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ABSTRACT

The present study was conducted to assess the physicochemical characteristics of surface water in
the Bargarh district, Odisha, India. The investigation focused on analyzing key physicochemical
parameters such as pH, total dissolved solids, alkalinity, dissolved oxygen, chemical oxygen
demand, nitrate, phosphate, chloride. These indicators were used to evaluate the quality of surface
water and its suitability for various uses. A total of 13 surface water samples, including 12
sampling sites and one control site were collected from the ponds of different locations within the
district. The results revealed that, The key physicochemical parameters analyzed included pH
(6.88-7.99), electrical conductivity (115-165 mS/cm), dissolved oxygen (3.02-5.3 mg/1), chloride
(0.06-46.15 mg/1), nitrate (0-108.3 mg/1), alkalinity (103.97-143.39 mg/1), chemical oxygen demand
(28.9-45.45 mg/1) and total dissolved solids (101-119 mg/1). Trace heavy metals such as Zn, Ni, Cu,
Mn, Fe, Co, Cd, Cr, Pb, Hg, and V were also detected in the water samples. The WQI values in site
A5, showed the highest contamination level (542.39) followed by sites A2, A3, A4 and A6, all
classified as unsuitable for drinking and fishing (288.38-542.39). Site A1 was categorized as poor
(56.13), A8 as very poor (101.61) whereas sites A7, A9, A10, A11 and A12 along with control were
classified as good (26.02-43.64). Correlation analysis revealed strong positive relationships
between several key parameters. A very strong correlation was observed between pH and
alkalinity (r = 0.96) and between chloride and EC (r = 0.92), suggesting the influence of ionic
strength on buffering capacity. Nitrate also correlated strongly with EC (r = 0.82) indicating
contamination from agricultural runoff or anthropogenic sources. A strong positive correlation was
also found between COD and chloride (r = 0.63) and between alkalinity and chloride (r = 0.60).
Conversely, DO showed significant negative correlations with pH (r = -0.58) and alkalinity (r = -
0.49) implying organic load stress. TDS exhibited weak or no significant correlation with most
parameters while COD and DO showed negligible interdependence (r = 0.05). The study
highlights the utility of WQI and correlation analysis in integrated water quality assessment and
recommends continuous monitoring and pollution control to safeguard public health and aquatic
life.
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INTRODUCTION

Surface water bodies such as ponds, rivers and lakes
are crucial freshwater resources supporting
agriculture, aquaculture, domestic use and cultural
traditions across many regions of India. In rapidly
urbanizing and industrializing areas like the

Bargarh district of Odisha, the condition of surface
water is increasingly at risk due to anthropogenic
pressures. Ponds in particular often located within
or near human settlements have historically served
as vital sources of water for rural and semi-urban
populations. However, unregulated waste disposal,
urban runoff and agricultural inputs are causing
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significant changes in the natural characteristics of
these water bodies (Sharma et al., 2017; Singh et al.,
2020). The contamination of surface water in such
areas often results from the inflow of domestic
sewage, organic waste, agricultural runoff and in
some cases industrial byproducts. These pollutants
affect water transparency, colour, temperature and
overall usability disrupting both ecological functions
and human utility (Kumar et al., 2019; Dash et al.,
2020). Over time, this degradation not only reduces
the aesthetic and recreational value of water bodies
but also affects their ability to support aquatic
organisms and community livelihoods (Sundaray et
al., 2011; Verma et al., 2018). The nutrient enrichment
from fertilizers and detergents promotes algal
blooms and eutrophication, further impairing water
quality (Moore et al., 1998; Banerjee et al., 2011). In
Odisha and particularly in Bargarh town the
significance of surface water resources is heightened
due to their widespread use in daily activities. It
supports a large agrarian population and is also
home to several traditional and religious pond
systems. Many of these ponds have become
receptacles for domestic wastewater, solid waste
from industries and runoff from nearby residential
areas. The thermal power plant of ACC generates fly
ash which is disposed up in the landfill sites. With
increasing population pressure and insufficient
waste treatment infrastructure these ponds are
exhibiting visible signs of degradation including
turbidity, discoloration and floating debris
(Mahananda et al., 2010). This investigation focuses
on evaluating surface water conditions in pond
systems in Bargarh District. By monitoring physical
and chemical parameters the study aims to generate
a baseline understanding of surface water quality in
this region and its possible contamination by fly ash.
The findings can provide valuable inputs for public
awareness campaigns and future research on
sustainable pond management in urbanizing
districts of Odisha.

