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Abstract - Seasonal variations in water quality play a vital role 
in assessing the ecological and environmental behaviour of river 
systems, explicitly in agriculture-dominant regions like the 
Godavari River basin in Andhra Pradesh, India. The study 
focuses on evaluating spatiotemporal variations for key 
physicochemical parameters like pH, salinity, dissolved oxygen 
(DO), alkalinity, hardness, total solids (TS), chlorides, and 
optical density at 254 nm (OD254) during the three distinct 
hydrological seasons- pre-monsoon, monsoon, and post-
monsoon. Water samples were collected from strategically 
selected eight sites (named S1 to S8) along the river from 
Polavaram to Dowleswaram and were tested following 
standard laboratory procedures. The findings showed notable 
seasonal variations driven by anthropogenic activities, 
agricultural runoff, and monsoonal rainfall. While the greater 
amounts of chlorides during the pre-monsoon suggest pollutant 
deposition under low-flow circumstances, increased total solids 
during the monsoon were caused by surface runoff. Moderate 
levels of the majority of indicators in post-monsoon waters 
displayed the role of sedimentation and dilution. Site S2 was 
always recognized as an outlier based on Principal Component 
Analysis (PCA) and Hierarchical Cluster Analysis (HCA), 
reflecting perennial pollution mostly due to organic content 
throughout the year. The results highlight the need to conduct 

ongoing seasonal monitoring to understand the changes in 
water quality, which can guide regional water management 
plans. The research highlights the need to practice integrated 
watershed management techniques in areas experiencing 
significant agricultural and industrial expansion to protect 
rivers. 
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1. Introduction 

River water is the fundamental source of water for 
agriculture, industrial activities, and domestic use. It 
plays a vital role in supporting life and sustaining the 
ecosystem. The dynamic nature of the river makes it an 
essential source of surface water, especially in 
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agriculture-dependent countries like India [1]. 
Nevertheless, due to expansion in the industrial sector, 
agricultural advances, and urbanization, the quality of 
river water has been significantly altered. In addition to 
safeguarding human health, water quality monitoring is 
crucial for preserving ecological stability and promoting 
sustainable development. Because of its vast drainage 
basin, reliance on agriculture, and socioeconomic 
significance, the Godavari River is extremely important 
in southern India [2]. 

The Godavari River is essential to Andhra 
Pradesh's economy, aquaculture, agriculture, and 
potable water supply, especially in the East and West 
Godavari areas [3]. The increase in the population has 
increased the demand for water resources. This has led 
to a depletion of the quality of water resources. 
Increased use of fertilizers, pesticides, domestic sewage 
discharge, and effluents from both major and small-scale 
enterprises has led to a decline in water quality in many 
sections of the river [4]. During the non-monsoon and 
monsoon seasons, seasonal fluctuations caused by 
runoff, dilution, and increased sediment transit have a 
major impact on the physical and chemical features of 
river water [5]. Water quality is generally evaluated by 
studying the physical, chemical, and biological 
parameters [6], [7]. Dissolved oxygen (DO), pH, and total 
solids (TS) are the significant parameters for 
understanding water quality [8]. For instance, total 
dissolved solids (TDS) give information on the mineral 
content and salinity. Similarly, pH shows how acidic or 
basic the water is. DO is an indication of the level of 
organic pollution and the presence of both 
biodegradable and non-biodegradable contaminants. 

 During the pre-monsoon season, because of the 
slower river flow and lower water levels, there is a 
greater concentration of pollutants due to the limited 
ability for dilution [9]. On the other hand, Dilution of 
existing pollutants is a result of higher rainfall and runoff 
during the monsoon season, combined with land use 
patterns and watershed management techniques. The 
post-monsoon season is a crucial transitional time when 
sedimentation takes place and water bodies start to 
recover from monsoonal effects, making it important to 
study the water quality post-rains [10]. Therefore, it is 
necessary to study the seasonal variations of water 
quality to understand the state of the river system and 
potential dangers to the ecosystem. 

