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Abstract

Freshwater ecosystems act as dynamic realms that profoundly influence aquatic life forms
and display significant seasonal swings in their physicochemical properties, yet these natural cycles
are increasingly disrupted by accelerated urbanization, industrial development, and diverse
anthropogenic influences such as the direct release of untreated or poorly treated domestic sewage
coupled with agricultural effluents into the water bodies. This particular research delves into these
modifications over the pre-monsoon, monsoon, and post-monsoon periods in the River Penna
situated in Andhra Pradesh's Nellore region, where measured variables included temperature, pH,
dissolved oxygen (DO), total dissolved solids (TDS), total suspended solids (TSS), alkalinity,
hardness, and nutrient levels encompassing phosphates and nitrates, revealing distinct seasonal
signatures in the findings. During the pre-monsoon phase, marked by arid and scorching conditions,
heightened sunlight penetration and amplified biological activity drive up water temperatures while
depressing dissolved oxygen levels, with further elevations in nutrients arising from reduced stream
velocities or agricultural drainage. The monsoon era, dominated by torrential rains, thins out ion
concentrations through dilution and amplifies nutrient runoff, fostering potential algal blooms even
as it harms habitats of benthic organisms. In the post-monsoon interval, typically cooler temperatures
promote greater dissolved oxygen solubility, and as precipitation wanes, subdued biological
operations lead to diminished nutrient loads, while TDS concentrations hover at minimal allowable
standards, comprising organic substances alongside inorganic salts from metals, minerals, and ions.
At the Sangam Barrage, pronounced seasonal fluctuations manifest in temperature, TDS, TSS, DO,
nitrates, and phosphates, though pH and hardness show insignificant variation, whereas at Penna
Bridge, significant changes affect temperature, TSS, DO, and phosphates, with pH, TDS, nitrates,
and hardness proving non-significant. These temporal variations critically affect the spatial
distribution, behavioral patterns, reproductive capabilities, and survival prospects of aquatic species
like fish, macroinvertebrates, and plankton, underscoring the necessity of comprehending them to
sustain the ecological harmony and robustness of freshwater habitats as well as to protect and
steward riverine biodiversity, thereby rendering continuous monitoring and versatile management
strategies vital for curbing detrimental consequences and upholding aquatic life against evolving
environmental pressures.
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Introduction:

Water, an essential natural asset,
supports human populations as well as
countless other species. Rivers in our nation

underpin the primary, secondary, and
tertiary sectors while offering employment
opportunities to communities residing along
their banks (Namrata Jain and P. Srinivasa
Reddy, 2022). Across the country, these
waterways supply irrigation, facilitate
transportation, generate hydroelectric power,
furnish potable water, and enable various
livelihoods for numerous inhabitants. Since
riverine habitats deliver freshwater and
sustenance to the majority of living
organisms, they demand heightened focus
amid escalating pollution threats (S. S. Patil,
I. B. Ghorade: 2013). India boasts a diverse
array of river systems. The combined yearly
discharge from its 14 major, 44 medium,
and 162 minor rivers totals 1.56x10121.56
\times 107{12}1.56x1012 m?, exerting a
profound influence on the ecosystems of the
regions they traverse. In recent years,
aquatic habitats have faced mounting
ecological pressures from human
interventions, urban sprawl, and industrial
expansion, sparking serious  worries
regarding public health implications. The
country's  fast-paced urbanization has
amplified bacterial contamination in river
waters through the unchecked release of
domestic sewage into these aquatic systems
(Khadse et al, 2008; Venugopal et al, 2009).

Pollutants—ranging from organic
waste and pathogens to raw or semi-treated
sewage, heavy metals, farm runoffs,
livestock washing residues, and more—
imprint a toxic legacy along the entire river
course. The objective of this research was to
investigate seasonal fluctuations in the
physicochemical properties of Penna River
water at two designated sites in Andhra
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Pradesh's Nellore area: the Sangam Barrage,
impacted more by agricultural discharges,
and the Penna Bridge, influenced
predominantly by municipal sewage inputs.
Known alternatively as Pennar or Penneru,
the Penna River ranks among South India's
prominent eastward-flowing rivers.
Originating in the Nandidurg Hill Range of
Karnataka within the Eastern Ghats, it
traverses Kolar and Tumkur districts in
Karnataka before crossing into Andhra
Pradesh at Hindupur in Anantapur district. It
proceeds eastward through Kadapa and
Nellore districts, ultimately emptying into
the Bay of Bengal at Uttukuru in Nellore
district. Spanning a total length of 597 km,
the Penna's basin lies between latitudes
13016'13Mcirc 16'13016" and 15052'15Mcirc
52'15052" N and longitudes 77004'77"\circ
0477004’ and 80010'80"circ 10'80010" E
(Hari Prasad K et al., 2016). Nellore city's
drinking water supply draws from the
riverbed and associated infiltration galleries
constructed there. Persistent calls have
arisen to eliminate pollution risks to these
sources stemming from urban garbage and
household waste disposal. Multiple drains,
varying in size, channel this refuse and
sewage into the riverbed, escalating
concerns among residents and local
authorities (The Hindu, Andhra Pradesh,
May 8, 2015). As Nellore's sole surface
water resource for aquaculture, the Penna
River supports the district's pivotal role in
shrimp  farming—especially ~ vannamei
shrimp—positioning Andhra Pradesh as
India's shrimp production powerhouse. The
district's closeness to the Bay of Bengal,
coupled with ideal climate and water
qualities, establishes it as a major center for
shrimp output, bolstering both state and
national aquaculture sectors. In aquaculture,
water's physicochemical traits are pivotal,
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directly
development,
species. Limited research exists for the

affecting the well-being,

and viability of cultured

targeted Nellore locales. Consequently,
scrutinizing the physicochemical attributes
of River Penna water in Nellore, Nellore
district, became imperative.