MATERIALS AND METHODS

Sampling is a fundamental step in assessing surface
water quality. The present investigation was
conducted on physicochemical parameters of
surface water in Bargarh District, Odisha. The water
samples were collected in pre-cleaned plastic
containers to avoid contamination in premonsoon.
After collection, all samples were preserved and
stored properly to prevent any alteration in their

physicochemical characteristics. A total of 12 water
samples along with control were gathered from the
surrounding of ACC Cement Limited, Bargarh,
District (Fig.1). A control sample was collected from
Bhatli which is far away from the contaminated
sites. Then samples were subjected to laboratory
analysis to evaluate various physicochemical
parameters. The Fly ash sample was collected from
Ash mound and its chemical composition was
determined through XRF. The TCLP test was
conducted and the composition of the lechate was
determined.

Bargarh Map [ ~\

Sampling Sites §8
gen

Sl Sampling  Sampling Sl Sampling Sampling
No Code Sites No  Code Sites

1 Al Bardol 7 A7 Sayan

2 A2 Khaliapali 8 A8 Tilapali

3 A3 ACC Cement 9 A9 Kamgaon
4 A4 Padhanpali 10 Al0 Jamurda
5 A5 Dang 11 All Bargaon
6 A6 Katapali 12 Al2 Tentla

13 — Control Site - Bhatali

Fig. 1. Map showing Study site in Bargarh District of
Odisha with sample locations

In the current study, the pH of water samples
was measured using the Systronic pH meter. The
electrical conductivity of the samples was
determined through Systsonic conductivity meter.
The concentrations of sodium and potassium were
analyzed using a Systronic flame photometer. The
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dissolved oxygen in water samples was measured
using the Winkler method. The total solids were
quantified using the gravimetric method. Chloride
concentration was estimated through the
argentometric titration method. The determination
of total alkalinity, including carbonate and
bicarbonate alkalinity was performed by titrating
with diluted sulphuric acid, using phenolphthalein
as an indicator up to pH 8.3 and methyl orange as
an indicator. Chemical Oxygen Demand was
measured using a reflux condenser applying a
ferroin indicator followed by titration with ferrous
ammonium sulphate. Nitrate and phosphate
concentrations were estimated through
spectrophotometric methods. The heavy metals
concentration in water was determined using AAS.
The Water Quality Index values (WQI) and quality
of water samples were determined using the scheme
given in Table 1.

RESULTS AND DISCUSSION

Physicochemical parameters of water samples

The physicochemical analysis of surface water
samples (A1l tp A12) and a control as presented in
Table 2. These parameters are essential indicators of

water quality and help evaluate the extent of
anthropogenic impacts particularly from fly ash or
industrial contamination. The current analysis
revealed that there is fluctuation in several
physicochemical characteristics of surface water
across different sites (Fig. 2). These changes were
influenced by factors such as temperature, rainfall
patterns, pollution sources and anthropogenic
activities.

The pH values ranged from 6.88 + 0.05 (A9) to
7.99 + 0.06 (A3) indicating that the water is mostly
neutral to slightly alkaline across the sampling
points. The control sample recorded a pH of 6.93 +
0.04 confirming the minimal natural variation. These
values are within the BIS permissible range of 6.5-
8.5 for surface water (BIS, 2012). However, lower pH
values in some samples (A5, A9, A12) may suggest
localized acidification due to fly ash leachates or
surface runoff (Rai et al., 2020; Yadav et al., 2019).
Electrical conductivity is an indicator of ionic
concentration ranged from 115 + 1.73 pS/cm
(control) to 165 + 2.51 uS/cm (A1l). Elevated EC
levels near industrial sites (A1, A2) suggest the
leaching of soluble salts which is consistent with
findings from fly ash pond regions (Sharma et al.,
2022). Higher EC can affect aquatic life and soil
permeability if used for irrigation (WHO, 2011).

