



Study of Physico-Chemical Parameters of Selected Regions on the Darna River, District Nashik, Maharashtra
 

Abstract
In the present work, the 3 sites, Chehadi, Kotamgoan, and Nahegoan, are on the shores of the Nashik District of Maharashtra, along the Darna River, where we studied the physicochemical parameters of water and soil. Study Design and Study Period: The study was a two-year (2023-2025) retrospective longitudinal cross-sectional survey conducted across four seasonal periods: the monsoon season (June-September), post-monsoon/winter season (October-January), and pre-monsoon/summer season, which included February 25 to May. Temperature, pH, dissolved oxygen (DO), electrical conductivity, total dissolved solids (TDS), salinity, and bicarbonate (HCO3⁻) were key parameters measured in water samples. Among these were tests for pH, conductivity and TDS of soil samples from river banks. These results exhibit strong seasonality in water quality, with distinct differences across the three experimental sites. Generally, water quality parameters mostly fell below the safe levels for aquatic life and irrigation; nevertheless, site-specific differentials were evidentially higher like pH and soil conductivity at Kotamgoan which was indicative of local human impacts. The results provide baseline data that will be useful for monitoring the ecological health of the Darna River and reveal a need for routine assessments to help mitigate pollution effects.
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1. Introduction
Rivers are one of the most dynamic and important freshwater ecosystems globally, as they represent the main source of drinking water, agriculture, industry and sanitation for billions. They nurture rich biodiversity, affect local climates and cycle biogeochemical nutrients. River waters result from the composition of multiple sources, including natural processes such as rock weathering, atmospheric deposition, and hydrological conditions, as well as anthropogenic activities such as urban runoff, agricultural practices, industrial discharges, and household garbage [1], [2]. The ongoing growth of the human population and the pressure on river systems from land use most often lead to declines in water quality, the loss of ecosystem services, and potential risks to human health. Therefore, continuous monitoring and evaluation of the physico-chemical properties are necessary for sustainable management of water resources. Physicochemical parameters are quantitative measures of water quality. Temperature controls aquatic organisms' metabolic rates and gas solubility, pH provides nutrient and metals availability; [3], [4] dissolved oxygen (DO) is essential for aerobic life; electrical conductivity and total dissolved solids (TDS) show ionic composition, [5], [6] while hardness components such as calcium carbonate (CaCO3) or bicarbonate (HCO3⁻) provide buffer capacity as well as usability in domestic practices and agriculture. Seasonal properties of these parameters are most pronounced in tropical and subtropical regions, where wet and dry periods create contrasting flow regimes, sediment transport processes, and a balance between point and non‑point sources of pollution. The quality of river water can also be strongly shaped by soil properties and processes at the margins, through both runoff and groundwater exchange, indicating that integrated water‑ soil assessments are needed to gain a holistic view of catchment condition [7], [8], [9].
The Darna River is a tributary of the Godavari River starting in Nashik District, Maharashtra, India, in the Western Ghats. The trail runs through a patchwork of eroding basalt fields and a growing city. The river is the lifeblood of the region; it irrigates crops such as sugarcane, grapes, and vegetables, drinking water is extracted from it for many villages and towns, and aquatic ecosystems depend on its flow [10], [11], [12]. But like many rivers in India, the Darna faces growing strain from humanity. The more intensive agriculture has meant more fertilisers and pesticides, some of which are washed into the river. When urbanization occurs rapidly, inadequate sanitation leads to the discharge of raw or partially treated sewage. Moreover, industrialisation in the region occurs through small- to medium-scale manufacturing and processing units, with the release of organic and inorganic toxic emissions. However, very little literature is available on systematic, long-term studies of water quality (including physical, chemical, and microbiological parameters) of the Darna River, as most existing data are often sporadic or limited to isolated parameters [13]. Earlier studies conducted in the Godavari basin have raised concerns about elevated nutrient concentrations, microbial contamination, and seasonal variations in water quality. Despite this situation, there is limited site-specific research along the Darna River, and few studies have examined how physico-chemical traits vary across different parts of the river or across seasons. However, the link between water quality and soil properties in the catchment's proximity has not been studied. Such information is crucial for identifying pollution hotspots in the landscape, evaluating the effectiveness of natural buffers and optimising management strategies [10], [14], [15].
