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Abstract

The Gorai River is a significant river in Bangladesh’s southwestern region, where residents make great use of the water
despite a lack of adequate and reliable information concerning water quality and pollution levels. Thus, the goal of this
research was to examine the spatio-temporal variations in water quality and determine whether it was suitable for drinking,
agriculture, industrial, or livestock purposes, as well as the influencing factors and potential sources of water pollution.
Surface water samples were collected in wet and dry seasons from ten sampling sites, and twenty water quality parameters
were evaluated. The results showed that some studied water quality parameters, e.g., temperature, electrical conductivity,
alkalinity, and nitrate, exceeded the maximum allowable limit. Water quality index values exhibited that the water quality of
all sampling sites was found to be poor to very poor during the wet season, while only St-4 and St-5 were found to be poor
and the rest of the investigated sites were good category during the dry season. Based on sodium adsorption ratio, soluble
sodium percentage, residual sodium carbonate, residual sodium bicarbonate, and permeability index values, it was depicted
that river water was suitable for irrigation purposes, but when compared to Kelly’s ratio (KR) and magnesium hazard ratio
values, river water was found to be unfit for irrigation. Moreover, potential salinity (PS) and sodium-to-calcium activity
ratio (SCAR) values allow the water as moderately suitable for use in irrigation purposes. Langelier saturation index (LSI)
and aggressive index (AI) values revealed that the river water was under saturated to supersaturated and moderate to non-
aggressive in nature. However, Ryznar stability index (RSI), Puckorius scaling index (PSI), and Larson—Skold index (LS)
values describe whether the water was high or severely corrosive, signifying its inappropriateness for industrial consump-
tion. Principal component analysis (PCA) analysis depicted that the fluctuations in water quality are mostly related to point
and non-point contaminations, such as urban and industrial effluent discharged and agricultural runoff of fertilizers. Cluster
analysis (CA) revealed relative geographical and seasonal changes in water quality, showing the impact of hydrological
changes and contamination.
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Introduction

Water is a valuable natural resource that is at the heart of
the ecological system (Proshad et al. 2020, 2021; Hoque
et al. 2021). Over a billion people throughout the world
do not have access to clean, safe drinking water (Patton
et al. 2020; Pal et al. 2022). Every year, approximately
6—8 million people die as a result of water-related dis-
eases and disasters, making water supply a major concern
for the world (Rahmanian et al. 2015; Ali et al. 2021).
Among the inland water resources, surface water is the
most important resource for residential uses, agriculture,
recreational, and industrial uses (Razmkhah et al. 2010;
Kumar et al. 2022). The final destination of any used water
(wastewater) is the aquatic environment of rivers, ponds,
or other inland bodies of water (Muhammad and Ullah
2022; Muhammad et al. 2021; Khan et al. 2021; Kabir
et al. 2020). Among the aforementioned bodies of water,
rivers are the primary providers of water for human use,
agriculture, and industrial purposes. In many countries,
especially emerging countries like Bangladesh, surface
water pollution from anthropogenic impacts and atmos-
pheric deposition of contaminants has become a very
delicate and essential issue (Kumar and Singh 2018). The
activities like anthropogenic impacts, geochemical vari-
ables, floodplain chemical composition, and interaction of
natural water with the lithogenic origin (Subramani et al.
2009; Yiiksel et al. 2021; Ustaoglu et al. 2022) all degrade
surface water quality and pose substantial hazards to the
ecology and human health (Sanchez et al. 2007; Matin and
Kamal 2010; Proshad et al. 2020). Organic, inorganic, and
biological contaminants, such as extremely toxic heavy
metals (Muhammad and Usman 2022; Moore and Rama-
moorthy 2012) or non-toxic, biodegradable items like
feces, garbage, and wastewater, can all have an impact
on surface water quality (Islam et al. 2014, 2015; Bain
et al. 2014). Natural systems and human induced such as
the discharge of industrial sewage, domestic wastewater,
and agricultural runoff water into the river impair its qual-
ity (Rehnuma et al. 2016; Islam et al. 2017; Begum et al.
2019; Barakat et al. 2016). Thus, a preliminary analysis
of these environmental assets is a critical component of
long-term conservation (Yan et al. 2016). Furthermore,
regular surface water quality monitoring is critical for
environmental health and the achievement of sustainable
development goals (SDGs) such as “Goal 6: Clean water
and sanitation” and “Goal 14: Life below water” (Bhaduri
et al. 2016; Ezbakhe 2018).

The water quality index (WQI) is a measure that poli-
cymakers, executives, and governments use to analyze the
current state of water quality. The WQI incorporates meas-
urable paradigms and conveys results as a mathematical
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rating of water quality from excellent to poor class (Paca
et al. 2019). During water quality determination, all the
physical, chemical, and biological properties of water are
considered (Ombaka and Gichumbi 2012). Because of the
high vulnerability of surface water resources to contami-
nants like toxic elements, evaluation of freshwater qual-
ity is very important, especially for developing countries
like Bangladesh (Ongley 2000; Yan et al. 2015; Islam
et al. 2021a, b). Due to the single value and simplicity
to grasp, a great number of countries presently adopt the
WQI technique to assess the overall status of a river (Bhar-
gava 1983). Changes in water quality can have a number of
consequences on irrigation, which ultimately diminished
the fertility and productivity of agricultural soil. Excess
salts can destroy field soil by affecting its structure, perme-
ability, aeration, and texture (Bhardwaj and Singh 2011).
Excess soluble salts arising from inappropriate irrigation
practices with contaminated surface water and soil manage-
ment can also cause the formation of an alkaline character
in soil (Haritash et al. 2016). As a result, evaluating water
quality for irrigation is critical, especially in arid and semi-
arid locations where salt and sod formation are common for
agricultural soil (Meireles et al. 2007). Corrosion and scale
potentials are taken into account during water management
for the purpose of irrigation and distribution of water to the
fields because of undesirable changes in water quality and
economic, hydrological, and aesthetic losses (Alipour et al.
2015). Excessive fouling can reduce efficiency and induce
tubal obstruction of equipment used in industries, result-
ing in higher total costs for industrial operation (Bhardwaj
and Singh 2011; Shah et al. 2019). Therefore, assessing
water quality is critical to understanding the state of quality
representing properties of water for industrial usage. As a
whole, consideration of irrigation, drinking, and industrial
uses, water quality is a critical concern for water resource
management and future planning for judicious utilization
of surface water (Yehia and Sabae 2011).

The Gorai is an important river in the southwestern
region of Bangladesh. The Gorai River is a right-bank dis-
tributive branch of the Ganges River, providing an interface
between freshwater and brackish water in the estuary link-
ing the Bay of Bengal and an important source of highland
freshwater supplies in the southwest part of Bangladesh
(Nahar et al. 2016; Shamsad et al. 2014). Presently, the out-
flow of the study river discharges the receiving waste into
the Bay of Bengal via the Madhumati and Baleswar riv-
ers, and the economy of the entire region fully depends on
this river (Bari et al. 2012; Islam and Gnauck 2011). The
Ganges water flow has decreased dramatically downstream
since the construction of the Farakka Barrage (17 km from
the Bangladesh border) on the Ganges River in India (Islam
and Gnauck 2011). As a result, upstream of the Gorai River,
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sea saline water is infiltrating and increasing salinity in the
Gorai River basin (IECO 1980). The Ganges’ dry-season
flow has dropped, hastening the natural decline of the Gorai
River, which becomes completely cutoff from the Ganges
during the dry season, since 1988 (BWDB 2001). However,
over the last two decades, the large removal of Ganges out-
flow during the dry season has had a significant impact not
only on water quality in Padma/Ganges dependent areas,
but also on agriculture, fishery, forestry, industry, and navi-
gation (Rahman et al. 2000). On the other hand, the dump-
ing of household, commercial, municipal, and industrial
trash and waste water into the open environment has been
going on for quite some time. As a result, a field investiga-
tion of the Gorai River’s water quality was done during
both the dry and wet seasons. So far, no scientific research
has been undertaken on the water of the study river based
on WQI, irrigation, industrial, or livestock implications.
Thus, the current study is the first comprehensive work
that evaluates the seasonal and spatial variations of the
physicochemical properties of the river water, the factors
and sources influencing spatio-temporal differences in river
water quality by dint of multivariate statistical tactics, and
the suitability of the river water for drinking, irrigation,
industrial, and livestock purposes of the most important
river in Bangladesh. The findings of the study will offer
policymakers useful information for accomplishing the UN
Agenda-2030 and Sustainable Development Goals (SDGs-
2030) in this ecosystem by reducing pollution and restoring
riverine ecology.

Materials and method
Geo-morphological description of the study area

The Gorai River is found in Bangladesh’s Khulna division,
in the southwestern portion of the country (Fig. 1). The
Gorai River originates on the Ganga River’s right bank near
Talbaria in the Kushtia district, 19 km downstream from
Hardinge Bridge. Before joining the Jamuna River near
Aricha, this river is the Ganga River’s only major distribu-
tary (Nahar et al. 2016). From the Kamarkhali River in the
Faridpur district, the study river is known as the Modhumati
River. The Chandana Barasia River meets the Madhumati
River in Bhatiapara in the Gopalganj district. The majority
of the Madhumati’ flow now passes through Bardia’s Naba-
ganga River, which joins the Rupsa River via the Atai River.
The Ganges River runs for around 260 km from the Gan-
ges to Chitalmari in Bagerhat district (Haque 2008). This
system is critical for the growth of the southwest region as
well as the survival of the Sundarbans’ ecology (the pri-
mary source of fresh water). The Gorai-Madhumati is one
of Bangladesh's longest rivers, with a basin that is both vast
and extensive. It runs through five districts, and it is heav-
ily reliant on this river system for irrigation and industrial
usage in these areas. On the banks of the Gorai River, the
significant places include Kushtia, Kumarkhali, Janipur,
Sheuria, Ganeshpur, and Pangsha (Shamsad et al. 2014).
The Gorai-Madhumati has a large, long, and meandering
course, and its downstream is navigable all year. The river’s
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width widens as it goes down, reaching around 3 km at the
end (Haque 2008). The rainfall pattern of the study area
fluctuates seasonally, with substantial peaks occurring from
June to September and dry spells occurring from November
to February. The average annual rainfall is 1467 mm. The
wet season in Kushtia is hot, humid, and gloomy, whereas
the dry season is mild and usually clear. The average high
temperature is 37.8 °C and the average low is 9.2 °C (Islam
et al. 2014). Water samples were obtained from ten sampling
sites in the Kushtia district of Bangladesh (23° 56’ 24.69"
N to 89° 6" 47.37" E; 23° 51" 15.99" N to 89° 12’ 44.20"
E). Sampling sites are subjected to urban runoff, as well
as garbage and waste water from neighboring agricultural
areas and regional human settlements. In the majority of
the sampling sites, there are several sand excavation rigs
with varying extents of human interaction. The study sites
receive a substantial amount of contaminants and lithologies
because it is a transboundary river distributary.