Table 1. WQI range, status and possible usage of the water sample (Jannat et al., 2019)

WOQI Water Quality Status Possible Usage

0-25 Excellent Drinking, irrigation and industrial
26-50 Good Drinking, irrigation and industrial
51-75 Poor Irrigation and industrial

76-100 Very Poor Irrigation

>100 Unsuitable for drinking and fish culture Proper treatment required before use

Table 2. Physicochemical parameters of surface water

DO COD Chloride Nitrate Phosphate
mg/L mg/L mg/L mg/L mg/L

No. of pH EC TDS Alkalinity
Sample mS/cm mg/L mg/L
Al 7.66+x0.04 165+2.51 119+1.52 143.39+2.08
A2 7.53+0.02 153+1.25 112+2.00 139.21+2.51
A3 7.99+0.06 149+2.00 125+3.05 148.22+2.64
A4 7.39+0.03 146+2.51 129+251 135.68+2.4
A5 6.96+0.05 141+1.20 127+2.64 120.50+2.08
A6 7.16+0.04 138+1.52 127+1.73 123.41+2.00
A7 7.26+x0.03 132+1.73 120+2.51 128.96+2.08
A8 7.28+0.05 129+1.15 110+2.00 134.83+2.51
A9 6.88+0.03 125+1.60 118+1.73 118.98+1.73
A10 7.18+0.04 122+2.00 108+3.05 126.95+2.00
All 6.98+0.04 119+1.30 107+1.73 121.76+2.08
Al12 6.95+0.02 117+1.15 121+1.52 116.18+1.73

Control 6.93+0.02 115+1.73 101+1.15 103.97+1.15

3.8+0.04 45.46+0.20 46.15+0.06 16.75+0.05 1.5+0.01
4.3+0.02 41.44+0.35 43.310.05+ 12.53+0.03 1.95+0.3
3.02+0.02 47.02+0.13 31.95+0.06 10.25+0.02 1.81+0.01
4.0+0.03  35.9+0.10 19.17+0.08 8.77+0.03 1.83+0.02
3.96+0.04 43.61+0.15 26.27+0.07 11.03+0.03 1.40+0.02
3.81+0.03 42.2+0.13 24.85+0.06 8.90+0.02 1.28+0.02
4.2+0.03 36.3+0.12 21.3+0.06 9.16+0.02 0.70+0.01
3.71+0.02 46.31+0.15 10.65+0.05 9.90+0.02 1.20+0.02
4.04+0.03 33.3+0.07 5.68+0.04 8.20+0.03 0.60+0.01
3.2+0.02 47.03+0.12 3.55+0.03 7.78+0.03 1.27+0.02
4.1+0.02 36.6+0.20 2.84+0.02 7.09+0.02 0.90+0.03
3.06+0.02 42.9+0.16 3.55+0.02 6.66+0.02 0.40+0.01
53+0.02 28.9+0.15 2.84+0.01 6.11+0.02 0.35+0.01
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Alkalinity values varied between 103.97 + 1.51 mg/
L (control) and 148.22 + 2.00 mg/L (A3) which
reflects the buffering capacity of water to neutralize
acids. Higher values at A3 and A1l could be
attributed to carbonate or bicarbonate influx from
surrounding sediments or fly ash residues
(Mahananda et al., 2010). Alkalinity above 120 mg/
L may also influence the solubility of heavy metals
in surface water (Kumar and Chopra, 2020).
Dissolved Oxygen levels showed significant
variation, ranging from 3.02 + 0.06 mg/1 (A3) to 5.73
+ 0.03 mg/1 (control). The decreased DO levels in
impacted areas such as A3 and A12 suggest organic
pollution or eutrophication. Chloride concentrations
ranged from 2.84 + 0.06 mg/1 (control) to 46.15 +
0.06 mg/1 (Al) with the highest values near
potential discharge zones. The elevated chloride
levels at A1 and A2 may stem from industrial
effluents, fly ash seepage, or domestic wastewater
input (Tiwari et al., 2021). According to WHO (2011)
chloride concentrations above 250 mg/1 affect water
palatability although all values here are well below
the threshold. Chemical Oxygen Demand values
fluctuated between 28.0 + 0.15 mg/1 (control) and
47.0 + 0.03 mg/1 (A3, A10), which reflect the extent
of organic and chemical pollution. Sites like A3 and
A5 exhibit high COD and low DO, indicating
significant organic loading and possible microbial
activity (Hassan et al., 2021). High COD is often
associated with fly ash contamination and the
presence of refractory organic substances. Total
Dissolved Solids ranged from 101 + 1.73 mg/1
(control) to 127 + 2.64 mg/l (A5) showing
consistency with EC trends. Elevated TDS in
samples like A1, A5 and A6 indicates the presence of
dissolved salts and inorganic matter possibly from
ash laden runoff. Although within WHO limits (500
mg/1), persistently high TDS may affect water taste
and utility for drinking and agriculture (WHO,
2011). Nitrate concentrations ranged from 6.66 + 0.01