This study aimed to conduct a thorough investigation of the physicochemical attributes of water and soil samples collected from three locations along the Darna River (Chehadi upper reach, Kotamgoan midstream, and Nahegoan downstream). The specific objectives were: to detect seasonal variations in important water quality parameters temperature, pH, dissolved oxygen, electrical conductivity, total dissolved solids and salinity as well as calcium carbonate and bicarbonate over a two‑year period from 2023 until 2025; to describe soil properties covering pH, electrical conductivity and TDS at the same sites;  evaluate spatial differences between three sites related to land use conditions & anthropogenic impacts; it’s also using data sets based on baseline collection for future monitoring & conservation planning. Combining water and soil analyses from different seasons, this research effort will enhance our scientific understanding of the Darna River ecosystem and provide a basis for evidence‑based management decisions aimed at maintaining this vital water resource under increasing environmental pressure.
2. Materials and Methods
2.1. Study Area
The study was conducted along an approximately 14 km stretch of the Darna River in Nashik District, Maharashtra. In this study, we selected three sampling sites along the river to represent a range of human impacts. Site 1 (S.1) was located at Chehadi, in the upper reaches of the river. This location was chosen as a reference site because of its relatively low human disturbance. Site 2 (S.2) was in Kotamgoan, midstream, surrounded by farms and settlements. Intensive agriculture and domestic inputs are likely to cause pollutant runoff in this area. Site 3 (S.3) was in Nahegoan, further downstream from the other sites, where the cumulative impacts of upstream activities likely peak.
2.2. Sampling Period
Seasonal variation was accounted for by sampling across five different time periods over two years. These were: monsoon (June-September) 2023; post‑monsoon/winter (October-January) of 2023-24; pre‑monsoon/summer (February-May) of 2024; monsoon (June-September) in 2024; post‑monsoon/winter (October-January) of 2024-25; and pre‑monsoon/summer (February-May) for the year 2025. This design allowed for the assessment of inter- and intra-annual variability in water and soil quality.
2.3. Sample Collection and Analysis
Water samples were collected from each site using clean polyethene bottles in accordance with standard protocols [16], [17]. On‑site temperature measurement was performed using a calibrated mercury thermometer. pH was determined with a digital pH meter calibrated immediately before each use. Immediately after sampling, DO was determined using Winkler’s iodometric method to prevent atmospheric interferences. Electrical conductivity (μS/cm or mS/cm) was recorded using a conductivity meter, and TDS were gravimetrically determined after filtration and evaporation. The use of standard conversion factors enabled salinity to be derived from conductivity measurements. CaCO3 and HCO3- concentrations were evaluated by titrimetric methods with appropriate indicators and standardized reagents. Soil samples of 0-15 cm depth were collected from the riverbanks. The samples were air–dried, sieved, and then analyzed for pH with a soil‑pH meter. Soil extracts were analyzed for electrical conductivity and TDS using the same devices as those used for water analysis, following standard soil testing protocols.
3. Results
3.1. Water Quality Parameters (2023-2025)
Across all sites and sampling dates, water temperature ranged from 22.91 0C to 29.9 0C. The seasonal trend was marked by the lowest values during the monsoon and post-monsoon periods (22.92-25.5 0C) and the highest in the pre-monsoon (summer) periods (26.9-29.9 0C) (Table 1). Of the sites monitored, Nahegoan (Site 3) consistently recorded temperatures higher than those of Sites 2 and 1 in summer months, perhaps due to shallower water depth or slower flow velocities.
Table 1. Physicochemical parameters of the water sample at the three sites during 2023-25.
	Parameter
	Range Observed
	Seasonal / Site-Specific Trends
	Remarks

