Proceedings of International Conference on Civil Engineering Research & Innovations, 12 - 14 December 2025
Rajshahi University of Engineering & Technology, Rajshahi, Bangladesh

Paper ID: 515

Health and Environmental Impacts of Industrial Effluents in the Rupsha
River Water Quality: A Focus on Heavy Metal Intrusions

Chandan Dey?, Dr. S. M. Moniruzzaman?

!Department of Civil Engineering, KUET, Bangladesh (chandanrobi48@gmail.com)
Department of Civil Engineering, KUET, Bangladesh (moniruzzaman@ce.kuet.ac.bd)

Abstract

Rapid industrialization along the Rupsha River in Bangladesh has resulted in severe environmental damage,
especially due to the discharge of untreated or poorly treated effluents, which impact the river water quality. This
study looks into the presence and impact of heavy metals, which come from industrial sources. Water samples
were taken from eight sampling sites along the river, including places near significant industrial zones. Heavy
metal concentrations (including Pb, Cd, Cr, As, Mn, and Cu) were measured using atomic absorption spectroscopy.
The order of heavy metal pollution was Cd > Pb > As >Cr > Cu > Mn, with cadmium (Cd) emerging as the most
hazardous element in river water. The results show a significant amount of pollutants, which frequently surpass
national and WHO safety guidelines. The amount of heavy metal pollution index (HPI), contamination factor (C),
and ecological risk (RI) also exceeded the standard limit. Bioaccumulation studies indicate the presence of heavy
metals in river water, suggesting serious health concerns to humans along the food chain. Impact assessment
models predict a high health hazard for local people and the environment. Industrial effluent management and
public awareness can minimize the presence of heavy metals in river water.
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1 Introduction

The scarcity of water resources and deterioration of water quality have become significant global concerns as a

result of human activities and the changes in the natural environment(Liu et al., 2013). Heavy metal contamination
in the aquatic environment has gained global attention due to its prevalence, persistence, and environmental
toxicity. These metals are taken into account for an efficient quality assessment of any surface water body since a
large number of sewage and industrial effluents are discharged into surface water sources (Kaushik et al., 2009;
Ullah et al., 2019). Investigation of heavy metals is crucial because even small changes in concentration over
threshold levels due to biogenic or anthropogenic sources can result in major environmental hazards and ensuing
health issues. The contamination of these metal ions in surface and subsurface water has proven negative impacts
on both living organisms and ecology (Tumuklu et al., 2007). In Bangladesh, due to rapid urbanization and
industrialization, there is a huge negative impact of heavy metals on the water and sediment quality, as well as
other aquatic life. The number of metals in the water is steadily rising, and the quality of the water is declining due
to the discharge of urban wastes, untreated industrial effluents, and agrochemicals into rivers and open water
bodies(Islam et al., 2015).

The Rupsha River, a Ganges distributary that flows through Khulna into the Pasur estuary, has significant socio-
economic and ecological importance in Bangladesh's south-western region. It sustains the livelihoods of residents
by maintaining various freshwater and brackish fisheries, containing approximately 60 species, including
endangered and vulnerable taxa, vital to regional food security and the artisanal fisheries economy(Hossain et al.,
2016). The river's depth and tidal connectedness allow cargo and passenger transit between Khulna and the Mongla
port, which strengthens trade, industrial shipping, and regional accessibility. Water from Rupsha also supports
irrigation in nearby agricultural zones, while growing salinity and metal contaminants (Cd, Cr, Pb) pose threats to
crop viability and human health(Rahman & Hassan, 2020). The release of industrial and municipal effluents into
rivers has a negative impact on water quality, including dissolved oxygen depletion, nitrate-nitrogen levels, and

plastic debris that harm benthic biodiversity (BIR et al., 2021).

The development of transportation facilities in the south-western region of Bangladesh has increased industrial
activities in this region. Various types of industries, including shipyards, fish and seafood processing plants, steel
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and cement factories, textile and dye units, soap and detergent production, brick kilns, and shrimp processing plants
are located along this river’s bank. These industries with inadequate or no effluent treatment infrastructure release
untreated or partially treated liquid and solid waste straight into rivers (Shaika et al., 2025). As a result of that, the
amount of metal pollution in this zone is increasing at an alarming rate. A number of studies have been conducted

to evaluate the level of heavy metal pollution in Bangladesh's rivers(Chakraborty et al., 2022). However, no
significant scientific research has been conducted on the health risks associated with contaminated water in the
Rupsha River.

Industrial and rural wastewater discharges have led to low-quality and polluted waterways throughout Bangladesh.
The novelty of this study lies in its comprehensive assessment of contamination sources, human health risks, and
ecological impacts, which have been inadequately addressed in previous studies. The study combines
hydrogeochemical assessment of heavy metals with health and environmental risk assessments. Using risk
indicators such as the Heavy Metal Pollution Index (HPI), Hazard Quotient (HQ), Health Index (HI), Chronic
Daily Intake (CDI), and Potential Ecological Risk Index (PERI) can provide a comprehensive assessment of the
risks associated with toxic metals in surface water. This study contributes to regional knowledge and provides
insights applicable to other river systems worldwide(Azam & Tripathi, 2025). Therefore, it is noteworthy that this
research not only fills a crucial knowledge gap but also provides a foundation for better protecting and managing
the Rupsha River—a lifeline for so many in the region.

