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Abstract

The accelerating pace of urbanization and industrialization in Gazipur, Bangladesh, has raised serious concerns
regarding the degradation of surface water quality. This study provides a systematic evaluation of major surface
water bodies in the region Bangshai River, Turag River, Tongi Khal, Turag Canal, Balu River, Chilai Khal, and
Belai Bil using the Water Quality Index (WQI) method outlined by the Department of Environment, Malaysia.
Water samples were collected from 20 locations in the wet season and 17 in the dry season, with sampling points
strategically selected from upstream, midstream, and downstream segments. Six critical parameters-Dissolved
Oxygen (DO), Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD), Ammonia (NHs), pH,
and Suspended Solids (SS) were analyzed to compute WQI values. The results indicate seasonal variations in
water quality. During the wet season, water bodies fell within Class Il to 1V, while in the dry season, most sites
were Class V, reflecting severely polluted conditions unsuitable for drinking, irrigation, aquatic life, or recreation
without substantial treatment. This study underscores the urgent need for integrated water quality management in
Gazipur. It advocates for enhanced monitoring, stricter effluent controls, and sustainable urban planning to
mitigate pollution and ensure the long-term viability of surface water resources.
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1 Introduction

Water is a vital element of the environment, playing a crucial role in all aspects of human life (Sultana et al.,
2019). It is the most essential and precious resource for sustaining life and supporting all forms of developmental
activities (Kumar et al., 2010). But it is unfortunate that human activities around the globe are consistently
contaminating water sources. Bangladesh is among the most polluted countries, with approximately 1,176
industries releasing around 0.4 million cubic meters of untreated waste into rivers daily (Sultana et al., 2019).
Numerous water bodies become contaminated due to the discharge of industrial effluents, municipal waste,
agricultural runoff, and sewage discharge. The accumulation of heavy metals in aquatic environments, including
both freshwater and marine systems, has emerged as a significant concern, particularly in developing countries
like Bangladesh (Ahmed et al. 2015). Key polluting industries in Bangladesh, including textiles, tanneries, food
and chemical factories, often discharge untreated or partially treated toxic waste directly into rivers (Jolly, 2011).
Only about 10% of industries treat their wastewater before discharging it into rivers or other water bodies, while
the vast majority release wastewater with little or no treatment, which can cause significant environmental harm
(Sattar and Islam, 2005).

In the Gazipur industrial area, surface water quality is significantly declining due to unregulated industrial usage,
as effluents are often released with minimal or no treatment (Simu et al., 2018). Concerns about surface water
quality in Gazipur district are increasing due to the location of industrial units, which negatively affect the
surrounding land, aquatic ecosystems, and the livelihood of local community (Zakir et al.,2008; Islam et al.,
2011). Declining water quality disrupts both the aesthetic value and economic benefits of water bodies by
impacting fish and the aquatic ecosystem (Islam et al., 2009).

Water bodies such as the Bangshai River, Turag Canal and Tongi River in Gazipur have suffered severe
pollution, resulting in critically high contamination levels (Aktar and Moonajilin, 2017). The Turag-Tongi—Balu
River system in Bangladesh is considered one of the most severely polluted river systems in the world
(Whitehead et al., 2019). In September 2009, the Department of Environment declared the Turag River as an
Ecologically Critical Area (ECA) due to its environmental significance (Meghla et al., 2013). Over the past
decade, both of these water sources have suffered significant damage due to the uncontrolled discharge of
industrial effluents and municipal waste (Hoque et al., 2016). As a result, the pollution has caused contaminant
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levels to rise to hazardous amounts, rendering the water unsafe for drinking, farming, and aquatic organisms
(Ahmed et al., 2021). Moreover, agricultural lands adjacent to the polluted river suffer significant impacts
(Sakamoto et al., 2019). Farmers use this polluted water for irrigation, allowing harmful substances to enter the
food chain and ultimately affect humans. Research indicates that crops grown near contaminated riverbanks
accumulate heavy metals, which bioaccumulate in the plants and may pose serious health risks to people (Islam
etal., 2015).

