at Site IV during
the spring.

Dissolved Oxygen (DO) levels, which reflect the
amount of free oxygen in water, were highest at
18.97 mg/1 at Site IV in the spring and lowest at 2.8
mg/1 at Site II during the monsoon season. Bio-
chemical Oxygen Demand (BOD), which measures
the oxygen required by microorganisms to decom-
pose organic material, was highest at 5.95 mg/1 at
Site IV in the winter and lowest at 1.3 mg/1 at Site III
in the autumn.

Free CO, present in water as dissolved gas,
ranged from 6.33 ppm to 17.6 ppm, with the highest
levels found at Site III in the autumn and the lowest
at Site IV in the spring. Chloride ion concentrations,
varying from 40 mg/1to 297 mg/1, were highest at
Site IV in the autumn and lowest at Site I during the
MONSOON season.

Nitrogen, an essential nutrient for algal growth,
was highest at 0.90 mg/1 at Site I in the monsoon
season and lowest at 0.034 mg/1 at Site IV in the
winter. Phosphorus levels, which often limit algal
growth in freshwater bodies, were highest at 0.192
mg/1 at Site I in the autumn and lowest at 0.02 mg/
l at Site IV in the spring. All the physico-chemical
parameters of Dighalipukhuri are given below
(Table 1). One Way ANOVA of water parameters
show significant differences between different sea-
sons as shown in Table 2.

Identification of the dominant species of the Bloom

Systematic classification of Microcystis aeruginosa
Domain: Bacteria

Phylum: Cyanobacteria

Class: Cyanophyceae

Family: Microcystaceae

Genus: Microcystis

Species: M. aeruginosa

Binomial name: Microcystis aeruginosa

The selected and dominant cyanobacteria in the
bloom were isolated and was found to be Microcystis
aeruginosa. This is a species of cyanobacteria, com-
monly found in freshwater environments such as
lakes, ponds, and reservoirs worldwide. It is known

Table 1. Physico-chemical parameters of Dighalupukri

Spring

Winter

Autumn

S-1I

Monsoon

S-1I

Parameters

S-IIT SV

S-1I

S-1

S-IIT SV

S-1I

S-1

SV

ST

S-1

SV

ST

S-1

746+0.01 8.13+0.01 9.433+0.006 7.26+0.14 7.31+0.01 7.81+0.01 8.78+0.01 7.31+0.01 7.26+0.02 7.95+0.01 8.77+0.006
20+0.333 20+0.333  20+0.333  22+0.033  21+0.577 20+0.333  20+0.333

20+0.577

8.01+0.01 9.27+0.006 7.15+0.01

6.19+0.14 7.46+0.01
20+-0.577  20+0.577

5.12+0.01
4.64+0.004 2.8+0.057 8.26+0.088 10.56+0.033 4.91+0.0047 3.6+0.057 4.36+0.088 3.78+0.003 4.223+0.0072 0.4+0.057 4.36+0.088 13.44+0.003 4.81+0.0047 3.2+0.057 9.3+0.057 18.94+0.003

pH

21+0.033

20+0.881

21+0.033

21+0.033  20+0.666

20+0.577

Temperature (°C)
Turbidity (NTU)

DO(mg/ I)

7.22+0.13

6.54+0.11 7.12+0.13 7.12+0.13  6.32+0.16

6.94+0.18 5.98+0.13

7.00+0.13

5.67+0.12  6.32+0.16

6.82+0.11

6.23+0.14

6.56+0.12  5.45+0.15 5.94+0.12

1.3+0.057 1.65+0.003 4.7+0.057 2.43+0.033 2.33+0.881 5.95+0.003 3.7+0.088 3.26+0.066 2.4+0.057 2.87+0.003

79+0.012  297+0.003  53+0.005

3.5+0.057 3.23+0.088 2.73+0.120 1.65+0.003 4.3+0.057 3.6+0.057

40+0.014

BOD(mg/ I)

79+0.005  202+0.033

79+0.008

227+0.003  60+0.012

109+0.020  83+0.011

104+0.008  54+0.008 457+0.003 43+0.008 324+0.008

Chloride (mg/1)

Conductivity (us/cm)83.8+1.158 88.3+2.609 81.7+0.974 89.65+1.073 85.8+0.601 86.6+3.490 80.8+1.180 88.7+1.261 86.4+0.742 98.8+0.841 80.7+1.761 90.2+1.398 87.2+1.068 96.4+0.816 84.4+1.039 87.7+1.187

Free CO (mg/1)
Nitrate(mg /1)

