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Abstract 

 
Groundwater is the main source of drinking water in Bangladesh. The majority of the people depend on the 
groundwater for drinking purposes, particularly in rural and semi-urban regions where the availability of treated 
surface water is restricted. However, over the years, industrialization has increased across the country. Agricultural 
runoff, poor sanitation practices, and poor waste management systems are concerning about groundwater standards. 
Groundwater standard has been threatened by both natural and human activities. This study focuses on assessing the 
groundwater condition in four major locations, such as Chandpur, Gazipur, Saver, and Chittagong, which represent 
several environmental and industrial conditions. Groundwater samples were collected from eight selected tube wells, 
two samples from each location, and were analyzed for key physicochemical parameters like pH, hardness, chloride, 
iron, arsenic, nitrate, turbidity, TDS, and fecal coliform. The results indicate that while most parameters, including 
pH, chloride, TDS, turbidity, and nitrate, remain within permissible limits, iron levels exceeded the standard 
mentioned in Environmental Conservation Rules (ECR) 2023 in Chandpur, Savar, and Chattogram. Additionally, 
severe fecal coliform contamination was detected in all regions, posing significant health risks. A water quality index 
was also assessed by the Weighted Arithmetic Water Quality Index (WAWQI) method and found poor groundwater 
quality in Gazipur and Chattogram and very poor in Saver & Chandpur. 
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1. Introduction 
One of the most essential natural resources is groundwater. It is playing a core role in securing livelihoods, food safety, 
and industrial development (Davis, 2003). Approximately 90% of citizens depend on groundwater for their drinking 
water, especially in rural and semi-urban areas (Kinniburgh & Smedley, 2001) where surface water is limited. Due to 
its relatively low cost, groundwater is being used for various purposes such as domestic, agricultural, and industrial 
activities. The various sources of drinking water are mainly surface water (rivers, lakes, and ponds), groundwater 
(aquifers and springs), glacial and snowmelt (melting of glaciers and ice caps in mountains), and rainwater. About 
2.5% of the Earth's water is freshwater, but less than 1% is easily accessible to humans. Most of this resource is stored 
in glaciers and deep aquifers (Mishra & Dubey, 2015). 

Groundwater quality is declining due to natural processes such as mineral extraction and human activities including 
pollution, over-extraction, and poor waste management (M. I. Hossain et al., 2025). Groundwater quality is reducing 
in various ways, including rapid urbanization, industrial discharge, agricultural runoff, and improper waste disposal 
systems. These issues create contamination such as arsenic, nitrate, iron, and fluoride (Ruidas et al., 2024). These 
contaminants pose serious risks to human health, causing diseases such as cancer, asthma, and respiratory problems. 

One of the most hazardous contaminants is arsenic, and it is well documented. Arsenic is at the highest levels in the 
southern and southwestern regions, including areas like Chandpur, which are exposed to arsenic levels that are much 
higher than the WHO's safe level (Chowdhurya, 2023). As a result, every year, millions of individuals are affected by 
various diseases in this area, such as skin problems, cancer, and cardiovascular diseases (Khalequzzaman et al., 2005). 
Similarly, both iron and nitrate pollution have become widespread in industrial zones, for instance, Saver and Gazipur, 
because of wastewater and agricultural activities (Momtaz et al., 2012). 
  
Groundwater quality differs widely throughout the country due to factors such as local geological conditions, land use 
activities, population concentration, and closeness to pollution sources. Recognizing these spatial differences is crucial 
for developing effective, location-specific strategies to ensure access to safe drinking water (Alexander et al., 2017). 
In this regard, the Water Quality Index (WQI) is a useful method that allows for the evaluation and comparison of 
groundwater quality based on various indicators in a clear and standardized way. 
 
1.1 Objectives 
The main objective of this study is to assess the quality of groundwater in four major locations of Bangladesh, such 
as Chandpur, Gazipur, Savar, and Chattogram. The research focuses on analyzing physical, chemical, and 
microbiological parameters to understand the current condition of groundwater. It also aims to calculate the Water 
Quality Index (WQI) to assign ratings of water quality. 
 
2. Literature Review 
Groundwater is the core source of drinking and irrigation water in Bangladesh, which provides about 98% of the 
country's drinking water (Shamsudduha et al., 2019). Groundwater is available in shallow and deep aquifers that have 
been supporting various sectors such as agricultural production, industrial growth, and domestic consumption. On the 
other hand, both quality and sustainability have declined over the years due to rapid urbanization, industrialization, 
and population growth. Arsenic, iron, heavy metals, salinity intrusion, and microbiological contamination have 
emerged as critical public health and environmental challenges. Contaminated water cannot be used for drinking, 
household, and agricultural purposes due to serious health risks (Ahmed et al., 2025). This study emphasizes 
groundwater quality in Bangladesh, with particular areas like Chandpur, Chattogram, Savar, and Gazipur highlighting 
sources of contamination and regional vulnerabilities. 
 
