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ABSTRACT

Clean water is vital for sustainable development, fostering socio-economic growth, ecological 
stability, and human survival. The study aimed to evaluate the quality of tube well water in 
specific residential areas of Khulna for drinking purposes, comparing it with the standards 
of World Health Organization (WHO) and Bangladesh (BD). Twenty tube well water sam-
ples were collected from residential areas at depths of 700–1500 ft. The samples were tasted 
with about 20 parameters, including physical: color, taste, odor, total dissolved solids (TDS) 
and total suspended solids (TSS); chemical: acidity/alkalinity (pH), arsenic (As), electrical 
conductivity (EC), dissolved oxygen (DO), bicarbonate (HCO3

–), calcium (Ca2+), magnesium 
(Mg2+), sodium (Na+), chloride (Cl–), iron (Fe), phosphate (PO4

3–), sulfate (SO4
2–), potassium 

(K+); and bacteriological parameters: total coliforms and E. coli bacteria. Most of the samples 
were found to have higher TDS (avg. 1380 mg/L), TSS (avg. 620 mg/L), Fe (avg. 20.2 mg/L), 
K+ (avg. 194.1 mg/L), and Na+ (avg. 439 mg/L) concentrations compared to the WHO and BD 
Standards. 90 to 95% of samples exhibited acceptable levels of EC, pH, DO, Mg2+, Ca2+, Cl–, 
and SO4

3–. The salinity levels in most of the samples were excessive to be used for drinking, 
and the levels were especially very high in samples S-01(Na+ 820 and Cl- 3195 mg/L) and S-04 
(Na+ 660 and Cl- 2946 mg/L). The arsenic levels were found to be higher than acceptable limit 
in S-01 (0.086 mg/L) and S-04 (0.091 mg/L) as well. E. coli and other bacteria in a few samples 
(S-01, 04, 13, 16, 17, 19) were detected.

Cite this article as: Tabassum S, Dristy JT, Ahmed A, Riyad RH. Assessment of tube well water 
quality in selected residential areas in Khulna. Environ Res Tec 2024;7(1)41–60.

INTRODUCTION

Water plays a crucial role in the natural environment [1, 2], 
as it supports economic growth, guarantees food security, 
alleviates poverty, maintains ecological functions, and acts 
as a potentially limiting resource for both humans and oth-
er organisms [3–7]. The provision of a sufficient quantity 
and quality of water is essential in order to meet the grow-

ing needs of households, industries, and agriculture [8, 9]. 
Water can exhibit characteristics of both a renewable and 
nonrenewable resource, depending on its usage and rate of 
depletion. Therefore, it is imperative to prioritize the res-
olution of water quality issues and the exploration of effi-
cient management approaches in different nations [10–14]. 
Groundwater serves as the predominant freshwater re-
source, with a fraction of it originating from rainfall [15], 
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[16–18]. On a global scale, the extraction of groundwater 
for various purposes has had a substantial impact on so-
cio-economic conditions. Approximately one-third of the 
global population is dependent on groundwater as a prima-
ry source of drinking water [19–21].

Trace amounts of soluble salts can always be found in 
groundwater. However, groundwater is unfit for agricul-
tural use due to the lack of treatment in municipal sewage 
generated from decomposable solid waste [22–24], medical 
waste [25], and other sources, as well as unregulated indus-
trial and agricultural practices. When this sewage infiltrates 
the ground, it can introduce harmful substances into the 
groundwater, making it unsuitable for irrigation. Degrada-
tion of the drinking water supply can occur if a combination 
of landfill leachate and wastewater contaminates ground-
water sources [26, 27] and introduces harmful pollutants 
[28–31]. Further, people have reason to be concerned about 
the safety of groundwater due to the presence of harmful 
contaminants like pesticides, arsenic, nitrate, fluoride [32], 
mineral hardness, and iron [33]. In developing countries, 
80% of illnesses and 30% of infant mortality rates have been 
linked to contaminated groundwater [34]. Modifications 
in the quality of groundwater arise from the interactions 
between water and rock, along with oxidation-reduction 
reactions that take place as water infiltrates through the 
aquifer system [35]. Shallow aquifers are deteriorating as 
a result of increased population density, extensive human 
endeavors, insufficient resource utilization, and a lack of 
efficient management protocols. Deeper aquifers general-
ly have less arsenic contamination. Protecting them from 
biological and physico-chemical pollutants can be chal-
lenging due to their depth and location. Reduced chemical 
use [36], source protection [37], proper monitoring of con-
taminants, sustainable farming [38], waste diversion (e.g., 
biogas production from organic waste [39, 40]), and other 
measures can prevent groundwater contamination. These 
reasons may have limited effect on deep aquifers. Contam-
inants move slowly from the surface to deep aquifers. But 
persistent environmental contaminants can leach into deep 
aquifers over time.

Tube well water is generally believed to be devoid of micro-
bial pollution owing to the inherent natural filtration ca-
pabilities of the underground environment [41–44]. In the 
context of Bangladesh, it is observed that a significant pro-
portion of tube wells are situated in suboptimal locations, 
and their upkeep does not adhere to the sanitary inspec-
tion guidelines prescribed by United Nations Internation-
al Children's Emergency Fund (UNICEF) and WHO [43], 
[45–48]. A considerable proportion of tube well water in 
Bangladesh is contaminated with microorganisms, specif-
ically fecal organisms, thereby indicating the presence of 
contamination [46, 49–55]. Insufficiently constructed sani-
tary latrines are believed to be among the potential sources 
of contamination. Waterborne diseases constitute a promi-
nent global health issue [54, 56–59]. The presence of impu-
rities in drinking water possesses the capacity to engender 
a variety of illnesses, such as cholera, dysentery, typhoid, 

hepatitis, and diarrhea. Diarrhea occupies a prominent po-
sition within the realm of waterborne illnesses [59, 60–62], 
as it stands as a primary factor in the mortality of children, 
it is also estimated that the annual death toll of approxi-
mately 25 million individuals by consuming contaminated 
water [63]. The United Nations (UN) estimates that 2.5 bil-
lion people in developing nations lack adequate sanitation, 
and over half of this population lacks safe drinking water 
[63]. Groundwater is often referred to as the "hidden sea" 
due to its vast quantity and concealed nature [64–66]. This 
obscurity makes groundwater pollution pathways and pro-
cesses difficult to see. The prioritization of microbial quality 
control in drinking water should be regarded as a matter of 
utmost importance for all nations [21, 50, 67–71]. Ground-
water holds considerable socioeconomic importance due to 
its reduced treatment requirements, rendering it a finan-
cially viable alternative in comparison to surface water [71].