mg/1 (A12) to 16.75 = 0.01 mg/1 (Al). The higher
values in A1 and A2 may reflect fertilizer runoff or
organic waste decomposition. According to WHO
guidelines, the acceptable limit for nitrate in
drinking water is 50 mg/1, thus all samples are
within safe limits. However, increasing trends in
nitrate levels are ecologically concerning due to
eutrophication risks (Singh and Gupta, 2021). The
Chloride ion concentration in water samples ranged
from 2.84 to 46.15 mg/1, Nitrate ranged from 6.11 to
16.75 mg/1 and Phosphate ranged from 0.35 to 1.83
mg/L.

The analysis of physicochemical parameters
across sites (Fig. 2) revealed that, pH values
remained within permissible limits (6.5-8.5) with
slightly acidic conditions at A1-A4. Electrical
conductivity and TDS were highest at A2-A5
indicating high ionic and salinity levels from fly ash
or industrial runoff. Alkalinity was elevated at most
sites showing strong buffering capacity and a high
correlation with pH (r = 0.96). Phosphate and nitrate
levels peaked at A3—A5 and A1-A6 respectively
suggesting nutrient pollution from sewage or
agricultural runoff. COD was highest at A2-A5
reflecting organic contamination while chloride
levels were elevated at A1-A2 indicating industrial
influence. DO was lowest at polluted sites (A1-A5)
showing oxygen depletion due to high organic load.

Correlation Analysis between the parameters

The correlation (Table 3) analysis reveals a strong
positive correlation between pH and alkalinity (r =
0.96) indicating that increased alkalinity
significantly elevates the pH of the water. This
suggests that bicarbonate and carbonate buffering
systems dominate the chemistry of the surface water
(Yadav et al., 2021). pH also showed a strong
positive correlation with EC (r = 0.77), Alkalinity (r
=0.91), Chloride (r = 0.73), COD (r = 0.51), Nitrate (r
=0.63), and Phosphate (r = 0.74). This suggests that

Table 3. Correlation analysis between the physicochemical parameters in surface water

pH EC Alkalinity DO Chloride COD TDS Nitrate Phosphate
pH 1
EC 0.77 1
Alkalinity 0.91 0.80 1
DO -0.35 -0.13 -0.46 1
Chloride 0.73 0.95 0.72 -0.05 1
COD 0.51 0.41 0.61 -0.79 0.39 1
TDS 0.28 0.51 0.35 -0.42 0.43 0.26 1
Nitrate 0.63 0.90 0.70 -0.10 0.89 0.48 0.27 1
Phosphate 0.74 0.81 0.81 -0.27 0.72 0.53 0.39 0.62 1
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Fig. 2. Variation in the values of physicochemical
parameters of pond water at different sites (A1 to
A12) and Control Site from Bhatli.

