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ABSTRACT

The present study assesses the surface water quality of Jaipur, Rajasthan, India, by conducting
a comprehensive seasonal evaluation of four significant surface water bodies of district. A total
of 12 surface water samples in triplicates were taken during pre-monsoon (PRM), monsoon
(M) and post-monsoon (POM) seasons and analysed for 12 physicochemical, 3 biological and
2 microbiological parameters, to determine the suitability of these water resources for domestic
and ecological use. Water Quality Index (WQI) was employed to provide an overall measure
of water status while the significant effects of seasons, sites and their interactions were
statistically analysed by Multivariate Analysis of Variance (MANOVA) and post-hoc test.
Based on the majority of studied water quality parameters, the results revealed the order of
seasonal impact as PRM > M > POM, whereas spatially, Mansagar lake exhibited the highest
significance in some parameters (pH, electrical conductivity, TDS, total hardness, chloride,
nitrate and carbonates) followed by Dravyavati river (BOD, COD, fluoride and coliforms),
Maota lake (D.O and temperature) and Kanota dam (bicarbonates). Contour chats were
prepared for each studied parameter, enabling a clear visualization of distributional patterns
and trends. The research emphasizes the need for sustainable management techniques to protect
surface water resources in semi-arid areas and provides critical insights on how seasonal factors

influence the water quality.
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Introduction

Surface water is the most preferred source of water to meet the agricultural, industrial and
domestic requirements owing to its low cost, hassle-free access, availability on demand in all
seasons at the point of use. In future, water scarcity will be one of the biggest challenges in the
world. The water bodies, near populated areas, are polluted due to discharge of organic and
hazardous pollutants (Pandey et al. 2021). Lakes and reservoirs, throughout the world, are in
danger due to excess release of industrial effluents. Similarly, the anthropogenic activities in
Jaipur area are increasing day by day (Akhtar et al. 2021; Chahar et al. 2023). Unfortunately,
the availability of water resources in the state of Rajasthan is extremely low due to problems
with distribution, quality and quantity of water. At the same time, demand for potable water is
increasing day by day for purposes like irrigation, industrial and domestic uses. Generally,
water resource problems are of three main types, too little water, too much water, and too
polluted water (Samiksha & Gupta 2019). Many physicochemical and microbiological
parameters of water have deteriorated due to various anthropogenic activities along with direct
discharge of domestic waste and industrial effluents into surface water bodies (Jain et al. 2016).
Pesticides are substances used to eliminate pathogens, pests and microorganisms. Pesticides
along with other pollutants, have direct and immediate detrimental effects on water quality.
Also the agricultural ecosystem has jeopardized by the excessive use of pesticides (Sharma &

Sharma 2022).

The present study aimed to comprehensive assessment of surface water quality of Jaipur
district, Rajasthan, India. The physicochemical, biological and microbiological parameters
were evaluated that covers four major surface water bodies (Dravyavati river, Mansagar lake,
Maota lake and Kanota dam) and seasonal variations (pre-monsoon, PRM; monsoon, M; and
post-monsoon, POM seasons). The statistical analysis such as MANOVA and post-hoc tests
were used to determine spatial and temporal variations in water quality, while contour charts
were employed for effective spatial visualization. Furthermore, the Water Quality Index (WQI)
was also evaluated to provide an integrated measure of water suitability. This study aspires us
to generate a holistic understanding of surface water quality in Jaipur district and provide a
scientific foundation for sustainable management, actionable insights for long- term

preservation of these vital resources.

Materials and Methods

Sites of study and sample collection



The surface water samples were collected and analysed in three different seasons viz, pre-
monsoon (PRM), monsoon (M) and post-monsoon (POM) from four different water bodies of
Jaipur district, Rajasthan, India. Key sites included river, lakes and reservoir such as Dravyavati
river, Mansagar lake, Maota lake and Kanota dam. Jaipur is located in a semi-arid region with
extreme seasonal variations, influencing water availability and quality. Two- litre bottles made
of High Density Poly Ethylene (HDPE) were used to collect the water samples. Before the
water samples were collected, thoroughly cleaned bottles were washed twice with the sample
water. Sample bottles were correctly sealed with lids and parafilm as well as labelled with date,

time and sample ID.

Studied Parameters

The physicochemical, biological and microbiological parameters viz, odour, temperature,
turbidity, electrical conductivity, pH, total dissolved solids, total hardness, chloride, nitrate,
fluoride, carbonate, bicarbonate, dissolved oxygen, biological oxygen demand, chemical
oxygen demand, total coliforms and faecal coliforms of collected water samples were

evaluated.

Physicochemical parameters

The physical and chemical properties of surface water samples were evaluated seasonally (as
per APHA 2017). Odour was assessed immediately after sample collection using olfactory
evaluation. Temperature was recorded on-site by dipping a laboratory thermometer (Zeal,
England, UK) in 30 ml of water sample in a glass beaker. Subsequently, water samples were
preserved in an insulated icebox at 4° C and conveyed to the laboratory for further analysis.
Turbidity was measured using a nephelometric method with a digital turbidity meter
(LABTRONICS: LT-34, Panchkula, India) as per APHA standard methods. The instrument
was calibrated by using formazin standard solutions prior to measurement. After calibration,
samples were analysed and average of three readings were recorded. The measurement of
electrical conductivity (EC) was conducted using a digital conductivity meter (LABTRONICS:
LT-16, Panchkula, India). The calibration was performed by a standard KCl1 (0.01M) solution.
Following calibration, 30 ml of each water sample was collected in a cleaned glass beaker and

the EC values were recorded.

A digital pH meter (HI9812-51, HANNA instruments, Romania) and a TDS meter (HIMEDIA:
WTO018, Thane, India) were used to test the pH and TDS of water samples. Each sample (25

ml) were taken in a cleaned glass beaker for the measurement of their value. Total hardness of



water samples was determined by using EDTA complexometeric titration method (Gupta et al.
2016). This method involves titrating the surface water samples with standardized solution of
ethylene diamine tetra acetic acid (EDTA) using eriochrome black-T as an indicator at pH 10.
The appearance of colour change from wine red to blue indicates the endpoint. The
argentometric titration technique was used to measure the chloride concentration. The water
samples (10 ml each) were titrated with standardized silver nitrate (AgNO3) solution using
potassium chromate (as an indicator). The appearance of persistent reddish-brown colour in
each sample was recorded as an endpoint (Kicinska & Caba 2021). Fluoride was estimated
using a zirconium-alizarin red S colorimetric method. In this method, 50 ml of water sample
was mixed with 2.5 ml of zirconyl oxychloride and 2.5 ml of alizarin red S. the sample was
incubated at 37 C for 1 hr to allow the formation of zirconium-alizarin complex. Fluoride
displaces the dye from this complex, causing a measurable colour change. The absorbance was
recorded at 550 nm by using a MS-UV Plus double beam spectrophotometer (Motras Scientific,
Gurugram, India). Nitrate concentration was determined using the UV spectrophotometric
method. For sample preparation, 5 ml of each water sample was transferred into a 50 ml of
volumetric flask followed by the addition of 1 ml concentrated hydrochloric acid. Then the
volumetric flask filled up to the mark with distilled water and gently inverted 6-8 times to
ensure homogenization. A blank solution (control) was prepared similarly using 1 ml of HCI
diluted to 50 ml with distilled water, without any sample. The absorbance of samples and blank
was measured at 220 nm using a MS-UV Plus double beam UV-visible spectrophotometer
(Motras Scientific, Gurugram, India). A calibration curve was constructed using standard
nitrate solution i.e., control and then nitrate concentrations in water samples were calculated
accordingly (Bairwa et al. 2024). The acid-base titration method was used to measure the
amount of carbonate and bicarbonate ions in surface water samples. A 20 ml of water sample
was titrated with standard HCI (99%, Fisher Scientific). The sample was first titrated using
phenolphthalein indicator until the disappearance of pink colour, indicates neutralization of
carbonate ions. Then the titration continued with methyl orange (indicator) and the colour

changes from yellow to orange-red as an endpoint for bicarbonate ions.

