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Abstract

Freshwater ecosystems like the Halda River are under growing pressure from anthropogenic activities,
threatening biodiversity and water quality. As the only natural spawning ground for major carp species in
Bangladesh, its ecological health is of national importance. This study aims to assess the current status of water
and sediment quality in the Halda River, with a focus on identifying pollution levels and their potential impacts.
A total of 17 sampling stations were selected along the river course to collect water and sediment samples. Key
physicochemical parameters measured include pH (6.62-7.76), electrical conductivity (0.12-1144.33 pS/cm),
total dissolved solids (90-498.67 mg/L), dissolved oxygen (4.97-12.31 mg/L), chemical oxygen demand (3.4—
11.3 mg/L), turbidity (0.7-406 NTU), salinity (0-0.4 ppt), total suspended solids (688.19-773.84 mg/L),
biochemical oxygen demand (4.80-8.08 mg/L), and ammonia nitrogen (0.67—1.45 mg/L). The results indicate
that several parameters exceeded the permissible limits, particularly in areas influenced by urban runoff,
industrial discharge, and agricultural activity. Sediment analysis detected the presence of heavy metals; lead
(Pb), chromium (Cr), and cadmium (Cd) though concentrations remained within acceptable thresholds. WQI
scores ranged from "good" to "very poor,” while RPI indicated moderate to severe pollution at several sites.
Elevated COD and BOD:s levels indicate significant organic contamination. The outcomes of this study provide
essential baseline information for policymakers and environmental agencies to develop targeted strategies for
sustainable management and restoration of the Halda River ecosystem.
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1. Introduction

Rivers are vital freshwater ecosystems that sustain aquatic biodiversity, provide drinking and irrigation water,
support fisheries, and maintain regional ecological balance. Among Bangladesh’s waterways, the Halda River,
flowing through the Hathazari, Raozan, and Fatikchhari Upazilas of Chattogram, Bangladesh, before joining the
Karnaphuli River, is of extraordinary ecological and socio-economic importance. It is approximately 81 km long,
with its upper reaches originating from the Badnatali Hill Ranges (Bhuyan & Bakar 2017). It is recognized as
the only natural spawning and breeding ground for Indian major carps (Labeo rohita, Catla catla, and Cirrhinus
cirrhosus) in South Asia (Tsai et al., 1981, Patra and Azadi 1985). Additionally, the river supports the
endangered Ganges river dolphin (Platanista gangetica), making it an ecologically sensitive habitat of national
significance (Kamal etal. 2024). Despite its importance, the Halda River is under increasing anthropogenic
pressure. Rapid urbanization, industrial expansion particularly tanneries, textile dyeing, and paper mills and
unregulated agriculture have led to substantial pollution of both water and sediments (Manjare et al. 2010). To
measure water quality, indices such as the Water Quality Index (WQI) and the River Pollution Index (RPI) are
widely used. The WQI condenses multiple physicochemical and biological parameters into a single value,
making it easier to assess overall water status (Horton, 1965; Haque et al., 2021). Many researchers have
successfully applied WQI to rivers worldwide (Tyagi et al., 2013; Alam et al., 2010). Similarly, the RPI,
proposed by Liou et al. (2006), evaluates river health by integrating key pollution parameters, typically dissolved
oxygen (DO), biochemical oxygen demand (BODs), ammonia nitrogen (NHs-N), and suspended solids (SS). It
categorizes water quality into levels ranging from good to severely polluted, offering a more pollution-focused
interpretation than WQI. The combined application of WQI and RPI provides a comprehensive understanding of
both general water quality status and pollution severity, making them useful tools for environmental monitoring
and management of rivers such as the Halda. Studies have confirmed the presence of heavy metals, nutrients, and
microbial pathogens sourced from industrial effluents and municipal sewage (Rahman et al. 2022; Moula et al.
2020). Sediments in the Halda River serve as both sinks and potential secondary sources of contamination,
especially for non-degradable toxic elements such as cadmium (Cd), lead (Pb), chromium (Cr), copper (Cu), and
arsenic (As). These metals can be remobilized under changing pH, redox, or salinity conditions, posing risks to
aquatic life (Islam etal. 2020). Empirical studies have demonstrated seasonal and spatial fluctuations in
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contamination levels. Water quality surveys across multiple seasons have revealed that Fe, Pb, Zn, Cr, Cu, and
Cd concentrations exceed the World Health Organization (WHO) and USEPA safety limits (Dey etal. 2021).
Sediment analyses have identified moderate to considerable contamination, primarily from Cd, and elevated
ecological risk index values (Islam etal. 2020; Moula et al. 2020). These persistent pollutants threaten carp
spawning success; impair aquatic biodiversity, and present potential human health risks via bioaccumulation and
bio magnification through the food web (Rahman etal. 2022). This study provides essential baseline data for
assessing and managing the ecological health of the Halda River. The findings on physicochemical properties
and heavy metals can guide policymakers and environmental authorities in developing effective pollution control
and river restoration strategies. Moreover, the results will aid in future research and environmental monitoring
programs, supporting sustainable management of freshwater resources and the conservation of aquatic
biodiversity, particularly the spawning habitat of major carp species in the Halda River.