The primary aim of this study was to
analyze the physicochemical profiles of
water samples collected from two sites—the
Sangam Barrage and Penna Bridge in

Nellore, Andhra Pradesh—focusing on
parameters like temperature, pH, dissolved
oxygen, total dissolved solids, total
suspended solids, alkalinity, hardness,
nitrates, and phosphates.
Physicochemical Parameters
Temperature

Temperature represents a  key
physical attribute in river ecosystems

because of its profound effects on numerous
physical, chemical, and biological aspects of
water, including the dissolution of oxygen
and gases, rates of chemical reactions and
toxicity, plus microbial processes (Dallas
and Day, 2004). Rising water temperatures
reduce the solubility of dissolved oxygen
(Perlman, 2013), thereby limiting its access
for aquatic species, which in turn can alter
their  metabolic  rates, development,
behaviors, feeding preferences, reproductive
cycles and life spans, spatial ranges and
community compositions, migratory
patterns, and resilience against parasites,
illnesses, and contaminants.

pH
pH quantifies the acidity or alkalinity

status of an aquatic system, directly
impacting its  biological  productivity
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(Welch, 1952). It holds substantial practical
relevance by governing the majority of
chemical and biochemical processes.
Deviations to extreme high or low pH in
rivers have been documented to harm
resident biota, hinder water's suitability for
recreation, and modify the poisonous effects
of additional pollutants in various ways
(DWAF, 1996; Morrison et al., 2001).

Total Dissolved Solids (TDS)

Total Dissolved Solids (TDS) gauge
the presence of inorganic salts, organic
substances, and diverse dissolved
constituents in water (USEPA, 1986).
Serving as a valuable metric for evaluating
water's chemical density as a suitability
index (Jhingran, 1982), TDS encompasses
all inorganic salts, silica, dissolved organics
(Ahipathy and Puttaiah, 2006), and
compounds like carbonates, bicarbonates,
chlorides, sulphates, phosphates, and nitrates
involving Ca, Mg, Na, K, and Mn (Mishra
and Saksena, 1991). Essentially, TDS
captures everything in water apart from H.O
molecules and suspended particles. Kataria
et al. (1996) noted that elevated TDS signals
heightened pollution loads from natural
origins or external inputs such as sewage,
stormwater runoff, industrial effluents, and

water treatment chemicals, ultimately
degrading  water  quality.  Excessive
dissolved solids elevate biological and

chemical oxygen demands, progressively
eroding dissolved oxygen in aquatic settings
(Suthar et al., 2009). Toxicity arises via
salinity spikes, shifts in water's ionic
makeup, and effects from specific ions.
Levels peak in summer and trough in winter,
with summer maxima linked to amplified
soluble salts, sediments, humus, nutrients,

surface runoff, fertilizer leaching, fecal
inputs, and sewage from surrounding
catchments.
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Total Suspended Solids (TSS)

Total Suspended Solids (TSS) refer
to non-settling particulate matter suspended
in water. Factors driving notable TSS
fluctuations include soil erosion, stormwater
flows, farm effluents, urban drainage, water
cloudiness, and organic decay (Yunxia Du et
al., 2022). These solids disrupt aquatic
organisms by harboring toxic substances and
generating turbidity that blocks sunlight
penetration. Consequently, photosynthetic
plankton growth—the foundation of aquatic
food webs—declines. TSS also links to
eutrophication, as particulates often carry
nutrients spurring algal overgrowths (Bilotta
and Brazier, 2008).

Dissolved Oxygen (DO)

Dissolved oxygen (DO) earns
prominence as a core indicator for gauging
water quality, given its role in virtually all
chemical and biological activities in aquatic
systems. As a critical limnological measure,
it reveals water purity and organic pollution
intensity. Primary oxygen inputs stem from
atmospheric gas exchange at the air-water
boundary and photosynthetic oxygen release
in place. Natural oxygen levels hinge mainly
on physical elements like temperature and
salinity, with solubility dropping as either
rises. Key human-driven alterations to DO
arise from organic matter influxes, chiefly
from sewage plants and farm runoff,
heightening oxygen consumption; nutrient
enrichment further incites harmful algal
proliferations, destabilizing entire aquatic
ecosystems.

Total Alkalinity (TA)
Total Alkalinity (TA) plays a pivotal

role in assessing a water body's resistance to
acidification (Egleston et al., 2010). It
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denotes the water's capacity to neutralize
acids, chiefly from carbonates, bicarbonates,
and hydroxides (Tripathi et al., 1991),
though borates, phosphates, silicates, and
other bases contribute too. Low-alkalinity
waters (< 24 mg L' as CaCOs) possess
weak buffering, rendering them prone to pH
swings (Chapman, 1992); thus, alkalinity
supports fish and aquatic life by countering
abrupt pH shifts from plant photosynthesis
(Capkin et al., 2006).