Collection and analysis of water sample

Water samples were collected at random from prior selected
10 sampling sites (Fig. 1) along a 25-km section of the Gorai
River, following upstream to downstream flow in the wet
(July 2020) and dry (November 2020) seasons. To acquire
good homogenized samples from every sampling point,
composite samples were obtained manually from a depth of
30 cm below the water's surface, especially where the flow
of water was high (Souza et al. 2020; Asare-Donkor et al.
2018). Each water sample was created by mixing water col-
lected at each sampling site (3 times) and creating 10 pairs
of composite water samples. Prior to sampling, 500 ml poly-
ethylene bottles were cleansed with detergents, then thor-
oughly washed with distilled water and immersed in a 10%
(v/v) HNO; solution overnight. After collection, the samples
were transported to a laboratory with a favorable tempera-
ture (4 °C) for subsequent chemical analysis.

Temperature, pH, electrical conductivity (EC), dissolved
oxygen (DO), and total dissolved solids (TDS) were meas-
ured on-site using a digital thermometer, pH, and DO meter
(Hannah, Woonsocket, RI, USA), respectively, while the EC
and TDS were analyzed using digital EC and TDS meters
(HM digital, Redondo Beach, CA, USA), respectively. All
the digital meters used were standardized with deionized
water and buffer solution in advance of sample analysis.
The titration technique was used to determine total alkalin-
ity, acidity, and total hardness (Asare-Donkor et al. 2018).
For cations analysis, samples were filtered through 0.45 pm
filters and then 10 drops of ultra-pure HNO; were added
to one set of samples (Saha et al. 2019). Ca and Mg were
determined by an atomic absorption spectrophotometer
(Shimadzu AA 7000) at 422.7 and 285.2 nm wavelengths,
respectively (Saha et al. 2019). The flame photometric
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method was used to analyze Na and K ion concentrations
at a wavelength of 589 and 766.5 nm, respectively (Saha
et al. 2019; Asare-Donkor et al. 2018). The water samples
were prepared for an anion test followed by the procedure of
APHA (2012) before chromatographic (Shimadzu Ion Chro-
matograph, HIC-10-A, Japan) analysis. After instrumental
measurements, the values of anions including fluoride (F~),
chloride (CI7), bromide (Br™), nitrate (NO7), phosphate
(POi_), sulfate (SOi_) carbonate (CO%‘), and bicarbonate
(HCO;) were calculated using computer-aided tools (Shah
et al. 2019; Gupta et al. 2016).

Quality assurance/quality control

For greater accuracy and precision, analytical-grade (Merck,
India) chemicals and reagents were used. We followed the
standard method of APHA (2012) for water quality analy-
sis. Prior to sample analysis, all on-site testing equipment
was standardized with deionized water and buffer solution
for analytical perfection. Procedural blanks with repeat-
ing experiments were carried out through the analytical
processes to achieve quality assurance and quality control
(Amankwaa et al. 2020). Every stage of the laboratory anal-
ysis process was meticulously documented. These records
were preserved for data management and to identify miss-
ing steps and values, as well as to serve as recall points for
repeat analyses (Kabir et al. 2021).

Calculation of water quality index

The WQI is a useful tool for assessing the surface water
quality and its acceptability for drinking (Amiri et al. 2016;
Islam et al. 2022). Pre-evaluation of water quality is helpful
for decision makers to take a decision on policy implica-
tions and future management of water. WQI is a rating that
reflects the total or composite impact of various water qual-
ity metrics on overall water quality (Sahu and Sikdar 2008;
Batabyal and Chakraborty 2016). As a new technique, WQI
is used for evaluating the overall river health, rather than
as an absolute assessment of contamination or actual water
quality (Guettaf et al. 2014). WQI approaches combine vari-
ous environmental parameters and successfully turn them
into a single number reflecting the status of water quality, as
opposed to traditional water quality evaluation. As a result,
rather than comparing the numerous assessment results of
multiple metrics, the WQI method is an effective approach
to water quality evaluation and management that gives inte-
grated information about the overall quality (Wu et al. 2018).

Temperature, pH, electrical conductivity (EC), dis-
solved oxygen (DO), alkalinity, total hardness (TH), dis-
solved solids (TDS), sodium (Na), potassium (K), calcium
(Ca), magnesium (Mg), fluoride (F™), chloride (C17), nitrate
(NO;"), phosphate (PO43'), sulfate (SO43'), and bicarbonate
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(HCO;") were considered for calculating the WQI in the
Gorai River. The calculation of the WQI index followed 3
steps (Sahu and Sikdar 2008):

In the first step, each of the above-mentioned 17 charac-
teristics was given a weight (wi) based on its relative value in
determining the overall quality of drinking water (Table 1).
The metrics TDS and NO;~ TDS have been given a maxi-
mum weight of 5 because of their importance in water qual-
ity assessment. Temperature and PO,’~ are given a weight
of 1 since they play such a minor role in determining water
quality. Other parameters are given a weight of 2 to 4 based
on their importance in determining water quality.

In the second step, the relative weight (Wi) of each
parameter is calculated using Eq. 1, and the results are pre-
sented in Table 1.

wi

W= (M

where, Wi is the relative weight, wi is the weight of each
parameter, and 7 is the number of parameters. Calculated Wi
values of each parameter are also given in Table 1.

In the third step, a quality rating scale (qi) for each param-
eter is assigned by dividing its concentration in each water
sample by its respective standard according to the guidelines
laid down in the WHO standards, and the result is multiplied
by 100 (Eq. 2):

Table 1 Relative weight of the physicochemical parameters used in
this study

Sl. No Parameters WHO Weight (wi) Relative
(2011) (Si) weight
(Wi)
1 Temperature 25 1 0.02
2 pH 6.5 4 0.08
3 EC 250 3 0.06
4 DO 6 4 0.08
5 Alkalinity 200 2 0.04
6 TH 300 3 0.06
7 TDS 500 5 0.10
8 Na 200 3 0.06
9 K 12 2 0.04
10 Ca 75 2 0.04
11 Mg 50 2 0.04
12 F~ 1.5 4 0.08
13 ClI- 250 3 0.06
14 NO; 50 5 0.10
15 Poi‘ 0.5 1 0.02
16 soi* 250 4 0.08
17 HCO; 120 2 0.04
>wi=50 1

qi= (g—ii)xloo 2)

where, qi is the quality rating, Ci is the concentration of each
chemical parameter in each water sample in milligrams per
liter, and Si is the WHO drinking water standard for each
chemical parameter in milligrams per liter according to the
guidelines of WHO.

For computing the WQI, the SI is first determined for
each chemical parameter, which is then used to determine
the WQI as per the following equation

SI = Wi x qi 3)

wQi=Y" sI &)

where, Sli is the subindex of the ith parameter, qi is the rat-
ing based on the concentration of the ith parameter, and n is
the number of parameters. Water types, determined based
on the values of WQI, are given in Table S6. The computed
WQI values were classified according to the proposed cat-
egorization of Brown et al. (1972) (Table S1).

Calculation of water quality for irrigation purposes

The appropriateness of irrigation water is primarily deter-
mined by the presence of unwanted dissolved salts or com-
ponents, with plant nutrients being considered in some
circumstances (FAO 2008; Haritash et al. 2016). Sodium
adsorption ratio (SAR), soluble sodium percentage (SSP),
Kelly’s ratio (KR), magnesium hazard ratio (MHR), sodium-
to-calcium activity ratio (SCAR), residual sodium carbonate
(RSC), residual sodium bicarbonate (RSBC), permeability
index (PI), and potential salinity (PS) were used to assess
the suitability of surface water for irrigation purposes, as
shown in Table S2.

Evaluation of water quality for industrial purposes

Water is used extensively in industries as well as manufac-
turing processes that require high water quality. This varies
among different industries depending on the type of industry.
Some industries require water quality capable of prevent-
ing pipe corrosion and scale formation, while others require
drinking water standards for their operations (Singh et al.
2008). However, water of poor quality entering the drink-
ing water distribution network often results in corrosion
and scaling. Consequently, it causes a variety of challenges,
including pipe clogging, decreased equipment longevity,
and health and economic issues caused by dissolved sub-
stances in the water (Mirzabeygi et al. 2016). Thus, corro-
sion and scale formation are the most serious issues in heavy
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industries. As a consequence, the Langelier saturation index
(LSI), Ryznar stability index (RSI), Puckorius scaling index
(PSI), Larson—Skold index (LS), and aggressiveness index
(AI) were used to establish the appropriateness of water for
industrial use. Table S2 summarizes the equation and cat-
egorization criteria.

Statistical interpretations

The SPSS software version 20 was used to produce descrip-
tive statistics for all observed physicochemical parameters,
as well as Pearson correlation analysis (PCA) and cluster
analysis (CA) to discover existing relationships and their
regulating effects on water quality. The T-test was done to
understand the seasonal variations in water quality param-
eters. The T-test helps to decide which effects are statis-
tically significant and to measure their contribution to the
difference in the response. The cluster analysis technique
was performed to classify the sampling sites into simpli-
fied groups (clusters) (Amankwaa et al. 2020; Kabir et al.
2021). The principal component analysis was carried out
to explore the plausible sources and influencing factors on
the variation of pollution (Gupta et al. 2016; Asare-Donkor
et al. 2018). The spatio-seasonal mapping for different water
quality parameters was done by using ArcGIS 10.4 software.

Results and discussion
Physicochemical characteristics of river water

The descriptive statistics of the analytical data for both
the wet and dry seasons in the Gorai River are presented
in Table 2, while the spatial distributions are portrayed in
Fig. 2. The mean water temperature (°C) ranged from 31.80
to 32.80 during the wet season and 21.20 to 22.00 during the
dry season. The highest average temperature (°C) was found
at 32.80 and the lowest at 21.20 during the wet season and
dry season, respectively. Similar studies were conducted on
the Rupsa River and Shitalakhya River during the wet and
dry seasons (Irin et al. 2017; Islam et al. 2018). It was noted
that the temperature exceeded the maximum allowable limit
by Bangladesh Environmental Conservation Rules (ECR
1997) at certain sampling sites and seasons.