2. Methodology

2.1 Study Area

The study was conducted along the Halda River in Chattogram, Bangladesh, from Anando Bazar (S-1)
(upstream) to East Mohora (S-17) (downstream), covering 91°77'37.5"E-91°89'00.9"E and 22°27'51.6"N-
22°41'02.8"N. The upstream region is mainly rural, dominated by agriculture and fishing, with relatively low
human disturbance. Moving downstream, the river passes through peri-urban and industrial zones that receive
municipal wastewater, agricultural runoff, and canal-fed effluents. The selected sampling stations represent
upstream reference sites, midstream agricultural influence, and downstream anthropogenic impacts. Figure 1
shows the locations of all sampling stations used in this study.
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Figure 1: Geographic location of the Sampling Points at Halda River
2.2 Field sampling and Analytical procedure

A total of 17 sampling stations were systematically selected along the Halda River, extending from Anando
Bazar (S-1) (upstream) to East Mohora (S-17) (downstream), to capture the spatial variability of water and
sediment pollution. Sampling was conducted during the monsoon/wet season (June-August 2023), a period
characterized by intense rainfall and enhanced surface runoff that can significantly influence water quality and
sediment load. Water sampling was performed using a Van Dorn water sampler at three depths; surface (top),
mid-depth, and near the bottom to account for vertical variations in water quality. Sediment samples were
collected from the upper 0-10 cm layer using a VVan Veen grab sampler, as this layer is the primary zone for the
deposition of recent contaminants. All samples were handled, transported, and preserved according to the APHA
Standard Methods (2017) to ensure accuracy and reliability in laboratory analyses. Ten physicochemical
parameters of water were analyzed: pH, color, electrical conductivity (EC), ammonia (NHs), total dissolved
solids (TDS), dissolved oxygen (DO), biological oxygen demand (BODs), chemical oxygen demand (COD),
turbidity, and salinity. These parameters were subsequently used to compute the Water Quality Index (WQI) and
River Pollution Index (RPI) to assess the river’s water quality status. For sediment analysis, six heavy metals;
lead (Pb), copper (Cu), nickel (Ni), cadmium (Cd), zinc (Zn), and cobalt (Co) were quantified to evaluate the
level of sediment contamination and the potential ecological risk associated with heavy metal deposition.
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3. Results and discussions

The water quality index (WQI) of the river water was calculated using the widely used weighted arithmetic water
quality index method. Water quality parameters for wet period were explored. Important parameters were shown
graphically by a bar chart.

Water Quality of Halda River

For the measurement of water quality parameters, each sampling point was vertically profiled into three layers—
surface, middle, and bottom—and the mean value of these layers was used for the analysis.
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Figure 2: Variations of water quality parameters during wet season in different stations of the river (a) pH,
(b) Turbidity, (c) Salt, (d) DO, (e) BODs, (f) COD, (g) NH3