Groundwater plays a vital role for social and economic development in Bangladesh. Groundwater serves as the 
primary source of drinking water for about 98% of rural and 70% of urban households, with agriculture—especially 
rice cultivation consuming nearly 90% of the nation's supply (Shamsudduha et al., 2019). In industrial hubs such as 
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Gazipur and Savar, the growth of textile, tannery, and pharmaceutical industries has increased reliance on 
groundwater, and its levels declined annually by two meters owing to excessive extraction, which threatens water 
availability and water quality and promotes the movement of contaminants.  
 
Arsenic remains the most infamous groundwater contaminant in Bangladesh and has been described by the World 
Health Organization as the “largest mass poisoning in history (WHO, 2011). Chandpur is among the districts most 
severely affected, where shallow aquifers (depths less than 100 meters) often contain arsenic concentrations that 
exceed both the Bangladesh standard of 50 µg/L and the WHO guideline of 10 µg/L. BGS and DPHE have shown in 
the national survey that Chandpur has the highest risk areas in the country (BGS Technical Report WC/00/19, 2001). 
Long-term consumption of arsenic-contaminated water causes a variety of diseases in people, including arsenicosis, 
skin disorders, and cancer (WHO, 2011).  

Chattogram is the principal coastal and industrial city of Bangladesh, where groundwater faces threats from both 
natural and human activities (Miah et al., 2020). Coastal aquifers are increasingly affected by saltwater intrusion 
caused by climate change, sea-level rise, and tidal surges (Dasgupta et al., 2015). Studies indicate that groundwater 
salinity has increased sharply over the past two decades, rendering many shallow wells unfit for drinking and irrigation 
(Chowdhury et al., 2024). Industries like shipbreaking, steel, and chemical plants make the pollution worse because 
their untreated waste seeps into the groundwater. Rahman et al. (2017) and Hoque et al. (2019) found that groundwater 
quality is getting worse because of saltwater intrusion and waste released from industries (Hoque et al., 2019). Recent 
assessments in Mirsharai revealed that deep groundwater (>130 m) remains good to excellent, while shallow water is 
poor to unsuitable. In Patenga, TDS (1,220–8,650 mg/l) and chloride (up to 3,264 mg/l) exceeded drinking-water 
limits, confirming significant salinity intrusion (S. Hossain et al., 2016). 

After the establishment of the Hazaribagh Tannery in Savar, industries have developed rapidly in Savar. The area’s 
environment is polluted with harmful metals like chromium, cadmium, and lead that come from nearby tanneries and 
textile dyeing factories (Nesha et al., 2023). Findings illustrate that chromium levels are escalating in the groundwater 
around the Savar tannery industrial area, which concerns serious health risks for local residents (Chamon et al., 2023). 
Textile waste is dangerous for the environment, as dyes and salts play a significant role in water pollution. It causes 
groundwater levels to drop, making the land more likely to sink and aquifers more vulnerable. Chromium 
concentrations have been reported between 0.46 and 1.12 mg/l, which exceeded the WHO guideline of 0.05 mg/l 
(Chamon et al., 2023). Moreover, high TDS values (above 1,200 mg/l) and elevated conductivity indicate severe 
pollution from effluents released into the surrounding aquifers. 

Gazipur is located near Dhaka, which is a major industrial area in Bangladesh, including numerous textile, dyeing, 
and pharmaceutical factories (R. Parvin & Tanvir Ahmed, 2023). Groundwater is utilized as the main source for both 
industrial operations and domestic use. The use of fertilizers and pesticides in agriculture is responsible for nitrate 
pollution. Rubayet-ul-Islam and Alam (2025) discovered nitrate concentrations in shallow wells ranging from 12 to 
45 mg/l, significantly exceeding the WHO threshold of 10 mg/l, primarily due to fertilizer application and industrial 
effluents (Rubayet-ul-Islam & Alam, 2025). Parvin (2019) reported a groundwater decline of 1.8–2.3 m per year due 
to over-extraction (M. Parvin, 2019), while Rahadujjaman et al. (2025) found TDS levels of 750–1,200 mg/l and poor 
WQI scores, indicating severe groundwater stress in Gazipur (Rahadujjaman et al., 2025). 