Biological Parameters

Dissolved Oxygen (DO) and Biochemical Oxygen Demand (BOD) were determined as per the
protocol of APHA standard methods, (APHA 2017). The procedures were supported by
established limnological principles (Wetzel 2001; Boyd 2020). Water samples were filled into
300 ml air tight BOD bottles without air bubbles to prevent oxygen exchange. For Dissolved



Oxygen (DO) determination, the samples were promptly fixed with manganous sulfate and
alkaline iodide azide reagents, followed by titration using sodium thiosulfate solution (Winkler
titration method). Furthermore, for BOD evaluation, collected water samples were incubated
in the dark (27+ 1°C) for 3 days, after which final DO was measured following the same
titration method to calculate BOD. This method was performed in triplicate to reduce the errors

and record the readings. Results were expressed in mg/1.
BODs3 was calculated as: BOD3 = DOinitial - DOfinal

Chemical Oxygen Demand (COD) was determined using the closed reflux titrimeteric
method (APHA 2017). Water samples were digested with potassium dichromate and
concentrated sulfuric acid (containing silver sulfate and mercuric sulfate) in COD digestion
tubes. The COD digester was adjusted at 150°C for 2 h (Chemtech: Ambay biotech, Noida).
After 2 h, water samples were placed at room temperature for 30 minutes, the water samples
were titrated against standardized 0.1N ferrous ammonium sulfate (FAS) solution followed by
addition of ferroin solution (as an indicator) until the colour changes from blue-green to reddish

brown (as endpoint). The samples were titrated in triplicate to reduce standard errors.

COD calculated as: COD (mg/L) = (A—B)xXNx8000

Volume of sample (ml)
Where, A = Volume of FAS used for blank (ml)
B = Volume of FAS used for sample (ml)
N = Normality of FAS
8000 = Milliequivalent weight of oxygen x 1000
Microbiological Parameters

The total coliforms and faecal coliforms (Escherichia coli) in all water samples were
determined by using the Compact Dry EC chromogenic plate method (Nissui Pharmaceutical
Co., Ltd., Japan; Mizuochi et al. 2016). This standardized, ready-to-use medium was used for
simultaneous detection and differentiation of coliform groups based on characteristic colony
coloration. The aliquot (1 ml) of each water sample was aseptically pipetted and placed at the
centre of the Compact Dry EC plate. Through capillary action, each sample was let to diffuse
uniformly throughout the surface of dehydrated medium. After that, the plates were incubated

for 24 h at 35 + 1°C in an aerobic environment.



Statistical Analysis

A Multivariate Analysis of Variance (MANOVA) was employed to assess the spatio-temporal
variations in water quality. MANOVA is a statistical method that enables the concurrent
analysis of multiple dependent variables to assess whether statistically significant differences
exist among groups defined by categorical independent variables. The physicochemical,
biological and microbiological parameters in water samples were used as dependent variables.
Whereas, 3 different seasons (PRM, M and POM) and areas/locations (Dravyavati river,
Mansagar lake, Maota lake and Kanota dam) as independent variables. This approach accounts
for possible interactions between seasons and locations, thereby highlighting whether seasonal
changes affect all study sites uniformly or certain locations exhibit distinct patterns of variation.
Post-hoc multiple comparison tests (Tukey’s HSD) were further employed to identify specific
group differences when significant MANOVA results were obtained. The statistical analyses

were performed using IBM SPSS software version 26.

Water Quality Index (WQI)

The water quality indexes provide dependable assessments of surface water quality
(Chakravarty & Gupta 2021). The WQI serves as a systematic approach to classify water
sources by evaluating water quality parameters against established national or international
standards (Azhari et al. 2023). Its importance is illustrated by integrating all of the water quality
metrics into one number that is easy to understand and use (Azzirgue et al. 2022). A WQI
typically comprises four processes or components. First, the water quality parameters of
interest are selected. Second, the water quality data are read and for each water quality
parameter the concentrations are converted to a single-value dimensionless sub-index. Third,
the weighting factor for each water quality parameter is determined and fourth, a final single
value water quality index is calculated by an aggregation function using the sub-indices and
weighting factors for all water quality parameters. Many different WQI models have been
developed with variations in model structure, the parameters included and their associated
weightings, and the methods used for sub-indexing and aggregation (Jha et al. 2015; Uddin et
al. 2021).

The WQI was employed according to the classical method to assess the impact of natural
and anthropogenic factors on water quality, utilizing 10 physicochemical and biological
parameters of surface water chemistry of Jaipur district. Parameters were as follows- DO, pH,

TDS, turbidity, electrical conductivity, total hardness, chloride, BOD, COD and nitrate.



The WQI was computed following the methodology outlined by (BROWN et al. 1972),
the WAWQI is calculated as follows:

_ X WiQi .
waol = —Z Wi e (1)

Where, Wi = weight of each metric used to evaluate the quality of water is determined in the

manner shown below:

K

Wi = Seid e (i1)
And,
1
K=—F— ... (111)
D

K = proportionality constant
Sstd = standard value applied for different parameters.
Qi = quality rating scale of the i parameter, for all the n parameters of quality of water.

It is calculated as follows:

Where,
Qi1 = optimal parameter value in pure water.

Qi = 0 for all parameters, except foe DO and pH. (Qi for DO = 14.6 mg/l and pH = 7.0).

Result and Discussion
Multivariate analysis of variance

A multivariate analysis of variance (MANOVA) was conducted to examine the effects of
seasons (pre-monsoon, monsoon, post-monsoon) and areas (Dravyavati river, Mansagar lake,
Maota lake and Kanota dam) on the combined water quality parameters. All 4 multivariate tests
(Pillai’s, Wilks, Hotelling’s, and Roy’s) showed the significant effects of areas and seasons on
the dependent variables (water quality parameters). The results revealed a significant
multivariate effects of seasons on the dependent variables, Wilks’ A = 0.002, F (32, 30) =

20.31, p <0.001. Similarly, a significant multivariate effect of area was observed, Wilks’ A =



0.000, F (48, 45.41) = 36.83, p < 0.001 (Table 1). These findings indicate that both seasonal

variation and site differences contribute significant changes in the overall water quality profile.

In present study, it was observed that the seasons showed significant effects on various
dependent variables such as pH, temperature, total dissolved solids, total hardness, turbidity,
nitrate, carbonate, bicarbonate, faecal coliforms, biochemical oxygen demand and chemical
oxygen demand (p<0.05). No significant effects were observed on electrical conductivity,
chloride, fluoride, total coliforms and dissolved oxygen (p>0.05). On the other hand, for areas,
all the dependent variables showed significant effects in all cases (p<0.05). This confirm that
spatial differences among sites/ areas were strongly influence the water quality across most

physicochemical and microbiological parameters.