Although some of these water bodies have been studied previously, continuous monitoring of key water quality
parameters remains essential for accurately assessing current pollution levels and identifying emerging
environmental risks and challenges (Islam, 2012). So, assessing the water quality of these water bodies is crucial
for identifying pollution sources and determining the extent of contamination, which serves as a fundamental
basis for developing effective mitigation strategies. Therefore, this study focuses on the assessment of surface
water quality in the major water bodies of Gazipur.

2 Methodology

2.1 Selection of Sampling Sites

During the wet season (September 2022), twenty sampling stations were selected, while seventeen stations were
chosen during the dry season (February 2023). These sites covered key water bodies, including the Bongshi
River, Balu River, Turag River, Turag Canal, Tongi Khal, Chilai Khal, and Belai Bil. The selection of locations
was based on several criteria: ease of access, ecological significance, vulnerability to pollution, and proximity to
industrial, residential, or agricultural zones. Geographic coordinates for all sampling sites were recorded using
handheld GPS devices and accurately mapped with GIS tools to ensure precise spatial representation. The
locations and the corresponding latitudes and departures are shown in the figures and tables below:
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Figure 2.1 Study area in Map Figure 2.2(a) Water bodies and exact
sampling locations (West Zone)
Banzone Water Source Name Short-name
, - Bangshai River BNR-1,2,3
S : Turag River TR-1,2,3
Eog e et Tongi Khal TK-123
o \ 1 R Turag Canal TC-1,2,3
o / s = Bala River BR-1,2,3
= Chilai Khal CK-1,2,3
Belai Bil BB-1,2,3
Figure 2.2(b) Water bodies and exact *Note: The numbers 1, 2, and 3 indicate different
sampling locations (East Zone) locations within the same waterbody.

Figure 2.3 Study Location

2.2 Field Survey and Sample Collection

A preliminary field survey was conducted to understand the local pollution context and guide the selection of
sampling sites. Observations revealed several pollution sources, including untreated industrial effluents, domestic
sewage, and solid waste deposited along the banks of key water bodies. Sampling was carried out in two distinct
seasons to assess seasonal variation. A single water sample was collected from each station during both the wet
and dry seasons to ensure representative analysis of the respective sites. Site selection was based on accessibility,
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ecological sensitivity, and proximity to potential pollution sources such as industrial and residential zones. At
each site, water samples were collected from multiple points typically upstream, midstream, and downstream to
capture spatial variation, with Belai Bil sampled at two representative locations due to its limited flow. Samples
were collected using sterilized HDPE bottles, immediately cooled in ice boxes, and transported to the
Environmental Engineering Laboratory for analysis. This carefully planned and executed sampling strategy
ensured the reliability and representativeness of the data for evaluating surface water quality in the region.

2.3 Laboratory Analysis

After collection, all water samples were immediately transported to the Environmental Engineering Laboratory
under controlled, low-temperature conditions to preserve their original characteristics. Standard methods
recommended by the American Public Health Association (APHA, 2017) were followed to ensure accuracy and
consistency during testing. The analysis focused on six key indicators of water quality: Dissolved Oxygen (DO),
Biochemical Oxygen Demand (BOD), Chemical Oxygen Demand (COD), Ammonia (NHs), pH, and Suspended
Solids (SS). Each parameter was tested using appropriate laboratory instruments and techniques. For example,
DO and pH were measured with portable meters, while BOD and COD were determined through incubation and
titration. Ammonia was analyzed spectrophotometrically, and SS was quantified by filtration and weighing. The
results provided the foundation for calculating the Water Quality Index (WQI), which helped classify the water
bodies by pollution level and suitability for different uses. This analytical process ensured that the water quality
assessment was both scientifically robust and practically meaningful.