Coastal areas exhibit a vulnerability to increased levels of 
salinity in both surface and groundwater [72–76], which 
is distinguished by the occurrence of total dissolved sol-
ids (TDS) [75, 77] and specific chemical components: Cl–, 
Na+, Mg2+ and SO4

2–. The Khulna Division is located in the 
southwestern coastal region of Bangladesh, where it faces 
notable difficulties such as salinity in the surrounding area 
and contamination of shallow aquifers with arsenic. The in-
crease in salinity levels in Khulna can be attributed to the 
commencement of the Farrakka Barrage operation by In-
dia in 1975. The aforementioned development significant-
ly reduced the water discharge of the Ganges River in the 
surrounding area [78–84]. The Ganges River, known as the 
Padma in Bangladesh, is situated to the northeast of Khulna 
city. Currently, the Khulna water supply system is exclusive-
ly dependent on groundwater as its primary source. The ur-
ban population of Khulna city is experiencing a consistent 
increase, resulting in an escalating need for water resources. 
Due to drought, river levels dropping, seawater intrusion 
during high tides, groundwater contamination, and natu-
ral arsenic, Khulna faces severe water scarcity [85, 86]. The 
evaluation of the origin and quality of groundwater is a vital 
obligation for the Khulna City Corporation, as the residents 
of this urban area heavily depend on this resource for their 
diverse needs.

The purpose of this study is to determine the groundwater 
(tube well) quality status in terms of various physical, chem-
ical, and bacteriological parameters in different residen-
tial areas of Khulna. This research is emphasized because 
groundwater quality profoundly affects public health and 
the environment, making it essential for socioeconomic de-
velopment, effective resource management, and sustainable 
use. The current research is undertaken due to the limita-
tions of prior studies, which may have had a limited scope, 
outdated data, insufficient sampling, inadequate assessment 
of parameters, inconsistent data availability, and changing 
contamination sources, necessitating a comprehensive and 
up-to-date evaluation of groundwater quality's multifaceted 
significance for public health, environmental preservation, 
socioeconomic development, and resource management. 
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The primary goals of this study are to conduct a compre-
hensive evaluation of the deep tube well water quality in 
different residential regions of Khulna. The ultimate goal 
is to ensure the provision of safe and sustainable drinking 
water, while simultaneously protecting public health, the 
environment, and promoting socioeconomic development. 
The specific objectives of this study are:

•	 To evaluate the physical and chemical attributes of 
tube well water and compare them to the drinking wa-
ter standards established by both Bangladesh and the 
WHO.

•	 To assess the biological conditions of the studied tube 
well water.

MATERIALS AND METHODS

Study Area
Khulna is situated in the south-western region of Bangla-
desh, adjacent to the Rupsha and Bhairab Rivers. The lo-
cation is positioned within the geographical coordinates of 
21.38° to 23.15° north latitude and 89.54° east longitude, 
with an elevation of approximately 30 feet above mean sea 
level. The area of the Khulna city corporation is 45.65 km2. 
Salinity poses a significant challenge in coastal regions' 
groundwater [87, 88], while shallow aquifers are addition-
ally burdened by the presence of high levels of arsenic. The 
Khulna City Corporation (KCC) is currently experiencing 
a severe shortage of adequate drinking water. To provide 
an overview of the current drinking water quality in four 
residential areas within the Khulna division, the follow-
ing locations were chosen for analysis: Gollamari (includ-
ing Islam Nagor, Banargati Road, Khorshed Nagor, Bank 
town, and Khulna University (KU), Sonadanga (covering 
Sonadanga bus terminal, road no 10, 12, 13, Link road, and 
M A Bari street), Nirala (encompassing road no 4, 13, 21, 
23, and 26), and Moylapota (including Ikbal Nagor, Moil-
apota mor, Sandhya bazaar, Moilapota bypass road, and Ba-
supara road). These areas are depicted in Figure 1.

A total of twenty tube well water samples were collected 
from various locations, with the sampling points selected 
in a random manner. 

Sample Collection
A total of 20 high density polyethylene (HDPE) bottles with 
a capacity of 500 mL were purchased from a local market 
and subsequently utilized for the purpose of sample collec-
tion. The sample bottles went through a thorough washing 
process, consisting of four rinses with deionized water, fol-
lowed by two rinses with the sample water. Subsequently, 
the samples were collected. A total of 20 water samples were 
collected from 20 tube wells within the designated area. Ta-
ble 1 displays the depth of each sampling tube well and the 
corresponding duration of its installation.

To maintain a consistent water flow from the tube wells, 
they were subjected to continuous pumping for a duration 
of approximately one to two minutes before sampling. The 

sample bottles were carefully labeled with distinct sample 
identifiers, and thorough documentation regarding the 
sampling locations was diligently recorded for each drink-
ing water source in a dedicated notebook. The provided 
information encompasses various specifics, such as the 
identities of the owners, depths of the wells, dates and times 
of installation, any documented concerns pertaining to the 
quality of drinking water, and additional relevant details. 
The HDPE bottles underwent a preliminary cleaning pro-
cedure involving rinsing with deionized water three times, 
followed by triple rinsing with tube well water prior to 
sample collection [89]. Subsequently, the collected samples 
were promptly preserved in a cooler with ice to keep them 
free from external contamination. The samples were expe-
ditiously conveyed to the laboratory for experimental in-
vestigation and were preserved under freezing conditions, 
typically at approximately 4 °C.

Sample Analysis
Various methods were employed to evaluate a variety of phys-
ical, chemical, and bacteriological parameters at both sam-
pling locations and in the laboratory, as outlined in Table 2.