Physicochemical parameters

The odour of water is used to detect the contaminants or unwanted compounds that may
compromise its quality, usage and acceptance. The unpleasant smell was present in tested
surface water samples that were collected from Dravyavati river and Maota lake while the smell
was mildly unpleasant in the samples collected from Mansagar lake and Kanota dam in all
three seasons. Odour provide early warning of pollution and give clues about the type of
contamination in water bodies. This unpleasant smell indicates organic pollution, sewage,

industrial and chemical discharge (Shirin & Yadav 2014; Czarnota et al. 2023).

Temperature has considerable impact on biological water quality by influencing
macroinvertebrate abundance, species composition and biodiversity. Higher temperatures alter
the metabolic rates and growth patterns in aquatic life. Recognizing the importance of
temperature is critical in monitoring water quality and forecasting ecological responses to
climate change (Khaliq et al. 2024). The temperature of tested surface water samples was
recorded in the range of 30 °C to 32 °C (PRM), 22 °C to 28.2 °C (M) and 17 °C to 26 °C
(POM). Statistical study revealed that temperature show significant effects on the water
samples analysed in 3 seasons and 4 areas (Table 2). Through a post-hoc test, among 3 seasons
PRM had the highest of temperature (Table 3). In area-wise study, Maota lake had the
maximum temperature (Table 4). The contour chart illustrated the spatial and seasonal variation
in water temperature at the four studied sites across three seasons (Fig 1a). The minor cooling
was observed in the post- monsoon season which reveals that seasonal variations occur due to

high rainfall and low temperatures. Higher summer temperature and solar radiations directly



affect the surface water temperature of selected water bodies of Jaipur during pre-monsoon and

monsoon s€asons.

Turbidity is an essential parameter for evaluating the water quality and the quantity of
suspended particles. It correlates with the water pollution and anthropogenic activities (Joshi
& Agrawal 2022). Graphical representation of spatial and temporal variation of a turbidity is
depicted in contour chart (Fig 1b). In Kanota dam and Mansagar lake higher turbidity was
found during monsoon and post- monsoon seasons but, in Maota lake and indicated sites of the
Dravyavati river the turbidity levels were lower (0-20 NTU) in PRM season. The observed
values at all studied sites substantially exceeded from the BIS permissible limit (5 NTU). The
significant effects of turbidity were observed on tested surface water samples during seasonal
variations (p<0.05; Table 2). In our study, the rainfall and surface water runoff affected the

levels of turbidity in tested water samples during monsoon season (Table 3).

Electrical conductivity (EC) is a measurement for how much a water body can transmit
electric current. The fluctuations in EC depends on the concentration of total dissolved solids
in water, encompassing both organic and inorganic materials such as salts, minerals and metals.
Elevated EC values influence the taste, odour and also salinity which might negatively impact
on aquatic organisms, irrigation methods and overall acceptability of water (Kumar et al. 2023).
Statistically study displayed, area-wise significant differences (p<0.05) in surface water
samples of electrical conductivity rather than studied seasons (Table 2). A post-hoc test was
applied to find out maximum and minimum values of EC in water samples among significant
areas. Maximum value of EC was recorded in the water samples of Mansagar lake whereas
minimum value found in Maota lake (Table 4). The contour chart distribution showed marked
spatial differences with Mansagar and Maota lake with a larger proportion of measurements
falling within the 2000-3000 uS/cm range when compared with Dravyavati river and Kanota
dam. While, seasonally the highest concentrations were observed during the PRM season,

reflecting evaporative concentration and limited dilution (Fig 1c).

The pH level serves as a critical indicator of water quality, representing the extent of
acidity or alkalinity. A balanced pH of water is essential for living being because it influences
the availability of nutrients, solubility of minerals and the toxicity of pollutants in water. On
the basis of pH, the quality of water is determined that it is suitable for drinking, farming,
aquatic life and other environmental purposes (Vohra et al. 2023). A MANOVA test of pH

showed significant effect for both seasons and areas, among the 4 areas or water bodies.



Mansagar lake had highest significance while Maota lake had lowest (Table 4). And seasonally,
pre-monsoon had highest value and monsoon had lowest (Table 3). The pattern of contour chart
indicated that Dravyavati river and Mansagar lake typically presented elevated pH levels,
leaning towards alkaline conditions throughout the majority of seasons whereas Maota lake
and Kanota dam relatively lower pH values, within neutral spectrum. The levels of alkalinity
were slight higher in PRM and POM seasons while moderate to lower in monsoon season (Fig
2a). Overall, the pH values across all sites majorly fall within acceptable range of freshwater
systems (6.5 to 8.5 as per BIS/WHO guidelines), suggesting that spatial and temporal
fluctuations exist, the water remains appropriate for the majority of domestic and ecological

applications.

Total dissolved solids (TDS) describe the overall concentration of dissolved substances,
encompassing both organic and inorganic components present in water (Singh et al. 2024). The
contour chart illustrates (Fig 2b) considerable variations among selected water bodies across
seasons (PRM, M and POM). Elevated TDS levels were notably recorded in Mansagar lake
and Dravyavati river, especially in PRM and POM seasons. This indicating the effects of lower
dilution and potential human contributions. Conversely, reduced TDS levels were observed in
Maota lake during monsoon season, likely due to surface runoff and rainfall causing dilution.
Similarly, statistical analysis revealed that both areas and seasons were significant for total
dissolved solids (as their p<0.05; Table 2). Seasonally, PRM had maximum value and monsoon
season had minimum values of TDS (Table 3). Furthermore, area-wise statistical analyses
revealed that Mansagar lake present highest value and Maota lake had lowest value of TDS
(Table 4). The observed seasonal variations highlight dynamic nature of TDS. Its increased
levels are associated with evaporation and pollutant accumulation during pre-monsoon season
while decreased level of TDS were noted in monsoon season due to natural dilution (Banyal et

al. 2020).

Total hardness characterizes the property of water and its tendency to form insoluble
precipitates with soaps and detergents. It is primarily caused by the presence of divalent
cations, namely magnesium and calcium (Gupta et al. 2016). Statistically, total hardness of
water showed significance in both seasons and areas (Table 2). Furthermore, contour chart
distribution patterns (Fig 2c) reflected that Mansagar lake and Maota lake frequently exhibit
elevated water hardness values, particularly during pre- monsoon and post- monsoon
respectively. This showed reduced dilution and increased mineral concentration in stagnant

conditions. In contrast, Dravyavati river demonstrates wider fluctuations ranging from lower



hardness in monsoon season to elevated levels during pre- monsoon season, due to varying
inflow and pollution load. Kanota dam mostly falls within moderate to high range (200-400
mg/l) with seasonal shift. So, the levels of total hardness of water in several water bodies were
found exceeded when compare with desirable limits (BIS, 200 mg/1). This indicating moderate
to high mineralization in the surface waters of the study. Total hardness in lakes and dams
influence the water chemistry; by scaling and corrosion, affect ecological health and plays a
crucial role in the long-term sustainability of surface water resources (Gholizadeh et al. 2017;

Porsan et al. 2020).