8+0.57 14.0.57  6.60+0.333  17+0.57 10+0.57 17+0.88  6.33+0.333

0.174+0.7 0.155+0.84 0.42+0.9

15+0.57
0.93+0.1

17.6+0.88 6.66+0.333

10+0.57 12+0.57 5.66+0.333  12+0.57 9+0.57

10+0.57
0.906+0.316 0.160+0.5 0.193+0.19 0.51+0.17 0.116+0.11 0.158+0.8 0.206+0.25 0.34+0.7

0.182+0.91 0.107+0.16 0.60+0.11

0.6+0.01

0.123+0.1 0.195+0.16 0.156+0.12

0.02+0.17

0.15+0.7 0.155+0.18 0.54+0.23 0.36+0.88

0.35+0.11

0.10£0.38 0.192+0.94 0.125+0.18 0.39+0.19 0.13+0.52 0.185+0.13 0.95+0.18

Phosphate (mg/1)

+sign indicates standard deviation
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Table 2. One way analysis of variance (ANOVA) to
show significant difference of physico- chemical
parameters between seasons

Parameters Seasons

F-Value P-Value
pH 30.31896 *0.000697
Temperature (°C) 18.77391 *0.000793
Turbidity (NTU) 34.84688 *0.000334
DO (mg/ I) 4.969429 *0.018114
BOD (mg/ I) 1.889136 0.185262
Chloride (mg/1) 8.858485 *0.002275
Conductivity (us) 1.140962 0.372008
Free CO (mg/1) 14.35961 *0.000283
Nitrate (mg/1) 1.155842 0.366725
Phosphate (mg/1) 64.3201 *0.000115

*sign indicates values are significantly different at 0.05
level.

for forming large blooms under favorable condi-
tions, appearing as greenish-blue patches on the
water surface. The organism itself is unicellular and
typically spherical in shape, with a mucilaginous
sheath that helps it to float (Fig. 3).

Fig. 3. Purestrains of Microcystisa eruginosa

Cyanobacterial and algal blooms can represent
very large numbers of algal cells. Some algal blooms
have been recorded in excess of 800,000 cells per
millilitre (ml) of water (Water Facts, water rivers
commission, 1998). An excessive growth of micro-
scopic algae is defined as a bloom when it reaches
high densities of cells/ml in a water sample. Count-
ing algal cells is often used for effective control of
harmful algal blooms. Thus determining the physi-
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ological status of algal growth is important for effec-
tive water quality and algal bloom management in
freshwater environments

During winter season, the total algal density
reached about 1.8x10* cells/mlout of which the algal
cell density of Microcystis sp is found to be maxi-
mum of about 1.494x10*cells/ml, followed by
Lyngbya major, i.e. 0.09x10* cells/ml, Oscillatoria
tenuis around 0.072x10%cells/ml, Ankistrodesmus
falcatus of about 0.054x10* cells/ml, Pinnularia gibba
varied around 0.054x10* cells/ml and the least was
Scenedesmus armatus which ranged around 0.036x10*
cells/ml.

In spring, the total algal density was 1.5x10*
cells/ml, where the highest being Microcystis sp hav-
ing 1.335x10* cells/m, Anabaena sp of about 0.06x10*
cells/ml, Oscillatoria pseudofilamentosa ranged
around 0.045x10* cells/ml, Scenedesmus quadricauda
of about 0.03x10* cells/ml, Nostoc muscorum and
Lyngbya versicolor being the least varied around
0.015x10* cells/ml.

When monsoon arrived, the total algal density
extended to about 1.6x10* cells/ml, where the high-
est algal cell density is found to be Microcystis sp, i.e.
1.112x10%cells/ml, followed by Lyngbya major
around 0.04x10* cells/ml, Oscillatoria tenuis of about
0.062x10* cells/ml, Ankistrodesmus falcatus ranged
around 0.054x10*, Pinnularia gibba showed 0.054x10*
cells/ml and the least is Scenedesmus armatus of
about 0.036x10* cells/ml.

During autumn season, the total algal density
reached about 1.4x10* cells/ml out of which the al-
gal cell density of Microcystis sp is found to be maxi-
mum of about 1.235x10* cells/m, followed by Ana-
baena sp which is about 0.07x10* cells/ml, Oscillatoria
pseudofilamentosa ranged about 0.045x104 cells/ml,
Scenedesmus quadricauda of about 0.03x10* cells/ml,
Nostoc muscorum and Lyngbya versicolor again being
the minimum varied around 0.015x10* cells/ml.