Heavy metals such as manganese (Mn), cadmium (Cd), 
lead (Pb), chromium (Cr), etc. were not tested due to the 
limitations of the laboratory.

Table 1. The depth of each sampling tube-well and its instal-
lation time

Sampling area	 Sample	 About depth	 Installation 
	 ID	 of tube well	 duration 
		  water (in ft)	 (in year)

Islam Nagar	 S-01	 700	 12

Banrgati road	 S-02	 900	 8

Bank town	 S-03	 1100	 15

Khorshed Nagar	 S-04	 980	 26

Khulna university	 S-05	 1300	 22

Nirala, road no 4	 S-06	 1200	 7

Nirala, road no 13	 S-07	 1250	 15

Nirala, road no 21	 S-08	 1400	 17

Nirala, road no 23	 S-09	 1500	 13

Nirala, road no 26	 S-10	 1050	 5

Sonadanga bus terminal	 S-11	 1100	 16

Sonadanga, road no 10	 S-12	 900	 40

Sonadanga, road no 12	 S-13	 850	 29

Sonadanga, road no 13	 S-14	 1000	 12

Link road, M A Bari Street	 S-15	 850	 17

Ikbal Nagar	 S-16	 650	 9

Moilapota mor	 S-17	 700	 13

Sandhya bazar	 S-18	 750	 18

Moilapota bypass road	 S-19	 800	 18

Basupara road	 S-20	 950	 12

Source: Owners of each respective tube well.
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Physical Parameters
Color: The water samples were visually inspected in the 
laboratory immediately after collection, utilizing direct ob-
servation without the aid of any optical instruments.
Odor: The olfactory perception of the water samples is 
achieved through direct inhalation, allowing the individual 
to perceive the various odors through the sense of smell.

Taste: The taste of the water samples was assessed through 
direct consumption.
Total Solid (TS): 50 mL water samples collected from each 
tube well were transferred into 100 mL beakers and subject-
ed to a 24-hour drying process in an oven at a temperature 
of 105 °C. The calculation of total solids involved determin-
ing the difference between the weights of empty beakers 

Figure 1. The map of the studied area (17, 23, 24, 25 no. wards were covered out of 31 in Khulna city corporation).
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and the weights of the same beakers containing residual 
total solids following the removal of water.

Total Dissolved Solids (TDS): A water sample of 50 mL is 
extracted from each tube well and subsequently subjected 
to filtration using Whatman 0.45-micron GF/F filter paper. 
The filtered water is transferred into 100 mL beakers and 
then undergoes a 24-hour drying process in an oven set at 
105 °C. The quantification of TDS is accomplished by calcu-
lating the difference in mass between the empty containers 
and the containers holding the remaining solid substances 
after the removal of water.

Total Suspended Solids (TSS): After subtracting each sam-
ple's TDS value from its TS value, TSS values were recorded.

Chemical Analysis
The samples were subjected to analysis in the laboratories 
of the Discipline of Soil, Water, and Environment at Khul-
na University and the Department of Civil Engineering at 
Khulna University of Engineering and Technology. 

pH: The water samples' pH levels are determined by a mi-
croprocessor pH meter (Sper Scientific 850051, USA). 

Arsenic (As): A Shimadzu AA-7000 atomic absorption 
flame spectrometer was used to determine the arsenic con-
tent of each sample.

Bicarbonate (HCO3
–): Titrimetric analysis employing a 

standard 0.086N H2SO4 solution is used to determine the 
concentrations of bicarbonate in the water samples [90].

Calcium (Ca2+): The calcium concentrations in the water 
samples are determined through the utilization of a titri-
metric technique, which involves the application of a stan-
dardized 0.01N Ethylenediaminetetraacetic acid (EDTA) 
solution [91].

Chloride (Cl–): The concentration of chloride in the water 
samples is assessed using a titrimetric method involving the 
utilization of a standardized solution of 0.05N AgNO3 [92].

Dissolved Oxygen (DO): A digital DO meter (Sper Scien-
tific 850045, USA) was used to assess the levels of dissolved 
oxygen in the samples.

Electrical Conductivity (EC): A conductivity meter (Sper 
Scientific 850036, USA) was used to measure the electrical 
conductivity of the water samples.

Iron (Fe): The iron concentrations in the water samples are 
analyzed through a colorimetric technique using a spectro-
photometer (APEL, PD–303 UV, Japan) set at a wavelength 
of 510 nm.

Magnesium (Mg2+): Water samples were tested for their 
total calcium and magnesium content using a titrimetric 
method with a 0.01N EDTA standard solution [91]. The 

Table 2. Methods employed for analyzing collected samples and the corresponding units of measurement for the studied parameters

Parameters		  Methods	 Units

	 Temperature 	 Temperature Probe	 ºC

Physical	 Color	 Visualization	 –

	 Taste	 Tongue	 –

	 Odor	 Smelling	 –

	 Total solids (TS)		  mg/L

	 Total dissolve solids (TDS)	 Filtration, evaporation	 mg/L

	 Total suspended solids (TSS)	 Filtration, evaporation	 mg/L

Chemical	 Acidity/Alkanity (pH)	 Electrometric	 –

	 Arsenic (As)	 Atomic absorption flame spectrometer	 mg/L

	 Bicarbonates (HCO3-)	 Titrimetric	 mg/L

	 Calcium (Ca2+)	 Titrimetric	 mg/L

	 Chloride (Cl-)	 Titrimetric	

	 Dissolve oxygen (DO)	 Electrometric	 mg/L

	 Electrical conductivity (EC)	 Electrometric	 μS/cm

	 Iron (Fe)	 Colorimetric	 mg/L

	 Magnesium (Mg2+)	 Titrimetric	 mg/L

	 Potassium (k+)	 flame emission spectroscopic	 mg/L

	 Phosphate (PO4
3-)	 Colorimetric (blue color)	 mg/L

	 Sodium (Na+)	 Flame emission spectroscopic	 mg/L

	 Sulfate (SO4
3-)	 Turbidimetric	 mg/L

Bacteriological	 Total coliform (TC)	 Spread plate	 CFU/100 mL

	 Fecal coliform (FC)	 Spread plate	 CFU/100 mL
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magnesium content was then determined by deducting the 
calcium content from the combined value.