Most studies focus on chemical pollution, but microbial contamination is still a big issue in Bangladesh that hasn’t 
been well studied. Researchers have often found fecal coliforms in shallow tube wells, particularly in busy areas like 
Savar and Gazipur, due to poor sanitation systems and frequent floods. S. H. Rahman et al. (2009) found that 30–70% 
of shallow wells (less than 36 m deep) in rural Bangladesh contained E. coli (Rahman et al., 2009). Similarly, Islam 
et al. (2020) found that wells within 10 meters of sanitation systems contained the most coliform bacteria (Islam et 
al., 2020). Subah et al. (2018) further noted that flooding events significantly increase microbial intrusion into aquifers. 
Unlike chemical pollution, microbial contamination can quickly lead to diseases like cholera, dysentery, and diarrhea, 
highlighting the need for better sanitation, regular water testing, and public awareness. 

The Water Quality Index (WQI) is commonly used to measure overall water quality by combining physical, chemical, 
and biological factors into one score. It categorizes water as excellent, good, poor, or unsafe for drinking. The WQI 
method developed by Brown et al. (1972) has been used to assess the quality of groundwater. Rubayet-ul-Islam and 
Alam (2025) reported that WQI values in Gazipur ranged between 68 and 94, showing poor suitability for drinking. 
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Similarly, Rahadujjaman et al. (2025) found that high TDS (780–1,230 mg/l) and chloride (up to 550 mg/l) made the 
water quality much poorer (Rahadujjaman et al., 2025).  

3. Methodology 
3.1 Study area and sampling locations 
Groundwater samples were obtained from eight sampling points across four major locations: Moishadi and Baburhaat 
in Chandpur, Kapasia and Chadpurbazar in Gazipur, Nabinagar and Jamgora in Savar, and Vasanchar and Sandwip 
in Chattogram. These areas were chosen to reflect different natural and human-influenced conditions, such as 
industrial, agricultural, and coastal zones, to better understand how groundwater quality changes from place to place. 
Therefore, groundwater samples were collected from eight tube wells to study their hydrogeochemical properties and 
examine their suitability for drinking. Samples were collected from fully operational tubewells, which serve as the 
primary drinking water source for numerous households in the surrounding area.  
 
3.2 Sampling Strategy 
Groundwater samples were accumulated from tubewells in two representative locations within each study area. Before 
sampling, the tubewells were pumped for five minutes to purge the standing water in the water tubes. Water was stored 
in sterile, dried 100 mL polyethylene bottles, sealed airtight to prevent any compositional changes from exposure to 
oxygen. The majority of the tubewells were dug at depths between 150 and 300 ft. to obtain fresh groundwater. Water 
samples were collected from 2 February 2025 to 20 February 2025 and sent for testing in the laboratory (Figure 1, 
Table 1). 
 

Table 1. Geographical Coordinates of Groundwater Sampling Locations  
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 

 
 
 
 

Figure 1. Location Map of Study Area 
 
 
 

Sampling Area Sampling Site Latitude (°N) Longitude (°E) 

Chandpur Moishadi 23°13′57.8″ 90°41′32.4″ 
Baburhaat 23°15′30.0″ 90°41′34.4″ 

Gazipur Kapasia 24°06′45.4″ 90°33′59.6″ 
Chadpurbazar 24°02′46.5″ 90°34′25.4″ 

Chattogram Vasanchor 22°21′58.8″ 91°22′30.3″ 
Sandwip 22°29′02.9″ 91°26′10.3″ 

Savar Nabinagar 23°58′57.4″ 90°15′39.4″ 
Jamgora 23°56′12.7″ 90°17′25.4″ 
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3.3 Laboratory analysis 
The study tested nine parameters to assess the physical, chemical, and microbiological quality of groundwater. These 
parameters are divided into three categories, which are physical parameters (pH, turbidity, and total dissolved solids 
(TDS)), chemical parameters (hardness, chloride, nitrate, iron (Fe), and arsenic (As)), and fecal coliform as the 
microbiological parameter. Table 2 shows the methods used to analysis the water quality parameters. 
 

Table 2. Parameters and Analytical Methods Used in Groundwater Analysis 
 
 
 
 
 
 
 
 
 
 
 
 
3.4 Statistical analysis 
The Water Quality Index has been determined using the drinking water quality standard recommended by the ECR 
2023. The WQI has been calculated using the weighted arithmetic method originally proposed by Horton (1965) and 
developed by Brown et al. (1972). The weighted arithmetic Water Quality Index (WQI) is represented in the following 
way. 
 
3.4.1 Calculation of Unit Weight 
The unit weights (𝑊𝑊𝑊𝑊) of different water quality parameters are inversely proportional to the recommended standards 
for the corresponding parameters. 
 
𝑤𝑤𝑖𝑖 = 𝑘𝑘

𝑠𝑠𝑛𝑛
                                                                                                                                                                           (1)  

Where, 𝑤𝑤𝑖𝑖 = unit weight for the 𝑖𝑖𝑡𝑡ℎ parameter, 𝑠𝑠𝑛𝑛= standard value for 𝑖𝑖𝑡𝑡ℎ parameters, 𝑘𝑘= proportional constant and 
can be calculated by equation (2).    
 