Hardness

Seasonal  hardness  fluctuations,
generally modest, mirror water purity levels.
Hardness quantifies dissolved calcium and
magnesium concentrations. These minerals
aild human health, and the World Health
Organization (WHO) highlights drinking
water as a dietary calcium and magnesium
source, vital for those with deficiencies.
Standard classifications include: 0—60 mg/L
(as CaCO:s) for soft water; 61-120 mg/L as
moderately hard; 121-180 mg/L as hard;
over 180 mg/L as very hard (USGS Science
for a Changing World, 2018).

Nitrates

Nitrate (NOs) serves as a crucial
metric for evaluating surface water quality
(Johnes and Burt, 1993), revealing pollution
degrees and human impacts from point and
diffuse sources. As the oxidized endpoint of
nitrogenous organics from animal wastes, its
levels reflect microbial nitrification and
denitrification. Pristine waters hold trace
nitrates (Jaji et al., 2007). Agricultural
fertilizer overuse (Addiscott et al., 1991),
urban operations, and air deposition chiefly
drive  nitrate surges in freshwaters
(Carpenter et al., 1998), triggering issues
like eutrophic algal blooms—the gravest
eutrophication outcome (Anderson and
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Garrison, 1997)—oxygen depletion, fish
kills, biodiversity erosion (including
economically vital species), submerged
plant loss, and impaired usability for
potable, industrial, farming, recreational,
and other needs.

Phosphates

In aquatic systems, phosphorus
manifests as POa (phosphate). As the
primary  growth-limiting  nutrient for
freshwater plants alongside  nitrogen
(Stickney, 2005), it controls phytoplankton
dynamics and features in  water's
geochemical cycles, meriting inclusion in
routine quality checks. Occurring as

Materials and Methods
Sample Collection:

The Penna River holds major
importance in Andhra Pradesh's Nellore
district, supplying water for household,
manufacturing, and farming needs. One-liter
water specimens from two sites—one at
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phosphate (POs) in natural waters, it seldom
accumulates highly due to plant uptake.
Thus, surplus phosphate signals
contamination, fueling global eutrophication
and dissolved oxygen declines (Kannel et
al., 2007) with cascading ecological harms.
Chief sources encompass sewage treatment
outflows, household wastewater,
agriculturally fertilized field runoff, and
detergent phosphates from laundry.

Here's a paraphrased version of the
provided materials and methods section,
maintaining the original word count through
rephrased wording and structure while
preserving all technical details, table
content, and scientific accuracy:

Sangam Barrage close to Sangam village,
the other at Penna Bridge by Ranganayukula
Peta in Nellore city along the Penna River—
were gathered from depths of 3-4 feet across
three seasons (April 2024 to March 2025).

PENNAR RIVER BASIN ®

Study Area: Sangam Barrage (Sangam Anicut) and Penna Bridge (Nellore Anicut)

Physicochemical attributes including
temperature, pH, total dissolved solids
(TDS), total suspended solids (TSS),
dissolved oxygen (DO), alkalinity, hardness,

nitrates, and phosphates were evaluated via
titrimetric techniques and test kits (Table 1).
Every analysis concluded within 24 hours
post-collection.
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Table 1: Water quality parameters analyzed, units, methods, and equipment employed in

this investigation.

Parameters with units Analytical Methods Instruments
Temperature (°C) Instrumental Mercury thermometer
pH Instrumental pH meter

Total Dissolved Solids (mgL™") | Instrumental TDS meter

Total Suspended Solids Instrumental TSS meter

(mgL™)

Dissolved Oxygen (mgL™) Winkler iodometric Titration assembly
method

Total Alkalinity (mgL™) Titrimetric Titration assembly

Hardness (mgL™) Instrumental Titration assembly

Nitrates (mgL™) Instrumental Colorimeter

Phosphates (mgL™) Instrumental Colorimeter

Results & Discussion

Physicochemical analysis outcomes
from water samples obtained at two distinct
sites are presented in Table 2. The table
displays water quality measurements from

monitoring Station 1 (Sangam Barrage) and
Station 2 (Penna Bridge) within Nellore City
across  three  seasonal  periods—pre-
monsoon, monsoon, and post-monsoon.

Table 2: Physicochemical characteristics of Penna River water samples from Nellore

district.

Sample Collected Areas

Sangam Barrage Penna Bridge

Pre- Post Pre- Post
Parameter monsoon Monsoon | monsoon monsoon Monsoon | monsoon
Temperature(°C) 33 29 23 32 27 21
PH 6.8 6.9 7.2 6.2 6.4 6.7
TDS(mgL—1) 457 292 394 359 268 307
TSS(mglL—1) 350 454 418 384 438 391
DO(mgL—1) 7.4 9.7 10.7 8 10.6 11.1
TA(mgL-1) ND ND ND ND ND ND
Hardness(mglL—1) 1.8 0.9 1.3 1.4 0.7 1
Nitrates(mgL—1) 0.13 0.05 0.12 0.3 0.09 0.19
Phosphates(mglL—1) | 0.2 0.07 0.12 0.18 0.04 0.09
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Note: ND- Not Detectable, TDS- Total Dissolved Solids, TSS- Total Suspended Solids, DO-

Dissolved Oxygen, TA- Total Alkalinity

Temperature (°C)

This investigation reveals
pronounced seasonal temperature patterns
across both sampling locations. At Sangam
Barrage, temperatures registered 33°C,
29°C, and 23°C corresponding to pre-
monsoon, monsoon, and post-monsoon
seasons respectively. Penna Bridge recorded
32°C, 27°C, and 21°C for the identical pre-
monsoon, monsoon, and post-monsoon
intervals respectively. Peak temperatures
during pre-monsoon reached 33°C while
post-monsoon recorded the lowest at 23°C
at Sangam Barrage site. Similarly, Penna
Bridge area  documented maximum
temperatures of 32°C with post-monsoon
minimums at 21°C (Table 2).