	Temperature
	22.91- 29.9 °C
	Lowest during monsoon/post‑monsoon (22.92-25.5 0C); highest during pre‑monsoon/summer (26.9-29.9 0C). Site 3 (Nahegoan) is consistently the warmest in summer.
	Reflects seasonal solar radiation and flow conditions.

	pH
	7.5 – 9.38
	Higher values in 2023 (8.42-9.15); later years ranged from 7.5 to 8.16. Site 2 (Kotamgoan) recorded the highest (peak 9.15).
	Alkaline conditions, elevated at Kotamgoan, suggest anthropogenic influence.

	Dissolved Oxygen (DO)
	6.03 – 8.5 mg/L
	Highest during monsoon (8.0-8.5 mg/L); lowest during pre‑monsoon (6.03-7.15 mg/L). Site 1 (Chehadi) had the highest DO overall.
	Adequate for aquatic life; seasonal drop in summer due to higher temperatures.

	Electrical Conductivity
	130 – 376 μS/cm
	Peak at Site 3 during monsoon 2023 (376 μS/cm). Post-monsoon ranged from 244 to 326 μS/cm; later periods ranged from 160 to 344 μS/cm.
	Elevated values at downstream sites during the monsoon are due to runoff.

	Total Dissolved Solids (TDS)
	52.93- 187.78 mg/L
	Highest at Site 3 during monsoon 2023 (187.78 mg/L); lowest at Site 1 during the same period (52.93 mg/L). Generally higher during the monsoon.
	All values are well within the BIS drinking water limit (500 mg/L).

	Salinity
	0.0027-0.7 mg/L
	Slightly elevated during post‑monsoon 2023-24 (0.6-0.7 mg/L) but remained in freshwater range.
	No salinity stress for aquatic life or irrigation.

	Calcium Carbonate (CaCO3)
	70.76- 188.49 mg/L
	Highest during post‑monsoon 2023-24, especially at Sites 1 (183.18 mg/L) and 2 (188.49 mg/L).
	Indicates hardness and buffering capacity; seasonal rise post‑monsoon.

	Bicarbonate (HCO3⁻)
	58.2-154.5 mg/L
	Highest during post‑monsoon 2023-24 (146.1-154.5 mg/L); lowest during pre‑monsoon 2025 at Site 3 (72.25-83.6 mg/L).
	Follows the CaCO3 trend; lowest values in the driest months.



The pH values of the water samples during this study period ranged from 7.5 to 9.38, indicating a slightly alkaline to alkaline condition. The pH ranged between 7.5 and 8.16 from 2023 to date, while values were much higher (8.42 to 9.15) in 2023. The highest pH was recorded during the monsoon (9.15) and post-monsoon (8.42) in 2023-24 at Site 2 (Kotamgoan). Thus, the sustained alkalinity of this water indicates a high degree of buffering within the calcareous geology in the watershed. The study recorded DO levels ranging from 6.03 mg/L to 8.5 mg/L at all sampling points. The highest and lowest DO values were found during the 2023 monsoon (8.0-8.5 mg/L) and both pre-monsoons of 2024 and 2025 (6.03-7.15 mg/L), respectively, at the Kotamgaon site in the rabi months from October to March. DO at Site 1 (Chehadi) was always higher than at Sites 2 and 3 (Table 1), which could be attributed to the lower organic pollution load in this pre-sample. Aside from this impressive quantity, electrical conductivities varied immensely across space and time. The conductivity measurements found at the sites in 2023 had a general limit range of conductivities between 130 μS/cm and 376 μS/cm, Site 3 (Nahegoan) having the uppermost value and overall increased conductivity measurements during the monsoon. The range of values obtained for the period of 2023-24 post‑monsoon was between 244 μS/cm and 326 μS/cm. - The Conductivity of the 2024-25 and 2025 were recorded to range from 160 μS/cm to 344 μS/cm. Site 3's conductivity enhancement is likely due to increased runoff enriched with dissolved ions from upstream fields and settlements during Monsoon-2023.
The TDS ranged from a minimum of 52.93 mg/L to a maximum of 187.78 mg/L Site 3 (Nahegoan) showed the highest TDS during monsoon 2023 (187.78 mg/L), while the lowest amount in the monsoon period was recorded at Site 1 (Chehadi) with a value as low as 52.93). The features of TDS noted were similar to those from the previous study. TDS values exhibited a seasonal trend with maximum values recorded in the monsoon season, as prolonged litterfall and surface runoff carry similar dissolved solids from the catchment land to the river. < 30 mg/litre during the wet season, but there was a marginal increase in salinity from post-monsoon 2023-24 over data that ranged between 0.6-0.7 mg/litre, which again falls at the lower end for freshwater systems and therefore does not seem to induce any risks on aquatic life or irrigation purposes either. The CaCO3 was found to fall between 70.76 mg/L and 188.49 mg/L, with the highest values recorded at Site 2 (Kotamgoan) in the post-monsoon of the 2023-24 season (188.49 mg/L) and at the cow dung pit at Site 1 (Chehadi) during the above-mentioned period (183.18 mg/ L). These high levels are likely a consequence of increased dissolution of carbonate minerals under stable flow conditions, and reflect higher water hardness and buffering capacity during the post‑monsoon period. Bicarbonate exhibited values ranging from 58.2 mg/L to 154.5 mg/L, with the maximum HCO3⁻ observed aligning similarly to that of CaCO3 during post‑monsoon periods and notably higher in 2023-24, when they varied between 146.1 and 154.5 mg/L; lowest bicarbonates were determined at Site 3 for pre‑monsoon period of year 2025, where their value recorded was (72.25-83.6 mg/L), indicating a drop in alkalinity during the driest months.
3.2. Soil Analysis Results
Soil pH values were remarkably stable across both sites and sampling periods, ranging from 7.5 to 7.6 (Table 2). This consistently neutral-to-slightly alkaline behaviour is suggestive of well-buffered soils in the riverine zone, characteristic of basaltic parent rock material found throughout the region.
Table 2. Physicochemical parameters of the water sample at the three sites during 2023-25.
	Parameter
	Range Observed
	Seasonal / Site-Specific Trends
	Remarks