  𝐾𝐾 = 1

� � 1𝑠𝑠𝑛𝑛�
𝑛𝑛

𝑖𝑖=1

                                                                                                                                                                                   (2) 

  
3.4.2 Calculation of Quality Rating 
According to Brown et al. (1972) the value of the quality rating or sub-index (𝑄𝑄𝑄𝑄) is calculated using the equation as 
given below: 

𝑄𝑄𝑛𝑛 = �𝑣𝑣𝑛𝑛−𝑣𝑣𝑖𝑖
𝑠𝑠𝑛𝑛−𝑣𝑣𝑖𝑖

� × 100                                                                                                                                                      (3)  

Here, 𝑄𝑄𝑛𝑛 is the quality rating for 𝑛𝑛𝑡𝑡ℎ parameter, 𝑣𝑣𝑛𝑛 refers to the observed value of the 𝑛𝑛𝑡𝑡ℎ parameter and 𝑣𝑣𝑖𝑖 represents 
the ideal value for the 𝑛𝑛𝑡𝑡ℎ parameter in pure water. Note that 𝑣𝑣𝑖𝑖 = 0 for all the parameters except for 𝑝𝑝𝑝𝑝 (𝑣𝑣𝑖𝑖 = 7) and 
𝐷𝐷𝐷𝐷 (𝑣𝑣𝑖𝑖 = 14)                              

3.4.3 Calculation of WQI 
The weighted arithmetic Water Quality Index (WQI) is represented in the following way. 
 
𝑊𝑊𝑊𝑊𝑊𝑊 = ∑𝑄𝑄𝑛𝑛𝑤𝑤𝑖𝑖

∑𝑤𝑤𝑖𝑖
                                                                                                                                                                 (4) 

Parameter Unit Instrument / Technique 
pH – Digital pH meter 

Turbidity NTU Turbidity meter 
TDS mg/l Digital TDS meter 

Hardness mg/l Spectrophotometer 
Chloride mg/l Spectrophotometer 
Nitrate mg/l Spectrophotometer 

Iron (Fe) mg/l Spectrophotometer 
Arsenic (As) mg/l Spectrophotometer 

Fecal Coliform CFU/100 mL Membrane filtration 
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Table 3 shows the classification of Water Quality Index (WQI) values and their corresponding water quality 
conditions. WQI values from 0 to 25 are categorized as Excellent, meaning the water is suitable for all purposes 
without any treatment. The range 26–50 indicates good quality, where water is safe with minor issues. A fair rating 
(WQI 51–75) suggests that the water is usable only after proper treatment. Poor water (WQI 76–100) is unsafe without 
treatment and may pose health risks. WQI values above 100 are considered Very Poor, meaning the water is unsuitable 
for most uses due to high contamination levels. 

Table 3. WQI Range and Their Corresponding Meanings 

 
 
 
 
 
 
 
 
The water quality index (WQI) with corresponding water quality status as proposed by Brown et al. (1972) is 
demonstrated in Table 3 (Brown et al., 1972). 
 
3.5 Data Interpretation  
The water quality index values calculated and separated various categories such as excellent, good, poor, very poor, 
and unsuitable to assume groundwater suitability for drinking. The data were compared across the four regions to 
realize geographical variances and chief pollution sources. 
 
4. Results and Discussion 
4.1 Analysis of Different Quality Parameters  
Table 4 shows the results of water samples at different locations. The pH values across all sampling sites range from 
7.2 to 7.9, indicating that the water is neutral to slightly alkaline. Samples from Savar show the highest pH (7.9), while 
Gazipur, Chandpur, and Chattogram are closer to neutral. Chloride levels are highest in Chattogram (316 mg/l), 
probably due to its coastal influence, whereas Gazipur, Chandpur, and Savar have the lowest values, ranging from 10 
mg/l to 120 mg/l. TDS is also highest in Chattogram (536 mg/l), reflecting more dissolved minerals, and lowest in 
Savar (60 mg/l), indicating cleaner water. Iron levels are the highest in Chattogram (2.06 mg/l), Savar (2.04 mg/l), 
and Chandpur (2.0 mg/l), exceeding the safe threshold set by ECR. Turbidity is slightly higher in Gazipur (1.75 NTU), 
while Savar has the lowest (0.29 NTU). Nitrate levels are low (0.0–0.86 mg/l), highest in Gazipur, while hardness 
ranges from 84 to 395 mg/l. The fecal coliform counts ranged from 0 to 30 CFU/100 ml, showing a serious health 
concern.  