The pH of water is a crucial water quality measure since
it impacts both aquatic life and people (Vaishali and Punita
2013). The mean value of pH ranged from 7.40 to 8.20
and 6.70 to 7.70 in the wet and dry seasons, respectively
(Table 3). The highest average pH was found at 8.20 and
the lowest at 6.70 during the wet season and dry season,
respectively (Fig. 2). The tiny improvement in pH at some
sampling locations could be linked to industrial and domestic

Table 2 Descriptive statistics of the analytical data for both the wet and dry seasons in the Gorai River

Parameter Wet season Dry season
Unit Minimum Maximum Average SD (+) Unit Minimum Maximum Average SD (+)

Temperature  (°C) 31.80 32.80 32.32 0.39 (°C) 21.20 22.00 21.64 0.29
pH - 7.40 8.20 7.75 0.24 - 6.70 7.70 7.22 0.34
EC (uS/em) 240 320 279 25.98 (uS/em) 220 295 251 24.61
DO mg/1 7.10 8.20 7.67 0.39 mg/l 6.60 7.70 7.16 0.40
Acidity mg/1 2.23 3.19 2.67 0.32 mg/1 2.83 4.43 3.33 0.50
Alkalinity mg/l 145 215 173 23.21 mg/1 124 184 149 17.36
TH mg/1 130 180 157 17.61 mg/l 112 172 142 22.39
TDS mg/1 142 195 164 18.18 mg/1 132 162 148 10.36
Na mg/l 37.50 65.50 49.00 10.74 mg/1 22.50 35.20 28.28 4.47
K mg/1 3.95 4.98 4.34 0.40 mg/1 2.39 3.89 3.11 0.52
Ca mg/1 3.22 8.25 5.29 1.54 mg/1 2.23 3.98 3.12 0.61
Mg mg/1 1.86 3.78 2.63 0.74 mg/1 1.56 3.58 242 0.78
F~ mg/1 0.36 0.67 0.52 0.10 mg/1 0.18 0.37 0.31 0.06
ClI” mg/l 172 243 203 20.89 mg/l 118.0 157.0 134.30 11.94
Br~ mg/l 0.12 0.80 0.23 0.20 mg/1 0.06 0.16 0.11 0.03
NOjy mg/1 28.23 86.26 50.29 18.79 mg/1 15.23 29.17 19.41 5.22
Poi‘ mg/1 0.38 2.25 1.06 0.66 mg/1 0.15 0.46 0.26 0.10
soi* mg/1 8.45 22.34 12.73 4.68 mg/1 6.60 9.70 7.88 1.03
HCO; mg/l 48.23 176 82.65 47.52 mg/l 19.43 46.89 29.75 9.68
CO%‘ mg/1 0.40 0.90 0.61 0.17 mg/l 0.05 0.28 0.14 0.07
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Table 3 T7-test values showing the seasonal variation of water quality
parameters of the Gorai River

Parameters Mean Std. deviation  df ¢ Sig

Temperature 10.68 0.56 9 60.16 0.000
pH 0.53 0.28 9 592  0.000
EC 28.0 11.83 9 7.48 0.000
DO 0.51 0.33 9 491 0.001
Acidity —0.66 0.38 9 -5.39  0.000
Alkalinity 24.60 25.37 9 3.06 0013
TH 14.80 6.41 9 7.30  0.000
TDS 15.60 11.34 9 434  0.002
Na 20.72 9.56 9 6.85 0.000
K 1.22 0.16 9 24.06  0.000
Ca 2.17 1.01 9 6.77 0.000
Mg 0.21 0.071 9 9.50  0.000
F~ 0.22 0.08 9 8.47 0.000
Cr 69.50 12.44 9 17.65 0.000
Br~ 0.12 0.21 9 1.80  0.105
NOjy 30.87 14.56 9 6.70  0.000
Poi‘ 0.81 0.59 9 426  0.002
soi* 4.85 3.80 9 4.03 0.003
HCO; 52.90 39.52 9 423 0.002
co*~ 0.47 0.13 9 11.76  0.000

3

wastewater inputs. According to Khan et al. (2016), the water
pH of Ramganga River and its tributaries ranged from 6.5 to
8.0 and 7.5 to 8.0, respectively, demonstrating that the water
was moderately alkaline. Furthermore, Irin et al. (2017) dis-
covered a pH of 7.7 in the Shitalakhya River of Narayanganj,
and this is frequently similar to the current work.

Electrical conductivity (EC) is a term that covers the con-
centration of cations in water, which can naturally contain
weathering of sedimentary rocks or anthropogenic sources
such as industrial and sewage waste (WHO 2004). In the wet
and dry seasons, the mean EC values for Gorai River water
were 240.00-320.00 and 220.00-295.00 pS/cm, respectively
(Table 2). Bakali et al. (2014) found that the Turag River’s
surface water EC values ranged from 73 to 160 pS/cm; how-
ever, Khan et al. (2007) discovered that the EC values at
Ashulia point on the Turag River ranged from 250 to 608
pS/cm throughout the season. However, all test locations
exhibited the largest level of EC concentrations, which is
due to the influence of ionic contaminants from industrial
releases and agricultural runoff (Khan et al. 2016). Further-
more, the study’s findings revealed that the increased level
of EC concentration in river water surpassed the permitted
amount for drinking water suggested by the ECR (1997) and
WHO (2011).

The most important water quality parameter is dissolved
oxygen (DO), which simulates the physical and biologi-
cal processes that occur in water (Trivedy and Goel 1986).

During the pre-monsoon, monsoon, and post-monsoon sea-
sons, average DO concentrations ranged from 7.10 to 8.20
and 6.60 to 7.70 mg/l, respectively (Table 2). The highest
DO level was 8.20 mg/l at S-1 during the wet season, while
the lowest was 6.60 mg/l at S-4 during the dry season. DO
content drops in the research area during the dry season
(Fig. 2), which could be owing to greater temperatures and
a faster rate of decomposition of organic matter since indus-
trial activities play a large role in lowering DO levels. Islam
et al. (2012) stated that the DO of the Dhaleshwari River
ranged from 5.7 to 9.8 mg/l, whereas Damanik-Ambarita
et al. (2016) found the surface water DO at 7.5 mg/l in the
Guayas River. However, the present study revealed that the
acquired result of DO was within the safe limit as defined
by ECR (1997) and WHO (2011).

The mean acidity concentrations in this study were
2.23-3.19 in the wet season and 2.83-4.43 mg/l, respec-
tively (Table 2). The highest acidity levels were seen in all
of the study locations during the dry season, which could be
related to the CO, levels, photosynthesis, respiration, and
decomposition all contributing to pH fluctuations.

The total alkalinity (TA) of an aqueous solution is a meas-
ure of its ability to neutralize an acid. The presence of many
carbonates, bicarbonates, and hydroxide ions in water results
in the presence of TA (Bora and Goswami 2017). The mean
TA was found to be 145-215 mg/1 during the wet season
and 124-184 mg/1 during the dry season, whereas S-1 had
the highest mean TA concentration (215 mg/1) (Fig. 2). Bora
and Goswami (2017) studied the water quality of the Kolong
River and discovered that alkalinity concentrations ranged
from 154.14 to 210.7 mg/1, which is almost similar to the
current study. According to Islam et al. (2018), the alkalin-
ity concentration in Bangladesh’s Rupsha River water was
90.45 mg/1. The study’s findings found that the discovered
alkalinity levels were greater than the ECR’s (1997) recom-
mended level for drinking water.

The presence of cations (calcium and magnesium) and
anions in water can be used to determine total hardness
(TH). For the wet and dry seasons, the investigated mean
TH contents of the Gorai River water varied from 130 to 180
and 112 to 172 mg/l, respectively (Table 2), and the TH con-
tents were below the appropriate limit indicated by the ECR
(1997) and WHO (2011). The TH contents of Dhaleshwari
River water vary from 32 to 50.1 mg/l according to Islam
et al. (2012). Bora and Goswami (2017) discovered that the
TH content of Kolong River water varied from 88 to 288,
and 72 to 296 mg/l throughout the time period, which is
largely relevant to the current study.

Total dissolved solids (TDS) refer to the total amount of
dissolved solids in water, such as sodium, calcium, mag-
nesium, bicarbonate, and chloride (Parveen et al. 2017).
The average TDS content was determined from 148.70 to
164.30 mg/1 during the wet and dry seasons, respectively
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(Table 2), which was within the WHO (2011) recommended
limit of 500 mg/l. During the wet season, all sampling loca-
tions exhibited high TDS values due to the low water level
in the river, which increases the concentration of TDS in
the river (Table 2). The dissolving of salts from agricultural
surplus and industrial discharge due to anthropogenic activ-
ity might be the reason for elevated levels of TDS in the
post-monsoon (Jindal and Sharma 2011).

Major cations and anions of river water

Sodium (Na), potassium (K), calcium (Ca), and magnesium
(Mg) were the most abundant alkali metals in the Gorai
River water studied, as shown in Table 2 and Fig. 2. The
sodium concentration in the Gorai River ranges from 37.50
to 65.50 and 35.20 to 22.50 mg/l during the wet and dry
seasons, respectively. Also, the average potassium (K) con-
centration in the Gorai River water ranged from 3.95 to 4.98
in the wet season and 2.39 to 3.89 mg/l with the highest K
concentration found at S-4. In addition, the maximum con-
centration of Ca is 8.25 mg/l, the minimum calcium content
is 2.23 mg/l, and the average value for the concentration of
Cais 4.21 mg/l. Furthermore, the average concentration of
magnesium (Mg) in the study is 3.78 mg/l, whereas the max-
imum content of Mg is 23.4 mg/] at S-4. The sources of Na,
K, Ca, and Mg may be attributed to fertilizer use, breakdown
of animal or waste products, weathering and decomposition
of minerals, and agricultural by-products (Khan et al. 2014;
Mostafa et al. 2017; Hem 1989; Sultana 2009; Pandey et al.
2019). The Dor River and its tributaries in Northern Paki-
stan have greater Ca, Mg, Na, and K contents, with average
values of 42.6, 7.6, 16.0, and 6.86 mg/l, respectively (Amin
et al. 2021). Industrial effluent and agrochemicals from sur-
rounding agricultural regions could both contribute to higher
amounts of these parameters in the water (Amin et al. 2021).

In the wet season, fluoride (F™) concentrations in the Gorai
River water ranged from 0.36 to 0.67 mg/l, and in the dry
season, F~ concentrations ranged from 0.18 to 0.37 mg/l
(Table 2). Ravikumar et al. (2013) conducted an investiga-
tion in Mallathahalli Lake and discovered F~ concentrations
of 0.32, 0.42, and 0.47 mg/l, which are similar to the current
findings (Table S3). Furthermore, the F~ concentration was
lower than the ECR (1997) and WHO guidelines (2011). The
Hunza River and its tributaries in Gilgit—Baltistan reported
average F~ contents of 0.26 mg/l, which was below the WHO
(2011) drinking water limits (Muhammad and Ahmad 2020).