Previous studies in the Godavari River were 
focused mainly on seasonal trends in the overall water 
quality [4], [11]. The current study aims at a detailed 

concurrent application of HCA and PCA analysis to 
understand the most influential physicochemical 
parameters affecting the water quality. Within a portion 
of the Godavari River basin, this study examines the 
geographical and temporal variation in important 
physicochemical water quality indicators. The study is 
carried out during three different hydrological seasons: 
pre-monsoon, monsoon, and post-monsoon. Samples 
taken throughout each season were subjected to 
laboratory testing, and data were gathered from several 
sampling sites. This approach helps in identifying 
potential hotspots, simultaneously highlighting the 
season-specific changes and their impact on water 
quality. The study provides an in-depth analysis that can 
guide water resource management in an area that is 
heavily reliant on surface water for a variety of purposes. 
This study intends to support continued efforts in river 
basin monitoring, sustainable water use, and pollution 
control. 

 
2. Study Area 

The east and west Godavari regions are mostly 
agricultural areas that rely largely on surface water from 
the Godavari River  (Figure 1) and its network of canals 
for irrigation, paddy fields, aquaculture ponds, and 
banana plantations, all of which are water-intensive [12]. 
Seasonal rainfall from the southwest monsoon has a 
considerable impact on river discharge, dilution, and the 
movement of numerous biochemical elements in the 
water. The sampling sites chosen run along the district's 
river and canal systems, and include areas with various 
land use patterns such as agricultural zones, rural 
communities, and semi-urban discharge points. These 
locations were chosen to reflect the impact of both point 
and non-point sources of pollution. Anthropogenic 
activities, return flows from paddy fields, aquaculture 
effluents, and household sewage outflows all have a 
substantial impact on water quality. The climate in the 
research region is tropical, with high humidity and mean 
annual temperatures ranging from 24°C to 38°C. The 
monsoon season normally lasts from June to September, 
with a comparatively dry post-monsoon period from 
October to December, and a pre-monsoon season from 
March to May. These climatic fluctuations have a 
substantial impact on surface water availability, dilution 
potential, and microbiological and chemical activities in 
the aquatic system. 

 

 Figure 1 represents the map showing the location 
of the sampling points and the outline of the study area. 
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The sampling sites are located in the lower portions of 
the Godavari Basin, where the river slows and deposits 
sediment, resulting in extended residence time for toxins 
and higher interaction between water and sediment 
[13]. Lower velocities during the post-monsoon and pre-
monsoon periods may also increase eutrophication and 
biological activity [14], [15]. The geographic coordinates 
of the sites are summarised in Table 1. 
 

 
Figure 1. Map showing the location of the sampling points 

and outline of the study area. 

 
 

Table 1. Geographic coordinates of the sites. 

Site 
Number 

Location Name Latitude Longitude 

S1 Polavaram 17.24 81.646 
S2 Pattisam 17.21 81.640 
S3 Tadipudi 17.16 81.661 
S4 Prakkilanka 17.13 81.667 
S5 Kumaradevam 17.06 81.71 
S6 Arikirevula 17.05 81.72 
S7 Kovvur 17.01 81.740 
S8 Dowleswaram 16.93 81.78 

  

3. Methodology 
3.1 Collection of water samples  

The study was carried out in Andhra Pradesh's 
Godavari River basin, which is mostly an agricultural 
area with significant irrigation, household, and industrial 
uses for the river water. Based on observed pollution 
levels, closeness to agricultural areas, and human 
populations, eight sampling sites were carefully chosen 
throughout the river route. Sampling was done during 
three seasons: Pre-Monsoon (July 2024). This period 
represents a dry-season scenario with limited flow and 
elevated solute concentrations. Monsoon (September 

2024) illustrates the time of greatest precipitation and 
its effects on erosion, runoff, and suspended particles. 
Post-Monsoon (December 2024) shows that water 
quality has stabilized following rainfall, with dilution and 
sedimentation impacts becoming less significant. Water 
samples were collected according to standard 
procedures. To prevent surface contamination, samples 
were taken 20–30 cm below the surface with the help of 
clean, sterilized plastic bottles. Within 24 hours after 
being collected, all samples were brought to the lab for 
examination and kept at 4°C.  
 