From the above observation, it can be concluded
that Microcystis sp remained dominant in all the sea-
sons in Dighalipukhuri. An algal count representing
cell density/ml for different genera and also species
wise for the different study sites are put forth in
Table 3.

Correlation

Correlation matrix shows the relationships between
various water quality parameters and algal species.
The rows and columns represent different water
quality parameters like pH, Dissolved Oxygen (DO),
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Table 3. Total algal cell density according to genus and individual species
Dighalipukhuri
Winter Spring
Total algal Algal cell Algal cell Total algal Algal cell Algal cell
cell density density of density cell density density density
(Cells/ml) individual according to (Cells/ml) of individual according to
species genus species genus
(Cells/ml) (Cells/ml) (Cells/ml) (Cells/ml)
i. Microcystis i. Microcystis
aeruginosa aeruginosa
1.35x10* cells/ml 1.23x10* cells/ml
i. Microcystis ii. Microcystis
pseudofilamentosa flos-aquae
1.8x10* cells/ml 0.072x10*cells/ml  Microcystis sp 1.5x10* 0.06x10* cells/ml
iii. Microcystis 1.494x10* cells/ml iii. Microcystis Microcystis sp
robusta cells/ml ramose 1.335x10* cells/m
0.054x10* cells/ml 0.045x104 cells/ml
iv. Microcystis i. Anabaena
smithii sphaericus
0.018x10* cells/ml 0.03x10* cells/ml
Lyngbya major Lyngbya major ii. Anabaena Anabaena sp
0.09x10* cells/ml 0.09x10* cells/ml variabilis 0.06x10% cells/ml
0.015x10* cells/ml
Oscillatoria tenuis Oscillatoria tenuis iii. Anabaena
0.072x10* cells/ml 0.072x10* cells/ml planktonica
0.015x10* cells/ml
Ankistrodesmus Ankistrodesmus Oscillatoria
falcatus falcatus pseudofilamentosa Oscillatoria
0.054x10* cells/ml 0.054x10* cells/ml 0.045x104 cells/ml pseudofilamentosa
0.045x10* cells/ml
Scenedesmus Scenedesmus Nostoc Nostoc muscorum
armatus armatus MuUscorum 0.015x10¢ cells/ml
0.036x10* cells/ml 0.036x10* cells/ml 0.015x10* cells/ml
Pinnularia gibba Pinnularia gibba Lyngbya versicolor Lyngbya versicolor
0.054x10* cells/ml 0.054x10* cells/ml 0.015x10* cells/ml 0.015x10%cells/ml
Scenedesmus Scenedesmus
quadricauda quadricauda
0.03x10* cells/ml 0.03x10* cells/ml
Dighalipukhuri
Monsoon Autumn
Total algal Algal cell Algal cell Total algal Algal cell Algal cell
cell density density density cell density density density according
(Cells/ml) of individual according to (Cells/ml) of individual to genus
species genus species (Cells/ml)
(Cells/ml) (Cells/ml) (Cells/ml)
i. Microcystis i. Microcystis
aeruginosa aeruginosa
1.35x10* cells/ml ~ Microcystis sp 1.23x10* cells/ml
1.112x10%ells/ml
ii. Microcystis ii. Microcystis Microcystis sp
pseudofilamentosa flos-aquae 1.235x10* cells/m
0.072x10*cells/ml 0.06x10* cells/ml
iii. Microcystis robusta iii. Microcystis
0.054x10* cells/ml ramose
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Monsoon Autumn
Total algal Algal cell Algal cell Total algal Algal cell Algal cell
cell density density density cell density density density according
(Cells/ml) of individual according to (Cells/ml) of individual to genus
species genus species (Cells/ml)
(Cells/ml) (Cells/ml) (Cells/ml)
1.6x10* cells/ml 1.4x10* 0.045x104 cells/ml
iv. Microcystis smithii cells/ml i. Anabaena
0.018x10* cells/ml sphaericus
0.03x10* cells/ml
Lyngbya major Lyngbya major ii. Anabaena variabilis Anabaena sp
0.09x10* cells/ml 0.04x10* cells/ml 0.015x10* cells/ml  0.07x10* cells/ml
Oscillatoria tenuis Oscillatoria tenuis iii. Anabaena planktonica
0.072x10* cells/ml 0.062x10* cells/ml 0.015x10* cells/ml
Ankistrodesmusfalcatus — Ankistrodesmus Oscillatoria Oscillatoria
0.054x10* cells/ml falcatus pseudofilamentosa pseudofilamentosa
0.054x10* cells/ml 0.045x104 cells/ml 0.045x104 cells/ml
Scenedesmus armatus Scenedesmus armatus Nostoc muscorum Nostoc muscorum
0.036x10* cells/ml 0.036x10* cells/ml 0.015x10* cells/ml 0.015x10* cells/ml
Pinnularia gibba Pinnularia gibba Lyngbya versicolor Lyngbya versicolor
0.054x10* cells/ml 0.054x10* cells/ml 0.015x10* cells/ml 0.015x10* cells/ml
Scenedesmus Scenedesmus
quadricauda quadricauda
0.03x10* cells/ml 0.03x10* cells/ml