The wet and dry seasons’ chloride (C17) concentrations
in the Gorai River water ranged from 172 to 243 and 118 to
157 mg/1 (Table 2; Fig. 2). All seasons’ recorded Cl1~ con-
centrations were significantly below the permitted range set
by the ECR (1997) and WHO (2011). According to Ahsan
et al. (2018), the concentration of Cl1™ in the Dhaleshwari
River water varied between 98 and 148 mg/l in several sites

@ Springer

along the river, which was likely similar to the previous
exploration (Table S4).

In wet and dry seasons, the mean bromide (Br™) levels
in the Gorai River water ranged from 0.12 to 0.80 and 0.06
to 0.16 mg/l, respectively (Table 2; Fig. 2). Br™ levels were
lower than the permitted threshold set by the ECR (1997).
In several places along the Dhaleshwari River water, Ahmed
etal. (2015) observed a Br™ concentration of 0.50 mg/l, which
is mainly equivalent to the current examination (Table S4).

The mean nitrate (NO;~) values were found
at 28.23-86.26 mg/l during the wet season and
15.23-29.17 mg/1 in the dry season; whereas, S-4 had the
highest mean NO;~ concentration (86.26 mg/l) (Table 2;
Fig. 2). It is clear that S-3 had the highest level of NO;™ con-
centration found in the wet season than in the dry season.
The average NO; ™~ concentration (34.85 mg/l) surpassed the
ECR’s permitted limit (1997). The highest NO;™ concentra-
tions in some sites of the study river are mostly due to the
discharge of waste from the fertilizer industry and washed
nitrogen fertilizers and manures from the nearby aquaculture
and agricultural farms (WHO 2004). The Hunza River and
its tributaries in Gilgit-Baltistan had mean NO;™ values of
2.10 mg/1, which could be attributed to manmade sectors
such as farming (Muhammad and Ahmad 2020).

The mean concentration of phosphate (PO43_) was
found to be 0.38-2.25 mg/l during the wet season and
0.46-0.15 mg/l during the dry season, whereas; S-4 had
the highest mean PO43_ concentration (2.25 mg/l) (Table 2;
Fig. 2). The mean concentration of PO,*~ was found to be
0.66 mg/1, which is within the safe limit by the ECR (1997)
and WHO guidelines (2011).

Gypsum and other readily available common minerals are
natural sources of sulfate (SO43_) in water (Shrinivasa and
Venkateswaralu 2000). The SO,*~ content is likely to rise
when industrial effluents and home sewage are discharged
into open seas (Murhekar 2011). The average sulfate (SO43_)
content of the Gorai River in the wet season varies from 8.45
to 22.34 mg/1 and in the dry season from 6.60 to 9.70 mg/1
(Table 2; Fig. 2). The mean value of SO,*~ content in the
water of the study area is 10.30 mg/l. The low sulfate con-
tents show that bacterial sulfate reduction has taken place
(Kirk et al. 2004). The lack of industries in the studied area is
shown by the reduced sulfate level of groundwater, whereas
the high sulfate content suggests anthropogenic sources and
industrial processes (Mostafa et al. 2017). In the wet season,
according to Alam et al. (2004), SO43_ concentrations varied
between 0.13 and 0.15, and 135 and 153 mg/l in the dry
season at Demra in the Shitalakhya River. The carbonate
(CO%‘) concentration of water ranged from 0.40 to 0.90 and
0.05 to 0.28 mg/l in the wet and dry seasons, respectively.
The lowest average CO%‘ was found at 0.05 (mg/1) at site S-1
and the highest at 0.90 (mg/1) at the S-4 site during the dry
and wet seasons, respectively (Table 2; Fig. 2).
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Factors influencing spatio-seasonal variations
in river

Table 3 displays the results of the 7-test value that revealed
statistically significant (p <0.05) seasonal fluctuations in the
analyzed river water quality indicators, with the exception of
TH, Mg, and Br™. Based on their water quality, cluster analy-
sis (CA) was used to organize all the sampling sites in the river
into spatio-seasonal similarity groups (Barakat et al. 2016).
Figure 3 shows the dendrograms of several sampling sites
derived from Ward’s approach throughout the wet and dry
seasons. Preliminary, the CA data revealed that the sampling
sites were divided into two big clusters throughout all seasons,
with similar features and water contaminants originating from
identical anthropogenic sources in each group. On the other
hand, the clusters were generated using various sample sites at
various times throughout the year. Throughout the wet and dry
seasons, for example, the first cluster comprised three sample
sites (St-5, St-7, and St-10), the second cluster had three sites
(St-2, St-3, St-6, St-8, and St-9), and the third cluster consisted
of two sites (St-1 and St-4) (Fig. 3). Cluster formation was
shown to be consistent with similar land use patterns and pol-
lution sources, while seasonal fluctuations in cluster formation
can be attributed to the hydrological variability of the study
area (Xu et al. 2019). The discharge of industrial, residential,
and municipal waste water was referred to as the substantial
sources of pollution at both St-1 and St-4 in the Gorai River
grouped together throughout the seasons. Furthermore, all of
the sampling locations were linked closely, and that could be
owing to the consequences of heavy rain, which might also
dilute the pollutants’ contents and spread them widely along
the river’s downstream reaches.

Correlations among water quality parameters
and identification of potential sources

The correlations between water quality parameters pro-
vide essential information about the likely sources and
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Fig. 3 Rescaled cluster of water quality parameters from 10 different
sampling sites of Gorai River

channels of parameters in the river environment (Bhuyan
et al. 2019). Tables 4 and 5 show the correlation matrix of
the investigated water quality metrics. The findings clearly
showed that acidity-DO, K-pH, PO,*~-NO,~, F~-DO-Ca,
and alkalinity-Cl™ have a substantial negative relationship.
Furthermore, TDS-temperature-Cl1~, acidity-SO43‘-Mg,
Mg-CI™-CO3", F~-Ca, and HCO;™-CO;~, showed a sub-
stantial positive relationship, while Ca-TDS, C17-NO;",
and Mg-HCO3_-PO43_ (r=0.918-0.953) showed a
strongly positive relation. There was also a significant
positive association between TA-F~, TA-C1™, TA-NO;™,
and TA-SO,*~ and TH-CI~, TH-NO,", and TH-SO,*".
Furthermore, there was a weak negative link between EC-
DO-TDS-Ca-F~ (r= —0.815-—-0.872). The lack of correla-
tion is related to the variation of sources and geochemical
features of pollutants in the aquatic environment (Adamu
et al. 2015). The characteristics were derived from analo-
gous sources, primarily industrial discharges, municipal
sewage and wastes, and agricultural inputs, as evidenced
by the extremely strong and strong relationships (Bhuyan
et al. 2019).

The principal component analysis (PCA) was also used
to better understand the interrelationships between the water
quality metrics and to determine the possible origins of the
variables analyzed in the Gorai River water (Barakat et al.
2016). Moderate positive loading was observed for EC, TH,
and TDS, as well as strong positive loadings were also per-
ceived on TH, K, Ca, Mg, F~, CI, NO; ™, and SO43_ during
the wet season (Fig. 4; Table S5). Anthropogenic point and
nonpoint pollution sources, primarily wastewater discharge
from city areas and the fertilizer industry, as well as agri-
cultural runoff of inorganic fertilizers, are responsible for
this PC. During the dry season, significant positive loadings
were detected on temperature, EC, acidity, TDS, K, Ca, Mg,
F~, CI", Br", PO,*~, NO;~, SO,*~, HCO;~, and CO; ™, along
with high negative loadings on pH, DO, alkalinity, and Na
(Fig. 4; Table S5). As a result, such PC can be interpreted
using mixed contamination of organic and nutritional factors
caused by anthropogenic interventions as well as geogenic
processes.

Assessment of water quality

The water quality index (WQI) values and spatiotemporal
fluctuations in acceptability of the Gorai river water are
shown in Fig. 5 and Table S6. Brown et al. (1972), ECR
(1997), and WHO (2011) aquatic environment standards
were used to calculate the WQI scores for drinking water
quality. In addition, the WQI was used to assess the suit-
ability of water for fisheries or aquatic environments and
ranged from 56.34 to 86.21 in the rainy season and 43.85
to 52.41 in the dry season, respectively (Table S6). As a
result, the data suggested that the water quality along with
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Wet season

Component Plot in Rotated Space

Dry season

Component Plot in Rotated Space
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the Gorai River was very low (during the wet season) to poor
(during the dry season). Furthermore, the data show that
St-1 has the lowest (dry season) WQI score, indicating less
contamination of water, whereas St-4 showed the highest
level (wet) of WQI values during all the seasons (Fig. 5).
Because of the large interventions by industrial and com-
mercial activities, the WQI analysis revealed that St-3, St-4,
and St-5 were the two most polluted locations in the study
area, and thus were found to be unsuitable for any types
of human uses, including drinking, fish culture, irrigation,
and industrial uses throughout all sampling periods. Several
anthropogenic actions, such as sewerage from domestic and
commercial formations, direct release of untreated efflu-
ents from small-scale industries and factories, agricultural
run-off, and dumping of solid wastes by local communities
dwelling near a river, all contribute to the higher WQI values
of all sampling sites (Bora and Goswami 2017).

Evaluation of water quality for irrigation
Sodium adsorption ratio

The SAR is shown in Fig. 5 to be a reasonable estimate of
the degree to which irrigation water tends to undergo cation-
exchange reactions in the soil. High SAR values indicate
a risk of salt replacing absorbed calcium and magnesium,
resulting in a state that eventually destroys soil structure
(Khan and Abbasi 2013; Elbeltagi et al. 2022). In the wet
season, the SAR values of the Gorai River water ranged from
4.86 to 7.99, with a mean value of 6.15, while in the dry
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season, the SAR values ranged from 3.27 to 5.34, with a
mean value of 4.17 (Fig. 5; Table S7). The SAR value for
all of the samples (both wet and dry seasons) suggests that
the irrigation water is of outstanding quality.

Potential salinity

The appropriateness of water for irrigation is not reliant on
the total concentration of soluble salts because low-solubil-
ity salts precipitate off and are deposited on the soil (Doneen
1964). Water with a low salt content is actually appropriate
for irrigation. The PS of water samples from the Gorai River
ranged from 5 to 7.18 in the rainy season, with a mean of
5.96, and from 3.45 to 4.59 in the dry season, with a mean
of 3.92 (Fig. 5; Table S6), and was judged moderate.