Table 4. The water quality Index of sampling sites

Site Waqi Category
Value

Al 56.13 Poor

A2 439.41 Unsuitable for drinking and fish
culture

A3 288.38 Unsuitable for drinking and fish
culture

A4 500.79 Unsuitable for drinking and fish
culture

A5 542.39 Unsuitable for drinking and fish
culture

A6 320.07 Unsuitable for drinking and fish
culture

A7 28.57 Good

A8 101.61 Very Poor

A9 34.71 Good

A10 35.30 Good

All 38.91 Good

Al2 43.54 Good

Control 26.02 Good

as ionic and nutrient concentrations increase, the pH
tends to rise. A negative correlation with DO (r = -
0.35) indicates that higher alkalinity and ionic
strength may slightly lower dissolved oxygen
availability. Electrical Conductivity (EC) exhibited a
strong positive relationship with Alkalinity (r =
0.80), Chloride (r = 0.95), COD (r = 0.41), TDS (r =
0.51), Nitrate (r = 0.90), and Phosphate (r = 0.81).
This demonstrates that EC rises with the increase in
dissolved ions and nutrient content in the water.
Alkalinity had positive correlations with Chloride (r
=0.72), COD (r = 0.61), TDS (r = 0.35), Nitrate (r =
0.70), and Phosphate (r = 0.81), indicating that these
parameters collectively contribute to the buffering
capacity of the water. The negative correlation with
DO (r =-0.46) implies that oxygen levels decrease as
alkalinity increases. Dissolved Oxygen showed
negative correlations with pH (r = -0.35), EC (r = -
0.13), and Alkalinity (r = -0.46), whereas it
correlated positively with COD (r = 0.79), TDS (r =
0.42), and Phosphate (r = 0.27). These results
indicate that oxygen availability is influenced by
both organic and ionic concentrations. Chloride
demonstrated a very strong positive correlation with
EC (r = 0.95), along with significant correlations with
Alkalinity (r = 0.72), COD (r = 0.39), TDS (r = 0.43),
Nitrate (r = 0.89), and Phosphate (r = 0.72),
suggesting that chloride levels rise with increasing
ionic and nutrient contents. Chemical Oxygen
Demand exhibited positive correlations with pH (r =
0.51), EC (r = 0.41), Alkalinity (r = 0.61), DO (r =
0.79), Chloride (r = 0.39), TDS (r = 0.26), Nitrate (r =
0.48), and Phosphate (r = 0.53). This indicates that
organic pollution may co-occur with high ionic and
nutrient loads. Total Dissolved Solids (TDS) showed
positive relationships with pH (r = 0.28), EC (r =
0.51), Alkalinity (r = 0.35), DO (r = 0.42), Chloride (r
= 0.43), COD (r = 0.26), Nitrate (r = 0.27), and
Phosphate (r = 0.39). The consistent positive trend
indicates that higher TDS reflects increased
dissolved ionic and nutrient concentrations. Nitrate
was strongly correlated with EC (r = 0.90), Alkalinity
(r =0.70), Chloride (r = 0.89), COD (r = 0.48), TDS (r
= 0.27), and Phosphate (r = 0.62), highlighting that
nitrate shares common sources with other dissolved
constituents such as industrial and agricultural
discharges. Phosphate exhibited positive
correlations with all parameters, being notably high
with Alkalinity (r = 0.81), EC (r = 0.81), Chloride (r =
0.72), COD (r = 0.53), and Nitrate (r = 0.62). This
confirms its strong association with nutrient and
ionic enrichment in surface water.
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Surface Water Quality

The Water Quality Index (Table 4) was assessed for
13 different sites including a control and the results
indicate a wide range of water quality statuses
across the study area. The WQI values ranged from
26.02 at the control site to a maximum of 542.39 at
site A5. Based on the classification criteria these
values were interpreted to categorize the water as
good, poor, very poor or unsuitable for drinking and
fish culture. Site A5 exhibited the highest WQI value
of 542.3941 followed by sites A4 (500.79), A2
(439.41), A6 (320.07) and A3 (288.38). All these
values fall within the “unsuitable for drinking and
fish culture” category. Such high WQI values can be
attributed to elevated concentrations of pollutants
such as total dissolved solids, chemical oxygen
demand and nutrients like phosphate and nitrate
which are commonly associated with the discharge
from nearby fly ash ponds or industrial effluents
(Mahananda et al., 2010; Mishra and Patel, 2021). On
the other hand, Site A1, with a WQI value of 56.13,
was classified as “poor,” indicating some level of
contamination. In Sites A7, A9, A10, A1l and A12
with WQI values ranging from 28.57 to 48.54 were
classified as having “good” water quality. The
control site with the lowest WQI of 26.02 confirmed
the baseline standard for unpolluted water in this
region. Site A8 was identified as “very poor” with a
WQI value of 101.61 indicating a moderate level of

contamination. This could be the result of localized
agricultural runoff or minor industrial activity. The
results reflect spatial variability in water quality,
likely influenced by proximity to fly ash disposal
sites and other anthropogenic activities. Sites with
higher WQI values are situated closer to industrial
effluent discharge zones or areas of heavy fly ash
deposition, consistent with prior research
highlighting the deteriorating effect of fly ash
leachate on surface water (Singh et al., 2022; Gupta
and Ali, 2008).

