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Abstract

Groundwater is a main source of drinking water in Bangladesh, so its quality is very important for public health,
especially in densely populated urban areas like Gazipur City. This study evaluates the suitability of groundwater
for human consumption using the Water Quality Index (WQI) approach based on physicochemical analysis. A
total of 24 groundwater samples were collected from eight zones of Gazipur city during the dry season (December
2022 to February 2023), and 11 key water quality parameters were analyzed, such as pH, Electrical Conductivity,
Total Dissolved Solids, turbidity, color, total hardness, iron, arsenic, manganese, chloride, and nitrate. The WQI
was calculated using the weighted arithmetic method to show the water quality in one single value. The results
showed that 70.83% of the samples were classified as “excellent,” 12.5% as “good,” another 12.5% as “poor” or
“very poor,” and 4.17% were found to be “unsuitable for drinking.” While most parameters met the acceptable
standards according to national guidelines, manganese levels exceeded the permissible limit in 20.83% of the
samples. This shows a possible health risk and is the main reason for the decline in water quality. Iron and arsenic
levels were safe in all the samples. The study shows that areas with high risks need special treatment, and regular
monitoring is important to keep groundwater safe and sustainable. These findings give useful information to local
authorities and policymakers to help manage water resources and protect public health in urban areas of
Bangladesh.

Keywords: Groundwater quality, Water Quality Index (WQI), Gazipur City, Manganese contamination, Weighted
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1. Introduction

Safe drinking water is very important for public health, and its quality depends on both natural conditions and
human activities. Groundwater is often used for drinking because it is easy to access, low-cost, and usually less
polluted than surface water (Gronwall & Danert, 2020; Ravindiran et al., 2023). In Bangladesh, nearly 98% of the
drinking water supply comes from groundwater sources (Shamsudduha et al., 2019). But industrial growth, urban
expansion, waste disposal, population rise, untreated wastewater, and agricultural runoff have made groundwater
contamination a serious concern in Gazipur City. As well as in developing countries (Gad et al., 2024; Hamid et
al., 2020; Sarkar et al., 2019)

Globally, more than 2 billion people use groundwater for drinking, and in Bangladesh, around 70% of city
dwellers and 95% of village people use it every day (Shaji et al., 2021) However, Long-term use of contaminated
water can cause serious health problems such as liver damage, skin lesions, gastrointestinal illness, and even
cancer (Hong et al., 2014). In developing countries, unsafe groundwater plays a significant role in the
transmission of water-borne diseases, causing an estimated 485,000 deaths annually due to contamination. In
addition, climate change and seasonal variations also affect groundwater levels and quality in different regions.

Many water quality indices, such as the MEREC-weighted WQI, CRITIC-weighted WQI, and entropy-weighted
WQI (Alfaleh et al., 2023; Das & Das, 2023) have been developed by various national and international
organizations, research institutes, and government agencies to assess the quality of water. One useful method is
the Water Quality Index (WQI), which combines many test results into a single score to show water quality
(Akhtar et al., 2021; Wong et al., 2020), The weighted arithmetic WQI method is commonly used because it
gives a clear and simple picture of overall water quality (Nihalani & Meeruty, n.d.). It allows easy comparison
between different locations and periods. It also reduces the complexity of multiple parameters and presents the
result in a form that is easy to understand (Mahmud et al., 2020). This method helps local people, researchers,
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and policymakers understand the condition of groundwater and make proper decisions. Earlier studies in Dhaka,
Khulna, Sylhet, and Jessore found water quality varied over place and time, where some areas were safe, others
had iron, turbidity, and contamination (Ahsan et al., 2023; Mahmud et al., 2020). Some research also used GIS-
based mapping to show the spatial variation of water quality. For example, studies in rural Sylhet showed high
levels of turbidity and hardness (Md Munna, 2015), while areas near industrial zones in Jessore and Dhaka had
problems with high conductivity and ammonium levels (Hossain et al., 2024). These results indicate that both
natural geology and human activities affect groundwater quality. But in Gazipur City, a fast-growing industrial
area, such detailed studies using WQI are still limited. This creates a gap in the information needed to protect
public health and manage water quality effectively.

This study aims to check the quality of groundwater in Gazipur City, Bangladesh, during the dry season. A total
of 24 samples from eight zones were tested for 11 important parameters. Then, the WQI was calculated using the
weighted arithmetic method to show whether the water is safe for drinking.