	pH
	7.5-7.6
	Stable across all sites and seasons; no significant variation.
	Neutral to slightly alkaline; reflects well‑buffered basaltic parent material.

	Electrical Conductivity
	0.113-3.09 mS/cm
	Highest values at Site 2 (Kotamgoan): 3.09 mS/cm during post‑monsoon 2023-24 and pre‑monsoon 2024. Sites 1 and 3 are consistently lower.
	Indicates localized salt accumulation, likely from irrigation or drainage patterns.

	Total Dissolved Solids (TDS)
	0.0710- 1.9753 mg/L
	Peak at Site 2 during post‑monsoon 2023-24 (1.9753 mg/L) and pre‑monsoon 2024 (1.7553 mg/L); other sites remained low.
	Elevated TDS at Kotamgoan parallels conductivity trend; suggests persistent salt buildup.



The soil electrical conductivity showed a large variation over time, ranging from 0.113 mS/cm to 3.09 mS/cm. Site 2 (Kotamgoan) consistently recorded the highest values, for post‑monsoon of 2023-24 (3.09 mS/cm) and pre‑monsoon of 2024 (3.09 mS/cm). The high conductivity observed reflects localized accumulation of soluble salts, which may originate from irrigation activities and/or natural drainage conditions. Soil TDS values ranged from 0.0710 mg/L to 1.9753 mg/L; as with conductivity, the maximum was recorded in Site 2 during the post-monsoon (2023-24) (1.9753 mg/L) and the pre-monsoon period (2024) (1.7553 mg/L). Sites 1 and 3 typically recorded lower TDS values than the other sites across all seasons, which is characteristic of distinct soil chemistry at Kotamgoan.
4. Discussion
4.1. Seasonal Variations
Seasonal variation is consistent with the region's hydrology and climate. Higher flow during the monsoon season (June-September) is accompanied by increased rainfall and runoff, which enhance dissolved oxygen concentrations (7.0-8.5 mg/L) through turbulence and aeration. This period was characterized by lower water temperatures (22.91 to 23.91 0C) as rain washed in and solar radiation decreased, making the thermal regime more moderate. The TDS and conductivity responses were variable, with higher values at some sites due to wash-off of accumulated salts from the catchment and dilution effects at other stations. In post-monsoon/winter (October-January), the flow stabilised, and water temperatures were moderate (23-25.5 °C). This resulted in elevated CaCO3 and HCO3⁻ concentrations due to regional groundwater discharge and carbonate dissolution within the stable flow regime. pH values were still in the alkaline range (7.91-8.51), confirming buffering by the geological substrate. The most severe conditions were observed during the pre‑monsoon/summer period (February-May). We found that it occurred when water temperatures peaked for the year (25.55-29.90 0C), while dissolved oxygen concentrations were at their minimum (6.03-7.5 mg/L) due to low oxygen solubility at high temperatures and possibly increased biological oxygen demand. Conductivity and TDS patterns during this time differed among sites; similar station-to-station concentration effects were observed, associated with reduced flow and evaporation.
4.2. Spatial Variations