 
Table 4. Laboratory Test Results of Water Samples at Different Locations 

WQI Value Category Water Quality 
0–25 Excellent Suitable for all purposes 

26–50 Good Minor issues, safe 
51–75 Poor Suitable with treatment 
76–100 Very Poor Unsafe without treatment 

>100 Unsuitable for 
Drinking Unsuitable for most uses 

Parameters 
Gazipur Chandpur Savar Chattogram 

Chandpur 
Bazar Kapasia Maishadi Baburhaat Nabinagar Jamgora Swandip Vasanchor 

pH 7.4 7.2 7.3 7.5 7.9 7.8 7.4 7.5 
Chloride 

(mg/l) 10 60 70 50 10 120 300 316 

TDS (mg/l) 132 139 272 294 60 93 84 536 
Iron (mg/l) 1.01 1.05 1.03 2.0 1.07 2.04 2.06 1.04 

Arsenic 
(mg/l) 0.005 0.005 0.010 0.05 0.01 0.00 0.00 0.00 

Turbidity 
(NTU) 1.38 1.75 1.25 0.43 0.29 0.41 1.20 0.72 

Nitrate 
(mg/l) 0.86 0.443 0.0 0.443 0.443 0.0 0.0 0.0886 
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The Table 5 shows the average water quality parameters of Gazipur, Chandpur, Savar, and Chattogram compared with 
the Bangladesh ECR 2023 standards.  
 
The water quality data for Gazipur indicate that most chemical parameters are within the acceptable limits defined by 
the ECR 2023. The pH value was 7.3, falling within the standard range. Total dissolved solids were measured at 135.5 
mg/L and turbidity at 1.56 NTU, both well below the permissible limits. Arsenic and nitrate were also very low at 
0.004 mg/L and 0.65 mg/L, respectively, and chloride was 35 mg/L, showing no concern. Hardness was recorded at 
147 mg/L, remaining within the acceptable level. However, iron was found to be 1.01 mg/L, which slightly exceeds 
the maximum allowable limit. Additionally, fecal coliform was present with a count of 3 CFU/100 mL, which is 
unsafe as per ECR 2023, which requires zero presence.  
 
In Chandpur, water quality is mostly acceptable chemically, with the pH at 7.4, total dissolved solids at 283 mg/L, 
and turbidity at 0.84 NTU, all below the maximum permissible limits. Arsenic was 0.02 mg/L and nitrate 0.22 mg/L, 
both within the safe range. Chloride was measured at 65 mg/L and hardness at 304.9 mg/L, remaining below the 
standard. However, iron concentration was significantly high at 1.51 mg/L, exceeding the upper limit. A severe 
concern was observed in microbial contamination, with fecal coliform detected at 9 CFU/100 mL. This high count 
indicates unsafe drinking water quality, and therefore, water from Chandpur requires treatment before use. 
 
Savar demonstrated the lowest water quality among the assessed locations. Although the basic parameters such as pH 
at 7.8, total dissolved solids at 76.5 mg/L, and turbidity at 0.35 NTU were well within the acceptable ranges, elevated 
levels of iron and extreme microbial contamination were observed. Iron content reached 1.54 mg/L, the highest among 
all areas, significantly exceeding the allowable maximum limit. While arsenic was 0.004 mg/L, nitrate 0.22 mg/L, 
chloride 30 mg/L, and hardness 84 mg/L, all within permissible limits, fecal coliform contamination was extremely 
high at 6 CFU/100 mL. This indicates severe microbiological pollution, making the water highly unsuitable for 
drinking unless properly treated. 
 
In Chattogram, the water quality is generally acceptable in terms of chemical parameters. The pH was 7.4, total 
dissolved solids 310 mg/L, and turbidity 0.96 NTU, showing compliance with standards. Arsenic was not detected, 
and nitrate was 0.443 mg/L, indicating no concern. Chloride, at 210 mg/L, and hardness, at 127.5 mg/L, were also 
within the permissible limits. However, iron concentration was 1.49 mg/L, slightly higher than the acceptable limit. 
The presence of fecal coliform, with a count of 25 CFU/100 mL, indicates microbiological contamination. Water in 
Chattogram is unsafe for drinking without appropriate disinfection and iron removal treatment. 