Soluble sodium percentage

The soluble sodium percent is a measure of water’s pro-
clivity for cation exchange processes (Khan and Abbasi
2013). Na ions make up a certain percentage of total cati-
ons. The SSP is an important element in irrigation water
classification. For appropriate plant nutrition and growth, a
certain ratio of air and water in the pore spaces of the soil
is required. For irrigation water, the maximum SSP allowed
value is 60%. The calculated SSP value in this study varied
from 4.22 to 5.74 in the wet season, with a mean value of
4.97, and 4.69 to 6.36 in the dry season, with a mean value
of 5.55 (Fig. 5; Table S7), showing that the water from the
study river is suitable for irrigation in both seasons.
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Kelly’s ratio

KR is the amount of Na* ions measured against Ca’* and
Mg?*. Kelly’s index indicates that there is too much sodium in
the water. As a result, water with a Kelly’s index value of less
than 1 is suitable for irrigation, whereas water with a value
larger than 1 (KI> 1) contains too much sodium, and water
with a value of less than 2 has too little sodium (Kelly 1940).
In the rainy season, the KR values of the Gorai River water
ranged from 3.53 to 5.97, with a mean value of 4.50, whereas
in the dry season, the KR values ranged from 2.32 to 4.86,
with a mean value of 3.58 (Fig. 5; Table S7). The KR value
for all of the water samples (both wet and dry seasons) was
greater than 1, suggesting that this water is unfit for irrigation.

Magnesium hazard ratio

The magnesium ratio is used to quantify the negative impact
of magnesium in irrigated water. Paliwal (1972) devised a
“magnesium hazard” index to assess the negative effects of
magnesium in irrigation water. The link between calcium
and magnesium concentration in river water is expressed as
the magnesium adsorption ratio (Ayuba et al. 2013). Irri-
gation water with high calcium and magnesium concentra-
tions can raise the pH of the soil, causing phosphorus loss.
Magnesium ions are also necessary for soil fertility. If the
numerical value of magnesium hazard (MH) is less than
50%, the water is safe and suited for irrigation (Szabolcs
and Darab 1964). In the wet season, the MHR values of the
Gorai River water ranged from 33.08 to 53.37, with a mean
value of 45.50, indicating that the water is suitable for irri-
gation, and in the dry season, the MHR values ranged from
43.5t0 60.81, with a mean value of 55.62 (Fig. 5; Table S7),
indicating that the water is unsuitable for irrigation.

Sodium-to-calcium activity ratio

The SCAR was computed using the Na* and Ca>* concen-
trations in water samples (Gupta and Gupta, 1987). The
SCAR can be classified as: non-sodic (S-0: SCAR =5),
normal (S-1: SCAR =5-10), low (S-2: SCAR =10-20),
medium (S-3: SCAR =20-30), high (S-4: SCAR =30-40),
and extremely high (S-5: SCAR > 40). In the rainy season,
the SCAR of water samples ranged from 2.97 to 5.85, with
a mean value of 4.20, and in the dry season, it ranged from
2.58 to 4.12, with a mean value of 3.14 (Fig. 5; Table S7).

Residual sodium carbonate
Excess sodium bicarbonate and carbonate have an impact
on the physical characteristics of soil related to the irri-

gation water. RSC occurs when excess CO;”~ combines
with Na™ to create NaHCOj. If irrigation water remains at
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a high RSC value, then it solidifies the agricultural soils
and makes saline (Zaidi et al. 2015). According to Wil-
cox (1955), if the RSC value of any water is lower than
1.25 meq/1 then the water is safe for irrigation; a value of
1.25-2.5 meq/1 is moderately suitable; and a value larger
than 2.5 meq/1 is unsuitable for irrigation. The RSC values
of the water samples in this study ranged from 0.41 to 2.2
in the wet season, with a mean value of 0.89, and from
0.01 to 0.28 in the dry season, with a mean value of 0.14
(Fig. 5; Table S7). The RSC mean value for all samples
(including wet and dry seasons) suggests that the water
used for irrigation is of acceptable quality.

Residual sodium bicarbonate

The RSBC index was proposed by Gupta and Gupta (1987)
to express the alkalinity danger. Bicarbonate concentra-
tions of more than 10.0 meq/l are anticipated to have a
variety of effects on plant growth. The RSBC index val-
ues of less than 5 mg/l were deemed acceptable (Raviku-
mar et al. 2011). The RSBC values in this study varied
from 0.55 to 2.49 meq/l in the wet season, with a mean
of 1.09 meq/l, and 0.18 to 0.57 meq/l in the dry season,
with a mean of 0.33 meq/l (Fig. 5; Table S7). All of the
RSBC values from both seasons are far below the accept-
able level, indicating that they can be utilized safely for
irrigation.

Permeability index

The constant use of irrigation water has an impact on soil
permeability. The use of irrigation water increases the
amount of sodium, calcium, magnesium, and bicarbonate
ions in the soil (Chandu et al. 1995). The permeability
index (PI) is a metric that determines whether water is
suitable for irrigation. Class I (> 75%; appropriate), class
II (25-75%; fairly suitable), and class III (25%; unsuitable)
permeability indexes are used. In the rainy season, the
PI values of the Gorai River water ranged from 112.3 to
125.6, with a mean value of 119.4, and in the dry season,
the PI values ranged from 105.7 to 123.6, with a mean
value of 115.4 (Fig. 5; Table S6). The PI value for all the
samples (wet and dry seasons) indicates the water quality
is suitable for irrigation purposes.

Suitability of water quality for industrial application
Langelier saturation index

The LSI method was used to determine if water was cor-
roding or depositing. The LSI values ranged from 0.07
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(at S-1) to 0.85 (at S-7) during the wet season, whereas
they ranged from —0.24 (at S-9) to 0.09 (at S-7) (Fig. 6;
Table S8). The study’s findings revealed that in nature,
water tends to be under-saturated to supersaturate. In most
sectors, supersaturated water is favored for its applications.
Shil et al. 2019 observed the LSI values of 1.6 to 0.8 in the
pre-monsoon season and 1.5 to 0.1 in the post-monsoon
season of the Mahananda River.

Ryzner stability index

RSI offers better corrosion resistance, as well as the abil-
ity to withstand increased Ca hardness and pH values. The

23'56'50°N.

23'5340°N
23°53'40°N
2°5340°N

z
: v E
| Saming ocaton 143830 2  Samping Locaton 11139- 1155
2 95,05 5.5 S ] ]
> . Al U411 .
LS -0%-08e -_11.02-112 11.92-12.09
349401 6.07-6.58 E1I21 1138 b0 .4 7
[14.02-452 H H E - o ——gaman]
St 89°8'10°E 89°1020"E 89°12'30°E
89°8"10°E 89°10°20"E 89°12'30°E
89°8'10°E 891020"E 89"12°30°E
5 Gorai River
S1 Wet Season
L =2
z
P ;
iOE g
] ]
110
Z| Legend § "
g ® Sampiog Locsdon 10,57 --048 Legend
K .0.44 - 0.31 2 -wnﬂl.ouﬂon 031-042
u! .03--017 " s 043-054 .
085 --0.72 0.16--0039 . w 0.55 - 0.65
mo71-088 5.1 1 3 007 -0.19 0.66-0.77
702-03 I -
89°8"10°E 89°1020"E 89°12'30"E L]
89°810"E 89°10'20"E 89°12'30"E
89°8'10°E 891020°E 89°1230"E
; Gorai River
g S1 Wet Season
§ 28 ¢
-
2 2
] ]
g ‘"
Legend
W Sampling Location 16.85 - 6.92
River 693-7 S
PSI w7.01-7.08 *
668 -6.76 7.09-7.16
16.77-6.84 H H
=
89°810°E 89°1020°E 89°12°30°E

Fig. 6 Spatial distribution of industrial indices of Gorai River, Bangladesh

scale thickness monitoring index is the RSI. Scale formation
begins once the Ca hardness reaches its maximum value,
protecting the equipment against corrosion. However, the
equipment's efficiency may suffer as a result of the scale
formation (Shah et al. 2019). The waters of the Gorai River
showed an alternation between high and severe corrosion
classes, according to our RSI data (Fig. 6; Table S8). During
the rainy season, the heavy corrosion class outnumbered the
corrosion unacceptable class. The occurrence of the corro-
sion unacceptable class, which implies significant corrosion,
increased throughout the dry season. As a result, the tested
waters had corrosive potential ranging from heavy to unbear-
able, making them unfit for pipe transit (Haritash et al.
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2016). RSI values larger than 7 indicate that the creation of
calcium carbonate will not result in a corrosion-preventing
coating (Shah et al. 2019; Souza et al. 2020).

Puckorius or practical scaling index

The PSI determined that the tested waters had a corrosive
propensity regardless of the time period studied, and it also
calibrates the relationship between saturation state and scale
formation by combining an estimate of the water’s buffer-
ing capacity into the index (Puckorius and Strauss 1983).
If the water has a high calcium concentration but low alka-
linity and buffering ability, it has a high calcite saturation
level. Due to a lack of buffering ability, calcium precipitates,
causing a fast drop in pH. There is a chance that the water
will have a strong inclination to produce scale as a result of
the driving force, but the scale formed will be quite small.
Our collected samples had PSI values greater than 6 (Fig. 6;
Table S8). On the scale, a PSI greater than 6 indicates dis-
solving water action. The PSI values of our obtained samples
show a strong corrosion tendency (Souza et al. 2020).

Larson-Skold index

LS describes how corrosive water is to mild steel and cast
iron pipes, affecting industrial process efficiency. The
increase in chloride and sulfate causes the aggressiveness of
cooling water with suitable buffering capacity and alkalin-
ity. Their presence also causes interference with the creation
of the film. For water with extremely high or extremely low
alkalinity, the LS calculation will not yield accurate results
(Larson and Skold 1958). Figure 6 and Table S7 show the LS
values of the gathered samples, together with their ranges of
1.2. According to the guidelines, all of the samples will have
exceptionally high corrosion rates and no film formation. The
presence of a very high LS value and a sulfate concentra-
tion within allowed limits implies that the chlorine content
of the samples is significantly higher than desired (Alsaqqar
et al. 2014). As a result of employing such water, the effi-
ciency of the process equipment was reduced (Haritash et al.
2016). The concentrations of C1~ and SO42_ in proportion to
HCO;™ are closely connected to the observed metallic cor-
rosion. According to Agatemor and Okolo (2008), adding Cl
and SO,?~ anions to saline increases the corrosive tendency.

Aggressive index

The Al values are likewise very similar to the LSI values.
During the wet season, the lowest Al value was recorded
at S-10, while the highest was found at S-7 (12.62). Dur-
ing the dry season, Al values ranged from 11.02 (at S-4)
to 12.09 (at S-7) (Fig. 6; Table S8). According to the
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findings, the Gorai River water was moderately hostile to
non-aggressive. The pre-monsoon Al values ranged from
10.14 to 12.4 while the post-monsoon Al values ranged
from 10.40 to 11.90, indicating that the Mahananda Riv-
er’s water is moderately aggressive and non-aggressive
(Shil et al. 2019).