Biochemical Oxygen Demand (BOD), Nitrate (N),
Phosphorus (P), and various species of algae like
Microcystis sp., Anabaena sp., etc. The diagonal ele-
ments (e.g., pH with pH) have a value of 1, indicat-
ing a perfect correlation. Positive values indicate a
positive correlation between the two variables,
which means, as one increases, the other tends to
increase. Negative values indicate a negative corre-
lation, which means as one increase, the other tends
to decrease.

Microcystis sp is found to be positively co-related
to all the water parameters, i.e. pH, DO, BOD, Ni-
trate and Phosphate. Anabaena sp is positively co-re-
lated to pH whereas, negatively co-related to other
parameters like DO, BOD, Nitrate and Phosphate.

Table 4. Co-relation of water parameters with algal species

Lyngbya major is positively co-related to BOD, Ni-
trate and Phosphate, whereas, negatively co-related
to pH and DO. Similarly, Oscillatoria tenuis and
Ankistrodesmus falcatusis found to be positively co-
related to DO, BOD and Nitrate whereas negatively
co-related to pH (Table 4).

Productivity

The algal and cyanobacterial productivity showed
variation at different season. Highest productivity
ranged was observed in Autumn season i.e., (1.28 g/
m?/day) and lowest productivity ranged was ob-
served in Monsoon season i.e., (0.35 g/m?/day) as
shown in Fig. 4.

pH DO BOD N P Microcystis Anabaena Lyngbya Oscillatoria  Ankistrodesmus
sp sp major tenuis falcatus
pH 1
DO 0.440 1
BOD -0.373  0.084 1
N -0.201  0.198  0.307 1
P -0.174 -0394 -0.296 -0.338 1
Microcystis sp 0.0524 0.075  0.207  0.084 0.237 1
Anabaena sp 0.099 -0.027 -0.109 -0.186 -0.152 -0.065 1
Lyngbya major -0.166  -0.117  0.178  0.227 0.252 0.301 -0.921 1
Oscillatoria tenuis -0.109 0.012  0.194  0.227 0.116 -0.064 -0.959 0.898 1
Ankistrodesmus falcatus -0.155 0.0003  0.199  0.217 0.068 -0.216 -0.921 0.822 0.975 1
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Fig. 4. Seasonal variation in Chlorophyll a content of
Dighalipukhuri in four different stations

Discussion

The variation of physico-chemical parameters
greatly influence the variation of algal population.
The basic process of algal population depends on
temperature, turbidity, and nutrients and some oth-
ers physico-chemical properties of water body
(Gokgee, 2016). pH value of the water falls within the
pH of water for domestic use, i.e. 6-9 of the target
water quality range (TWQR). The alkaline water is
problematic since alkalinity is measure of waters
ability to neutralize acidic and thus in excess cause
ammonia toxicity and algal blooms. The higher
value of pH affected the algal flora and enhances the
growth of blue green algae which can survive well
in alkaline water (Gimmler and Degenhard, 2001).
Site-IV showed a pH value of 9.27 mg/m? during
the monsoon season, which was noticeably higher
than the pH value of Site-I, i.e. 6.19 mg/m? over the
same season.

It is believed that water temperature controls the
metabolic rate and the reproductive activities of
aquatic life. Temperature of 25 °C are optimal for the
growth of blue green algae. Comparing this to the
result obtained from the water sample, it can be said
that the temperature of water is favorable for the
growth of algal bloom. Cyanobacterial dominance
often occurs when water temperature rises above
20°C when there is depletion of dissolve organic N
and free CO, from the water (Huisman et al., 2018).
Temperature was observed in the range from 20 °C
-22 °C throughout the sites with slight variation with
seasons. Turbidity can greatly affect water quality in
many ways as it reduces the amount of light avail-
able for algal growth. Turbidity was found highest
in Site-1V, i.e. 7.22NTU during spring season. Dis-
solve oxygen in water is an important factor deter-
mining the occurrence and abundance of aquatic
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organisms, because for all the aquatic aerobes oxy-
gen is pre-requisite for life the more the oxygen
available the more organism is found. In the present
study it is seen that DO level of the Site II Monsoon
season is found to be low as compared to other sites.
Reduction in DO concentration can also be caused
by decomposition of organic wastes and the oxida-
tion of inorganic wastes (Das and Das, 2022).