2. Materials and Methodology

2.1 Study Area

The study was conducted in Gazipur City, a rapidly urbanizing region in central Bangladesh, located between
23°53" and 24°20" North latitude and 90°09’ and 90°42' East longitude. The district covers an area of
approximately 1,770 square kKilometers and is part of the greater Dhaka area (Wikipedia contributors, 2025). In
this study, 24 groundwater samples were collected from different locations across eight zones of Gazipur City
during the dry season (December 2022 to February 2023). The sampling sites included residential, commercial,
and institutional areas, such as schools, health centers, religious places, and industrial zones, to ensure a
comprehensive representation. The geographic distribution of sampling points is presented in Figure 2.
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Figure 1. Sample location of the study area

2.2 Sample Collection and Analysis

Water sample collection and laboratory analysis were done following the Quality Assurance (QA) and Quality
Control (QC) guidelines of the Environmental Protection Agency (EPA). Samples were taken from selected tube
wells after continuous pumping for about 5 minutes to ensure representative groundwater (Abu-Sini et al., 2023).
Fresh 500 ml plastic bottles were used for sample collection. These bottles were washed properly, rinsed with
distilled water, and air-dried for 24 hours before sampling to avoid contamination. During collection, bottles were
filled completely without air bubbles and sealed tightly to prevent oxidation during transport. After collection, the
samples were kept in a closed cool box and transported to the laboratory within 6 hours. The collected samples
were analyzed for 11 key physicochemical parameters using a structured method, as illustrated in Fig. 2.
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Figure 2. Methodology process

2.3 The procedure of the Weighted arithmetic water quality index (WQI) Calculation
The calculation of WQI followed standard procedures as adopted by various previous studies (Ahsan et al., 2023;

Figure 3. Variation of pH in different locations ~ Ferdous et al., 2025).

Calculation of WQlI,

S Wi x Qi
T Wi

— o Vi-Vid _K _ 1
WQI = ,Q.—lOOxSi_Vid,W.—Si,K—Z%
l

where Wi and Qi are the unit weight and Quality Rating Scale for each parameter. Vi is the estimated value of
the ith water quality parameter. Vid is the ideal value for the ith parameter in distilled water (Vid for pH =7 and
0 for all other parameters), and Si is the recommended standard value of the ith water quality parameter. And K
is the constant of proportionality (k). After calculating the value of the water quality index (WQI), the
categorization of water quality according to this method is done by Table 1.

Table-01. Water quality classification based on WQI (Uddin et al., 2021)

WQI Value Status Description
0-25 Excellent Water is very Clean
26-50 Good Water is Clean
51-75 Fair Water is moderately Polluted
76-100 poor Water is polluted
Above 100 very poor Water is heavily polluted

3. Results and Discussion:

3.1 Groundwater Quality Parameter Analysis:

For the calculation of the Water Quality Index (WQI), 11 key water quality parameters were analyzed from 24
groundwater samples collected across different locations in Gazipur City. Figure 3 shows the pH values of the
groundwater samples, ranging from 6.88 to 7.29, which are within the acceptable range (6.5-8.5) by
Environmental Conservation Rules, 2023 (ECR 2023). Figure 4 shows the variation of EC and TDS values across
different locations, where EC values ranged from 189.9 to 495 uS/cm and TDS values ranged from 103.4 to 261
mg/L. All values for both parameters remained well below the ECR limits (700 pS/cm for EC and 1000 mg/L
for TDS) (ECR 2023). On the other hand, Figure 5 shows the variation of color and turbidity values across
different locations, where color ranged from 0 to 7 Pt-Co units and turbidity ranged from 0.09 to 5.38 NTU. All
values remained well within the ECR limits (15 Pt-Co units for color and 10 NTU for turbidity) (ECR 2023),
indicating visually clear and non-discolored water samples. Similarly, Figure 6 shows the variation of total
hardness and chloride concentrations across different locations. Total hardness ranged from 200 to 500 mg/L,
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2023), also within the ECR limit, suggesting no salinity-related concerns in the groundwater samples. Moreover,
Figure 7 shows the variation of iron and manganese concentrations, where Iron levels ranged from 0.01 to 0.43
mg/L, with four samples (16.67%) exceeding the ECR limit of 0.3 mg/L, (ECR 2023) and Manganese
concentrations ranged from 0 to 0.33 mg/L, with five samples (20.83%) exceeding the ECR limit of 0.1 mg/L
(ECR 2023). These elevated levels indicate localized contamination and potential health risks in specific areas.
Finally, Figure 8 shows the variation of nitrate and arsenic concentrations across different locations. Nitrate levels
were all below the ECR limit of 10 mg/L (ECR 2023), while arsenic concentrations ranged from 0 to 0.007 mg/L,
also remaining below the 0.05 mg/L limit (ECR 2023), indicating minimal contamination in the groundwater
samples. Overall, the results indicate that the majority of groundwater samples meet the Bangladesh ECR
drinking water standards (ECR 2023), except for elevated manganese and Iron levels in some locations.