Heavy metals in Flyash, its leachate and surface
water

The elements enriched in the cores of fly ash
particles are not directly exposed to leaching and
therefore their releases are diffusion controlled and
also dependent on the dissolution rates of the
surface layers (Kukier et al., 2003). “Surface
associated elements are therefore more susceptible
to leaching in an aqueous environment. Cobalt,
Manganese, Magnesium, Lead, Zinc, Arsenic,
Mercury and Boron in fly ash and bottom ash
samples are very high (Kapoor et al., 2009).

The assessment of heavy metal concentrations in
surface water samples (A1l to A12) from the study
area reveals notable deviations from the permissible
limits prescribed by the World Health Organization
(WHO, 2017) for drinking water quality (Table 5).

Zinc (Zn) concentrations ranged between 0.011

Table 5. The Heavy metal Concentration in Fly ash, its leachate and water.

Elements Zn Ni Cu Mn Fe Co Cd Cr Pb Hg \ As

Wt% Wt% Wt% Wt% Wt% Wt% Wt% Wt% Wt% Wt% Wt% Wt%
Fly Ash ~ 0.032 0.033 0.034 0.099 9.43 0.003 0.02 0.0693  0.0319 - - -

mg/L  mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
Leachate 12.49 0.41 1.29 3.30 4.30 0.06 0.01 0.74 4.86 - - -
Water Samples

mg/L  mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L
WHO limit 3.0 0.02 2.0 0.4 0.3 - 0.003 0.05 0.01 0.001 0.14* 0.01
Al 0.079 0.015 0.051 0.089 0.096  0.0002 0.006 0.057 0.048 0.0007 0.0048 0.0004
A2 0.147 0.026 0.072 0.092 0.328 0.0004 0.007 0.049 0.039  0.0005 0.0028 0.0039
A3 0.128 0.021 0.065 0.079 0.126  0.0002  0.005 0.052 0.024  0.0007 0.0032 0.0021
A4 0.093 0.009 0.048 0.152 0.313  0.0002  0.003 0.048 0.056  0.0003 0.0036 0.0034
A5 0.129 0.037 0.067 0.102 0.438 0.0006  0.002 0.203 0.038  0.0007 0.0019 0.0024
A6 0.011 0.030 0.065 0.134 0.321 0.004 0.002 0.200 0.033  0.0004 0.0028 0.0029
A7 0.089 0.028 0.068 0.96 0.497  0.0008 0.003 0.076 0.025  0.0006 0.0058 0.0007
A8 0.048 0.027 0.038 0.085 0.289  0.0003  0.006 0.082 0.057  0.0006 0.0065 0.0048
A9 0.078 0.024 0.052 0.27 0.365 0.0004 0.001 0.073 0.023  0.0005 0.0055 0.0021
A10 0.083 0.013 0.067 0.078 0.457  0.0006  0.002 0.169 0.062  0.0009 0.0046 0.0006
All 0.048 0.029 0.047 0.137 0.538 0.0005 0.004 0.137 0.089  0.0005 0.0058 0.0067
Al2 0.056 0.012 0.060 0.099 0.441 0.0003  0.003 0.154 0.081  0.0008 0.0022 0.0063

*0.14 for V is based on Italian Guidelines
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mg/L and 0.147 mg/L which were significantly
below the WHO guideline value of 3.0 mg/L
indicating no immediate health hazard from zinc
contamination (WHO, 2017). In studied coal fly ash
the Zn concentration was 0.032 (wt%) whereas in
leachate its concentration was 12.40 mg/L. Zn is a
valuable, yet potentially hazardous, component in
municipal solid waste (MSW) incineration fly ash,
often concentrated in fine particles, and can be
found in various chemical forms such as potassium
zinc chloride salts, hydroxides, and oxides. Due to
its toxicity, fly ash with high zinc content is restricted
from landfills.

Copper (Cu) values found between 0.038 mg/L
and 0.072 mg/L remained well within the
acceptable WHO threshold of 2.0 mg/L suggesting
that the water bodies are not at risk from copper
toxicity which aligns with findings by Sharma and
Raju (2013). In fly ash the Cu concentration was
0.034 (wt%) whereas in leachate its concentration
was 1.29 mg/L. Clay minerals in coal contains Cu
and this results in a primary glass association in fly
ash. In UK fly ash this glass association goes up to
60% (Spears, 2004). Copper is therefore not easily
released. On the other hand, the oxidation of Cu-Fe-
sulphides in coal leads to a higher mobility of Cu in
fly ash.sThe mobile fraction of Cu in environmental
conditions has been estimated at 2.6% (Soco and
Kalembkiewicz, 2007). TCLP results yielded 0.5-3%
Cu extractable for alkaline fly ash (Ward et al., 2003).