Assessment of water quality for livestock
permissibility

Water is a critical nutrient for all living things. Production
of healthy livestock and poultry requires a reliable and safe
water supply (Saha et al. 2019). Water that has a detrimental
effect on livestock and poultry growth, reproduction, or per-
formance cannot be regarded as acceptable (Breede 2006).
Despite the lack of research on the economic implications
of water quality on livestock performance, logic dictates
that farm water supplies, whether surface or groundwater,
be protected from microbes, chemicals, and other pollut-
ants (Islam et al. 2015). Nitrates, bacteria, organic materi-
als, and suspended solids are all substances that originate
on animal farms and frequently contaminate water systems.
Surface water supplies to which livestock have ready access
are always potential candidates for contamination (Pfost
et al. 2001). Water facilitates the flow of food through the
gastrointestinal tract by transporting nutrients, waste prod-
ucts, hormones, and other electrolytes (Lardner et al. 2005).
To protect livestock from illnesses, salt imbalances, and
toxic component poisoning, high-quality water should be
provided (Saha et al. 2019). Although the total allowable
limits for total suspended particles and salinity level may
be higher, most of the water quality characteristics for live-
stock use would be the same as for drinking water (Bhard-
waj and Singh 2011). According to Australian, UNESCO,
and University of Minnesota Extension Division (MUE)
recommendations, the desired pH, TDS (mg/l), alkalinity
(mg/l), sulfate (mg/1), and phosphate (mg/1) values are 6.8 to
7.5,<500, <400, <250, and < 1, respectively. On the other
hand, problem range of pH, TDS (mg/1), alkalinity (mg/1),
sulfate (mg/1), and phosphate (mg/1) values are <5.5 or> 8.
5,>3000, > 5000, >2000, and not established, respectively
(Hamill and Bell 1986; Pfost et al., 2001). Results of the
study revealed that the surface water of the Gorai River is
suitable for livestock because the desired levels of the inves-
tigated parameters are within a safe range (Figure S1).

Conclusions

The present study dealt with the water quality assess-
ment in the Gorai River, Bangladesh during the wet and
dry seasons using GIS, various indices, and multivariate
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statistical approaches. The PCA revealed that the main
contributors to water quality parameters were geogenic,
domestic, and agricultural runoffs and the application
of fertilizers and agrochemicals. On the other hand, CA
categorized the spatio-temporal similarity groups for all
of the sampling locations and validated the relationship
between water quality parameters and associated influenc-
ing factors, whereas the 7-test revealed statistically sig-
nificant (p <0.05) seasonal fluctuations in the analyzed
water quality indicators, with the exception of TH, Mg,
and Br™. The WQI assessment showed that the river water
was not suitable for human consumption. The MHR and
KR showed that the water was unsuitable for irrigation,
although PS and SCAR values indicated the somewhat
useable condition of river water, and the remaining index
values indicated the suitability of river water for agricul-
tural use. LSI and AI analysis designated the water of the
study river as moderately aggressive to non-aggressive,
but restricted the uses for industries. The values of RSI,
PSI, and LS also expressed their unsuitability for indus-
trial uses. The findings of the study showed that the water
quality of the study river was generally acceptable, with a
few exceptions in the urban areas. After appropriate treat-
ment, the surrounding industries can use the river water
for industrial operations. The water of the river is not rec-
ommended for drinking and irrigation purposes. Future
in-depth monitoring of water quality is required to protect
and manage the whole riverine ecosystem.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11356-022-22384-3.

Acknowledgements The authors are thankful to the authorities of
Mawlana Bhashani Science and Technology University, Tangail,
Bangladesh for providing all the facilities for sample collection, pro-
cessing, and analysis and the Institute of Nuclear Science and Technol-
ogy, Savar, Bangladesh for sample analysis. The authors express their
gratitude to Research Center of Advanced Materials, King Khalid Uni-
versity, Saudi Arabia, for support (award number KKU/RCAMS/22).

Author contribution Rifat Shahid Shammi, Md. Saddam Hossain,
and Md. Humayun Kabir collected water samples from the subtropi-
cal urban river of southwestern Bangladesh. Md. Saiful Islam, Rifat
Shahid Shammi, Tajul Islam Taj, and Md. Shafiqul Islam designed
the total experiment. Rifat Shahid Shammi, Md. Eusuf Sarker, and
Md. Samrat Hossain wrote, revised, and improved the manuscript. Md.
Humayun Kabir, Md. Saiful Islam, and Abubakr M. Idris analyzed the
data. All authors reviewed and approved this manuscript.

Data availability Not applicable.
Declarations

Ethical approval Not applicable.

Consent to participate Not applicable.

Consent to publish Not applicable.

Conflict of interest The authors declare no conflict of interest.

References

Adamu CI, Nganje TN, Edet A (2015) Heavy metal contamination and
health risk assessment associated with abandoned barite mines
in Cross River State, southeastern Nigeria. Environ Nanotechnol
Monit Manag 3:10-21. https://doi.org/10.1016/j.enmm.2014.11.
001

Ahmed MK, Baki MA, Islam MS, Kundu GK, Habibullah-Al-Mamun
M, Sarkar SK, Hossain MM (2015) Human health risk assess-
ment of heavy metals in tropical fish and shellfish collected
from the river Buriganga. Bangladesh Environ Sci Pollut Res
Int 22:15880-15890. https://doi.org/10.1007/s11356-015-4813-z

Ahsan MA, Siddique MAB, Munni MA, Akbor MA, Akter S, Mia MY
(2018) Analysis of physicochemical parameters, anions and major
heavy metals of the Dhaleshwari River water, Tangail. Bangladesh
Am J Environ Prot 7(2):29-39

Agatemor C, Okolo PO (2008) Studies of corrosion tendency of drink-
ing water in the distributionsystem at the University of Benin.
Environmentalist 28(4):379-384

Alam AMS, Islam MA, Rahman MA, Aalam MN, Siddique M, Matin
MA (2004) Comparative study of the toxic metals and nonmetal
status in the major river system of Bangladesh. Dhaka Univ J
Sci 51(2):201-208

Ali MM, Rahman S, Rahman S, Islam MS, Rakib MRJ, Hossen S,
Hanif MA, Rahman MZ, Kormoker T, Idris AM, Phoungthong
K (2021) Distribution of heavy metals in water and sediment
of an urban river in a developing country: a probabilistic risk
assessment. Int J Sedim Res. https://doi.org/10.1016/j.ijsrc.
2021.09.002

Alipour V, Dindarloo K, Mahvi AH, Rezaei L (2015) Evaluation of
corrosion and scaling tendency indices in a drinking water dis-
tribution system: a case study of Bandar Abbas city Iran. J Water
Health 13(1):203-209

Alsaqqar AS, Khudair BH, Ali SK (2014) Evaluating water stability
indices from water treatment plants in Baghdad city. J Water
Resour Prot 6(14):1344-1351

Amankwaa G, Yin X, Zhang L, Huang W, Cao Y, Ni X (2020) Hydro-
chemistry and multivariate statistical analysis of the quality of
water from Lake Bosomtwe for agricultural and human consump-
tion. J Water Supply Res Technol AQUA 69(7):704-719. https://
doi.org/10.2166/aqua.2020.061

Amin S, Muhammad S, Fatima H (2021) Evaluation and risks assess-
ment of potentially toxic elements in water and sediment of the
Dor River and its tributaries. North Pak Environ Technol Innov
21:101333

Amiri V, Nakhaei M, Lak R, Kholghi M (2016) Assessment of seasonal
groundwater quality and potential saltwater intrusion: a study
case in Urmia coastal aquifer (NW Iran) using the groundwater
quality index (GQI) and hydrochemical facies evolution diagram
(HFE-D). Stoch Env Res Risk Assess 30(5):1473-1484

APHA (2012) Standard methods for the examination of water and
wastewater, 22nd edn. American Public Health Association,
American Water Works Association, Water Environment Fed-
eration, Washington

Asare-Donkor NK, Ofosu JO, Adimado AA (2018) Hydrochemi-
cal characteristics of surface water and ecological risk assess-
ment of sediments from settlements within the Birim River
basin in Ghana. Environ Syst Res 7:9. https://doi.org/10.1186/
s40068-018-0113-1

@ Springer


https://doi.org/10.1007/s11356-022-22384-3
https://doi.org/10.1016/j.enmm.2014.11.001
https://doi.org/10.1016/j.enmm.2014.11.001
https://doi.org/10.1007/s11356-015-4813-z
https://doi.org/10.1016/j.ijsrc.2021.09.002
https://doi.org/10.1016/j.ijsrc.2021.09.002
https://doi.org/10.2166/aqua.2020.061
https://doi.org/10.2166/aqua.2020.061
https://doi.org/10.1186/s40068-018-0113-1
https://doi.org/10.1186/s40068-018-0113-1

3486

Environmental Science and Pollution Research (2023) 30:3467-3489

Ayuba R, Omonona O, Onwuka O (2013) Assessment of groundwater
quality of Lokoja basement area, North-Central Nigeria. J Geol
Soc India 82:413-420

Bain R et al (2014) Global assessment of exposure to faecal contamina-
tion through drinking water based on a systematic review. Trop
Med Int Health 19:917-927

Bakali B, Mia MY, Zakir HM (2014) Water quality evaluation of Tongi
area in Bangladesh: an impact of industrialization. J Chem Biol
Phys Sci 4(2):1735-1752

Barakat A, Baghdadi ME, Rais J, Aghezzaf B, Slassi M (2016) Assess-
ment of spatial and seasonal water quality variation of Our Er
Rbia river (Morocco) using multivariate statistical techniques. Int
Soil Water Conserv Res 4(4):284-292. https://doi.org/10.1016/j.
iswer.2016.11.002

Bari Z, Rajib M, Majid M, Sayem HM (2012) Textural analysis of the
Bar sands of Gorai river: implication for depositional phase and
environment. Jahangirnagar Univ Environ Bull 1:25-34

Batabyal AK, Chakraborty S (2016) Hydrogeochemistry and water
quality index in the assessment of groundwater quality for drink-
ing uses. J Water Environ Res 87:7. https://doi.org/10.2175/
106143015X14212658613956

Begum S, Islam MS, Rehnuma M, Kabir MH, Tusher TR (2019) Water
quality and fish diversity status in Meghna River at Narsingdi in
Bangladesh. Bangladesh J Environ Sci 37:25-31

Bhaduri A, Bogardi J, Siddiqi A, Voigt H, V€orosmarty C, Pahl-Wostl
C, Bunn SE, Shrivastava P, Lawford R, Foster S et al (2016)
Achieving sustainable development goals from a water perspec-
tive. Front Environ Sci 4:64. https://doi.org/10.3389/fenvs.2016.
00064

Bhardwaj V, Singh DS (2011) Surface and groundwater quality charac-
terization of Deoria District. Ganga Plain India Environm Earth
Sci 63(2):383-395

Bhargava DS (1983) Use of water quality index for river classification
and zoning of Ganga River. Environ Pollut Ser B Chem Phys
6(1):51-67

Bhuyan MS, Bakar MA, Rashed-Un-Nabi M, Senapathi V, Chung SY,
Islam MS (2019) Monitoring and assessment of heavy metal
contamination in surface water and sediment of the Old Brah-
maputra River. Appl Water Sci 9(5):125. https://doi.org/10.1007/
s13201-019-1004-y

Bora M, Goswami DC (2017) Water quality assessment in terms of
water quality index (WQI): case study of the Kolong River,
Assam. India Appl Water Sci 7(6):3125-3135. https://doi.org/
10.1007/s13201-016-0451-y

Breede DK (2006) Evaluation of water quality and nutrition for dairy
cattle. In: High Plains Dairy conference, Dairy Science Depart-
ment, University of Florida, Gainesville.