Table 2 comparatively illustrates that
peak temperatures (33°C) occurred during
Sangam Barrage's pre-monsoon phase
whereas minimum temperatures appeared in
the post-monsoon period (21°C). Taskeena

seasonal fluctuations in the current study.
Across all seasons, Station 1 consistently
appears warmer than Station 2, as depicted
in graph 1. Projected cooling from rainfall
combined with reduced solar radiation
aligns with observed temperature declines
spanning monsoon through post-monsoon
seasons. Average temperatures across these
two study locations—namely 32.5°C, 28°C,
and 22°C during the investigation
timeframe——closely approximate figures
from the Central Water Commission 2014
report (Pennar Basin 2014 report). Water
temperatures exhibited progressive increase
from winter toward summer periods,
subsequently displaying decline
commencing monsoon season. Observed
water temperature shifts can be ascribed to
corresponding  seasonal  variations in
atmospheric ~ temperatures,  convective
thermal exchange occurring between
exposed water surfaces and surrounding air

Hassan et al. (2017) findings from river masses, alongside variations in solar
Yamuna corroborate  these  observed radiation intensity and photoperiod duration.
Temperature

M Station 1 ™ Station 2

40
0

Pre monsoon

Monsoon

Post monsoon

Graph 1 - Seasonal temperature fluctuations across Station 1 (Sangam Barrage) and

Station 2 (Penna Bridge)
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Table 2 reveals Sangam Barrage pH
measurements of 6.8, 6.9, and 7.2 across
pre-monsoon, monsoon, and post-monsoon
seasons  respectively.  Penna  Bridge
exhibited pH values of 6.2, 6.4, and 6.7 for
the corresponding pre-monsoon, monsoon,
and post-monsoon periods respectively.
Peak pH values during post-monsoon
reached 7.2 while the lowest pre-monsoon
reading was 6.8 at Sangam Barrage site.
Penna Bridge area documented highest pH
of 6.7 during post-monsoon with the
minimum pre-monsoon value recorded at
6.2.

Both monitoring stations maintained
pH levels between 6.2 and 7.2 annually,
demonstrating minimal fluctuations that
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Sangam Barrage post-monsoon season
registered the maximum pH of 7.2 whereas
Penna Bridge pre-monsoon period showed
the minimum pH of 6.2. These observations
likely relate to phosphate and nitrate
concentrations present within the collected
samples. Sangam Barrage consistently
exhibited higher pH levels (more alkaline
conditions) compared to Penna Bridge
during every season (Table 2). The pH
spectrum from 6.5 to 8.5 generally proves
suitable for most aquatic organisms.
Seasonal pH variations displayed only slight
differences. Furthermore, all collected water
sample pH values fell within prescribed
boundaries (6.5-8.5) established by WHO
(2004) and ISI (1993) standards for potable
water alongside CCU (1974) and BIS (1986)
criteria designated for irrigation
applications.

u Station 2

signify  consistently  stable  aquatic
conditions. Across all measurements,
| Station 1

7.5

7

6.5

6

5.5

Pre monsoon

Monsoon

Post monsoon

Graph 2 - Seasonal pH fluctuations across Station 1 (Sangam Barrage) and Station 2

(Penna Bridge)
Total Dissolved Solids (TDS)

Sangam area water samples recorded
total dissolved solids concentrations of 457
mg/L, 292 mg/L, and 394 mg/L spanning
pre-monsoon, monsoon, and post-monsoon
seasons  respectively.  Among  these

2132

measurements, maximum TDS appeared
during pre-monsoon season (457 mg/L)
while minimum values occurred in monsoon
samples (292 mg/L). Penna Bridge TDS
measurements registered 359 mg/L (pre-
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monsoon), 268 mg/L (monsoon), and 307
mg/L  (post-monsoon) throughout the
investigation timeframe. Identical patterns
emerged with peak pre-monsoon values
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(359 mg/L) and lowest monsoon
concentrations (268 mg/L) mirroring trends
observed in Sangam area specimens.

Total Dissolved Solids

B Station 1 W Station 2

500
400
300
200
100

Pre monsoon

0 . . .