Nickel was detected in the range of 0.009 to 0.037
mg/L exceeding the WHO standard of 0.02 mg/L in
samples A5, A6, A7, A8 and All. This elevated Ni
concentration is generally attributed to industrial
runoff, electroplating activities or natural
weathering of rocks consistent with previous studies
on surface water pollution by Rajaram et al. (2008)
and Mohapatra et al. (2020). In fly ash the Ni
concentration was 0.033 (wt%) whereas in leachate
its concentration was 0.41 mg/L. Ni seems to be
distributed between the silicate fraction and the
magnetic fraction of fly ash during combustion. Ni
was observed to be slightly enriched in the magnetic
fraction (magnetic fraction/non-magnetic ratio=1.8)
(Hower et al., 1999; Kukier et al., 2003). On the
contrary, Kim and Kazonich (2004) pointed to an
enrichment of Ni in the silicate fraction. Most of
these studies indicate that much of the leachable Ni
is solubilised from the non-magnetic fraction.

The presence of manganese (Mn) varied from
0.038 mg/L to 0.152 mg/L which is within the WHO
acceptable limit of 0.4 mg/L. Nevertheless

moderately high concentrations in samples A4, A5,
A6 and A12 may indicate inputs from natural
sources or anthropogenic discharges as reported by
Kumar and Riyazuddin (2011). In fly ash the Mn
concentration was 0.099 (wt%) whereas in leachate
its concentration was 3.30 mg/L. Mn is likely
associated with ferromagnetic particles and/or the
glass fraction in ash (Kim and Kazonich, 2004;
Warren and Dudas, 1988). Mn is insoluble under
near neutral to alkaline conditions, the leached
levels are typically <0.1 mg/kg. Dissolved Mn
increases with the decreasing pH. Iron
concentrations showed significant variability with
the highest value of 0.538 mg/L (A10) far exceeding
the WHO limit of 0.3 mg/L in several samples
including A5, A6, A7, A10, A1l and A12. Excess iron
commonly derived from soil leaching, industrial
effluents and corroded pipelines may cause
turbidity and discoloration of water (Rao et al.,
2012). In fly ash the Fe concentration was 9.43 (wt%)
whereas in leachate its concentration was 4.30 mg/
L. Less than 10 mg/kg of Fe are leachable in near
neutral and alkaline solutions, and concentrations in
most cases are below the detection limit (Kim et al.,
2003; Moreno et al., 2005).

The Cobalt (Co) concentration in water samples
ranged from 0.002 to 0.006 mg/L. In fly ash the Co
concentration was 0.003 (%) and in its leachate the
concentration was 0.06 mg/L. Water releases of Co
for EU fly ash are typically 0.02 mg/kg (Moreno et
al., 2005). Ward et al., (2003) observed that 1.5-2.5%
Co in fly ash are available for leaching under TCLP
conditions (pH~5) and the fraction becomes higher
at with decreasing pH. Kim et al. (2003) observed
that up to 5% Co can be extracted at pH~1.

Cadmium (Cd), a highly toxic heavy metal
showed values up to 0.007 mg/L in sample A2
surpassing the WHO limit of 0.003 mg/L. The
sources of cadmium contamination are likely linked
to battery disposal, phosphate fertilizers or
industrial waste (Saha et al., 2019). In fly ash the Cd
concentration was 0.02 (wt%) whereas in leachate its
concentration was 0.01 mg/L. Cd is a heavy element
found in both the Earth’s crust and coal, with its
presence in coal transferred to Coal fly ash (CFA)
during combustion (Bernhoft, 2013). Cd’s primary
chemical state within CFA is reducible, often
combining with organic or inorganic compounds in
the form of Cd*" . Cd is generally poorly extracted
though somewhat leached under acidic conditions.
Reports indicate that less than 10% Cd in ash was
removed from US alkaline fly ash at a pH of 1 Kim
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et al. (2003), and 3-9% was extracted at a pH of 4
from acidic-natured Australian fly ash (Jankowski et
al., 2004).