3.2 Water quality analysis   

Parameters such as pH, salinity, and DO were 
measured on site using a handheld water quality meter 
(Make: TOA DK; Model: WQC-30), and the laboratory 
analysis for hardness, alkalinity, TS, and chlorides was 
carried out following standard methods for water and 
wastewater [16]. The accuracy of the data was ensured 
by doing each analysis in triplicate. Before use, all 
instruments and glassware were calibrated, and blanks 
and common reference materials were used to maintain 
quality control. 
 
3.3 Statistical analysis   

 Principal component analysis (PCA) was carried out 
to understand the influential parameters and the 
correlation between them. PCA is an orthogonal linear 
transformation that transforms the variables to a new 
coordinate system. In the new coordinate system, the 
highest variance projected by any variable falls in the 
first coordinate, the second-highest variance falls in the 
second coordinate, and so on [17]. The principal 
component gives information on the most influential 
parameters, which gives details of the overall data set, 
allowing data reduction while reducing the loss of 
original information [18]. Hierarchical Cluster Analysis 
(HCA) was further carried out to support the findings 
from PCA. The statistical analysis was performed using 
Origin Pro software. 

  

4. Results and Discussions 
4.1 Water quality parameters - Seasonal variation  

The pH levels in the pre-monsoon, monsoon, and 
post-monsoon seasons are presented in Table 2. The 
values of pH lie between 6.87 and 8.20 in all seasons, 
which is within the permissible range for freshwater 
systems. Pre-monsoon pH readings were usually higher 
(mean ≈ 7.95), peaking at S4 (8.20), suggesting alkaline 
conditions that may have been caused by decreased 
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bicarbonate ion movement, evaporation, and 
concentration. On the other hand, post-monsoon pH fell 
to its lowest point at S4 (6.87), most likely as a result of 
increased microbial activity that contributed to organic 
acids and dilution from rainfall and runoff. Although 
somewhat lower than the pre-monsoon, the monsoon 
season's pH readings (7.54–8.06) remained alkaline, 
indicating that enhanced runoff has a moderating 
influence on pH levels. These findings were similar to 
previous literature [19].  The seasonal pattern indicates 
that the acid-base state of the river system is influenced 
by hydrological dilution and biogeochemical activities 
[20]. All samples and seasons showed a constant low 
salinity of 0.01%, indicating that the Godavari River is a 
freshwater [21]. The changes in the salinity suggest that 
saltwater intrusion is frequently observed in rivers that 
are impacted by tides or as a result of groundwater 
pumping. Neither of these is a significant issue in the 
areas that were examined [22]. It also shows that there 
were no notable industrial saline discharges during the 
research period. 

 
Table 2. pH values corresponding to Pre Monsoon, Monsoon, 

and Post Monsoon seasons. 

Site Pre 
Monsoon 

Monsoon Post 
Monsoon 

S1 8 8 7.2 
S2 7.8 7.9 7.1 
S3 7.9 7.9 7 
S4 8.2 7.8 6.8 
S5 7.9 7.6 6.9 
S6 7.9 7.5 7.1 
S7 7.8 7.7 7 
S8 8 7.7 7.1 

 
One important measure of the health of aquatic 

ecosystems is dissolved oxygen. There were noticeable 
seasonal fluctuations in DO concentrations presented in 
Table 3. The pre-monsoon period had the lowest DO 
levels (2.00–2.97 mg/L), and some locations (such as S6 
and S8) were getting close to hypoxic conditions, which 
can result in dead zones for the ecosystem [23]. These 
might be caused by organic pollution, thermal 
stratification, and decreased re-aeration as a result of 
low flow.  Monsoon values increased to 6.30 mg/L at S3, 
indicating a considerable improvement. High DO levels 
were caused by increased aeration, turbulent flow, and 
organic matter dilution after intense rains [24].  
Following the monsoon, DO decreased somewhat (3.3–
4.2 mg/L), most likely as a result of less turbulence in 

water bodies and the breakdown of stored organic 
waste. The temporal trends highlight the river system's 
susceptibility to oxygen depletion, particularly during 
dry spells, which can have a negative impact on aquatic 
life. Low DO levels are a sign of potential organic 
pollution that increases harmful microbial growth, 
posing a potential health risk to communities relying on 
water for consumption [25].  