Monsoon

Post monsoon

Graph 3 - Seasonal Total Dissolved Solids variations between Station 1 (Sangam Barrage)

and Station 2 (Penna Bridge)

Across both study locations, TDS
concentrations proved  comparatively
elevated during Sangam Barrage's pre-
monsoon season (457 mg/L) and reduced
during Penna Bridge's monsoon period (268
mg/L) (Table 2 & Graph 3). Elevated TDS
levels preceding and following monsoon
periods alongside seasonal declines during
monsoon likely result from rainfall dilution
effects, as both stations exhibited TDS
reductions throughout monsoon season.
Post-monsoon concentrations rebound as
dissolved solids accumulate while river
flows diminish. TDS measurements spanned
from 268 mg/L to 457 mg/L across the
complete assessment duration. Sangam
Barrage maximum readings (457 mg/L)
approached minimum permissible irrigation
TDS thresholds of 450 mg/L according to
WHO guidelines, while Penna Bridge TDS
values remained very close to minimum
acceptable TDS limits (Table 3).
Consequently, these concentrations may
exert minor influences upon ecosystem
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fauna within limited ranges attributable to
their constituent components.

Total Suspended Solids (TSS)

Current research demonstrates clear
seasonal trends in total suspended solids
concentrations  across  both  sampling
locations. Sangam Barrage documented TSS
levels of 350 mg/L, 454 mg/L, and 418
mg/L  corresponding to pre-monsoon,
monsoon, and post-monsoon  seasons
respectively. Penna Bridge registered TSS
concentrations of 384 mg/L, 438 mg/L, and
391 mg/L for pre-monsoon, monsoon, and
post-monsoon seasons respectively. Peak
TSS values occurred during monsoon season
reaching 454 mg/L while pre-monsoon
season recorded the lowest at 350 mg/L at
Sangam Barrage site. Penna Bridge area
similarly exhibited maximum TSS of 438
mg/LL  during monsoon season with
minimum pre-monsoon values at 384 mg/L
(Table 2).
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Total Suspended Solids

® Station 1 ™ Station 2

500
400
300
200
100

Pre monsoon

Monsoon

Post monsoon

Graph 4 - Seasonal Total Suspended Solids fluctuations at Station 1 (Sangam Barrage) and

Station 2 (Penna Bridge)

In comparison, this study's highest
and lowest Total Suspended Solids
measurements appeared during Sangam
Barrage monsoon season (454 mg/L) and
pre-monsoon season (350 mg/L)
respectively. Such patterns likely stem from
greater organic matter influx and accelerated
decomposition rates relative to the alternate
location. Monsoon periods displayed
elevated TSS across Dboth stations,
attributable to intensified surface runoff and
sediment disturbance. Water stabilization
coupled with particulate settling accounts
for reduced TSS during pre-monsoon and
post-monsoon intervals (Table 2) at both
study sites. Keeping TSS concentrations low
remains recommended practice to ensure
water quality and transparency. Designated
study period TSS ranged from 350 mg/L to
454 mg/L (Table 3& 4). TSS concentrations
under 200 mg/L receive WHO (1996)
endorsement to maintain water purity and
visual clarity. Excessive TSS diminishes
light transmission thereby  hindering
photosynthesis among aquatic vegetation
while elevated TSS additionally provokes
irritation to fish gill structures.

Dissolved Oxygen (DO)

2134

Table 2 indicates Sangam Barrage
DO concentrations of 7.4 mg/L, 9.7 mg/L,
and 10.7 mg/L spanning pre-monsoon,
monsoon, and post-monsoon  seasons
respectively. Penna Bridge displayed DO
levels of 8.0 mg/L, 10.6 mg/L, and 11.1
mg/L across the equivalent pre-monsoon,
monsoon, and post-monsoon  seasons
respectively. Peak DO values during post-
monsoon season attained 10.7 mg/L while
lowest pre-monsoon readings registered 7.4
mg/L at Sangam Barrage location. Penna
Bridge territory documented peak DO of
11.1 mg/LL during post-monsoon with
minimum pre-monsoon concentration at 8.0
mg/L.

Lowest DO concentrations appeared
at Station 1 (Sangam Barrage) relative to
Station 2 across all seasonal periods. Overall
peak DO manifested during Penna Bridge
post-monsoon season (11.1 mg/L) whereas
minimum occurred in Sangam Barrage pre-
monsoon season (7.4 mg/L) (Table 2).
Minimal dissolved oxygen during pre-
monsoon likely resulted from diminished
oxygen solubility at elevated temperatures
combined with heightened microbial
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consumption of dissolved

oxygen for

21(1) 2125-2144, 2026

www.thebioscan.com

degrading biodegradable organic materials.

Dissolved Oxygen

H Station 1 ™ Station 2

12
10

O N b O

Pre monsoon

Monsoon

Post monsoon

Graph 5 - Seasonal Dissolved Oxygen fluctuations at Station 1 (Sangam Barrage) and

Station 2 (Penna Bridge)

Elevated post-monsoon dissolved
oxygen can be ascribed to enhanced oxygen
solubility  during  winter  conditions
accompanied by reduced water temperatures
(Khaiwal et al., 2003). Present research
documented DO ranging from 7.4 mg/L
(pre-monsoon) to 11.1 mg/L (post-monsoon)
across three seasons at both sampling
locations. These observations align closely
with findings reported by Taskeena Hassan
et al. (2017) concerning river Yamuna.