Phosphate (PO4
3–): The phosphate concentrations in the 

samples are analyzed using a colorimetric method, specif-
ically the molybdophosphoric blue color technique, con-
ducted with a spectrophotometer (APEL, PD–303 UV, Ja-
pan) at a wavelength of 882 nm [93].

Potassium (K+): A flame photometer (JENWAY, PFP7, UK) 
was used to determine the potassium concentrations in the 
water samples.

Sodium (Na+): A flame photometer (JENWAY, PFP7, UK) 
was used to determine the sodium concentrations in the 
collected water samples.

Sulfate (SO4
2–): The turbidimetric method was employed 

to evaluate the sulfate levels in the water samples [94]. This 
was done using a spectrophotometer (APEL, PD-303 UV, 
Japan) configured to a wavelength of 420 nm.

Bacteriological Analysis
Following the guidelines from American Public Health 
Association (APHA) (2003) [95], the spread plate meth-
od was used to find out if the water samples had coliform 
bacteria or not. Eosin methylene blue agar (EMB) was 
used as a selective and differentiating medium to find co-
liform bacteria. It was used to find gram-negative bacte-
ria in particular.

Total Coliform (TC): Labeling each tube with the water 
sample's source helped count total coliforms. Using a steril-
ized pipette, each sample's water was spread onto EMB agar 
plates. Each plate was incubated at 37 °C for 24 hours. In a 
laminar airflow chamber, the agar plates were placed. Total 
coliform bacteria in water samples were indicated by red or 
pink colonies on agar plates.

Fecal coliform (E. coli bacteria): After sterilizing a pipette, 
1 mL of water from each sample was evenly spread on EMB 
agar plates to count fecal coliforms. All plates are incubated 
at 44.5 °C for 24 hours. Agar plates are placed in a laminar 
airflow chamber after incubation. E. coli (fecal coliforms) 
in water samples is indicated by blue-black colonies with a 
green metallic sheen on agar plates.

RESULTS AND DISCUSSION

Physical Parameter
Color, odor, taste, temperature, TS, TDS, and TSS are the 
physical parameters that were used in the experiment. Table 
3 displays a summary of the measured physical parameters 
of the water samples.

TDS and TSS
In the studied area, the values for TS, TDS, and TSS ex-
hibited a range of variability, with TS ranging from 800 to 
6000 mg/L, TDS ranging from 400 to 4000 mg/L, and TSS 

Table 3. This table provides a summary of the measured physical parameters of water samples

Sample	 Color	 Odor	 Taste	 Temperature	 TS	 TDS	 TSS 
ID				    (°C)	 (mg/L)	 (mg/L)	 (mg/L)

S-01	 Yellowish	 Odorless	 Tasteless	 27	 5600	 4000	 1600

S-02	 Colorless	 Odorless	 Tasteless	 27	 2000	 1600	 400

S-03	 Colorless	 Odorless	 Tasteless	 25	 1200	 800	 400

S-04	 Yellowish	 Odorless	 Tasteless	 25	 6000	 4000	 2000

S-05	 Colorless	 Odorless	 Tasteless	 26	 1200	 800	 400

S-06	 Colorless	 Odorless	 Tasteless	 25	 1200	 800	 400

S-07	 Colorless	 Odorless	 Tasteless	 27	 800	 400	 400

S-08	 Colorless	 Odorless	 Tasteless	 25.4	 1600	 1200	 400

S-09	 Colorless	 Odorless	 Tasteless	 25	 2800	 1600	 1200

S-10	 Colorless	 Odorless	 Tasteless	 26.1	 1200	 800	 400

S-11	 Colorless	 Odorless	 Tasteless	 26	 1600	 1200	 400

S-12	 Colorless	 Odorless	 Tasteless	 25	 1600	 1200	 400

S-13	 Colorless	 Odorless	 Tasteless	 25.5	 2400	 1600	 800

S-14	 Colorless	 Odorless	 Tasteless	 24.8	 2000	 1200	 800

S-15	 Colorless	 Odorless	 Tasteless	 25	 2400	 2000	 400

S-16	 Yellowish	 Odorless	 Tasteless	 26	 1600	 1200	 400

S-17	 Colorless	 Odorless	 Tasteless	 25	 1200	 800	 400

S-18	 Colorless	 Odorless	 Tasteless	 25	 1200	 800	 400

S-19	 Colorless	 Odorless	 Tasteless	 25	 1600	 1200	 400

S-20	 Colorless	 Odorless	 Tasteless	 27	 800	 400	 400
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ranging from 400 to 2000 mg/L. The TDS and TSS mea-
surements of the groundwater in the investigated region 
are presented in Figures 2 and 3, respectively. These values 
are compared to the standard set by the ECR in 1997 (En-
vironmental Conservation Rules 1997) known as the BD 
standard.

The BD regulations mandate TDS and TSS levels of 
roughly 1000 and 10 mg/L, respectively. According to 
these criteria, the analysis showed that most of the sam-
ples (12 samples) exceeded the recommended TDS val-
ues, while the remaining samples (8 samples) were within 
the acceptable range. Nonetheless, it’s noteworthy that 
every sample was above the TSS limit. It's interesting to 
note that relatively optimum levels of TSS and TDS may 
aid in protection against cancer, heart disease, and other 
chronic illnesses.

Chemical Parameters
The evaluation of groundwater's solute load composition 
and potential chemical hazards relies heavily on the ground-
wat`er's chemical parameters. As, Na+, K+, Ca2+, Mg2+, Cl–, 
HCO3

–, SO4
2–, and a variety of trace elements are among 

the common major components of natural water. Table 4 
shows the values of the measured chemical parameters of 
the collected samples.

pH
The pH levels measured in the area were between 7.34 and 
8.35. As can be seen in Figure 4, all of the samples had pH 
levels that fell within the boundaries recommended by both 
the WHO guidelines and the BD standard.