 
Table 3. DO values corresponding to the Pre Monsoon, 

Monsoon, and Post Monsoon seasons. 

Site Pre 
Monsoon 

Monsoon Post 
Monsoon 

S1 2.9 5.1 3.7 
S2 2.4 5.6 4.2 
S3 2.3 6.3 4 
S4 2.6 4.4 3.9 
S5 2.1 4.9 363 
S6 2 4.9 3.3 
S7 2.3 4.9 3.6 
S8 2.1 4.8 3.9 

 
Seasonal variations were significant in total solids, 

which include both suspended and dissolved materials. 
The levels of total solids during the non-monsoon and 
monsoon seasons are given in Figure 2. During the pre-
monsoon, low dilution capacity, evaporative 
concentration, and agricultural runoff are the reasons for 
the highest concentrations (up to 6.24 g/L at S3). In the 
monsoon, there is a significant decrease (down to 0.16 
g/L), mostly as a result of increased flow and dilution 
from rainfall. Intermediate values (up to 5.2 g/L) during 
the post-monsoon indicate that sediments may have 
been resuspended, maybe as a result of groundwater 
flow or bank erosion. The high values in the pre- and 
post-monsoon periods may hinder turbidity-sensitive 
aquatic activities, including photosynthesis, and these 
changes reflect seasonal sediment dynamics [26]. 
Increased levels of total solids during the non-monsoon 
seasons have a substantial effect on the riverine systems. 
Elevated total solids increase the turbidity in the river, 
thereby causing a reduction in the penetration capacity 
of light particles necessary for photosynthesis in aquatic 
plants [27]. High suspended solid content in the water 
bodies clogs the gills of fish [28]. In addition to the direct 
effects on the living organisms, the higher particulate 
content facilitates the transport of nutrients and other 
pollutants, thereby altering the riverine ecosystems [29].  
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Figure 2. Total solid concentrations in pre-monsoon, 

monsoon, and post-monsoon seasons. 
 

Natural organic matter, particularly aromatic 
chemicals like fulvic and humic acids, can be identified 
by OD254 [30]. Optical Density of the riverine systems 
measured in terms of OD254 is presented in Table 4. 
Moderate pre-monsoon levels (0.052–0.113) show a 
background of organic matter from natural debris and 
small inflows of garbage. During the monsoon, high 
amounts of labile organic matter are introduced via 
stormwater runoff, agricultural leachates, and urban 
drainage, which is probably why peaks were seen at S2 
(0.222) and S3 (0.173). In the post-monsoon season, 
Stabilization took place (0.1–0.2), but consistently high 
levels imply either insufficient flushing or continuous 
organic inputs, maybe from wastewater or decomposing 
vegetation [31]. These readings, especially in slower-
flowing passages, indicate a possible danger of oxygen 
deprivation and microbial development.  

 
Table 4. DO values corresponding to the Pre Monsoon, 

Monsoon, and Post Monsoon seasons 

Site Pre 
Monsoon 

Monsoon Post 
Monsoon 

S1 0.113 0.151 0.1 
S2 0.111 0.221 0.2 
S3 0.052 0.173 0.1 
S4 0.061 0.111 0.1 
S5 0.065 0.112 0.1 
S6 0.061 0.142 0.1 
S7 0.064 0.133 0.1 
S8 0.071 0.079 0.1 

 
Water hardness demonstrated notable seasonal 

fluctuation, as represented in Figure 3.  Before the 

monsoon, moderate hardness (46–96 mg/L) was 
observed with little leaching, and base flow played a role. 
The monsoon season shows a noticeable rise (up to 153 
mg/L at S3), most likely brought on by upland floods, 
erosion of catchment rocks, and mineral leaching caused 
by runoff. After the monsoon, the water was persistently 
high (77.7–120 mg/L), indicating a gradual release from 
mineralized soil and a recovery of groundwater. 
Although the hardness levels stayed within reasonable 
bounds, they clearly show a mineral-rich post-monsoon 
nature that might influence the expansion of irrigation 
systems and residential applications [32].  