Brown RM, McClelland NI, Deininger RA, O’Connor MF (1972) A
water quality index—crashing the physiological barrier. Indic
Environ Qual 1:173-182

BWDB (Bangladesh Water Development Board) (2001) Environmental
and social impact assessment of Gorai River Restoration Project.
Main Report. Environmental and GIS Support Project for Water
Sector Planning. Ministry of Water Resources, Government of
Bangladesh (GOB), Dhaka-2001, pp. 1-185

Chandu SN, Sibbarao NV, Prakash SR (1995) Suitability of groundwa-
ter for domestic and irrigational purposes in some parts of Jhansi
District, U.P. Bhujal News 10(1):12-17

Damanik-Ambarita MN, Lock K, Boets P, Everaert G, Nguyen THT,
Forio MAE, Musonge PLS, Suhareva N, Bennetsen E, Landuyt
D et al (2016) Ecological water quality analysis of the Guayas
river basin (Ecuador) based on macroinvertebrates indices. Lim-
nologica 57:27-59. https://doi.org/10.1016/j.1imno.2016.01.001

Doneen LD (1964) Notes on water quality in agriculture. University of
California, Davis, Water Science and Engineering

@ Springer

Elbeltagi A, Salam R, Pal SC, Zerouali B, Shahid S, Mallick J, Islam
MS, Islam ARMT (2022) Groundwater level estimation in north-
ern region of Bangladesh using hybrid locally weighted linear
regression and Gaussian process regression modeling. Theoret
Appl Climatol. https://doi.org/10.1007/s00704-022-04037-0

Ezbakhe F (2018) Addressing water pollution as a means to achieving
the sustainable development goals. J] Water Pollut Control 1(1):6

ECR (1997) Environment conservation rules. Bangladesh: Minist Envi-
ron Forest Government of the People’s Republic of Bangladesh

FAO (2008) Guide for laboratory establishment for plant nutrient
analysis. FAO, Rome

Guettaf M, Maoui A, Thdene Z (2014) Assessment of water qual-
ity: a case study of the Seybouse River (North East of Alge-
ria). Appl Water Sci 7:295-307. https://doi.org/10.1007/
s13201-014-0245-z

Gupta SK, Gupta IC (1987) Management of saline soils and water.
Oxford and IBH publication Company, New Delhi, India, p 399

Gupta S, Nayek S, Chakraborty D (2016) Hydrochemical evaluation
of Rangit River, Sikkim, India: using Water Quality Index and
multivariate statistics. Environ Earth Sci 75:567. https://doi.org/
10.1007/s12665-015-5223-8

Hamill L, Bell FG (1986) Groundwater resource development and man-
agement. The University Press, Cambridge, p 34

Haque MI (2008) Water Resource Management in Bangladesh. Anushi-
lan, Chuadanga and Dhaka, 24-84

Hem JD (1989) Study and interpretation of the chemical characteristics
of natural water, vol 2254, 3rd edn. USGS WSP, Washington
D.C. 1-263

Haritash AK, Kaushik CP, Kaushik A, Kansal A, Yadav AK (2016)
Suitability assessment of groundwater for drinking, irrigation
and industrial use in some North Indian villages. Environ Monit
Assess 145(1-3):397-406

Rahman M, Hassan MQ, Islam MS, Shamsad S (2000) Environmen-
tal impact assessment on water quality deterioration caused
by the decreased Ganges outflow and saline water intrusion
in south-western Bangladesh. Environmental Earth Sciences
40(1):31-40

Hoque MMM, Sarker A, Sarker ME, Kabir MH, Ahmed FT, Yeasmin
M, Islam MS, Idris AM (2021) Heavy metals in sediments of an
urban river at the vicinity of tannery industries in Bangladesh:
a preliminary study for ecological and human health risk. Int
J Environ Anal Chem. https://doi.org/10.1080/03067319.2021.
1977288

IECO (1980) Southwest Regional Plan: Supplement e: saline intru-
sion and tidal hydraulics; supplement f: environment and ecol-
ogy (part I & II), supplement g: fishery (part I & II), supplement
h: forestry (part 1&II), Supplement i: navigation; supplement j:
augmentation of the dry-season flows of the Ganges. Bangladesh
Water Development Board, Dhaka

Irin A, Islam MS, Kabir MH, Hoq ME (2017) Heavy metal contamina-
tion in water and fishes from the Shitalakhyariver at Narayanganj
Bangladesh. Bangladesh J Zool 44(2):267-273. https://doi.org/
10.3329/bjz.v44i2.32766

Islam MS, Meghla NT, Suravi MS, Sultana IM (2012) Status of water
quality in the Dhaleshwari River and its effect on aquatic organ-
ism. J Environ Sci Water Resour 1(8):192-201

Islam MS, Kabir MH, Sifat SA, Meghla NT, Tusher TR (2014) Status
of water quality from the Padma River at Bheramara Point of
Kushtia in Bangladesh. Bangladesh J Environ Sci 27:110-115

Islam MS, Islam MA, Islam MJ, Kabir MH, Meghla NT (2015) Status
of water quality in the Tista River at Kaunia point and its impact
on aquatic environment. J Environ Sci Natl Resour 8(1):29-33.
https://doi.org/10.3329/jesnr.v8i1.24660

Islam MS, Jahan J, Mou MA, Kabir MH, Uddin MJ (2017) Investiga-
tion of water quality and fish status of Karimganj haor area in


https://doi.org/10.1016/j.iswcr.2016.11.002
https://doi.org/10.1016/j.iswcr.2016.11.002
https://doi.org/10.2175/106143015X14212658613956
https://doi.org/10.2175/106143015X14212658613956
https://doi.org/10.3389/fenvs.2016.00064
https://doi.org/10.3389/fenvs.2016.00064
https://doi.org/10.1007/s13201-019-1004-y
https://doi.org/10.1007/s13201-019-1004-y
https://doi.org/10.1007/s13201-016-0451-y
https://doi.org/10.1007/s13201-016-0451-y
https://doi.org/10.1016/j.limno.2016.01.001
https://doi.org/10.1007/s00704-022-04037-0
https://doi.org/10.1007/s13201-014-0245-z
https://doi.org/10.1007/s13201-014-0245-z
https://doi.org/10.1007/s12665-015-5223-8
https://doi.org/10.1007/s12665-015-5223-8
https://doi.org/10.1080/03067319.2021.1977288
https://doi.org/10.1080/03067319.2021.1977288
https://doi.org/10.3329/bjz.v44i2.32766
https://doi.org/10.3329/bjz.v44i2.32766
https://doi.org/10.3329/jesnr.v8i1.24660

Environmental Science and Pollution Research (2023) 30:3467-3489

3487

Kishoreganj. J Environ Sci Natl Resour 10(2):19-27. https://doi.
org/10.3329/jesnr.v10i2.39009

Islam MS, Mohanta SC, Siddique MAB, Abdullah-Al-Mamun M,
Hossain N, Bithi UF (2018) Physico-chemical assessment of
water quality parameters in Rupsha River of Khulna Region.
Bangladesh Int J Eng Sci 7(1):57-62. https://doi.org/10.9790/
1813-0701015762

Islam MS, Idris AM, Islam ARMT, Ali MM, Rakib MRJ (2021a)
Hydrological distribution of physicochemical parameters and
heavy metals in surface water and their ecotoxicological impli-
cations in the Bay of Bengal coast of Bangladesh. Environ Sci
Pollut Res. https://doi.org/10.1007/s11356-021-15353-9

Islam ARMT, Pal SC, Chowdhuri I, Islam R, Islam MS, Rahman MM,
Zahid A, Idris AM (2021b) Application of novel framework
approach for prediction of nitrate concentration susceptibility in
coastal multi-aquifers. Science of the Total Environment, Bang-
ladesh. https://doi.org/10.1016/j.scitotenv.2021.149811

Islam MS, Phoungthong K, Idris AM (2022) Physicochemical proper-
ties of water in an intensive agricultural region in Bangladesh:
A preliminary study for water quality and health risk assess-
ment. Int J Environ Anal Chem. https://doi.org/10.1080/03067
319.2022.2071613

Islam S, Gnauck A (2011) Water shortage in the gorai river basin
and damage of mangrove wetland ecosystems in Sundarbans,
Bangladesh. 3rd International Conference on Water and Flood
Management 1:1-14

Jindal R, Sharma C (2011) Studies on water quality of Sutlej River
around Ludhiana with reference to physicochemical parameters.
Environ Monit Assess 174(1-4):417-425. https://doi.org/10.
1007/s10661-010-1466-8

Kabir MH, Tusher TR, Hossain MS, Islam MS, Shammi RS, Kormoker
T, Proshad R, Islam M (2020) Evaluation of spatio-temporal var-
iations in water quality and suitability of an ecologically criti-
cal urban river employing water quality index and multivariate
statistical approaches: a study on Shitalakhya river, Bangladesh.
Hum Ecol Risk Assess Int J 27(5):1388-1415

Kabir MH, Kormoker T, Islam MS, Khan R, Shammi RS, Tusher TR,
Proshad R, Islam MS, Idris AM (2021) Potentially toxic ele-
ments in street-dust from an urban city of a developing coun-
try: ecological and probabilistic health risks assessment. Envi-
ron Sci Pollut Res 28:57126-57148. https://doi.org/10.1007/
s11356-021-14581-3

Kelly WP (1940) Permissible composition and concentration of irri-
gated waters. In: Proc ASCF 66:607

Khan TA, Abbasi MA (2013) Synthesis of parameters used to check
the suitability of water for irrigation purposes. Int J Environ
Sci 3(6):2031-2038. https://doi.org/10.6088/ijes.2013030600
029