 
Table 5. Average Water Quality Parameters Compared with ECR 2023 Standards 

 

Hardness 
(mg/l) 141 181 304.2 395.3 127.5 84 127.5 127.5 

Fecal 
Coliform 
CFU/100 

mL 

6 0 5 13 8 4 20 30 

Parameters Gazipur Chandpur Savar Chattogram BD Standard Remarks 
pH 7.3 7.4 7.8 7.4 6.5-8.5 

ECR 2023 

TDS (mg/l) 135.5 283 76.5 310 1000 
Turbidity (Ntu) 1.56 0.84 0.35 0.96 5 

Iron (mg/l) 1.01 1.51 1.54 1.49 0.3-1.0 
Arsenic (mg/l) 0.004 0.02 0.004 0.00 0.05 
Nitrate (mg/l) 0.65 0.22 0.22 0.443 45 

Chloride (mg/l) 35 65 30 210 250 
Hardness (mg/l) 147 304.9 84 127.5 500 

Fecal 
Coliform(CFU/100ml) 3 9 6 25 0 
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Table 6 shows the WQI values for the sampling sites. Gazipur and Chattogram have WQI scores between 51 and 75, 
which means the water quality is poor. WQI in Chandpur & Savar also ranges between 76 and 100, which indicates 
the water quality in these areas is very poor and unsafe without treatment. The average WQI also lies within the poor 
water quality, which shows major health concerns by consuming the groundwater of these areas. Figure 2 illustrates 
the Water Quality Index (WQI) for four sampling locations. Different colors are used to represent the water quality 
status, where orange indicates poor water quality and red indicates very poor water quality.  

Table 6. Water Quality Index (WQI) Classification for the Study Locations 

Location WQI value Category range Water quality class 
Gazipur 54.52 51–75 Poor 

Chandpur 79.58 76–100 Very Poor 
Savar 79.34 76–100 Very Poor 

Chattogram 70.22 51–75 Poor 
Avg. 70.92 51–75 Poor 

 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Water Quality Index (WQI) of Different Sampling Locations 
 
6. Conclusion 
The assessment of groundwater quality in Gazipur, Chandpur, Savar, and Chattogram revealed noticeable spatial 
variations in physicochemical parameters when compared to the Bangladesh ECR 2023 drinking water standards. The 
values of pH, TDS, turbidity, nitrate, and chloride were mostly within the acceptable range, indicating good 
groundwater quality overall. However, the concentrations of iron and fecal coliform were consistently higher than the 
allowable limits in every location, which makes the water unsafe for direct human consumption. Elevated iron levels 
can cause aesthetic, taste, and staining problems, while fecal coliform contamination poses serious health risks, 
indicating possible intrusion of wastewater or poor sanitation practices near tube wells. The WQI results show that 
Chandpur and Savar have very poor groundwater quality, while Gazipur and Chattogram fall into the poor category. 
This means all sites require treatment before the water is safe for drinking. Despite some parameters meeting national 
standards, elevated iron and widespread fecal contamination significantly lower overall quality. Improving water 
treatment, sanitation practices, and routine monitoring is essential to ensure safe drinking water in these areas. 
  
7. Future Work 
Based on the findings of this research, the following future studies can be recommended to best understand the 
groundwater: 
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i. The number of sampling locations should be expanded to cover more districts and aquifer types across 
Bangladesh. 

ii. Seasonal monitoring may be introduced to understand how water quality changes between dry and monsoon 
periods. 

iii. Additional water quality parameters such as heavy metals (Pb, Cd, Cr, Mn, As) could be tested.  
iv. A GIS-based groundwater quality map may be developed for better visualization of contamination hotspots. 
v. Machine learning or hydrogeochemical modeling may be developed to forecast future groundwater 

contamination trends. 
vi. Shallow and deep tube wells can be compared to determine safe aquifer depths for drinking water extraction. 

 
Acknowledgements 
The authors would like to express their gratitude to the Department of Civil Engineering, World University of 
Bangladesh (WUB), for supporting this project. They would also like to thank the supervisor, the authors’ parents, 
and all those who provided direct or indirect support during the completion of this work. 
 
Funding Statement  
This project did not receive any external financial support; it was fully funded by the authors. 
 
References 
Ahmed, M. T., Nur, K., Mustakim, E., Parvin, R., and Babar, S. A., “Surface water quality of Balu River, Dhaka, 

Bangladesh,” Research Square, 2025. doi:10.21203/RS.3.RS-5723330/V1. 
Alexander, A. C., Ndambuki, J., Salim, R., and Manda, A., “Assessment of spatial variation of groundwater quality 

in a mining basin,” Sustainability, vol. 9, no. 5, pp. 1–14, 2017. doi:10.3390/su9050823. 
BGS Technical Report WC/00/19, “The National Hydrochemical Survey: Arsenic Contamination of Groundwater in 

Bangladesh,” British Geological Survey, pp. 77–104, 2001. 
Chamon, A. S., Romana, S., Zubaer, M. R., Prian, W. Z., Hossain, M. A., and Mondol, M. N., “Dhaleshwari River 

water quality due to disposal of tannery wastes at Savar,” International Journal of Advanced Multidisciplinary 
Research Studies, vol. 3, no. 4, pp. 382–389, 2023. 