Arsenic (AS)
The majority of tube wells in the studied area were found to 
have arsenic levels below the acceptable limits set by both 
the BD standard (0.05 mg/L) and the WHO guideline (0.01 
mg/L), as depicted in Figure 5.

However, two samples, S-01 (0.086 mg/L) and S-04 (0.091 
mg/L), exceeded both limits. This indicates a potential ar-
senic problem in these wells, which could lead to various 
chronic health issues in humans, including symptoms such 
as nausea, vomiting, diarrhea, burning of the mouth and 
throat, and arsenicosis. It is advisable to refrain from the con-
tinuous consumption of water from these specific tube wells 
(S-01 and S-04) to mitigate the risk of these chronic diseases.

Electrical Conductivity (EC)
Figure 6 shows that the conductivity values of the samples 
from the studied area varied from 300 to 5000 µS/cm. With 
the exception of samples S-01 and S-04, all of the others 
were well below the BD standard’s upper limit of 700 µS/cm.

Figure 2. TDS values of the collected water samples.

Figure 3. TSS values of the collected water samples.
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Considerable evidence suggests that electrical conductiv-
ity (EC) is a useful indicator of the concentration of dis-
solved nutrients in water.

Dissolved Oxygen (DO)
Figure 7 shows that the DO values for the samples col-
lected in the study area varied from 4.22 to 6.91 mg/L. 
With the exception of samples S-01 and S-04, all other 
samples (18 samples) were found to be below the BD 
limit of 6 mg/L.
Having enough DO in the water is essential for keeping it in 

good condition. Besides being crucial to aerobic organisms' 
metabolic processes, DO also contributes a role in influenc-
ing inorganic chemical reactions.

Bicarbonates (HCO3
-)

The carbonate form was not detected in any of the samples. 
The HCO3

– content in the samples within the studied area 
varied between 512 and 1110 mg/L, as illustrated in Figure 
8. 85% of the samples (17 samples), apart from other 15% 
(S-07, S-13, and S-20), exhibited higher bicarbonate levels 
than the BD standard (600 mg/L).

Table 4. This table provides a summary of the measured chemical parameters of water samples

Sample	 pH	 As	 EC	 DO	 HCO3-	 Ca2+	 Cl-	 Fe	 Mg2+	 SO4
2-	 PO4

3-	 K+	 Na+ 
ID		  (mg/L)	 (µS/cm)	 (mg/L)	 (mg/L)	 (mg/L)	 (mg/L)	 (mg/L)	 (mg/L)	 (mg/L)	 (mg/L)	 (mg/L)	 (mg/L)

S-01	 7.34	 0.086	 5000	 6.91	 683	 36	 3195	 25	 138	 5	 1.66	 212	 820

S-02	 8.34	 0.003	 400	 4.55	 982	 30	 301	 21.25	 13	 15	 2.33	 212	 350

S-03	 8.27	 0.004	 400	 4.22	 811	 34	 88	 20	 10.8	 3	 3.5	 141	 300

S-04	 7.43	 0.091	 4800	 6.80	 725	 118	 2946	 22.25	 108	 10	 4.5	 282	 660

S-05	 8.34	 0.005	 300	 4.60	 939	 12	 106	 17.5	 22.8	 3.25	 2.16	 212	 450

S-06	 8.25	 0.005	 400	 4.62	 768	 24	 124	 18.75	 15.6	 2.5	 0.33	 141	 350

S-07	 8.34	 0.007	 300	 4.14	 597	 30	 71	 21.25	 21.6	 10	 0.66	 212	 330

S-08	 8.14	 0.001	 600	 5.44	 854	 34	 53	 20	 24	 2.75	 4.16	 282	 290

S-09	 8.25	 0.008	 400	 4.47	 811	 24	 106	 18.75	 32.4	 12.5	 3.5	 141	 320

S-10	 8.21	 0.003	 400	 4.25	 640	 28	 17.75	 18.75	 34.8	 3.5	 11.83	 212	 510

S-11	 8.35	 0.001	 300	 4.80	 768	 20	 88	 21.25	 8.4	 15	 0.5	 141	 490

S-12	 8.35	 0.002	 300	 4.55	 811	 26	 124	 31.25	 10.8	 3	 2.66	 141	 550

S-13	 8.13	 0.006	 600	 4.29	 597	 22	 301	 18.75	 18	 17.5	 10	 282	 590

S-14	 8.18	 0.008	 500	 4.37	 683	 32	 142	 20	 22.8	 2.5	 8.16	 70.7	 630

S-15	 8.19	 0.007	 400	 4.75	 768	 36	 159	 22.5	 19	 20	 3.83	 212	 350

S-16	 8.22	 0.003	 400	 4.49	 725	 14	 124	 16.25	 39.6	 3	 12.16	 353	 300

S-17	 8.35	 0.003	 300	 4.60	 896	 18	 88	 21.25	 13	 17.5	 7.16	 141	 310

S-18	 8.31	 0.007	 300	 4.35	 1110	 12	 159	 16.25	 19	 2.75	 4.83	 212	 360

S-19	 8.29	 0.004	 400	 4.25	 982	 22	 142	 15	 12	 15	 5.83	 70.7	 400

S-20	 7.93	 0.004	 600	 4.29	 512	 28	 124	 17.5	 18	 3.25	 5.5	 212	 420

Figure 4. The pH values of the collected water samples.
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Figure 5. The As values of the collected water samples.

Figure 6. EC values of the collected samples.

Figure 7. DO values of the collected water samples.

Figure 8. Bicarbonate values of the collected samples.
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The acidity of food can be mitigated by consuming an ade-
quate amount of HCO3

-, which also acts as a buffer for lactic 
acid produced during exercise. Additionally, it helps keep 
cavities under control.

Calcium (Ca2+)
The calcium content of the samples within the studied area 
displayed a range of 12–118 mg/L, as depicted in Figure 
9. 19 samples out of 20 exhibited calcium concentrations 
close to the recommended standard of 75 mg/L (BD stan-

dard), with the exception of one sample (S-04) which had 
a calcium concentration of 118 mg/L. The activity of cell 
membranes and the body's pH both depend on adequate 
calcium levels.