Chloride ions (CI") are often found in natural water bodies, mainly in the form of calcium,
magnesium and sodium salts (Wu et al. 2021). Chloride levels of surface water samples were
analysed in 3 different seasons. A MANOVA test stated that chloride showed its significance
(p<0.05) to the studied areas (water bodies) not to the studied seasons (Table 2). Among all the
studied sites Mansagar lake had maximum values of chloride while Maota lake had minimum
value, determined by a post-hoc test (Table 4). A contour chart (Fig 3a) described distinct
spatial heterogeneity with Maota lake and Kanota dam showed relatively higher chloride
fluctuations as compare to Dravyavati river and Mansagar lake. Moreover, contour chart
reflected seasonal distribution that demonstrates noticeable variation between PRM, M and
POM seasons. This indicate the observed patterns were probably governed by anthropogenic
activities, dilution factors and hydrological inputs. Pre- monsoon circumstances showed higher
chloride levels, whereas monsoon conditions showed more dilution, indicating the impact of
runoff and rainfall. The fluctuating nature of chloride levels in these aquatic ecosystems was
highlighted. This emphasizing the need of ongoing monitoring to evaluate the changes in water
quality. Exceeded chloride concentration in studied water bodies (esp. Mansagar lake) act as

an indicator of sewage pollution (Gupta et al. 2016).

Fluoride is the most prevalent element in the Earth’s crust, exhibiting a beneficial and
detrimental effect on human health. A small quantity (0.60 mg/l) is essential for preventing
dental decay whereas concentrations below this can lead to tooth decay. On the other hand,
elevated doses (exceeding 1.5 mg/l) can cause dental fluorosis (Tiwari et al. 2020; Wang et al.
2020) Fluoride had significance in studies areas rather than studied seasons (Table 2). A post-
hoc test revealed maximum and minimum significant values of fluoride among four studied
surface water bodies/ areas i.e., Dravyavati river > Kanota dam > Mansagar lake > Maota lake
(Table 4). The contour chart displayed slightly elevated levels of fluoride in the sample water

of Dravyavati river, particularly during PRM season more like due to groundwater influence



or anthropogenic inputs (Fig 3b). Fluoride ions (F°) of all water samples were found within

permissible limit of BIS and WHO i.e., 1.5 mg/I.

Nitrate significantly influences surface water systems through its quick dissolution and
subsequent interactions with groundwater. Multiple natural elements and anthropogenic
activities play a role in its occurrence, including septic tank leakage, fertilizers and drainage
from poultry waste (Camargo & Alonso 2006; Jandu et al. 2021). Nitrate levels range from 7
to 26.34 mg/l throughout all the studied areas, which is within the acceptable range (45 mg/l)
of BIS (as per IS 10500:2012). Statistically, nitrate showed significance for both studied
seasons as well as sites (Table 2). Afterwards, a post-hoc test was applied on obtained
significant values and found which season or site had maximum and minimum values, reflected
as: seasonally, PRM > M > POM (Table 3) while area-wise, Mansagar lake > Kanota dam >
Dravyavati river > Maota lake (Table 4). The distribution pattern of contour chart highlights
the spatiotemporal trends and interaction between hydrological systems and human influences
on water quality. As higher nitrate concentrations frequently observed in pre-monsoon season,
probably because reduced dilution and greater accumulation of agricultural runoff. In contrast,
monsoon season reflected significant dilution effects from rainfall, leading to relatively lower
nitrate levels across most sites (esp. Maota lake). Tested values from post- monsoon season
demonstrated moderate to elevated concentrations, indicating leaching and residual impacts of
fertilizers. Area-wise, the chart showed site-specific influences such as land use and catchment

activities (Fig 3c).

Carbonates and bicarbonates play a crucial role in determining the alkalinity of water
bodies in Jaipur, primarily resulting from the dissolution of carbon dioxide and its interaction
with minerals found in the soil and bedrock. The surface and ground water in the area are
mainly defined by carbonate-bicarbonate hydro-chemical groups, which have an essential role
in influencing the overall water chemistry (Dadhich et al. 2016). By adding to the alkalinity
and overall hardness of the water, these substances alter its appropriateness for irrigation as
well as its potability by buffering the pH. Carbonate level in the analysed water samples ranged
from 0.01 to 84 mg/Il. It showed significance for both studied seasons as well as areas (Table
2). A post-hoc analysis revealed that carbonate concentration was comparatively lower during
POM season, whereas higher values were observed in PRM season (Table 3). Conversely,
Maota lake exhibited lowest concentration while Mansagar lake marked highest concentrations
of carbonate (Table 4). Contour chart pattern indicated that carbonate dynamics were strongly

site-specific, with Mansagar lake and Dravyavati river reflecting hydrological variability, while



Maota lake and Kanota dam maintain persistent levels, possibly due to catchment geology and
groundwater contributions (Fig 4). Bicarbonate levels ranged from 341 to 435 mg/l in pre-
monsoon, 171 to 391 mg/l in monsoon and 220 to 500 mg/l in post-monsoon season.
Statistically both seasons and areas (Table 2) were significant and their maximum and
minimum concentrations found as: PRM > POM > M (Table 3) and area-wise, Kanota dam >
Dravyavati river > Mansagar lake > Maota lake (Table 4). As per BIS limits, the water samples
of all the studied sites among 3 seasons were found under the desirable limits of carbonate and
bicarbonate. Such conditions make the aquatic life more prone to pH fluctuations and metal
toxicity, which can adversely affect the overall ecosystem stability (Z. Wang et al. 2016; Kerr
etal. 2021).

Biological Parameters

Dissolved oxygen (DO) describes the concentration of free molecular oxygen in water, which
is influenced by temperature and biological activity (Piatka et al. 2021). The dissolved oxygen
levels in lakes and rivers are influenced by complex interaction of various environmental
occurrences and biological activities (Zhang et al. 2024). Analysed values of DO in PRM, M
and POM seasons were reported as: 0.4 to 1.8 mg/L in Dravyavati river, 2.9 to 5.6 mg/L in
Mansagar lake, 3.5 to 5.9 mg/L in Maota lake and 0.6 to 5.1 mg/L in Kanota dam. As shown
in Table 2, MANOVA revealed that DO differ significantly among the studied areas (p<0.05)
whereas no significant difference was observed with studied seasons. The results of contour
chart and post-hoc test indicated that Dravyavati river experience critically low DO
concentrations (0-2 mg/L; Fig 5a) esp. during pre-monsoon season reflecting high organic
loading and oxygen depletion. Surface water bodies often have low DO levels (hypoxia), which
may adversely affect aquatic ecosystems in variety of ways such as causing physiological stress
in living organisms and altering the composition of biological communities (Weinke &

Biddanda 2018; Xu et al. 2021).

Biochemical Oxygen Demand is an essential parameter for evaluating contamination
levels in surface water, resulting from industrial and domestic wastewater. Elevated BOD
levels signify a higher biochemical pollutant load. Reducing BOD is necessary for minimizing
its detrimental effects on aquatic ecosystems (Das 2024). BOD levels varied from 37.4 to 45.2
mg/l in Dravyavati river, 6.5 to 28 mg/l in Mansagar lake, 8.5 to 11.2 mg/l in Maota lake and
5.5 to 22 mg/l in Kanota dam throughout all 3 seasons. The MANOVA test determined the p-
value less than 0.05 in both cases i.e., studied seasons and studied areas. A post-hoc test and

contour chart (Fig 5b) indicated that Dravyavati river and Mansagar lake showing consistently



elevated BOD levels (Table 4) during pre- monsoon season (Table 3). This reflecting heavy
organic pollution from sewage, domestic waste, agricultural runoff and reduced dilution. Maota
lake and Kanota dam recorded relatively lower BOD values during monsoon and post-monsoon

seasons (Table 3), suggesting comparatively better water quality.