3 Results and Discussion
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Fig 3.
Figure 3.1 indicates the pH and DO values of water samples. The pH value indicates the hardness or softness of
water. During the wet season, the maximum value of 8.54 was recorded from TK-1, while the minimum value of
6.96 was recorded from BNR-1. According to ECR (2023), the normal pH in surface water systems varies from
6.5 to 8.5. In this study, the maximum value for TK-1 exceeded the standard limit. This variation was likely due
to increased organic runoff and diluted pollutants from monsoonal rainfall. Thus, the water is unsuitable for
sustaining aquatic life. Another sources, both during the dry and wet season, had water pH levels within the
range of the ECR (2023) standard. Dissolved Oxygen (DO) is crucial for the survival of aquatic life and serves as
a key indicator of water quality. It represents the amount of oxygen available in water, reflecting the water body's
capacity to support aquatic organisms. DO levels showed the most critical seasonal decline. During the wet
season, concentrations typically ranged between 5 and 7 mg/L. According to ECR (2023), the standard DO level
in surface water systems is between 4.5 and 8 mg/L, which is considered suitable for sustaining aquatic life.
However, in the dry season, DO levels dropped to as low as 2-4 mg/L, primarily due to increased organic
pollution and reduced water flow, which limit oxygen replenishment in the water. This significant decline
indicates an oxygen-deficient environment that can severely disrupt aquatic ecosystems.

Figure 3.2 demonstrates the concentrations of Biochemical Oxygen Demand (BOD) and Chemical Oxygen
Demand (COD) of surface water. BOD is used to assess the amount of biodegradable organic matter in water.
During the wet season, the maximum BOD value of 115 mg/L was recorded at TC-1, while the minimum value
of 3 mg/L was observed at BNR-2. According to ECR (2023), the standard BOD level in surface water systems
is <30 mg/L. In this season, TC-1 and CK-2 exceeded the standard limit. In the dry season, the maximum BOD
value of 150 mg/L was recorded at TC-1, and the minimum value of 9 mg/L at BNR-2, both showing significant

1786



S. Ahmed*%, R. Islam?, A. Islam?3, M. B. Hossen*, M. Rahman®
ICCEI 2025

increases that indicate the presence of untreated organic pollutants. All samples were within the standard range
except TC-1 and CK-2 in the wet season, and BNR-1, BNR-2, BNR-3, TR-1, and TK-1 in the dry season.
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Fig 3.2 Variation in BOD and COD concentrations in wet and dry season

COD is used to measure the amount of organic pollutants in water, indicating the overall level of contamination.
During the wet season, the maximum COD value of 137 mg/L was observed at TC-1, and the minimum value of
10 mg/L at BNR-1. According to ECR (2023), the standard COD level in surface water systems is <200 mg/L.
All samples during this season were within the acceptable range, indicating lower organic pollution and a
relatively healthy aquatic environment. In the dry season, the maximum COD value of 217 mg/L was recorded at
TC-2, and the minimum value of 30 mg/L at BNR-2. All samples were within the standard range except TC-1,
TC-2, TC-3, and BR-2. The elevated COD levels may be attributed to the presence of untreated industrial
effluents, domestic wastewater, and a high organic load from urban runoff.
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Fig 3.3 Variation in Suspended solids and NH3 concentration in wet and dry season

Figure 3.3 presents the concentrations of Ammonia (NHs) and Suspended Solids (SS). NHs and SS are important
parameters in surface water assessment, serving as indicators of pollution, water clarity, and nutrient loading.
During the wet season, the maximum NHs concentration of 4.2 mg/L was recorded at CK-3, while the minimum
value of 0.25 mg/L was observed at BB-2. According to ECR (2023), the standard NHs level in surface water
systems is <5 mg/L. All samples during this season were within the standard range, indicating low organic
pollution and relatively good water quality.In the dry season, the maximum NHs concentration of 20.5 mg/L was
observed at TC-2, while the minimum value of 0.1 mg/L was recorded at BNR-3 and TR-2/3. The maximum
value exceeded the standard limit. Elevated NHs levels are generally caused by sewage discharge, agricultural
runoff, or industrial effluents. Suspended Solids (SS) are used to evaluate water clarity, sediment load, and
potential pollution in surface water. In the dry season, the maximum SS concentration of 209 mg/L was recorded
at CK-2, and the minimum value of 9 mg/L at BNR-3. According to ECR (2023), the standard SS level in
surface water systems is < 150 mg/L. The maximum value exceeded the standard limit, likely due to soil erosion,
untreated sewage, industrial discharge, and urban runoff. All other sampling locations had SS concentrations
within the ECR (2023) standard range.