Biochemical oxygen demand is a measure of the
quality of oxygen consumed microorganisms during
the decomposition of organic matter. It was reported
that a high BOD generally indicates the presence of
excessive amounts of organic matter. This high BOD
level may cause acceleration in bacterial growth and
consumption of oxygen level in the river (Boyd and
Boyd, 2020). During winter season, Site-I portrayed
high BOD, i.e. 4.7 mg/l. Water from an exception-
ally clear lake might show a BOD less than 2 mg/1 of
water. Nitrate and Phosphate in a body of water can
contribute to high BOD levels.

A high concentration of Chloride is an indicator
of pollution. Chloride concentration is higher in Site
IV Monsoon Season i.e., 457 mg/l. In fresh water,
natural background concentration in the range of 13
to 140 mg/1 (Bright and Addison, 2002). But during
the study period lowest chloride content recorded
was 43 mg/1 which indicate pollution of study site.

A sudden increase or decrease in conductivity in
a body of water can indicate pollution. Highest con-
ductivity was recorded in Site-II during winter
which ranged around 98.8 ps/cm (Hamed, 2008)
The maximum value of Free CO, was found to be at
Site-III in autumn seasons which varied around 17.6
mg/1 (Das and Das, 2022).

Nitrate are the source of nitrogen (N) an impor-
tant nutrient for plants and algae. As ammonia
(NH,) is broken down by bacterial action nitrite is
formed and is then converted to more stable, much
less toxic nitrite through a process called "nitrifica-
tion’. In the study site, the maximum nitrogen con-
tent was 0.906 mg/1 and the maximum phosphorus
content was 0.192 mg/1. One Way Analysis was also
done which showed significant differences between
different seasons. Significant decline in algal pro-
ductivity during monsoon season was due to
dislodgement or removal of filamentous algae by
high current. In the present study the nutrient level
in the water bodies particularly nitrogen and phos-
phorus in which nitrogen content was high whereas
phosphorus was low shows that the algal productiv-
ity was significantly high. Increase in productivity of



S34

algae is due to increase in nutrient levels in water
have been reported by many workers (Biggs, 2000;
Stelzer and Lamberti, 2001; Schiller et al., 2007). The
presence of excess amount of nitrogen and phospho-
rus in the lake enhanced the luxurious growth of the
cyanobacterial bloom in the lake. The presence of
these nutrients in the Dighalipukhuri lake enhance
the luxurious growth of algae which had a maxi-
mum count of 56x10” number of cells per liter.

Among all the seasons in Dighalipukhuri, the
most dominant cyanobacteria in the bloom was
found to be Microcystis aeruginosa. Cyanobacterial
and algal blooms ranged between 1.4x10* cells/ml
to 1.8x10* cells/ml out of which Microcystis sp was
dominant in all the season (Cao et al., 2016; Xie et al.,
2003). Correlation matrix between water parameters
and algal species also showed that Microcystis sp
showed positive co-relation to that of pH, DO, BOD,
Nitrate and Phosphate.

The productivity of algal and cyanobacterial
showed deviation at different season in which maxi-
mum productivity was observed in Autumn season
ranging around 1.28 g/m?/day and minimum pro-
ductivity ranged in Monsoon season which was re-
corded to be around 0.35 g/m?/day (Ma et al., 2016).

Conclusion

The present study of Dighalipukhuri reveals the in-
tricate relationship between environmental vari-
ables and the occurrence of harmful cyanobacteria
and algal blooms, particularly those dominated by
Microcystis aeruginosa. The consistent correlation be-
tween high nutrient concentrations, especially nitro-
gen and phosphorus and bloom intensity under-
scores the urgent need for effective nutrient man-
agement strategies. Additionally, the study empha-
sizes the role of physico-chemical parameters such
as high temperature, low dissolved oxygen, and el-
evated pH, which together create a favorable envi-
ronment for Microcystis proliferation. It is crucial to
develop target interventions to control and prevent
cyanobacterial blooms, which pose a threat not only
to water quality but also to the health of aquatic life
and human populations relying on such water
sources. Therefore, this study contributes to a
broader understanding of freshwater ecosystem
dynamics and highlights the necessity of integrated
water management practices to address the growing
challenge of eutrophication and its associated im-
pacts.
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