Chemical Oxygen Demand quantifies the oxygen needed to oxidize organic compounds
that resist biological degradation. The total organic material in water samples, encompassing
both biodegradable and non-biodegradable components (Abdullahi et al. 2021). 100 to 125
mg/L in Dravyavati river, 35 to 99 mg/L in Mansagar lake, 28.6 to 37 mg/L in Maota lake and
23.3 to 79 mg/L in Kanota dam throughout 3 seasons. Studied areas as well as studied seasons
showed the p-value less than 0.05, analysed through MANOVA test. Post-hoc comparisons
and contour mapping (Fig 5¢) demonstrates that Dravyavati river and Mansagar lake had high
COD levels (Table 4), often within moderate to high range (50-150 mg/L), particularly during
pre- monsoon season. This indicating substantial organic and chemical pollution from human
sources. On the other hand, Kanota dam and Maota lake maintain relatively stable and lower
COD levels. Seasonal variability is apparent with COD levels (Table 3), as reaching their
highest levels in PRM period due to decreased dilution and increased organic matter load,
whereas monsoon period leads to lower values through the process of dilution. POM period
indicate moderate level of COD, reflecting the presence of organic inputs from sewage and
industrial effluents along with inorganic contaminants like sulphides and nitrates (Rosid et al.

2025).

Microbiological Parameters

Total coliform (TC) counts in the surface water samples revealed extensive contamination from
various sources including anthropogenic inputs (Ramteke et al. 1992). TC counts ranged from
7900 to 10,000 cfu/100mL in Dravyavati river, 350 to 920 cfu/100mL in Mansagar lake, 475
to 650 cful00/mL in Maota lake and 350 to 920 cfu/100mL in Kanota dam. MANOVA test
determined that only studies areas showed significance for total coliform counts (Table 2).
Furthermore, a post-hoc test comparison revealed that Dravyavati river had highest total
coliform contamination followed by Mansagar lake > Kanota dam > Maota lake, shown in
Table 4. Similar results were also displayed in contour mapping (Fig 6a). The observed
elevated TC levels in all studied surface waters indicate significant microbial contamination
with the influence of domestic sewage discharge and improper waste disposal in surrounding

catchment areas.



Faecal coliforms (FC) are the particular biomarker of recent thermotolerant enteric bacteria
derived from animal or human excreta (Paruch & Mahlum 2012). FC values reported as: 6890
to 9000 cfu/100mL (Dravyavati river), 170 to 350 cfu/100mL (Mansagar lake), 12 to 52
cfu/100mL (Maota lake) and 170 to 430 cfu/100mL (Kanota dam). Significant differences in
faecal coliform counts were observed across both studies seasons and areas based on
MANOVA results (p<0.05). Post-hoc analysis identified Dravyavati river (Table 4) and PRM
season had highest FC counts while Maota lake and POM season had lowest (Table 3). While
contour mapping provided spatial visualization of FC hotspots and seasonal variability (Fig

6b).
Water Quality Index (WQI)

The assessment of the WQI reveals that all four examined surface water bodies of Jaipur-
Dravyavati river, Mansagar lake, Maota lake and Kanota dam exhibit extremely high WQI
values in pre-monsoon, monsoon and post-monsoon seasons. All water samples were
consistently exceeding the >100 threshold that denotes water “unfit for consumption”. This
indicated significant degradation of water quality, mainly influenced by ongoing human
activities such as untreated household waste and agricultural contributions. Seasonal variations
also showed higher WQI during monsoon season, which indicate enhanced pollutant transport
through surface runoff (Table 5). Overall, WQI findings highlighted the critical necessity for
implementing effective pollution measures, regular monitoring and employ suitable treatment

strategies to restore the surface water resources of Jaipur district.

Conclusion

This research offers a comprehensive assessment of surface water quality in Jaipur, Rajasthan,
by integrating physicochemical, biological and microbiological water quality parameters
across four major surface water bodies i.e, Dravyavati river, Mansagar lake, Maota lake and
Kanota dam during pre-monsoon, monsoon and post-monsoon seasons. A multivariate
statistical analysis (MANOVA), spatial contour mapping and Water Quality Index (WQI) were
employed to robust the evaluation of water quality status and analyse the key factors for surface

water quality degradation.

The results of MANOVA test indicated that both studied areas and seasons had statistically
significant effect on several tested parameters. Along with this, a post-hoc test resulted that,
which water quality parameter showed the highest and the lowest values of studied season or

area. The values of pH, temperature, TDS, nitrates, carbonates, bicarbonates, BOD, COD and



faecal coliforms were recorded as the maximum during pre-monsoon season while values of
turbidity and total hardness were observed in monsoon and post-monsoon seasons,
respectively. Similarly, in area-wise study, the water samples of Dravyavati river contained the
highest concentration of fluoride, BOD, COD, total coliforms and faecal coliforms. The values
of pH, total hardness, chloride, nitrates, electrical conductivity, total dissolved solids and
carbonates were found in maximum levels in the water samples of Mansagar lake. Dissolved
oxygen and temperature variations were majorly observed in Maota lake and Kanota dam had

highest concentration of bicarbonates in its water samples.

Spatial distribution patterns generated through contour mapping effectively illustrated
pollution hotspots and gradients within and among studied water bodies. As per Water Quality
Index findings, water samples from all surface water bodies classified as “unfit for
consumption”. This showed a significant decline in water quality across different seasons.
Among all sites, Dravyavati river and Mansagar lake exhibited comparatively poor water
quality likely due to discharge of untreated or partially treated sewage, urban runoff and

anthropogenic pressures.

Overall, the study highlights critical degradation of Jaipur’s surface water resources and
emphasizes urgent need for effective wastewater management, routine monitoring and site-
specific restoration strategies are needed. In order to restore and protect surface water quality
in rapidly urbanizing areas, policymakers and water resource managers find the comprehensive
analytical framework used in this research that will be a useful tool for assessing urban surface

water quality.
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Fig. 1. Spatial contour maps illustrating seasonal variation in (a) Temperature. (b) Twbidity and (c) Electrical Conductivity across the
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Table 1
Multivariate Analysis of Variance (MANOVA) showing the effects of area and season
on the combined set of water quality parameters.

Effect Value F Hypothesis df Error df  Sig.
Intercept Pillai's Trace 1.000 4164.330°  16.000 15.000 .000
Wilks' Lambda .000 4164.330°  16.000 15.000 .000
Hotelling's Trace  4441.952  4164.330°  16.000 15.000 .000
Roy's Largest Root 4441.952 4164.330°  16.000 15.000 .000
Season  Pillai's Trace 1.897 18.478 32.000 32.000 .000
Wilks' Lambda .002 20.309° 32.000 30.000 .000
Hotelling's Trace ~ 50.737 22.197 32.000 28.000 .000
Roy's Largest Root 38.848 38.848° 16.000 16.000 .000
Area Pillai's Trace 2.791 14.159 48.000 51.000 .000
Wilks' Lambda .000 36.834 48.000 45.408 .000
Hotelling's Trace ~ 541.329 154.128 48.000 41.000 .000
Roy's Largest Root 520.270  552.787°¢ 16.000 17.000 .000

a. Design: Intercept + Season + Area
b. Exact statistic
c. The statistic is an upper bound on F that yields a lower bound on the significance level.



Table 2

Tests of between-subjects effects from MANOVA showing the influence of independent variables
(areas and seasons) on dependent variables (water quality parameters). Significant values (p<0.05)
indicate that individual parameters vary significantly across study locations and seasonal conditions.