Chloride (Cl–)
Figure 10 shows that the chloride concentrations in the 
samples collected in the study area ranged widely from 
17.75 to 3195 mg/L.

Most samples had chloride concentrations below the min-

Figure 9. Calcium concentration of the collected water samples.

Figure 10. Chloride concentrations of the collected samples.

Figure 11. Iron concentrations of the collected water samples.
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imum and maximum levels allowed (250 mg/L for WHO 
and 150–600 mg/L for BD, respectively). Two samples, S-01 
and S-04, in particular, showed significantly high chloride 
concentrations. Chloride is essential for the body to keep its 
fluid levels stable.

Iron (Fe)
The iron concentrations within the samples collected from 
the study area displayed a range of 15–31.25 mg/L, as il-
lustrated in Figure 11. Notably, all of the samples well ex-
ceeded the iron content standard from 0.1 to 0.3 mg/L (BD 
standard). The iron contents are pretty much concentrated 
in water samples. Among them S-12 has the highest (31.25 
mg/L) and S-19 has the lowest (15 mg/L) concentration.

Symptoms like nausea and vomiting may manifest due to 
an iron overload, which can lead to serious conditions like 
diabetes and hemochromatosis, as well as digestive tract 
problems.

Magnesium (Mg2+)
As shown in Figure 12, magnesium concentrations in the 
samples collected from the study area varied from 8.4 to 
138 mg/L. Except for two samples (S-01 and S-04), all of the 
others were within the tolerance range of 30–35 mg/L (BD 
standard), which is notable.

Magnesium plays a vital role as an activator of enzymes and 
is essential for the regulation of neuromuscular excitability 
and cellular permeability.

Sulfate (SO4
2–)

As shown in Figure 13, the sulfate concentrations in the 
samples taken from the study area varied from 2.5 to 17.5 
mg/L. Notably, the SO4

2– levels in all of the samples were 
significantly lower than the Bangladesh standard of 400 
mg/L. Severe chronic diarrhea caused by high sulfate levels 
is possible, and in extreme cases, it can be fatal.

Phosphate (PO4
3-)

Figure 14 depicts the observed range of phosphate concen-
trations within the samples, which was between 0.33 and 
12.16 mg/L.

15 samples out of 20 had concentrations that were below 
the BD-recommended threshold of 6 mg/L. Elevated levels 
of PO4

3- were found in four samples (S-10, S-13, S-14, S-16, 
and S-17), though. DNA materials contain phosphates, and 
phosphates play an important role in the distribution of en-
ergy throughout the body.

Potassium (K+)
The potassium content observed in the samples from the 

Figure 12. Magnesium concentrations of the collected water samples.

Figure 13. Sulfate concentrations of the collected water samples.
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study area displayed a range of 70.72 to 353 mg/L, as depicted 
in Figure 15. Significantly higher levels of K+ were found in 
all samples compared to the Bangladesh standard of 12 mg/L. 
Elevated concentrations of potassium in the body have the 
potential to induce detrimental health consequences, such as 
renal dysfunction, cardiac arrhythmias, and hyperkalemia.

Sodium (Na+)
Sodium concentrations in the studied area's samples ranged 
from 290 to 820 mg/L, as depicted in Figure 16. All samples 

were found to have Na+ concentrations well above the rec-
ommended upper limit of 200 mg/L (WHO and BD stan-
dard). A high sodium intake has been linked to an increased 
risk of developing osteoporosis, stomach cancer, kidney 
disease, kidney stones, cardiomyopathy, and migraines.

Bacteriological Analysis (TC and FC)
Most samples do not have any detectable levels of coliform 
bacteria. Figure 17 shows that E. coli bacteria are present in 
only 6 of 20 samples.

Figure 14. Phosphate concentration of the collected water samples.

Figure 15. Potassium concentration of the collected water samples.

Figure 16. Sodium concentrations of the collected water samples.
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There is a disproportionately high concentration (visual ob-
servation) of E. coli in two of the samples (S-01 and S-04). 
Acute diarrhea, abdominal cramps, nausea, headache, vom-
iting, and fever are just some of the symptoms of a disease 
brought on by E. coli in the water supply. It's possible that at 
sufficiently high concentrations, human life might become 
dead. Possible causes include insufficient tube well depth, a 
lack of proper sanitation (for example, a short distance be-
tween toilets and tube wells), or a lack of quality soil (which 
would otherwise filter out bacteria in groundwater being 
pumped from great depths).

DISCUSSIONS

In our study, the average TDS concentration was measured 
at 1380 mg/L. A comparative study conducted across nine 
Upazilas in the Khulna region reported a similar TDS con-
centration of 1089 mg/L, which is slightly lower than the 
value obtained in this study [96]. It is important to note, 
though, that the TDS level was much higher in the Khul-
na district (averaging 1,556.05 mg/L) and in Shyamnagar, 
Satkhira (averaging 3,691 mg/L), which is higher than the 
TDS level found in this study [97, 98]. It is important to 
note that the pH levels in the groundwater samples were 
between 7.34 and 8.35. This is similar to what another study 
found, which was a pH of 7.85±0.40, showing that the pH 
values are similar [96, 99]. Another study was also found an 
average pH value of 7.89±0.2, which backs up the idea that 
our results are similar to theirs [99]. The average As content 
in our study was determined to be 0.013 mg/L, which falls 
below the established standards in BD and closely aligns 
with the findings of a study that reported an average As 
concentration of 0.017 mg/L [96, 100]. As levels were also 

the same in a different study done in the coastal Shyam-
nagar sub-district of the Satkhira district. It was found to 
be 0.0166 mg/L, which shows that As levels are consistent 
in coastal areas [97]. The EC values exhibited a range from 
300 to 5000 μS/cm in this study, with a mean value of 855 
μS/cm. Another study that was done in the Khulna district 
found that EC values varied similarly, ranging from 498 to 
5,910 μS/cm, which backs up what we found [98]. In ad-
dition, it is worth mentioning that EC values were much 
higher in the nearby district of Shyamnagar, Satkhira. They 
were about 7,135.67±3,433.58 μS/cm, which is a lot more 
than the values we found [97].