3.2 WQI Analysis of Groundwater Samples:

Table 2 presents a sample one selected data set from the 24 groundwater samples, showing the calculated WQI
values along with the observed values, standard values, ideal values, unit weights, and quality ratings for each
water quality parameter. The ideal values represent the concentration of the parameters in distilled water, used
as a reference for water quality assessment. In the case of Sample 1, the calculated WQI value was 111.79, which
falls under the "very poor" category according to Table 1. This high WQI value is primarily due to the increased
concentrations of manganese and iron, which exceeded the standard limits. When the concentration of any
parameter rises above the acceptable range, the WQI value increases accordingly, indicating a decline in water
quality. However, after calculating the WQI for all 24 groundwater samples, the results showed that 70.83% of
the samples were classified as “excellent,” 12.5% as “poor,” and 4.17% as “very poor.” Based on the average
WQI value (27.13) of all samples, the overall water quality status in the study area was categorized as “good.”
Similar findings were reported in studies conducted in Dhaka megacity, where the majority of groundwater
samples were classified as “excellent” and “good,” indicating their suitability for drinking, domestic, and
agricultural uses without posing significant health risks (Ahsan et al., 2023; Sharmin et al., 2020). The present
study aligns with those results, suggesting that groundwater in most parts of Gazipur City remains safe for
consumption, except in localized areas where specific contaminants exceeded permissible limits.

Table 2. WQI calculation process

Quality Rating,

Parameters \(/)a ﬁzg\’e\z \i:laur:e dsarsd i Re;(zzqnn;:?éjed Ideal Value, Vid UC\'/tI \iVeKllgSr:t Qi=(VI i-)\(/il%)(/)(si-vid) WiQi SWiQi WQ?/E%N‘:/I
pH 6.88 7.5 ECR [23] 7 0.00395 -24 -0.0948
Turbidity (mg/L) 0.44 10 ECR [23] 0 0.002963 4.4 0.013037
EC 389 400 ECR [23] 0 0.000074 97.25 0.007197
TDS (mg/L) 203.3 1000 ECR [23] 0 0.000029 20.33 0.00059
Color (pt. cobalt) 0 15 ECR [23] 0 0.001975 0 0
Iron (mg/L) 0.4 0.3 ECR [23] 0 0.098769 133.33333 13.1692 111.788 111.79052
Manganease (mg/L) 0.333 0.1 ECR [23] 0 0.2963 333 98.6679
Nitrate (mg/L) 0.4 10 ECR [23] 0 0.002963 4 0.011852
Chloride (mg/L) 20 150 ECR [23] 0 0.0001975 13.33333 0.002633
Arsenic (mg/L) 0 0.05 ECR [23] 0 0.59261 0 0
Total Hardness 142 200 ECR [23] 0 0.000148 71 0.010508 4
Conclusion

This study assessed the quality of groundwater in Gazipur City based on 24 samples collected from eight different
locations during the dry season. The maximum values of pH, EC, TDS, turbidity, color, total hardness, iron,
arsenic, manganese, chloride, and nitrate were found to be 7.29, 495 uS/cm, 261 mg/L, 5.38 NTU, 7 Pt-Co unit,
500 mg/L, 0.43 mg/L, 0.007 ppm, 0.33 mg/L, 600 mg/L, and 10 mg/L, respectively. All parameters were within
the permissible limits of national standards ECR 2023, except for manganese, which exceeded the allowable limit
in 20.83% of the samples. Based on the WQI results, 70.83% of the samples were categorized as “excellent,”
12.5% as “poor,” and 4.17% as “very poor,” mainly due to high manganese levels. The overall groundwater
status was found to be “good” and generally safe for consumption. The study recommends increased monitoring
of manganese in high-risk areas, Collection of more samples for better representation, seasonal variation
assessment of water quality, adoption of alternative WQI methods, and further G1S-based studies to support long-
term water resource management.
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