Type II Sum of

Source Dependent Variable Squares df Mean Square F Sig.
Corrected Model  pH 7.676* 5 1.535 15.114 .000
Temp 445.323° 5 89.065 28.967 .000
EC 8871517.389¢ 5 1774303.478 13.380 .000
TDS 3114911.472¢ 5 622982.294 19.126 .000
TH 154797.028¢ 5 30959.406 12.842 .000
Turbidity 4908.977* 5 981.795 7.131 .000
Chloride 584579.359¢ 5 116915.872 18.581 .000
Nitrate 1060.340" 5 212.068 15.007 .000
Fluoride 1.884 5 377 5.056 .002
Carbonate 19666.9873 5 3933.397 8.730 .000
Bicarbonate 149367.278% 5 29873.456 10.935 .000
TC 463910468.278! 5 92782093.656  535.516 .000
FC 420859707.278™ 5 84171941.456  508.372 .000
BOD 6233.726" 5 1246.745 104.287 .000
COD 38198.456° 5 7639.691 48.759 .000
DO 86.204P 5 17.241 13.581 .000
Intercept pH 2340.947 1 2340.947 23046.697 .000
Temp 25016.694 1 25016.694 8136.196 .000
EC 63904036.000 1 63904036.000  481.896 .000
TDS 18294154.694 1 18294154.694  561.648 .000
TH 3757782.250 1 3757782.250 1558.777 .000
Turbidity 18200.708 1 18200.708 132.190 .000
Chloride 2026418.681 1 2026418.681 322.056 .000
Nitrate 7450.567 1 7450.567 527.234 .000
Fluoride 3.318 1 3.318 44.523 .000
Carbonate 12634.135 1 12634.135 28.041 .000
Bicarbonate 4316698.778 1 4316698.778 1580.052 .000
TC 259113409.000 1 259113409.000 1495.541 .000
FC 168515015.111 1 168515015.111  1017.778 .000
BOD 13808.208 1 13808.208 1155.022 .000
COD 140725.018 1 140725.018 898.156 .000
DO 381.551 1 381.551 300.552 .000
Season pH 1.764 2 .882 8.683 .001
Temperature 373.722 2 186.861 60.773 .000
EC 687429.167 2 343714.583 2.592 .092



TDS 397416.056 2
Total Hardness 72751.167 2
Turbidity 3691.540 2
Chloride 13973.331 2
Nitrate 161.817 2
Fluoride .336 2
Carbonate 6689.795 2
Bicarbonate 83329.389 2
TC 1082980.167 2
FC 1553626.389 2
BOD 512.748 2
COD 2428.169 2
DO 1.317 2
Area pH 5912 3
Temperature 71.601 3
EC 8184088.222 3
TDS 2717495.417 3
Total Hardness 82045.861 3
Turbidity 1217.437 3
Chloride 570606.028 3
Nitrate 898.523 3
Fluoride 1.548 3
Carbonate 12977.191 3
Bicarbonate 66037.889 3
TC 462827488.111 3
FC 419306080.889 3
BOD 5720.979 3
COD 35770.287 3
DO 84.887 3

a. R Squared = .716 (Adjusted R Squared = .668) b. R Squared = .828 (Adjusted R Squared = .800)
c¢. R Squared = .690 (Adjusted R Squared = .639) d. R Squared =.761 (Adjusted R Squared = .721)
e. R Squared = .682 (Adjusted R Squared = .628) f. R Squared = .543 (Adjusted R Squared = .467)
g. R Squared = .756 (Adjusted R Squared = .715) h. R Squared = .714 (Adjusted R Squared = .667)
i. R Squared = .457 (Adjusted R Squared = .367) j. R Squared = .593 (Adjusted R Squared = .525)
k. R Squared = .646 (Adjusted R Squared = .587) 1. R Squared = .989 (Adjusted R Squared = .987)
m. R Squared = .988 (Adjusted R Squared = .986) n. R Squared = .946 (Adjusted R Squared = .937)

0. R Squared = .890 (Adjusted R Squared = .872) p. R Squared = .694 (Adjusted R Squared = .643)

198708.028
36375.583
1845.770
6986.666
80.909

.168
3344.898
41664.694
541490.083
776813.194
256.374
1214.084
.659

1.971

23.867
2728029.407
905831.806
27348.620
405.812
190202.009
299.508

516
4325.730
22012.630
154275829.370
139768693.630
1906.993
11923.429
28.296

6.101
15.089
13.406
1.110
5.725
2.254
7.424
15.251
3.125
4.692
21.445
7.749
519
19.401
7.762
20.572
27.810
11.345
2.947
30.229
21.194
6.924
9.601
8.057
890.444
844.159
159.515
76.099
22.289

.006
.000
.000
.343
.008
122
.002
.000
.058
.017
.000
.002
.600
.000
.001
.000
.000
.000
.049
.000
.000
.001
.000
.000
.000
.000
.000
.000
.000




Table 3

Multiple comparison through post-hoc test of surface water samples on the basis of seasons.

Multiple Comparisons

Tukey HSD
Mean 95% Confidence Interval
Dependent Difference Std. Lower Upper
Variable (I) Season (J) Season (I-J) Error Sig. Bound Bound
pH 0 1 54" .130 .001 22 .86
2 .29 .130 .080 -.03 .61
1 0 -.54" .130 .001 -.86 -.22
2 -.25 .130 .150 -.57 .07
2 0 -.29 130 .080 -.61 .03
1 25 130 .150 -.07 57
Temperature 0 1 5.17 716 .000 3.40 6.93
2 7.75" 716 .000 5.99 9.51
1 0 -5.17° 716 .000 -6.93 -3.40
2 2.58" 716 .003 .82 4.35
2 0 -7.75" 716 .000 -9.51 -5.99
1 -2.58" 716 .003 -4.35 -.82
Electrical 0 1 291.67 148.666 .139 -74.84 658.17
Conductivity 2 294.58 148.666 134 -71.92 661.09
1 0 -291.67 148.666 .139 -658.17 74.84
2 2.92 148.666 1.000 -363.59 369.42
2 0 -294.58 148.666 134 -661.09 71.92
1 -2.92  148.666 1.000 -369.42 363.59
TDS 0 1 251.25°  73.680 .005 69.61 432.89
2 173.92  73.680 .063 -7.72 355.56
1 0 -251.25°  73.680 .005 -432.89 -69.61
2 -77.33  73.680 552 -258.97 104.31
2 0 -173.92  73.680 .063 -355.56 7.72
1 77.33  73.680 552 -104.31 258.97
Total Hardness 0 1 92.58"  20.045 .000 43.17 142.00
2 -5.33  20.045 962 -54.75 44.08
1 0 -92.58"  20.045 .000 -142.00 -43.17
2 -97.92°  20.045 .000 -147.33 -48.50
2 0 5.33  20.045 962 -44.08 54.75
1 97.92°  20.045 .000 48.50 147.33
Turbidity 0 1 -24.32" 4.790 .000 -36.13 -12.51
2 -7.95 4.790 237 -19.76 3.86
1 0 24.32° 4.790 .000 12.51 36.13



Chloride

Nitrate

Fluoride

Carbonate

Bicarbonate

Total Coliform

Fecal Coliform

D=2 O N O (N[ OO (N == (O (O = O (O = O N[O (N == OO (N O

16.37"
7.95
-16.37°
47.93
28.84
-47.93
-19.08
-28.84
19.08
3.49
5.08"
-3.49
1.58
-5.08"
-1.58
21