 
Figure 3. Levels of hardness in pre-monsoon, monsoon, and 

post-monsoon seasons. 

 
The most notable fluctuation was in alkalinity, which 

represents the water's buffering ability. Alkalinity of 
water during pre-monsoon, monsoon, and post-
monsoon seasons is presented in Figure 4. Strong 
buffering, probably caused by accumulated bicarbonates 
and carbonates, driven by evaporation and 
concentration effects, is indicated by the exceptionally 
high pre-monsoon levels (up to 945 mg/L at S5). During 
the monsoon, a significant decrease was observed (down 
to 86.6 mg/L) as a result of ionic concentrations being 
diluted. Alkalinity recovered (232–355 mg/L) post the 
monsoon, which may have been caused by base flow and 
groundwater contributions. Extremely high alkalinity 
can alter metal solubility and the balance of aquatic 
ecosystems, even while it increases resilience to pH 
swings [33]. High alkalinity in irrigation water results in 
higher pH and increased sodium absorption, which 
disrupts the soil quality [34].   
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Figure 4. Alkalinity in pre-monsoon, monsoon, and post-

monsoon seasons. 

 
The variations in chloride levels in the riverine 

system are presented in Figure 5. Chlorides showed 
seasonal enrichment and the lowest concentrations 
(16.66–24.99 mg/L) before the monsoon. Monsoon peak 
levels (66.6 mg/L at S2) may be caused by home sewage, 
flood mobilization of soil salts, and runoff from both 
urban and rural areas. Higher values (up to 29.9 mg/L) 
were sustained post the monsoon, indicating limited 
dilution and possible human effects (e.g., fertilizers, 
detergent residues). If left uncontrolled, elevated 
chloride levels might endanger crop output and the 
flavour of drinkable water. When water comprising high 
chloride levels is used for irrigation, it leads to soil 
salinization, resulting in reduced agricultural 
productivity [35], [36]. On the other hand, consumption 
of water with high chlorine content can lead to high 
blood pressure [37].  

 
Figure 5. Chloride levels in pre-monsoon, monsoon, and post-

monsoon seasons. 
 

Station S3 continuously displayed higher values for 
DO (monsoon), total solids (pre- and post-monsoon), 
and hardness across the three seasons, suggesting 
localized geogenic or human impacts. Elevated levels of 
organic markers (OD254 and chlorides) at Station S2 
pointed to possible agricultural runoff or wastewater 
inputs. PCA was primarily carried out to improve the 
dimensionality of the data set to further analyze the most 
prominent parameter in the water quality, as 
represented in Figures 6 and 7.   

 
4.2 Multivariate Statistical Analysis 
The multivariate analysis conducted using HCA (Figure 
6) and PCA (Figure 7) demonstrates clear seasonal 
trends in the water quality at the sites of sampling. At 
pre-monsoon, the PCA biplot shows that water quality is 
highly determined by factors like DO, OD254 (organic 
matter), hardness, and chlorides. Particularly, the 
sampling location S2 is strongly differentiated from all 
the others and has a high association with hardness and 
OD254, indicating high organic and mineral content 
levels. Likewise, S1 with greater DO and OD254, and S3 
and S4 represent alkaline environments. This is 
supported by HCA, which also splits the locations into 
three distinct major clusters but isolates S2 because it 
uniquely has an exclusive water chemistry. The pre-
monsoon dendrogram showed distinct clusters, forming 
groups of upstream and downstream sites, possibly due 
to anthropogenic activities and different sources of 
input. These findings align with previous studies that 
focus on the importance of organic pollution and mineral 
transport in river ecosystems during seasonal changes 
[27]–[29]. During the monsoon period, the pattern of 
sampling locations changes significantly, possibly due to 
enhanced runoff and dilution effects.  