Chowdhury, M. D. A., Billah, T., Rahman, M. R., Bakri, M. K. B., Barua, S., Morshed, A. J. M., Uddin, E., and Uddin, 
M. M., “Evaluation of water quality indexes and heavy metal pollution indexes of different industrial effluents 
and Karnaphuli River water in Chattogram, Bangladesh,” Environmental Quality Management, vol. 34, no. 1, 
2024. doi:10.1002/tqem.22290. 

Chowdhury, U. K., “A comparative study of underground water arsenic contamination and suffering of people in flood 
plain and deltaic regions of Bangladesh,” Academic Research Journal of Nature and Public Health, vol. 2, no. 
1, pp. 58–85, 2023. doi:10.55124/arjn.v2i1.234. 

Dasgupta, S., Kamal, F. A., Khan, Z. H., Choudhury, S., and Nishat, A., “River salinity and climate change: Evidence 
from coastal Bangladesh,” in World Scientific Reference on Asia and the World Economy, pp. 205–242, 2015. 
doi:10.1142/9789814578622_0031. 

Davis, C., “Arsenic mitigation in Bangladesh,” in Arsenic Exposure and Health Effects V, 2003. doi:10.1016/B978-
044451441-7/50033-6. 

Hoque, A., Hossen, M., Islam, M., and Mahmud, M., “Seasonal variation of salinity of groundwater at Patenga area 
of Chittagong district in Bangladesh,” Progressive Agriculture, vol. 30, pp. 65–70, 2019. 
doi:10.3329/pa.v30i0.41559. 

Hossain, M. I., Alam, M. M., Tasnim, S. M., Chowdhury, T. A., Rahaman, M., Aldalbahi, A., and Hasnat, M. A., 
“Hydrogeochemical investigation of the groundwater quality controlling processes in north-western Bangladesh 
using statistical approaches,” Applied Water Science, vol. 15, no. 7, pp. 1–24, 2025. doi:10.1007/s13201-025-
02522-1. 

Hossain, S., Woobaidullah, A., Nabi, F. D., and Woobaidullah, A. S. M., “Groundwater investigation in Bangladesh 
Economic Zone, Mirsharai, Chittagong by applying geophysical resistivity survey,” vol. 6, pp. 19–24, 2016. 

Islam, M. A., Akber, M. A., Dutta, M., Islam, M. M. M., and Islam, M. A., “Bacteriological assessment of dug well 
water in rural areas of Bangladesh,” Journal of Water Supply: Research and Technology—AQUA, vol. 69, no. 7, 
pp. 720–732, 2020. doi:10.2166/AQUA.2020.044. 

Khalequzzaman, M., Faruque, F. S., and Mitra, A. K., “Assessment of arsenic contamination of groundwater and 
health problems in Bangladesh,” International Journal of Environmental Research and Public Health, vol. 2, no. 
2, pp. 204–213, 2005. doi:10.3390/ijerph2005020002. 



Proceedings of the 8th IEOM Bangladesh International Conference on Industrial Engineering and Operations 
Management, Dhaka, Bangladesh, December 20-21, 2025 

 © IEOM Society International    

Kinniburgh, D. G., and Smedley, P. L., “Arsenic contamination of groundwater in Bangladesh,” British Geological 
Survey Technical Report WC/00/19, 2001. 

Miah, J., Hossain, K. T., Hossain, M. A., and Najia, S. I., “Assessing coastal vulnerability of Chittagong District, 
Bangladesh using geospatial techniques,” Journal of Coastal Conservation, vol. 24, no. 6, 2020. 
doi:10.1007/s11852-020-00784-2. 

Mishra, R. K., and Dubey, S. C., “Fresh water availability and its global challenge,” International Journal of 
Engineering Science Invention Research & Development, vol. 2, 2015. 

Momtaz, H., Alam, F., Ahsan, M., Akbor, M., and Rashid, M., “Surface water quality around DEPZ industrial area, 
Savar, Dhaka,” Bangladesh Journal of Scientific and Industrial Research, vol. 47, no. 3, pp. 279–286, 2012. 
doi:10.3329/bjsir.v47i3.13061. 

Nesha, M., Fardous, Z., Islam, H., Das Pinkey, P., Rahman, A., and Chowdhury, M. A. Z., “Investigation of 
physicochemical parameters and heavy metals for monitoring the groundwater quality of Savar Upazila, Dhaka, 
Bangladesh,” Environment and Natural Resources Journal, vol. 21, no. 3, pp. 266–278, 2023. 
doi:10.32526/ennrj/21/202200264. 

Parvin, M., “The rate of decline and trend line analysis of groundwater underneath Dhaka and Gazipur City,” Journal 
of Water Resource and Protection, vol. 11, no. 3, pp. 348–356, 2019. doi:10.4236/jwarp.2019.113020. 

Parvin, R., and Ahmed, M. T., “Study on noise pollution generated from vehicles in Gazipur City Corporation, Dhaka, 
Bangladesh,” International Journal for Multidisciplinary Research, vol. 5, no. 6, pp. 1–13, 2023. 