The wet season evaluation of the Halda River based on pH, turbidity, salt content, dissolved oxygen (DO),
biochemical oxygen demand (BODs), chemical oxygen demand (COD), and ammonia nitrogen (NHs-N) showed
in Figure 2 (a-g) exhibited a clear spatial pattern of water quality variation along its course. From the Figure 2(a),
the pH values were relatively stable, ranging from 6.62 at Sattar Hat to 6.86 at A. Bazar, indicating slightly
acidic to near-neutral conditions in the water. This range falls well within the acceptable limits set by the World
Health Organization (WHO) and the Department of Environment (DoE) of Bangladesh (6.5-8.5), suggesting that
acidity/alkalinity was not a major concern during the wet season. Hasan et al. (2020) reported pH values between
6.5 and 7.8 in the halda river. From the Figure 2(b), turbidity levels, however, exhibited extreme variability, with
very low readings at A. Bazar (2.65 NTU) and Garduara (15.69 NTU), contrasted by exceptionally high values at
West Gohira (155.73 NTU) and Noya Hat (152.86 NTU). These spikes in turbidity are likely caused by increased
sediment loads from soil erosion, agricultural runoff, and bank collapse during monsoon-driven high flows,
which are visually evident in bar charts. Salt concentrations showed in the Figure 2(c), less pronounced
variability, ranging from 86.33 ppm at East Mohora to 95.33 ppm at West Gohira, reflecting a relatively stable
ionic composition across the sites during the wet season. Dissolved oxygen (DO) ranged between 4.60 mg/L at
West Gohira and 6.54 mg/L at Ramdas Hat in the Figure 2(d). The highest DO levels were recorded in upstream
and some midstream stations, indicating good aeration and mixing, while lower values in midstream zones, such
as West Gohira, corresponded with high BODs and turbidity levels, suggesting oxygen depletion due to organic
matter decomposition. However, lower DO at downstream sites indicates higher organic loading, consistent with
Rahman et al. (2022) in the Halda River, where reduced DO was attributed to sewage discharge. From the Figure
2(e), the BODs values varied from 2.66 mg/L at North Mekhol to 8.08 mg/L at West Gohira, with most upstream
stations remaining near or slightly above the WHO guideline limit of 3 mg/L, but several midstream and
downstream sites exceeded it significantly. This pattern indicates high organic loading in areas where human
activities, such as domestic wastewater disposal, aquaculture, and agricultural runoff, are more intense. Elevated
BOD:s levels at urban stations resemble findings from Rahman et al. (2021) for the Turag River, signifying high
biodegradable organic pollution. The chemical oxygen demand (COD) in the Figure 2(f), ranged from 6.30 mg/L
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at South Sobali to 9.33 mg/L at Garduara, with elevated values in midstream stations indicating higher
concentrations of oxidizable organic and inorganic pollutants. Ammonia nitrogen (NHs-N) levels in the Figure
2(g), varied from 0.37 mg/L at A. Bazar to 1.45 mg/L at East Mohora, with concentrations above 1.0 mg/L
recorded at multiple downstream stations including West Gohira, Noya Hat, Modunaghat, North Mohora, and
East Mohora. Elevated ammonia levels are indicative of nitrogenous pollution, which is typically linked to
untreated domestic sewage; aquaculture feed residues, and fertilizer leaching from nearby agricultural lands.

Water Quality and River Pollution Index
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Figure 3: (a) WQI and (b) RPI at different stations in Halda River

According to the WQI categories, all measured WQI values showed in Figure 3 (a) for the Halda River during
the wet season were well above 100, placing every station in the “Unsuitable for drinking” category. The values
ranged from 1,200.52 at North Mekhol to 3,616.65 at West Gohira, which are significantly beyond the threshold
for even the “Very Poor” category. This indicates that, from a drinking water perspective, the river is not safe for
direct human consumption at any location without advanced treatments. The lowest WQI values recorded at
North Mekhol (1,200.52), South Sobali (1,216.04), and A. Bazar (1,421.23) still indicate severe pollution,
although these sites are comparatively less impacted than the downstream areas. In contrast, midstream and
downstream sites, such as West Gohira (3,616.65), Noya Hat (3,144.27), and Modunaghat (2,729.28), showed
the most critical degradation, correlating strongly with peaks in turbidity, BODs, COD, and ammonia nitrogen.
This classification-based interpretation clearly shows that Halda River water, in its wet-season state, fails to meet
basic potable water standards across its entire stretch.

In Figure 3(b), RPI scores ranged from 1.67 at Nazir Hat to the maximum score of 5.0 recorded at Noya Hat,
Modunaghat, North Mohora, and East Mohora. According to the RPI classification system, scores below 2
indicate good water quality, scores between 2 and 3 indicate moderate pollution, and scores above 4 indicate
poor water quality. In this study, several upstream stations, such as Nazir Hat (1.67) and South Sobali (2.33),
maintained good to moderate water quality, whereas most midstream and downstream locations were poor.
Stations such as West Gohira (3.0), North Guzra (4.0), and Azimer Ghat (4.0) reflected deteriorating conditions,
largely consistent with spikes in turbidity, BODs, and NHs-N. The most critical sites; Noya Hat, Modunaghat,
North Mohora, and East Mohora recorded the highest possible RPI score of 5.0, clearly identifying them as
severely degraded zones.