Apart from samples S-01 and S-04, all samples exhibited 
DO levels below the established limits in Bangladesh, and 
this trend is consistent with the findings presented by Mah-
mud et al. [99] in 2020, where they reported an average DO 
concentration of 1.61 mg/L in their study of Khulna city. 
Additionally, another independent study observed a lower 
average DO value of 3.07 mg/L during the pre-monsoon 
season in Khulna [101]. These collective findings across dif-
ferent studies underscore the suboptimal status of dissolved 
oxygen levels in this region, falling significantly below the 
standard requirements. The chloride (Cl-) values displayed 
a wide range, spanning from 17.75 to 3195 mg/L, indicat-
ing significant variability. This variation aligns with find-
ings from a 2022 study conducted in the northern part of 
Khulna city, where the Cl- content was observed to fluctu-
ate from 21 to 2063 mg/L [102]. Similarly, another study 
in the Khulna city region reported a comparable range of 
Cl- content, ranging from 10 to 3550 mg/L [96]. Notably, 
a recent investigation in a coastal area of the Satkhira dis-
trict documented a substantially higher Cl- content, with an 
average of 2,940.78±1,563.5 mg/L, which is approximately 
6.5 times greater than the average value observed in this 
study [97]. Also, the average chloride level was recorded at 
2,005.74±2,685.5 mg/L in coastal areas like Khulna, Bager-
hat, Satkhira, and Patuakhali [103]. This is a lot higher 
than the levels seen in this study. This substantial chloride 
concentration is regarded as an indicative measure of the 
overall salinity levels, as chloride levels are closely associ-
ated with salinity. Hence, the salinity issue in the Khulna 
district is a matter of concern, as there is ample documenta-
tion highlighting the detrimental impact of salinity on hu-
man health [104]. The increased salinity levels in the area 
could be attributed to the dissolution of salts such as NaCl, 
Na2CO3, KCl, and CaCl2 from processes such as weather-
ing and rock leaching, the influx of seawater through tidal 
channels [105], brine shrimp aquaculture activities [106], 
and the discharge of industrial waste and sewage [107]. 
Studying high school students in Massachusetts and Chi-

Figure 17. Total coliform and E. coli bacterial counts in tested 
samples.

Table 5. Correlation coefficient between the physical parameters

Parameters	 TS	 TDS	 TSS

TS	 1		

TDS	 0.988	 1	

TSS	 0.942	 0.878	 1
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cago, USA, researchers hypothesized that those living in 
areas with high salinity (272 mg/L) in their public drinking 
water would have higher systolic and diastolic blood pres-
sure, with values elevated by 3–5 mmHg compared to those 
living in areas with low salinity (20 mg/L) [104].

The average iron (Fe) content was determined to be 20.18 
mg/L, which is notably higher, approximately three to 
four times, than a study conducted in the coastal region 
of Khulna. In the Khulna study, the average Fe content 
was reported as 6.24±8.41 mg/L during the wet season 
and 5.13±7.02 mg/L during the dry season [103]. Addi-
tionally, a different study done in Shyamnagar and As-
sasuni in the Satkhira district found groundwater with Fe 
levels that were about four times lower, at 4.9±4.76 mg/L 
and 3.59±2.50 mg/L, respectively [54, 97]. In a recently 
conducted study within the northern part of Khulna city, 
which is not in proximity to the sea, notably lower Fe con-
centrations were observed in their sampled water, ranging 
from approximately seven to twenty times lower than the 
Fe levels found in our study [102].

Statistical Analysis

Correlation Between Physical Parameters
Table 5 presents the correlation analysis results between 
TS, TDS, and TSS. The findings reveal strong correla-
tions among these variables, with TS exhibiting a nota-
bly robust positive correlation with TDS (r=0.988) and 
TSS (r=0.942). Similarly, TDS and TSS also demonstrate 
a strong positive correlation (r=0.878). These strong cor-
relation coefficients suggest a significant and interrelated 
association between the variables, indicating their close 
connection within the dataset.

Correlation Between Chemical Parameters
Table 6 presents the correlation analysis results between 
pH, As, EC, DO, calcium, magnesium, sodium, potassium, 
chloride, iron, sulfate, phosphate, and bicarbonate.

pH exhibits a negative correlation with most parameters, 
except for SO4

3- (r=0.119), PO4
3- (r=0.019), and HCO3

- 
(r=0.387). Notably, the correlation between pH and HCO3

- 
is comparatively stronger, signifying a more pronounced 
association between these two variables within the dataset. 
Whereas As is positively correlated with all the parameters 
except the above three parameters. As is very strongly cor-
related with EC (0.993), DO (0.912), Mg2+ (0.0.954) and Cl– 
(0.992). Conversely, As demonstrates positive correlations 
with all parameters, except for SO4

3-, PO4
3-, and HCO3

-. 
Particularly noteworthy is the remarkably strong positive 
correlation observed between As and EC (r=0.993), DO 
(r=0.912), Mg2+ (r=0.954), and Cl- (r=0.992). EC exhibits 
a pattern akin to that of As, as it showcases notably strong 
correlations with DO, Mg2+, and Cl-. DO is showing nega-
tive correlation with SO4

3- (r=-0.04), PO4
3- (r=-0.247), and 

HCO3
- (r=0.0.080) among all the parameters. Conversely, 

the positive correlation observed with other variables sug-
gests that they exhibit synchronized changes, increasing or 
decreasing in a similar manner in response to variations 
in the dataset. Ca2+ exhibits strong correlations with four 
parameters, namely As, EC, DO, and Cl–. The correlation 
coefficient values for these associations range from 0.680 
to 0.747, indicating a substantial and positive relationship 
between Ca2+ and these parameters. Mg2+ also demon-
strates positive correlations with 10 chemical parameters 
out of 13. Notably, it exhibits the most negative correlation 
with HCO3