The three study sites had unique physico-chemical profiles reflecting their geographical location and anthropogenic influence. Generally, water quality was better at site 1 (Chehadi, upper reaches): higher dissolved oxygen, lower TDS and conductivity, and less variability of pH. This indicates that human impacts are low in these headwater stretches and can serve as a baseline for future studies. Site 2 (Kotamgoan) had higher pH, CaCO3, and HCO3⁻ than Site 1 (Maharashtra), reflecting significantly higher soil conductivity and TDS. These features are typical of anthropogenic influence, potentially due to agricultural runoff carrying fertilisers and other environmental matter, as well as to nearby communities. Thus, the high soil salinity at this site during both post‑monsoon and pre‑monsoon strongly suggests that these levels may adversely affect productivity in adjoining agricultural lands, which require further observations. Site 3 (Nahegoan) was the most downstream site and reported the highest TDS and conductivity at some point during the sampling period, especially in 2023. This is indicative of additive induction from higher up. Aquatic life here will also be threatened by persistent high-water temperatures during the warmer months, likely caused by slow flow velocities, broad channel morphology, or limited shading.
4.3. Water Quality Assessment
Most parameters were within acceptable limits compared with the Indian drinking water standards (BIS IS 10500:2012). It is worth noting, though, that several outliers of pH appeared above the upper desirable limit (8.5) at Site 2 in 2023. Although such high alkaline pH itself is not directly harmful, it may signal the presence of underlying geochemical or pollution pressures. Dissolved oxygen concentrations consistently exceeded the 4 mg/L threshold considered important for sustaining aquatic life (WHO, 2018), but downstream declines during the summer months could stress sensitive species if they persist. Salinity is not currently a concern, as total dissolved solids were well below the acceptable limit of 500 mg/L for each sample.


4.4. Soil Quality Implications
Soil analysis indicated a stable pH range (7.5-7.6), which is appropriate for most crops and microbial activities. But in the case of Site (2) Kotamgoan, the increased conductivity and TDS values are worrisome. Chronic soil salinity can hinder water uptake and agricultural production, which, in turn, may lead to ecological decline over time. Such high values were repeated in multiple consecutive seasons, indicating that salt accumulation is likely not a transient problem but rather a chronic occurrence, potentially associated with irrigation practice or local drainage conditions. Tailored soil management measures, such as improved drainage or salt-tolerant crops, could be required.
5. Conclusion
This two-year study, focusing on the physicochemical parameters of water and soil along the Darna River in Nashik District, has led to several important conclusions. The patterns of DO during the monsoon (higher levels) and seasonal temperature fluctuations, which cause hypoxic conditions before the monsoon (lower levels), can be predicted from existing data. Second, spatial differences among the three study sites indicate increasing human impact: Chehadi (Site 1) is a relatively untouched reference site, Kotamgoan (Site 2) shows signs of farming and settlement, while Nahegoan (Site 3) experiences cumulative downstream effects. Third, although most water quality parameters were within acceptable limits for aquatic life and irrigation, the high pH at Kotamgaon and the elevated soil conductivity at that site indicate localized pollution that should be monitored in the future. Lastly, the data can serve as an important baseline for future assessments, including trend analysis and watershed management strategies.
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