Figure 3.4 illustrates the variation in Water Quality Index (WQI) and average WQI for each waterbody during
the wet and dry seasons. The WQI is a comprehensive metric that integrates multiple water quality parameters
into a single value, helping to assess the suitability of water for various purposes such as drinking, irrigation,
aquatic life, and recreation. During the wet season, the highest WQI value of 88 was obtained at the Bangshai
River, indicating clean water, while the lowest value of 33 was observed at the Turag Canal, suggesting polluted
conditions.
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Fig 3.4 Water Quality Index vs. Average Water Quality Index for each waterbody in wet and dry season

According to the Department of Environment (DoE), Bangladesh, WQI values of 81-100 indicate clean water,
60-80 denote slightly polluted water, and 0-59 indicate polluted water. WQI values are further categorized into
five classes (Class I-V). Class-1 waters are designated for the conservation of the natural environment, supporting
water supply with minimal treatment and fisheries with very sensitive aquatic species. Class IIA waters are
suitable for water supply with conventional treatment and support fisheries with sensitive species.
In the wet season, BNR, TR, and TK fell within Class | and Il, indicating relatively good water quality.
However, the remaining three locations did not meet the clean water criteria, with the minimum value falling
under Class 1V, indicating water suitable only for irrigation.

In contrast, during the dry season, WQI values deteriorated significantly. The highest value of 52 was recorded at
Bangshai River, and the lowest value of 10 at Turag Canal. According to the DoE classification, all locations
during the dry season were polluted, with the maximum value corresponding to Class Il (extensive treatment
required, suitable for tolerant species and livestock), and the minimum to Class V, which is unsuitable for any
use. The WQI values ranging from 10 to 52 in the dry season reflect the impact of moderate to high pollution
levels, primarily due to increased organic waste, limited treatment facilities, and seasonal fluctuations affecting
key parameters such as dissolved oxygen (DO), biochemical oxygen demand (BOD), and nutrient
concentrations.

4. Conclusion

Based on the above results and discussions, following conclusions can be drawn:

e The pH of most sampling sites remained within the ECR (2023) standard range (6.5-8.5), with a slight
exceedance observed at TK-1 (8.54) during the wet season. Dissolved oxygen (DO), however, fell
critically below the threshold of 4.5 mg/L in dry season samples, indicating poor water aeration and an
alarming deterioration in water quality that could adversely affect aquatic life and ecosystem stability.

e BOD levels consistently exceeded standard limit, reaching 150 mg/L at TC-1 in the dry season,
highlighting significant organic pollution. COD remained within limits in the wet season but surpassed
200 mg/L during the dry season at several industrially impacted sites, indicating substantial
contamination from both organic and chemical pollutants.

e  Ammonia reached 20.5 mg/L at TC-2 and Suspended Solids peaked at 209 mg/L at CK-2 during the dry
season, far exceeding safe limits. These surges suggest reduced dilution from low river flow and
intensified pollution loads, highlighting inadequate wastewater treatment and significant human-induced
contamination.

o  Water Quality Index (WQI) shifted from Class I-1V in the wet season to Class I1I-V in the dry season,
indicating significant degradation. Sites near industrial and densely populated areas (e.g., TC, CK)
became unsuitable for most uses, reflecting urban rivers’ vulnerability to waste mismanagement and
reduced flow during dry periods

The findings underscore an urgent need for implementing continuous monitoring and sustainable wastewater
management. Seasonal water quality degradation points to the lack of effective treatment infrastructure.
Immediate policy interventions, stricter industrial effluent control, and public awareness are essential to
rehabilitate the ecological health of these river systems and ensure their long-term usability.
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