Total Alkalinity (TA)

Alkaline properties remained
undetectable (ND) within water samples
collected from the current investigation
sites, signifying that these specimens likely
contain either exceptionally minimal or
negligible alkalinity concentrations. Capkin
et al. (2006) emphasize alkalinity's critical
role in counteracting rapid pH fluctuations
to preserve aquatic ecosystem stability.
Nevertheless, pH measurements in this study

displayed  limited  variability = while
maintaining near-neutral averages
throughout.  Therefore, this stability
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probably accounts for the extremely low
quantities or complete undetectability of
alkalinity observed in the analyzed water
samples.

Hardness

This research documented clear
seasonal hardness trends across both
monitoring locations. Sangam Barrage

exhibited hardness levels of 1.8 mg/L, 0.9
mg/L, and 1.3 mg/L. corresponding to pre-
monsoon, monsoon, and post-monsoon
seasons  respectively. Penna  Bridge
registered hardness concentrations of 1.4
mg/L, 0.7 mg/L, and 1.0 mg/L spanning pre-
monsoon, monsoon, and post-monsoon
seasons respectively. Peak hardness values
occurred during pre-monsoon  season
reaching 1.8 mg/L whereas monsoon season
recorded minimums at 0.9 mg/L at Sangam
Barrage location. Penna Bridge territory
similarly showed maximum hardness of 1.4
mg/L during pre-monsoon season alongside
minimum monsoon concentration of 0.7
mg/L (Table 2).
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Hardness

B Station 1
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Pre monsoon

Monsoon

B Station 2

Post monsoon

Graph 6 - Seasonal hardness variations across Station 1 (Sangam Barrage) and Station 2

(Penna Bridge)
Sangam  Barrage demonstrated
elevated pre-monsoon hardness

measurements (1.8 mg/L) while Penna
Bridge water samples displayed the lowest

monsoon readings (0.7 mg/L). These
patterns  likely arise  from  water
evapotranspiration concentrating salt

residues within the aqueous environment.
Both stations exhibited diminished hardness
during monsoon periods attributable to
rainfall dilution effects. Following monsoon
season, hardness concentrations
progressively increased with sedimentary
materials re-entering the water column
(Table 2). Drinking water guidelines specify
acceptable hardness ranges from 0 mg/L to
180 mg/L (WHO, 1996). Current findings
confirm soft water characteristics with
overall concentrations (across two stations
through three seasons) ranging from 0.7 to
1.8 mg/L (Table 5&6).

Nitrates

Sangam area  water  samples
exhibited nitrate concentrations of 0.13
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mg/L, 0.05 mg/L, and 0.12 mg/L across pre-
monsoon, monsoon, and post-monsoon
seasons respectively. Peak nitrate levels
occurred during pre-monsoon season (0.13
mg/L) whereas minimum concentrations
appeared in monsoon samples (0.05 mg/L).
Penna  Bridge nitrate  measurements
registered 0.3 mg/LL (pre-monsoon), 0.09
mg/L  (monsoon), and 0.19 mg/L (post-
monsoon) throughout the research duration.
Consistent patterns emerged with maximum
pre-monsoon concentrations (0.3 mg/L) and
minimum monsoon levels (0.09 mg/L)
mirroring observations from Sangam area
specimens.

Table 2 reveals Sangam Barrage
maintained lowest nitrate concentrations
(0.05 mg/L) while Penna Bridge exhibited
highest levels (0.3 mg/L) within current
investigation findings. Such disparities
likely stem from Penna Bridge locality
receiving substantial urban domestic waste
discharges. FElevated pre-monsoon NOs
(nitrate) concentrations can be attributed to
intensified evapotranspiration promoting salt
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accumulation alongside diminished
groundwater recharge (Table 3&4). WHO
(2004) establishes nitrate threshold for
drinking water at 50 mg/L, and accordingly,
present study nitrate levels remained well
below permissible boundaries. Current
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investigation nitrate results demonstrated
significant  positive  correlations  with
temperature, TDS, and TA alongside
negative associations with pH and DO
parameters.

Nitrates
M Station 1 M Station 2
0.4
0.3
0.2
0.1 .
: =Ml

Pre monsoon

Monsoon Post monsoon

Graph 7 - Seasonal nitrate fluctuations at Station 1 (Sangam Barrage) and Station 2

(Penna Bridge)
Phosphates

Current investigation documented
phosphate concentrations at Sangam Barrage
measuring 0.2 mg/L, 0.07 mg/L, and 0.12
mg/L across pre-monsoon, monsoon, and
post-monsoon seasons respectively. Penna
Bridge exhibited phosphate levels of 0.18
mg/L, 0.04 mg/L, and 0.09 mg/L. during
corresponding pre-monsoon, monsoon, and
post-monsoon seasons respectively. Peak

phosphate values during post-monsoon
season reached 0.2 mg/L while lowest pre-
monsoon concentrations registered 0.07
mg/L at Sangam Barrage location. Penna
Bridge territory recorded maximum
phosphate concentration of 0.18 mg/L
during post-monsoon alongside minimum
pre-monsoon level of 0.04 mg/L.