20

-21
-.01
-.20

01
20.50
33.08"
-20.50
12.58
-33.08"
-12.58
110.67
20.25
-110.67
-90.42"
-20.25
90.42"
144.08
418.17
-144.08
274.08
-418.17
-274.08
189.58
503.75"

4.790
4.790
4.790
32.383
32.383
32.383
32.383
32.383
32.383
1.535
1.535
1.535
1.535
1.535
1.535
A11
A11
A11
A11
A11
A11
8.666
8.666
8.666
8.666
8.666
8.666
21.339
21.339
21.339
21.339
21.339
21.339
169.930
169.930
169.930
169.930
169.930
169.930
166.118
166.118

.005
237
.005
315
.650
315
827
.650
827
075
.007
075
563
.007
563
156
.196
156
991
196
991
.062
.002
062
328
.002
328
.000
.614
.000
.001
.614
.001
677
.050
677
256
.050
256
497
013

4.56
-3.86
-28.18
-31.91
-50.99
-127.76
-98.92
-108.68
-60.75
-.29
1.29
-7.28
-2.20
-8.86
-5.37
-.06
-.08
-.49
-.29
-47
-.26
-.87
11.71
-41.86
-8.78
-54.44
-33.94
58.06
-32.36
-163.27
-143.02
-72.86
37.81
-274.84
-.76
-563.01
-144.84
-837.09
-693.01
-219.94
94.22

28.18
19.76
-4.56
127.76
108.68
31.91
60.75
50.99
98.92
7.28
8.86
.29
5.37
-1.29
2.20
49

47

.06

26

.08

29
41.86
54.44
.87
33.94
-11.71
8.78
163.27
72.86
-58.06
-37.81
32.36
143.02
563.01
837.09
274.84
693.01
16
144.84
599.11
913.28



1 0

2

2 0

1

BOD 0 1
2

1 0

2

2 0

1

COD 0 1
2

1 0

2

2 0

1

DO 0 1
2

1 0

2

2 0

1

-189.58
314.17
-503.75"
-314.17
7.55"
8.39"
-7.55"
.84
-8.39"
-.84
18.17
16.57"
-18.17°
-1.60
-16.57
1.60
38

43

-38

.04

-43
-.04

166.118
166.118
166.118
166.118
1.412
1.412
1.412
1.412
1.412
1.412
5.110
5.110
5.110
5.110
5.110
5.110
460
460
460
460
460
460

497
159
013
159
.000
.000
.000
825
.000
825
.004
.008
.004
947
.008
947
.686
.630
.686
995
.630
995

-599.11
-95.36
-913.28
-723.69
4.07
491
-11.03
-2.64
-11.87
-4.32
5.57
3.97
-30.76
-14.20
-29.16
-11.00
-75
-71
-1.52
-1.09
-1.56
-1.18

219.94
723.69
-94.22
95.36
11.03
11.87
-4.07
4.32
-4.91
2.64
30.76
29.16
-5.57
11.00
-3.97
14.20
1.52
1.56
75
1.18
1
1.09

Based on observed means.
The error term is Mean Square(Error) = 1.270.

*. The mean difference is significant at the .05 level.




Table 4
Multiple comparison through post-hoc test of surface water samples on the basis of areas.

Multiple Comparisons

Tukey HSD
Mean 95% Confidence Interval
Dependent Difference (I- Lower
Variable (I) Area (J) Area J) Std. Error  Sig. Bound Upper Bound
pH 0 1 -.81° 150 .000 -1.22 -.40
2 .29 150 240 -.12 .70
3 -27 150 305 -.68 14
1 0 81" 150 .000 40 1.22
2 1.10° 150 .000 .69 1.51
3 54" 150 .006 14 95
2 0 -.29 150 240 -.70 12
1 -1.10° 150 .000 -1.51 -.69
3 -.56" 150 .005 -.96 -.15
3 0 27 150 305 -.14 .68
1 -.54° 150 .006 -.95 -.14
2 56" 150 .005 15 .96
Temp 0 1 1.61 827 230 -.64 3.86
2 -.52 827 921 -2.717 1.73
3 3.07° 827 .004 .82 5.31
1 0 -1.61 827 230 -3.86 .64
2 -2.13 827 .068 -4.38 11
3 1.46 827 311 =79 3.70
2 0 52 827 921 -1.73 2.77
1 2.13 827 .068 -.11 4.38
3 3.59" 827 .001 1.34 5.84
3 0 -3.07° 827 .004 -5.31 -.82
1 -1.46 827 311 -3.70 19
2 -3.59° 827 .001 -5.84 -1.34
EC 0 1 -885.11°  171.665 .000 -1351.89 -418.34
2 432.33  171.665 077 -34.44 899.11
3 -249.89  171.665 476 -716.66 216.89
1 0 885.11°  171.665 .000 418.34 1351.89
2 1317.44"  171.665 .000 850.67 1784.22
3 635.22°  171.665 .005 168.45 1102.00
2 0 -432.33  171.665 077 -899.11 34.44
1 -1317.44"  171.665 .000 -1784.22 -850.67
3 -682.22°  171.665 .002 -1149.00 -215.45
3 0 249.89  171.665 476 -216.89 716.66



TDS

TH

Turbidity

Chloride

O W N == O W = O Wi O W N DO W IOCIWIN O WIN I PO W= O WD O W =N =

-635.22"
682.22"
-539.00"
210.67
-172.44
539.00"
749.67"
366.56"
-210.67
-749.67"
-383.11°
172.44
-366.56"
383.11"
-101.00"
16.78
-64.56"
101.00"
117.78"
36.44
-16.78
-117.78"
-81.33"
64.56"
-36.44
81.33"
14.69
12.36
5.24
-14.69
-2.33
-9.44
-12.36
2.33
-7.11
-5.24
9.44
7.11
-287.67
37.76
-76.00
287.67"

171.665
171.665
85.078
85.078
85.078
85.078
85.078
85.078
85.078
85.078
85.078
85.078
85.078
85.078
23.146
23.146
23.146
23.146
23.146
23.146
23.146
23.146
23.146
23.146
23.146
23.146
5.531
5.531
5.531
5.531
5.531
5.531
5.531
5.531
5.531
5.531
5.531
5.531
37.393
37.393
37.393
37.393

.005
.002
.000
.084
201
.000
.000
.001
.084
.000
.001
201
.001
.001
.001
.886
.043
.001
.000
408
.886
.000
.007
.043
408
.007
058
137
179
058
974
338
137
974
579
179
338
579
.000
745
199
.000

-1102.00
215.45
-770.34
-20.67
-403.78
307.66
518.33
135.22
-442.00
-981.00
-614.45
-58.89
-597.89
151.77
-163.94
-46.16
-127.49
38.06
54.84
-26.49
-79.71
-180.71
-144.27
1.62
-99.38
18.40
-.35
-2.68
-9.80
-29.73
-17.37
-24.48
-27.40
-12.71
-22.15
-20.28
-5.60
-7.93
-389.34
-63.91
-177.68
185.99

-168.45
1149.00
-307.66
442.00
58.89
770.34
981.00
597.89
20.67
-518.33
-151.77
403.78
-135.22
614.45
-38.06
79.71
-1.62
163.94
180.71
99.38
46.16
-54.84
-18.40
127.49
26.49
144.27
29.73
27.40
20.28
.35
12.71
5.60
2.68
17.37
7.93
9.80
24.48
22.15
-185.99
139.44
25.68
389.34