–, with a coefficient value of -0.246. Converse-
ly, Na+ reveals predominantly positive correlations with 
the parameters. There are only three instances of negative 
correlation, specifically with K+ (r=0.016), SO4

3– (r=-0.094) 
and HCO3

– (r=-0.366). It is intriguing to note that K+ con-
sistently lacks a very strong positive correlation with any 
parameters. The positive correlation coefficients vary in the 
range of 0.229 to 0.341. Fe is also demonstrating a pattern 
like that of K+. Among all the positive correlations of Cl– 
with other parameters, the correlation with Fe (r=0.335) is 
relatively weak. SO4

3–, PO4
3–, and HCO3

– consistently exhib-

Table 6. Correlation coefficient between the physical parameters

Parameters	 pH	 As	 EC	 DO	 Ca2+	 Mg2+	 Na+	 K+	 Cl-	 Fe	 SO4
3-	 PO4

3-	 HCO3-

pH	 1												          

As	 -0.929	 1											         

EC	 -0.953	 0.993	 1										        

DO	 -0.869	 0.912	 0.933	 1									       

Ca2+	 -0.687	 0.747	 0.723	 0.680	 1								      

Mg2+	 -0.924	 0.954	 0.961	 0.892	 0.599	 1							     

Na+	 -0.697	 0.698	 0.713	 0.596	 0.403	 0.680	 1						    

K+	 -0.329	 0.241	 0.267	 0.311	 0.229	 0.341	 -0.016	 1					   

Cl-	 -0.932	 0.992	 0.996	 0.924	 0.699	 0.955	 0.719	 0.254	 1				  

Fe	 -0.217	 0.308	 0.317	 0.386	 0.279	 0.249	 0.413	 -0.100	 0.335	 1			 

SO4
3-	 0.119	 -0.034	 -0.055	 -0.040	 0.063	 -0.139	 -0.094	 -0.086	 -0.020	 0.038	 1		

PO4
3-	 0.019	 -0.158	 -0.139	 -0.247	 -0.088	 -0.037	 0.039	 0.309	 -0.165	 -0.375	 -0.042	 1	

HCO3-	 0.387	 -0.187	 -0.215	 -0.080	 -0.225	 -0.246	 -0.366	 -0.226	 -0.173	 -0.153	 0.083	 -0.228	 1
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it negative correlations with all parameters except pH, as 
well as between SO4

3– and HCO3
– themselves.

Water Quality Status
The comprehensive analysis of the experiment reveals that 
the examined physical parameters, namely color, odor, and 
taste, fall within acceptable ranges. However, a significant 
proportion of the samples exhibited relatively elevated con-
centrations of TDS and TSS compared to the established 
standards for drinking water. In terms of chemical param-
eters, the pH levels were generally within acceptable limits 
for drinking purposes.

Most of the samples met the prescribed standards for DO 
(90%), Cl– (80%), Mg2+ (85%), EC (90%), and Ca2+ (95%), 
making them suitable for drinking purposes. SO4

2- levels 
were notably lower than the acceptable limit. On the con-
trary, concentrations of Fe, K+, Na+ for all the samples, and, 
in the case of HCO3

-, the majority (85%) exceeded the stan-
dard ranges for drinking water.

Furthermore, Total Coliform (TC) bacteria were detected 
in 30% of the samples, with 20% of these instances being 
Escherichia coli (E. coli or FC), and the remaining 10% 
consisting of other types of bacteria. It's important to note 
that samples meeting acceptable limits for specific param-
eters may be considered safe for drinking in terms of those 
particular criteria, while others may not meet the required 
standards for various parameters, thus impacting their 
overall suitability for consumption.

CONCLUSION

In summary, the findings of this study provide valuable in-
sights into the quality of tube well water in the investigat-
ed regions. While the recorded water temperatures, color, 
taste, and odor generally met the standard criteria, there 
were exceptions with some samples exhibiting a slightly yel-
lowish hue. Notably, most samples exhibited elevated TSS 
values, which significantly exceeded established standards 
while the TDS values are moderately higher.

The pH levels and parameters such as DO, EC, and Cl- ad-
hered to recommended conditions for safe drinking, with 
a few exceptions. Most samples did not contain harmful 
levels of As, although samples from specific areas showed 
elevated levels beyond acceptable limits.

Calcium and magnesium ion concentrations were within 
acceptable ranges for most samples, while iron concentra-
tions exceeded recommended standards across the board. 
A substantial percentage of samples exhibited acceptable 
phosphate levels. Bicarbonate concentrations were mar-
ginally below standards in only a few samples, with higher 
levels in the rest. Sodium and potassium ions were present 
at elevated concentrations in all samples.

While approximately 70% of the samples were free from co-
liform bacteria, the presence of E. coli and other coliform 
bacteria in 20% and 10% of the samples, respectively, sug-
gests the need for vigilance.

Specific parameters related to color, taste, odor, pH, EC, 
DO, As, Ca+, Cl-, SO4

3-, and Mg2+ were generally suitable 
for drinking, except for a couple of samples. However, TDS, 
TSS, Na+, K+, Fe, HCO3

-, and PO4
3- levels in all samples were 

not conducive for drinking.

It is crucial to highlight that coliform bacteria were more 
prevalent in samples from shallow-depth tube wells, em-
phasizing the importance of using water from relatively 
deeper tube wells for drinking to mitigate health risks. The 
high salinity levels observed in the studied regions render 
the water unsuitable for drinking, suggesting the potential 
benefit of utilizing deeper tube wells. Furthermore, the el-
evated arsenic concentrations in tube wells at Islam Nagar 
and Khorshed Nagar pose significant health risks, warrant-
ing the discontinuation of their use.

While these findings shed light on the water quality in the 
investigated areas, ongoing monitoring and remediation 
efforts are essential to ensure safe and accessible drinking 
water for the local population.

However, it's important to note several limitations in the 
study:

1.	 Not all parameters, including trace and toxic elements 
like Cu, Zn, Pd, Cd, nitrogen species, etc., were analyzed 
in this study.

2.	 Limited laboratory facilities may have affected the abil-
ity to conduct experiments comprehensively and accu-
rately for certain elements.
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