Chromium (Cr) concentrations were especially
concerning with values ranging from 0.012 mg/L to
0.203 mg/L. Several samples including A5, A6, A9,
A10, A1l and A12 exceeded the WHO threshold of
0.05 mg/L. The presence of Cr in surface water often
originates from tannery effluents metal plating
industries and pigment, and poses serious health
risks including carcinogenic effects (Singh et al.,
2017). In fly ash the Cr concentration was 0.069
(wt%) whereas in leachate its concentration was 0.74
mg/L. Chromium in fly ash rarely exhibits a
leaching phenomenon (Goodarzi et al., 2008).
However, in certain oxidative environments (e.g.,
soils or water sources with high levels of iron or
manganese), Cr (III) might transform into Cr (VI),
despite the fact that such natural environments are
not common (Chen et al., 2024).

Lead (Pb) concentrations across all samples were
found to be much higher than the WHO permissible
limit of 0.01 mg/L with the highest value of 0.089
mg/L recorded in A10. Lead contamination results
from lead acid battery leakage and industrial waste
discharge posing neurotoxic threats especially to
children (Chakraborty et al., 2015). In fly ash the Pb
concentration was 0.032 (wt%) whereas in leachate
its concentration was 4.86 mg/L. Lead (Pb) is found
in the Earth’s crust, air, soil, water sources (Li et al.,
2019; Makowska et al., 2019), in coal and is a
predominant in coal fly ash. The Pb content in CFA
varies, ranging between 1.4 mg/kg and 2120 mg/
kg, based on the coal type (Da Silva et al., 2018;
Reddy et al., 2005).

Mercury (Hg) concentrations varied between
0.0004 mg/L and 0.0008 mg/L, remaining within
the WHO limit of 0.001 mg/L. Despite being within
permissible limits, even low levels of mercury
require regular monitoring due to its
bioaccumulative nature and potential for
methylation in aquatic systems (Sharma et al., 2014).
Vanadium though not specifically regulated by
WHO was found in concentrations ranging from
0.002 mg/L to 0.006 mg/L which may originate
from combustion of fossil fuels and industrial
operations (Bhardwaj et al., 2017). Hg is a common
toxic element in coal, which is usually volatilizes
into flue gas during the combustion process and
released into the atmosphere. It is also adsorbed on
the surface of fly ash. Mercury enters the

environment via two routes - through leaching out
from fly ash, or through atmospheric deposition. In
fly ash, mercury primarily exists in an elemental
form, with its form changing based on the carrier
substance it binds to.

Arsenic (As), a highly toxic metalloid was found
in all samples at concentrations ranging from 0.0004
mg/L to 0.0067 mg/L, all below the WHO
maximum permissible level of 0.01 mg/L. However,
elevated values in samples A10, All, and A12 raise
concerns about potential geogenic contamination or
industrial discharge which mirrors the arsenic
behaviour observed in studies from eastern India
(Sahu et al., 2020). Cobalt levels although not
covered under WHO drinking water standards were
detected in trace amounts (0.0002-0.0008 mg/L). Its
presence may be linked to ore leaching or
metallurgical waste (Mahananda et al., 2010). Under
anoxic environment, the amount of dissolved
arsenic increases, and the leaching of oxides in fly
ash causes arsenic to enter the leachate (Deonarine et
al., 2016). Therefore, the presence of arsenic in fly ash
is not stable and varies with environmental
conditions.

CONCLUSION

The present investigation of surface water bodies in
Bargarh district, Odisha, reveals a significant range
in WQI values with the Al site exhibiting poor
quality and site A8 showing a very poor value,
while sites A2—-A6 are deemed unfit for drinking and
fishing with values exceeding. Physicochemical
analysis shows that pH, EC, DO and chloride levels
play a crucial role in determining water quality with
correlations indicating that higher alkalinity
stabilizes pH, while elevated COD adversely affects
DO levels. Elevated levels of nutrients and heavy
metals can lead to eutrophication and long-term
ecological imbalance. It is evident that while some
parameters are within acceptable standards for
irrigation and bathing many sites reflect substantial
pollution loads requiring immediate mitigation.
There is a possibility of leachates from Fly ash
dumping sites affecting the water bodies in terms of
Fe, Mn, Co, Cd, Cr, Ni, Cu Pb and Zn concentration.
Regular pond water quality assessment, sustainable
fly ash management and remediation strategies are
critical to protect the ecological health of surface
water bodies in the region.
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