Nitrate

Fluoride

Carbonate

S W = O W IO WIN— PO W R O WIN O WD —IND P O W~ O Wi O W N = O W = O W

325.43"
211.67°
-37.76
-325.43"
-113.76"
76.00
211.67°
113.76"
9.11"
4.68
-2.89
9.11"
13.79"
6.22"
-4.68
-13.79"
-7.57
2.89
-6.22"
7.57"
417

23
-417
14
-.18
-.55
-.14
-32
-23
18

32
-11.44
31.54"
31.21°
11.44
42.99"
42.66"
-31.54"
-42.99"
-33
-31.21°

37.393
37.393
37.393
37.393
37.393
37.393
37.393
37.393
1.772
1.772
1.772
1.772
1.772
1.772
1.772
1.772
1.772
1.772
1.772
1.772
129
129
129
129
129
129
129
129
129
129
129
129
10.006
10.006
10.006
10.006
10.006
10.006
10.006
10.006
10.006
10.006

.000
.000
145
.000
024
199
.000
024
.000
.060
378
.000
.000
.007
.060
.000
.001
378
.007
.001
015
.001
295
015
705
494
.001
105
.080
295
494
.080
.666
018
.020
.666
.001
.001
018
.001
1.000
020

223.75
109.99
-139.44
-427.11
-215.44
-25.68
-313.34
12.09
-13.93
-.14
-7.71
4.29
8.97
1.40
-9.50
-18.61
-12.39
-1.93
-11.04
2.75
.06

.20
-.12

- 76
-21
-.53
-.90
-.49
-.67
-.58
-.17
-.03
-38.65
4.33
4.01
-15.76
15.78
15.45
-58.75
-70.19
-27.54
-58.42

427.11
313.34
63.91
-223.75
-12.09
177.68
-109.99
215.44
-4.29
9.50
1.93
13.93
18.61
11.04
14
-8.97
-2.75
7.71
-1.40
12.39
76

90

58
-.06
49

17
-.20
21

.03

12

53

.67
15.76
58.75
58.42
38.65
70.19
69.87
-4.33
-15.78
26.88
-4.01



Bicarbonate

TC

FC

BOD

O W N == O W = O Wi O W N DO W IOCIWIN O WIN I PO W= O WD O W =N =

-42.66"
33

11.00
98.78"
-7.78
-11.00
87.78"
-18.78
-98.78"
-87.78"
-106.56"
7.78
18.78
106.56"
8215.00"
8335.56"
8289.22"
-8215.00
120.56
74.22
-8335.56"
-120.56
-46.33
-8289.22"
-74.22
46.33
7825.56"
8038.00"
7771.11°
-7825.56"
212.44
-54.44
-8038.00"
-212.44
-266.89
7771117
54.44
266.89
25.82"
31.57"
28.81"
-25.82"

10.006
10.006
24.640
24.640
24.640
24.640
24.640
24.640
24.640
24.640
24.640
24.640
24.640
24.640
196.218
196.218
196.218
196.218
196.218
196.218
196.218
196.218
196.218
196.218
196.218
196.218
191.817
191.817
191.817
191.817
191.817
191.817
191.817
191.817
191.817
191.817
191.817
191.817
1.630
1.630
1.630
1.630

.001
1.000
970
.002
989
970
.007
871
.002
.007
.001
989
871
.001
.000
.000
.000
.000
927
981
.000
927
995
.000
981
995
.000
.000
.000
.000
.688
992
.000
.688
S14
.000
992
S14
.000
.000
.000
.000

-69.87
-26.88
-56.00
31.78
-74.78
-78.00
20.78
-85.78
-165.78
-154.78
-173.55
-59.22
-48.22
39.56
7681.46
7802.02
7755.68
-8748.54
-412.98
-459.32
-8869.09
-654.09
-579.87
-8822.76
-607.76
-487.21
7303.98
7516.43
7249.54
-8347.13
-309.13
-576.02
-8559.57
-734.02
-788.46
-8292.68
-467.13
-254.68
21.38
27.13
24.38
-30.25

-15.45
27.54
78.00

165.78
59.22
56.00

154.78
48.22

-31.78

-20.78

-39.56
74.78
85.78

173.55

8748.54
8869.09
8822.76
-7681.46
654.09
607.76
-7802.02
412.98
487.21
-7755.68
459.32
579.87
8347.13
8559.57
8292.68
-7303.98
734.02
467.13
-7516.43
309.13
254.68
-7249.54
576.02
788.46
30.25
36.00
33.24
-21.38



2

3

2 0
1

3

3 0
1

2

COD 0 1
2

3

1 0
2

3

2 0
1

3

3 0
1

2

DO 0 1
2

3

1 0
2

3

2 0
1

3

3 0
1

2

5.75"
2.99
-31.57
-5.75"
-2.76
-28.81"
-2.99
2.76
55.94"
82.33"
70.30"
-55.94"
26.39"
14.36
-82.33"
-26.39"
-12.03
-70.30"
-14.36
12.03
-3.52
-3.86"
-1.82
3.52"
-33
1.70"
3.86"
33
2.03"
1.82"
-1.70"
-2.03"

1.630
1.630
1.630
1.630
1.630
1.630
1.630
1.630
5.901
5.901
5.901
5.901
5.901
5.901
5.901
5.901
5.901
5.901
5.901
5.901
531
531
531
531
531
531
531
531
531
531
531
531

.007
276
.000
.007
.346
.000
276
.346
.000
.000
.000
.000
.001
092
.000
.001
197
.000
092
197
.000
.000
.009
.000
922
016
.000
922
.003
.009
016
.003

1.32
-1.44
-36.00
-10.18
-7.19
-33.24
-7.43
-1.68
39.90
66.29
54.26
-71.99
10.34
-1.69
-98.38
-42.43
-28.08
-86.34
-30.40
-4.01
-4.97
-5.30
-3.27
2.08
-1.78
.26
241
-1.11
.59

.38
-3.14
-3.48

10.18
7.43
-27.13
-1.32
1.68
-24.38
1.44
7.19
71.99
98.38
86.34
-39.90
42.43
30.40
-66.29
-10.34
4.01
-54.26
1.69
28.08
-2.08
-2.41
-.38
4.97
1.11
3.14
5.30
1.78
3.48
3.27
-.26
-.59

Based on observed means.
The error term is Mean Square(Error) = 1.270.

*. The mean difference is significant at the .05 level.




Table 5
Water Quality Index of surface water bodies.

WQI Standards
Water Quality Index Water Quality Status
0-25 Excellent
26-50 Good
51-75 Poor
76-100 Very poor
>100 Unfit for consumption

Pre-Monsoon

Locations WQI Water quality status
Dravyavati River 40369.36801 | Unfit for consumption
Mansagar Lake 25317.65287 | Unfit for consumption
Maota Lake 49426.21809 | Unfit for consumption
Kanota Dam 63837.66329 | Unfit for consumption
Monsoon

Locations WQI Class

Dravyavati River 118432.0788 | Unfit for consumption
Mansagar Lake 62762.07869 | Unfit for consumption
Maota Lake 34189.36792 | Unfit for consumption
Kanota Dam 80998.80399 | Unfit for consumption

Post Monsoon

Locations WQI Class

Dravyavati River 40094.35907 | Unfit for consumption
Mansagar Lake 25372.23376 | Unfit for consumption
Maota Lake 49418.83326 | Unfit for consumption
Kanota Dam 64372.37969 | Unfit for consumption
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