Heavy Metals in Sediment

The sediment analysis of the Halda River reveals that while some metals like Copper, Lead, and Nickel remain
mostly within permissible limits, others such as Zinc, Cadmium, and Cobalt show elevated concentrations at
multiple stations. Cadmium in particular poses a high ecological risk.
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Figure 4: Concentration of heavy metals at various sampling stations along the Halda River
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Figure 4 show that, the river system exhibits distinct spatial patterns of heavy-metal contamination. Copper (Cu)
concentrations remained stable (0.20-0.23 mg/kg) at most stations but showed significant elevations at upstream
locations, such as Modunaghat (0.45 mg/kg), P.B.bari (0.32 mg/kg), and North Mohora (0.38 mg/kg), indicating
potential anthropogenic inputs from industrial or agricultural sources. Islam et al. (2020) reported moderate metal
enrichment in the Halda River due to industrial and domestic discharges. Lead (Pb) levels were generally low,
except at East Mohora (0.28 mg/kg) and North Mohora (0.25 mg/kg), likely due to urban/industrial discharges,
whereas West Gohira's exceptionally low value (0.02 mg/kg) suggests localized dilution. Nickel (Ni)
demonstrated remarkable consistency (0.35-0.45 mg/kg) across all sites, indicating a geogenic origin from
bedrock weathering. Zinc (Zn) was widely elevated (>0.8 mg/kg), with hotspots at West Gohira (0.95 mg/kg)
and Noya Hat (0.92 mg/kg), whereas Modunaghat's anomalously low concentration (0.08 mg/kg) may reflect
hydrodynamic dispersion or uneven pollution sources. Cadmium (Cd) presents the most concerning trend, with
critical hotspots at Ramdas Hat (0.53 mg/kg) and Azimer Ghat (0.33 mg/kg), likely tied to industrial effluents or
phosphate fertilizers. Cobalt (Co) showed high variability, from negligible levels at West Gohira (0.01 mg/kg) to
elevated concentrations at Ramdas Hat (0.33 mg/kg) and East Mohora (0.30 mg/kg), suggesting point-source
contamination from metal processing or natural deposits.

Spatial Distribution of Heavy Metals in Sediment

The spatial distribution map of Heavy metals in sediments such as Copper, Zink, Lead, Cobalt, Cadmium and
Nickel are shown in Figure 5 (a-f). The spatial variation maps reveal that heavy metal contamination in the Halda
River sediments is uneven, with hotspots mainly in the midstream and downstream sections. Copper and Zinc
showed moderate enrichment at sites like Modunaghat, West Gohira, and Noya Hat, while Lead and Cadmium
were elevated at East Mohora, Ramdas Hat, and Azimer Ghat, indicating strong anthropogenic influence. Nickel
remained relatively uniform, suggesting natural origins, whereas Cobalt displayed site-specific spikes
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Figure 5: Spatial distribution of Heavy metals in sediments (a) Copper, (b) Zink, (c) Lead, (d) Cobalt,
(e) Cadmium and (f) Nickel

From the spatial distribution maps, heavy metal pollution is concentrated in specific areas, particularly
downstream, where urban, agricultural, and industrial activities are more intense. These findings stress the
ecological risk posed by toxic metals, especially Cd and Pb, and emphasize the need for targeted pollution
control and sediment management in critical stretches of the river.
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4, Conclusion

This comprehensive wet-season assessment of the Halda River reveals severe ecological degradation driven by a
combination of physico-chemical deterioration, nutrient enrichment, and heavy-metal contamination, with WQI
values ranging from 1,200 to 3,617 and RPI scores from 1.67 to 5.0, universally classifying the river as
unsuitable for drinking and identifying critical pollution hotspots in midstream and downstream stretches such as
West Gohira, Noya Hat, and Modunaghat. While pH remained within acceptable limits, extreme turbidity spikes
(2.65-155.73 NTU) indicate monsoon-induced erosion, elevated BODs (up to 8.08 mg/L) and NHs-N (up to 1.45
mg/L) point to sewage and aquaculture inputs, and cadmium concentrations up to 0.53 mg/kg highlight industrial
influences. A clear upstream—downstream pollution gradient emerged, with the worst conditions aligning with
zones of intensive human activity. The strong correlation between turbidity, organic loading, and oxygen
depletion suggests a feedback loop where sediment traps organic matter, increasing oxygen demand and
exacerbating degradation. These findings underscore the need for targeted interventions, including sediment
control in erosion-prone areas, upgraded wastewater treatment near hotspots, and stricter industrial discharge
monitoring, while providing a critical baseline for understanding tropical river pollution dynamics and guiding
adaptive management strategies that address both point and non-point sources in the context of seasonal
hydrological variation.
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