Rahadujjaman, M., Karim, M. R., Hasan, R., Khan, M. H. R. B., Ahsan, A., and Hossain, M. S., “Mapping drinking 
water contamination in Gazipur City restaurants using WQI and multivariate analysis,” Water Science and 
Technology, vol. 92, no. 1, pp. 153–173, 2025. doi:10.2166/wst.2025.094. 

Rahman, S. H., Ahmed, S., and Jakariya, M., “Investigation of shallow tube-well water quality considering the 
influence of nearby latrines in a rural village of Bangladesh,” IAHS-AISH Publication, vol. 329, pp. 299–304, 
2009. 

Rubayet-ul-Islam, K., and Alam, M. A., “Assessment of groundwater quality in Kaliakair Upazila of Gazipur in terms 
of water quality indices,” Atlantis Press, 2025. doi:10.2991/978-94-6463-672-7_6. 

Ruidas, D., Pal, S. C., Biswas, T., Saha, A., and Abu, A. R., “Extreme exposure of fluoride and arsenic contamination 
in shallow coastal aquifers of the Ganges delta,” Geoscience Frontiers, vol. 15, no. 1, 2024. 
doi:10.1016/j.gsf.2023.101725. 

Shamsudduha, M., Joseph, G., Haque, S. S., Khan, M. R., Zahid, A., and Ahmed, K. M. U., “Multi-hazard groundwater 
risks to the drinking water supply in Bangladesh,” 2019. doi:10.1596/1813-9450-8922. 

WHO, Arsenic in Drinking-Water: Background Document for Development of WHO Guidelines for Drinking-Water 
Quality, World Health Organization, 2011. 

  
Biographies 
Md Masum Billah was born in the south-central region of Bangladesh. He successfully earned his Bachelor’s 
degree in Civil Engineering from the World University of Bangladesh (WUB), where he conducted thesis on air 
pollution in Dhaka City. Currently, he works as a Project Engineer at Legal Steel Building Limited, where he is 
involved in construction and structural projects. He is also deeply interested in water research and sustainable 
infrastructure and is preparing for higher studies in a foreign country to specialize in water engineering and smart 
city development. 
 
Kazi Nur E Mustakim was born in the southern region of Bangladesh. He completed his undergraduate studies in 
Civil Engineering at the World University of Bangladesh (WUB) and earned his Master’s in Construction 
Management from the University of Texas at Arlington, United States. During his master’s program, he worked as a 
Graduate Teaching Assistant, teaching more than 90 students each semester in subjects including construction project 
estimation, acquisition, project planning and scheduling. Previously, he successfully managed and handed over 53 
mega infrastructure projects worth over $550 million in Bangladesh, including highways, international airports, 
bridges and metro rail. Currently, he contributes to major infrastructure projects in the United States, including DFW 
International Airport and TxDOT highway improvements across Texas. His professional and research interests focus 
on transportation engineering, water and wastewater treatment and sustainable infrastructure practices. 
 
Md. Tanvir Ahmed was born in the northern region of Bangladesh. He successfully earned his undergraduate degree 
from the Department of Civil Engineering of the World University of Bangladesh (WUB). He is now working as a 
lecturer in the same department. Currently, Mr. Tanvir is actively pursuing a Master of Science (MSc) in Civil 



Proceedings of the 8th IEOM Bangladesh International Conference on Industrial Engineering and Operations 
Management, Dhaka, Bangladesh, December 20-21, 2025 

 © IEOM Society International    

Engineering at the Military Institute of Science and Technology (MIST). His research interests primarily focus on 
areas such as water and air quality, noise pollution, and wastewater treatment.  
 
Rokhshana Parvin a native of northern Bangladesh, completed her undergraduate studies in Civil Engineering at the 
World University of Bangladesh (WUB). She currently serves as a lecturer at WUB and is concurrently pursuing a 
Master of Science (MSc) in Civil Engineering at the Military Institute of Science and Technology (MIST). 
 
 


	7. Future Work
	Based on the findings of this research, the following future studies can be recommended to best understand the groundwater:
	i. The number of sampling locations should be expanded to cover more districts and aquifer types across Bangladesh.
	ii. Seasonal monitoring may be introduced to understand how water quality changes between dry and monsoon periods.
	iii. Additional water quality parameters such as heavy metals (Pb, Cd, Cr, Mn, As) could be tested.
	iv. A GIS-based groundwater quality map may be developed for better visualization of contamination hotspots.
	v. Machine learning or hydrogeochemical modeling may be developed to forecast future groundwater contamination trends.
	vi. Shallow and deep tube wells can be compared to determine safe aquifer depths for drinking water extraction.
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