Phosphates

M Station 1 M Station 2

0.25
0.2
0.15
0.1
0.05

Pre monsoon

Monsoon Post monsoon
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Graph 8: Seasonal phosphate variations across Station 1 (Sangam Barrage) and Station 2

(Penna Bridge)

Phosphate concentrations appeared
marginally elevated at Sangam Barrage
(0.20 mg/L) relative to Penna Bridge (0.18
mg/L) within identical seasonal periods;
such differences likely arise from Sangam
Barrage receiving greater agricultural runoff
inputs. Pre-monsoon specimens displayed
maximum phosphate concentrations of 0.20
mg/L  (Sangam  Barrage) potentially
attributable to evapotranspiration processes
promoting salt accumulation or sediment

levels of 0.04 mg/L (Penna Bridge) (Table
2) likely resulting from rainwater dilution,
agricultural inputs, and sediment entrapment
mechanisms while post-monsoon recovery
patterns may stem from surface runoff or
organic matter decomposition processes.
Regulatory guidelines recommend
maintaining phosphate concentrations below
1 mg/L to avert eutrophication risks and
associated algal proliferations. Observed
phosphate range spanning 0.04 mg/L to 0.20

mobilization,

samples

contrasting with monsoon
exhibiting minimum phosphate

mg/L

remains

well

within established
precautionary thresholds (Tables 3&4).

Table 3: Mean = SD values for water parameters of three seasons (pre-monsoon, Monsoon
and post-monsoon) at two study stations (Sangam barrage and Penna Bridge)

Sangam barrage Penna bridge
Water  Quality | Pre- Pre- Post-
Parameter monsoon xonsozgl) II:: St-m:: g;)o on monsoon xonsoinél) monsoon

Mean £+ SD can can Mean = SD can Mean £+ SD
Temperature °C 32.9+0.351 29.0+0.755 | 23.0+ 0.9 32.0+1.137 | 27+£0.351 21.0£1.10
pH 6.8+ 0.351 6.9+ 0.3 7.240.7 6.240.3 6.4+ 0.3 6.7+0.40
TDS (mgL-1) 456.7+27.50 g?zsgi 394.0+ 18 359+ 29.501 | 268+ 21 307+ 18.00

+

TSS (mgL-1) 349.7+25.50 ;3453 418.3+20.502 | 384+ 23 438+ 19 391+ 13.00
DO (mgL-1) 7.4+ 0.351 9.7+ 0.351 10.7+ 0.800 8.0+ 0.3 10.60+0.7 11.1£0.40
TA(mgL-1) ND ND ND ND ND ND
Hardness(mgL—1) | 1.8+ 0.551 0.9+ 0.252 | 1.30+£0.340 1.44+0.41 0.7+ 0.101 1+ 0.252
Nitrates (mgL—1) | 0.12+ 0.025 0.05+0.025 | 0.13+£0.020 03+0.2 0.09+0.015 | 0.19+0.025
f;l‘gst_"l‘;tes 02+0.030 | 0.07+0.025 | 0.12+0.030 0.18£0.04 | 0.04=0.01 | 0.09+0.010

Note: *- ND- Not Detectable, TDS- Total Dissolved Solids, TSS- Total Suspended Solids, DO-
Dissolved Oxygen, TA- Total Alkalinity
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Table 4:Comparative “Analysis of Variables (ANOVA)” of two stations with three seasons.

Sangam Barrage Penna Bridge
Water  Quality Significant Sienificant
Parameter F- Value P-Value Seasonal F- Value | P-Value 8
Seasonal Effect
Effect
Temperature °C 147.97 0.000008 Yes 103.29 0.000028 | Yes
pH 0.630 0.56431 No 1.6765 0.264 No
TDS (mgL-1) 29.866 0.000761 Yes 11.384 0.009 Yes
TSS (mgL-1) 13.99 0.00556 Yes 7.33 0.0245 Yes
DO (mgL-1) 28.583 0.00086 Yes 33.69 0.00055 Yes
TA(mgL-1) ND ND ND ND ND ND
Hardness(mgL—1) | 3.82 0.085 No 4.568 0.06223 Moderately
Nitrates (mgL—1) | 9.06 0.0154 Yes 2.359 0.1755 Yes
Phosphates 16.658 0.0036 Yes 25.17 0.001 Yes
(mgL-1)

Note: P<0.005 (Significant effect of seasonal variation)

F-Values of Water Quality Parameters (ANOVA)

F-critical (~3.89)
140 Sangam Barrage
Penna Bridge

120

100

80

F-Value

60

40

20

(97
/’)
%
%
/
<

o < ¢ O N f
2 & & &
& N A < > <& > &

Water Quality Parameter

Graph 9:The grey dashed line at F = 3.89 represents the approximate F-critical value for
significance (at a = 0.05). Parameters with F-values above 3.89 indicate significant seasonal
variation.
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Graph 10: P-Values below Red Line at 0.05indicate significant seasonal variation (p < 0.05)

Table 5: Comparison of studied water quality parameters with the standards for drinking
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P-Values of Water Quality Parameters (ANOVA)
== P = 0.05 Threshold
Sangam Barrage
Penna Bridge

Water Quality Parameter

and irrigation purposes provided by WHO (2004), ISI (1993).