2 Materials and Methods

2.1 Study Area and Selection of Sites

The study was conducted around the Rupsha River in Khulna city. Khulna is Bangladesh's southwestern district
and the world's largest delta. Water samples were collected from eight different sampling sites over the period of
May to July 2025, at the beginning of the monsoon season.

Table 1. Location of the study area.

Location Site Name Longitude Latitude
Site-01 Jailkhana Ferry Ghat 89934’ 11”E 22049°0.8”N
Site-02 Rupsha Ferry Ghat 89%34°52”E 22°48°6.4”N
Site-03 Khulna Shipyard Ltd. 89°34°51.2”E 22°47°18.9”N
Site-04 Shun Shing Cement Mills 89934°51.2”E 22°47°5.28"N

Ltd.
Site-05 Jahanabad Sea Food Ltd. 89935°9.96”E 22°47°36.2”N
Site-06 Salam Seafood Ltd. 89935’ 12.1"E 22°47°25"N
Site-07 Sheikh Rasel Eco Park 89%34°15.24”E 22°45°49”N
Site-08 Putimary Bazar 89°33°47.1”E 22°45°42.8"N

2.2 Sample Collection and Preparation

Seasonal sampling was conducted from May to July 2025. For the physicochemical analysis, 500 mL of water was
collected from the chosen locations. The levels of chromium (Cr), lead (Pb), cadmium (Cd), iron (Fe), copper (Cu),
and zinc (Zn) were identified by Graphite Furnace- Atomic Absorption Spectrometry (GF-AAS).

2.3 Heavy Metal Pollution Index (HPI)

The Heavy Metal Pollution Index (HPI) assesses the impact of particular heavy metals on overall water quality.
The resulting HPI values were divided into two groups: low (HPI < 100) and critical (HPI > 100) (Asim &
Nageswara Rao, 2021), indicating the subjective relevance of each quality factor and is inversely related to the
recommended standard (Si) for each parameter. HPI has been computed by following equation:

YL, WiQi

HPI = S50 (01)
k
Wi = (02)
Qi = Y279 5 100 (03)
=TI X L00.
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Where Qi is the subindex value and is Wi the unit weightage of ith parameter. k is the proportionality constant (k
= 1). Wi ranges from 0 and 1. Va denotes the actual monitored value of heavy metals, Vi denotes the ideal value,
and Vs is the standard value of ith parameter.

2.4 Contamination Factor (Cs)
The Cr assesses the pollution level of a particular heavy metal by comparing its observed concentration in the
sample (Ci ) to a baseline or reference concentration (Cy).

Where C; is the concentration of heavy metal in the river water sample, while Cy is the baseline concentration, Cf
is categorized into four grades from 1 to 6: Low contamination level (Cf < 1) ; Medium contamination level (1 <
Cf < 3); High contamination level (3 < Cf < 6) and ; Extremely high contamination level (Cf > 6).

The following equation gives the comprehensive contamination index (Cd).

Where, Cs is the contamination factor, Cd is categorized by: Low (Cd< 8); Moderate (8< Cd <16); Relatively high
(16<Cd <32), and Very high (Cd > 32)

2.5 Pollution Load Index (PL1I)

The PLI is used to identify the quality of river water with the help of contamination factors (Suresh et al., 2012).
The PLI is frequently employed as a method of evaluating the amount of contamination in water, particularly for
heavy metals.

PLI = VCfL X CF2 X vocee X CFMee e (06)

PLI value of more than 1 signifies that the water and sediment are contaminated with heavy metals. In contrast, a
PLI value of less than 1 shows there is no evidence of heavy metal pollution.

2.6 Potential Ecological Risk Index (RI)
The Potential Ecological Risk Index (RI) of a particular heavy metal is identified by the following equation.

Er = Tr X Cf o e 07)

Where, Tr represents the toxic response factor for a particular metal, and Cf denotes the contamination factor and
RI stands for the total of all risk factors in a particular sediment sample. The corresponding toxic-response factors
for Cr, Pb, Cd, As, Mn and Cu were 2, 5, 30, 10, 1 and 5, respectively. The toxic response factor for Fe has yet to
be established. However, Er can be categorized as low ecological risk (Er < 40), medium ecological risk (40 < Er
< 80), considerable ecological risk (80 < Er < 160), high ecological risk (160 < Er < 320) and extremely high
ecological risk (Er > 320). Whereas, R can be classified into four different categories: low ecological risk (RI <
150), medium ecological risk (150 <RI <300), high ecological risk (300 <RI < 600) and extremely high ecological
risk (Rl > 600).