The PCA indicates that alkalinity, total solids, and 
chlorides gain more prominence, and although S2 
remains distinct, other locations, such as S3, now cluster 
more with total solids and hardness, perhaps because of 
the influx of sediments and minerals. Sites S5, S6, S7, and 
S8 show a wider spread, reflecting the differential 
impacts of rainfall at different locations. The 
dendrogram using HCA shows a more even clustering 
with a significant grouping of S5, S6, S7, and S8, reflecting 
that these sites have similar monsoonal influences on 
water quality. Monsoon season revealed predominantly 
seasonal clustering patterns, highlighting the influence 
of surface runoff.   
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Figure 6. HCA of seasonal variations of water quality 
parameters (a) pre-monsoon, (b) monsoon, and (c) post-

monsoon. 

 
 

 

 
Figure 7. PCA of seasonal variations of water quality 

parameters (a) pre-monsoon, (b) monsoon, and (c) post-
monsoon. 
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During the post-monsoon period, PCA shows a 
general merging of the sample locations around the 
centre of the biplot, which implies that there is a 
stabilization of water quality after the monsoon. S2 is 
still separated from the other points along the OD254, 
showing continued organic pollution. S3 is close to 
parameters such as total solids and chlorides, which 
indicate lingering effects of sedimentation due to the 
monsoon. Most other sites, including S1, S4, and S6, 
cluster closely together, reflecting more uniform water 
quality conditions. This pattern is replicated in the HCA, 
where most sites fall into one compact cluster, whereas 
S2 and S3 exist as separate clusters based on residual 
deviations in their chemical profiles. During the post-
monsoon phase, the effects of accumulated pollutants 
were observed in the clustering patterns.  The analysis 
shows that site S2 systematically differs from other sites, 
probably because of ongoing pollutant input, and that 
seasonal processes like rainfall and runoff have a major 
impact on water chemistry. Pre-monsoon condition 
depicts greater amounts of organics and minerals, 
monsoon imposes heterogeneity via inputs from the 
outside, and post-monsoon conditions reveal relative 
stability. These results are essential to distinguish 
pollution origins and design specialized water 
management tactics. HCA further corroborated these 
findings by grouping sites with similar water 
characteristics.  

Water quality parameters play a determining role in 
defining the ecological health. The observed levels of 
contaminants have direct implications for agriculture 
and human health. Elevated levels of chlorine, although 
not immediately toxic, can lead to gastrointestinal 
disruptions in humans. On the other hand, agricultural 
lands are subjected to soil structure disruption. DO levels 
falling below the threshold limits cause poor growth and 
an increased mortality rate in fish. Higher total solids in 
the riverine systems reduce the oxygen levels, harming 
fish while also facilitating contaminant mobility. The 
water quality parameters play an intricate role in 
agriculture, human well-being, and the environmental 
system's health. Continuous monitoring of these 
parameters is necessary to ensure water security 
ensuring sustainable water resource management. 

 
5. Conclusions 

The seasonal assessment of water quality 
measurements across the Godavari River Basin reveals 
the temporal variations caused by hydrological 
conditions. High levels of total solids, alkalinity, and 

hardness during the pre-monsoon season suggest 
significant evaporation and reduced dilution, which was 
likely aggravated by low flow conditions. The monsoon 
season, on the other hand, exhibits a noticeable increase 
in measures like DO and decreased total solids, which are 
suggestive of improved aeration, dilution, and runoff-
induced pollution flushing. Nonetheless, some organic 
indicators (OD254) increased in particular locations, 
suggesting that organic materials may have contributed 
to surface runoff. Although most measures showed a 
mild recovery in the post-monsoon season, alkalinity 
and hardness showed a revival at some locations, which 
may have been caused by delayed leaching or 
groundwater interaction.  These findings demonstrate 
how riverine water quality is dynamic and responds to 
seasonal variations, highlighting the necessity of ongoing 
monitoring and catchment-specific management 
techniques to maintain sustainable water quality all year 
long.  
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