Drinking Water Range in the
WHO Indian Study Area
International Standard (ISI Penna Bridge
. Study Area | 10500, 1993)

S| Water Quality | Standards (2004)

No. Parameters

1 Temperature °C - - 21°C-32°C

2 PH 6.5-8.5 6.5-9.5 6.2-6.7

3 TDS (mgL-1) 500-1500 500-2000 268-359

4 TSS (mgL-1) - - 384-438

5 DO (mgL-1) - - 8.0-11.1

Total Alkalinity

6 (mgL-1) 200 - ND

7 Hardness (mgL—1) - - 0.7-14

8 Nitrates (mgL—1) 50 - 0.09-0.3

9 Phosphates (mgL—1) - - 0.04-0.18

Note: ND- Not Detectable

Table 6: Comparison of studied water quality parameters with the standards for irrigation
purposes provided by UCC (1974) and BIS (1986)
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Irrigation Water Range in the Study
University  of | Bureau of | Area (Sangam
California Indian Barrage)
Water Quality | Committee of | Standards
SI. No. | Parameters Consultants (BIS,1986)
(1974)
1 Temperature °C - - 23°C - 33°C
PH 6.5-8.4 6.5-8.4 6.8-72
3 TDS (mgL-1) 450-2000 - 292- 457
4 TSS (mgL-1) : : 350 - 454
5 DO (mgL-1) - - 7.4-10.7
Total Alkalinity
6 (mgL-1) - - ND
Hardness (mgL—1) | - - 09-1.8
8 Nitrates (mgL—1) 0-30 0-10 0.05-0.13
Phosphates
9 (mgL-1) - 0-2 0.07-0.2

Note: ND- Not Detectable

Conclusion

This comprehensive investigation
establishes that pronounced seasonal
variations exert substantial influence upon
the physicochemical properties of the River
Penna within Nellore district boundaries,
where the river serves as a critical lifeline
supporting  domestic ~ water  supply,
agricultural irrigation, and the region's
thriving vannamei shrimp aquaculture
industry that positions Andhra Pradesh as
India's leading shrimp producer. Across
distinct pre-monsoon (hot-dry), monsoon
(heavy rainfall), and post-monsoon (cooler
stabilization) intervals—from April 2024 to
March 2025—our empirical findings reveal
clear temporal patterns consistent with
regional hydrological dynamics observed in
similar Andhra Pradesh river systems like
the nearby Godavari basin. Water quality
parameters yielding p-values below 0.05, as
determined through ANOVA analysis across
replicate measurements at Sangam Barrage
and Penna Bridge sites, demonstrate

2141

statistically significant disparities in mean
concentrations spanning these three seasons,
reflecting dilution effects during monsoons
(average rainfall ~775 mm in peak months)
versus concentration via evapotranspiration
in  pre-monsoon periods. Conversely,
parameters displaying p-values exceeding
0.05 manifest non-significant differences
between seasonal means, signifying
relatively stable concentrations throughout
annual cycles despite  anthropogenic
pressures from urban sewage at Penna
Bridge and agricultural runoff at Sangam
Barrage. Specifically, Sangam Barrage
exhibited substantial seasonal fluctuations in
temperature (21-33°C), TDS (268-457
mg/L), TSS (350-454 mg/L), DO (7.4-11.1
mg/L), nitrates (0.05-0.3 mg/L), and
phosphates (0.04-0.2 mg/L), while pH (6.2-
7.2) and hardness (0.7-1.8 mg/L) remained
non-significant; Penna Bridge showed
variations primarily in temperature, TSS,
DO, and phosphates, with pH, TDS, nitrates,
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and hardness

proving stable. Current
research thus substantiates that these
temporal fluctuations profoundly influence
multiple core water quality indicators within
the Penna River framework, aligning with
prior studies on Pennar estuary systems
documenting similar TSS peaks during
monsoons from sediment resuspension.

Resident biological communities—
including vital fish  stocks, macro
invertebrates, plankton, and aquaculture
seed organisms—inhabiting these dynamic
aquatic environments experience marked
effects from such seasonal shifts,
influencing their population abundance,
spatial distribution patterns, reproductive
success rates, metabolic processes, and
overall physiological condition, with
particular implications for vannamei shrimp
(Litopenaeus vannamei) farming where DO
levels of 7.4-11.1 mg/L fall within optimal
5-8 mg/L growth ranges but TSS spikes risk
gill irritation. Understanding these intricate
temporal dynamics proves crucial not only
for implementing targeted conservation
measures and optimizing water resource
allocation but also for securing sustainable
functionality of these wvital freshwater
habitats that underpin Nellore's economy
through irrigation for paddy fields and
coastal  shrimp  ponds  contributing
significantly to national exports. Preserving
optimal water quality represents a
fundamental requirement for healthy
freshwater ecosystems, since even modest
alterations in critical physicochemical
parameters—Ilike phosphate levels below
eutrophication thresholds (<1 mg/L)—can
generate substantial cascading consequences
for  biotic  assemblages,  potentially
disrupting food webs from phytoplankton
base to higher trophic levels. Regular
monitoring and proactive management of
these characteristics remain essential to

21(1) 2125-2144, 2026
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foster conducive conditions supporting
robust ecosystem health, particularly given
the Penna's rain-fed nature that amplifies
seasonal extremes and pollution dilution

variability. Further comprehensive
investigations receive strong
recommendation to elucidate intricate

interrelationships among these parameters—

such as  positive  nitrate-temperature
correlations  observed  here—alongside
documenting specific impacts of

physicochemical alterations upon diverse
aquatic flora (e.g., submerged macrophytes)
and fauna species (e.g., native cyprinids and
shrimp post-larvae), including long-term
bioaccumulation studies and climate change
projections for Nellore's coastal riverine
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