3 Results and Discussion

3.1 Monitoring of Heavy Metals in Surface Water

The water samples were analyzed, and their concentrations were contrasted with WHO and Bangladesh water
standards. A total of eight sampling stations were considered for the research site. This section summarizes the
laboratory testing of heavy metals to ensure their suitability for human health, ecology, and other applications.
These are detailed in-depth here based on parameters as shown in Table 2.

Table 2. Concentration of Heavy Metals (ug/L) in Water at Different Sampling Stations

Sample Site Pb Cr Mn Cd As Cu
S-01 148 41.90 30.40 97.30 375 121.0
S-02 156 42.90 26.70 98.10 402 112.0
S-03 186 45.50 46.30 104.0 379 115.0
S-04 405 94.50 32.40 241.0 918 56.00
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S-05 259 62.20 37.00 177.0 710 88.10

S-06 203 49.50 27.60 130.0 563 74.60

S-07 257 66.00 29.80 199.0 569 89.70

S-08 195 50.80 30.00 133.0 478 112.0

Average 226.13 56.66 32.53 147.43 549.25 96.05
Maximum 405 94.5 46.3 241 918 121
Minimum 148 41.9 26.7 97.3 375 56

BD Std 10 50 400* 5 50 1000*

*BD Std not established yet, so WHO standard is considered.

The results of the concentrations of the six studied heavy metals are shown in Figure 1. The metal concentrations
were significantly different between sampling locations. However, the average concentration of Pb is 226.13 pg/L,
which is higher than the permissible standard limit. The maximum and minimum concentration of Pb was found
in S-04 (405 pg/L) and S-01 (148 ng/L), respectively. On the other hand, the average concentration of Cr is 56.66
pg/L, which is slightly higher than the permissible standard limit. The maximum and minimum concentration of
Cr was found in S-04 (94.5 pg/L) and S-01 (41.9 pg/L), respectively. Mn and Cu have an average concentration
of 32.53 pg/L and 96.05 pg/L, which are within the permissible standard limit. On the contrary, the average
concentration of Cd and As is 147.43 pug/L and 549.25 pg/L, respectively, which is much higher than the maximum
permissible value. Based on the concentration ranges and abundance, heavy metals are ranked in order of
magnitude as Cd > Pb >As >Cr> Cu> Mn, in Rupsha River segment.
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Figure 1. Heavy Metal Concentration in Rupsha River

3.2 Assessment of Metal Pollution in River Water

The value of HPI for the eight sampling stations is shown in Figure 2. The HPI is an essential metric for assessing
the general quality of river water. The Rupsha River water HPI maximum values were found in S-04 and S-07,
exceeding the crucial index value of 100. Every water sample that was gathered had HPI readings higher than the
critical index value, which means the river water is tainted and unfit for human use.
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Figure 2. Heavy Metal Pollution Index (HPI)
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The contamination factor (Cr) and ecological risk (RI) are found to be higher for Cd, Pb and As where as these
values are lower for Cr, Cu, and Mn. The maximum and minimum value of Cr and RI is seen in Cd and Mn,
respectively, as shown in Figure 3 and Figure 4. The value of the comprehensive contamination index (Cd),
pollution load index (PLI), and potential ecological risk index (RI) are seen to be much higher than the maximum
permissible value.
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Figure 3. Contamination Factor Figure 4. Ecological Risk

3.3 Impact of Heavy Metals and Pollution Status
The following Table 3 shows the impact of six heavy metals found in Rupsha River water on both human health
and the environment.

Table 3. Heavy metal impact

Heavy Metals Cf Er Pollution Status | Impact on Health Impact on
Environment
High Affects kidney, Affects aquatic
Pb 22.61 113.05 nervous system. organisms.
Low Affects liver and Affects gill
Cr 1.13 2.26 skin function in fish
Very Low Cause Cause algae
neurological growth
Mn 0.0813 0.08 damage
Very High Affects bones and | Toxic to
Cd 29.48 884.4 kidney aquatic life
High Cause skin cancer | Affects fish
As 10.98 109.8 growth
Very Low Causes Affects fish
gastrointestinal reproduction
Cu 0.09 0.45 distress
4 Conclusion

This study showed the potential discharge of various hazardous heavy metals in the water body through industrial
effluents in Rupsha River. The amount of dangerous, toxic heavy metals, particularly lead (Pb) and cadmium (Cd),
exceeds the recommended safety threshold for surface water quality (for drinking purposes). Additionally, the
heavy metal pollution index (HPI) was above its critical value. Using indicators such the pollutant load index (PLI),
ecological risk (Er), and contamination factor (Cr) to evaluate ecological risk showed that heavy metal
contamination in river water. Heavy metals contamination in order of magnitude were Cd > Pb >As >Cr> Cu> Mn
where cadmium (Cd) becoming the most toxic metal in river water. The findings emphasize the critical need for
strict industrial effluent management, regular monitoring of river water quality, and public health interventions in
the surrounding districts. Furthermore, policy proposals include enforcing environmental legislation, using
sophisticated wastewater treatment technology, and promoting community-based awareness programs to combat
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continued environmental deterioration and health risks. This study emphasizes the vital link between industrial
operations, environmental sustainability, and public health in developing countries' riverine ecosystems.
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