Khan MAI, Hossain AM, Huda ME, Islam MS, Elahi SF (2007)
Physico-chemical and biological aspects of monsoon waters of
Ashulia for economic and aesthetic applications: preliminary
studies. Bangladesh J Sci Ind Res 42(4):377-396. https://doi.
org/10.3329/bjsir.v42i4.747

Khan D, Hagras MA, Igbal N (2014) Groundwater quality evaluation
in Thal Doab of Indus Basin of Pakistan. Int ] Modern Eng Res
4(1):36-47

Khan R, Siddique MAB, Islam ARMT, Habib MA, Islam MS (2021)
Quality assessment of freshwaters from a coastal city of southern
Bangladesh: Irrigation feasibility and preliminary health risks
appraisal. Environ Nanotechnol Monit Assess. https://doi.org/
10.1016/j.enmm.2021.100524

Khan MYA, Gani KM, Chakrapani GJ (2016) Assessment of surface
water quality and its spatialvariation. A case study of Ramganga

River, Ganga Basin, India. Arab J Geosci 9:28. https://doi.org/
10.1007/s12517-015-2134-7

Kirk MF, Holm TR, Park J, Jin Q, Sanford RA, Fouke BW, Bethke CM
(2004) Bacterial sulfate reduction limits natural arsenic contami-
nation in groundwater. J Geol 32(11):953-956

Kumar B, Singh UK (2018) Source apportionment of heavy met-
als and their ecological risk in a tropical river basin system.
Environ Sci Pollut Res 25:25443-57. https://doi.org/10.1007/
s11356-018-2480-6

Kumar S, Islam ARMT, Hasanuzzaman M, Salam R, Islam MS,
Khan R, Rahman MS, Pal SC, Ali MM, Idris AM, Gustave W,
Elbeltagi A (2022) Potentially toxic elemental contamination in
Wainivesi River, Fiji impacted by gold-mining activities using
chemometric tools and SOM analysis. Environ Sci Pollut Res
https://doi.org/10.21203/rs.3.rs-941620/v1

Lardner HA, Kirychuk BD, Braul L, Williams WD, Yarotski J (2005)
The effect of water quality on cattle performance on pasture. Aust
J Agric Res 56:97-104

Larson TE, Skold RV (1958) Laboratory studies relating mineral
quality of water to corrosion of steel and cast iron. Corrosion
14:43-46

Matin MA, Kamal R (2010) Impact of climate change on river system.
In: Proc Int Symp Environ Degrad Sustain Dev Dhaka, Bangla-
desh: SEDSD. 61-65.

Meireles ACM, Andrade EMD, Frischkorn H, Crisostomo LA, Palacio
HAQ (2007) Avaliagdo das aguas do Acude Araras utilizadas
para irrigagdo, Bacia do Acarat - Ceara. In: SIMPOSIO BRA-
SILEIRO DE RECURSOS HIDRICOS,17., 2007, Sio Paulo.
Anais... Sdo Paulo: ABRH, 2007. p. 1-12.

Mirzabeygi M, Naji M, Yousefi N, Shams M, Biglari H, Mahvi AH
(2016) Evaluation of corrosion and scaling tendency indices in
water distribution system: a case study of TorbatHeydariye. Iran
Desalination Water Treat 57:18-26. https://doi.org/10.1080/
19443994.2016.1162206

Moore JW, Ramamoorthy S (2012) Heavy metals in natural waters:
applied monitoring and impact assessment. Springer, Berlin

Mostafa MG, Uddin SMH, Haque ABMH (2017) Assessment of hydro-
geochemistry and groundwater quality of Rajshahi City in Bang-
ladesh. Appl Water Sci 7(8):4663-4671. https://doi.org/10.1007/
s13201-017-0629-y

Muhammad S, Ahmad K (2020) Heavy metal contamination in water
and fish of the Hunza River and its tributaries in Gilgit-Baltistan:
evaluation of potential risks and provenance. Environ Technol
Innov 20:101159

Muhammad S, Usman QA (2022) Heavy metal contamination in water
of Indus River and its tributaries, Northern Pakistan: evalua-
tion for potential risk and source apportionment. Toxin Reviews
41(2):380-388

Muhammad S, Ullah S, Ali W, Jadoon IA, Arif M (2021) Spatial dis-
tribution of heavy metal and risk indices of water and sediments
in the Kunhar River and its tributaries. Geocarto International.
https://doi.org/10.1080/10106049.2021.1926557

Murhekar GH (2011) Assessment of physico-chemical status of ground
water samples in Akotcity. Res J Chem Sci 1(4):117-124

NaharLAlon NMAH, Saha B, Saibur MR (2016) Assessment of
physochemicalnproperties of water of Gorai riverat Kush-
tia town in 2014: a case study. J Sci Technol Environ Inform
2(2):51-60

Ombaka O, Gichumbi JM (2012) Water quality assessment of Ruguti
River in Meru South, Kenya. Int ] Water Resour Environ Eng
4(12):404-414. https://doi.org/10.5897/IJWREE12.093

Ongley ED (2000) Water quality management: design, financing and
sustainability considerations-II. Invited presentation at the World

@ Springer


https://doi.org/10.3329/jesnr.v10i2.39009
https://doi.org/10.3329/jesnr.v10i2.39009
https://doi.org/10.9790/1813-0701015762
https://doi.org/10.9790/1813-0701015762
https://doi.org/10.1007/s11356-021-15353-9
https://doi.org/10.1016/j.scitotenv.2021.149811
https://doi.org/10.1080/03067319.2022.2071613
https://doi.org/10.1080/03067319.2022.2071613
https://doi.org/10.1007/s10661-010-1466-8
https://doi.org/10.1007/s10661-010-1466-8
https://doi.org/10.1007/s11356-021-14581-3
https://doi.org/10.1007/s11356-021-14581-3
https://doi.org/10.6088/ijes.2013030600029
https://doi.org/10.6088/ijes.2013030600029
https://doi.org/10.3329/bjsir.v42i4.747
https://doi.org/10.3329/bjsir.v42i4.747
https://doi.org/10.1016/j.enmm.2021.100524
https://doi.org/10.1016/j.enmm.2021.100524
https://doi.org/10.1007/s12517-015-2134-7
https://doi.org/10.1007/s12517-015-2134-7
https://doi.org/10.1007/s11356-018-2480-6
https://doi.org/10.1007/s11356-018-2480-6
https://doi.org/10.21203/rs.3.rs-941620/v1
https://doi.org/10.1080/19443994.2016.1162206
https://doi.org/10.1080/19443994.2016.1162206
https://doi.org/10.1007/s13201-017-0629-y
https://doi.org/10.1007/s13201-017-0629-y
https://doi.org/10.1080/10106049.2021.1926557
https://doi.org/10.5897/IJWREE12.093

3488

Environmental Science and Pollution Research (2023) 30:3467-3489

Bank’s water week conference: Towards a strategy for managing
water quality management, Washington, D.C. USA

Paca JM, Santos FM, Pires JCM, Leitao AA, Boaventura RAR (2019)
Quality assessment of water intended for human consumption
from Kwanza, Dande and Bengo rivers (Angola). Environ Pol-
lut 254:113037

Pal S, IslamSalam MSR, Shahid S, Ismail ZB, Idris AM (2022) A
coupled novel framework for assessing vulnerability of water
resources using hydrochemical analysis and data-driven models.
J Clean Prod. https://doi.org/10.1016/j.jclepro.2022.130407

Paliwal KV (1972) Irrigation with saline water. Monogram no. 2, New
Series. IARI, New Delhi, India. p 198

Pandey LK, Park J, Son DH, Kim W, Islam MS, Choi S, Lee H, Han
T (2019) Assessment of metal contamination in water and sedi-
ments from major rivers in South Korea from 2008 to 2015. Sci
Total Environ 651:323-333

Parveen S, Bharose R, Singh D (2017) Assessment of physico-chemical
properties of tannery waste water and its impact on fresh water
quality. Int J Curr Microbiol Appl Sci 6(4):1879-1887

Patton H, Krometis LA, Sarver E (2020) Springing for safe water:
drinking water quality and source selection in central Appala-
chian communities. Water 12:888

Pfost DL, Fulhage CD, Casteel S (2001) Water Quality for Livestock
Drinking. MU Extension, University of Missouri-Columbia,
EQMU Guide

Proshad R, Islam S, Tusher TR, Zhang D, Khadka S, Gao J, Kundu S
(2020) Appraisal of heavy metal toxicity in surface water with
human health risk by a novel approach: a study on an urban
river in vicinity to industrial areas of Bangladesh. Toxin Rev
40(4):803-819. https://doi.org/10.1080/15569543.2020.1780615

Proshad R, Kormoker T, Mamun AA, Islam MS, Khadka S, Idris AM
(2021) Receptor model-based source apportionment and ecologi-
cal risk of metals in sediments of an urban river in Bangladesh.
J Hazard Mater. https://doi.org/10.1016/j.jhazmat.2021.127030

Puckorius P, Strauss SD (1983) Get a better reading on scaling ten-
dency of cooling water. Power 127(9):79-81

Rahmanian N, Ali SHB, Homayoonfard M, Ali NJ, Rehan M, Sadef
Y, Nizami AS (2015) Analysis of physiochemical parameters to
evaluate the drinking water quality in the State of Perak, Malay-
sia. J Chemistry. https://doi.org/10.1155/2015/716125

Ravikumar P, Somashekar RK, Angami M (2011) Hydrochemistry and
evaluation of groundwater suitability for irrigation and drinking
purposes in the Markandeya River basin, Belgaum District, Kar-
nataka State, India. Environ Monit Assess 173:459-487

Ravikumar P, Mehmood MA, Somashekar RK (2013) Water qual-
ity index to determine the surface water quality of Sankey
tank and Mallathahalli Lake, Bangalore urban district. Kar-
nataka Appl Water Sci 3(1):247-261. https://doi.org/10.1007/
$13201-013-0077-2

Razmkhah H, Abrishamchi A, Torkian A (2010) Evaluation of spatial
and temporal variation in water quality by pattern recognition
techniques: a case study on Jajrood River (Tehran, Iran). J Envi-
ron Manage 91:852-860

Rehnuma M, Islam MS, Meghla NT, Kabir MH (2016) Investigation of
water quality from Bangshi river at Tangail in Bangladesh. J Sci
Technol 6(1-2):153-160. https://journal.mbstu.ac.bd/journal_
assets/journal/v-6_j-14.pdf 1016/j.chemo sphere €.2017.01.103

Saha S, Reza AH, Roy MK (2019) Hydrochemical evaluation of
groundwater quality of the Tista floodplain, Rangpur, Bang-
ladesh. Appl Water Sci 9:198. https://doi.org/10.1007/
$13201-019-1085-7

Sahu P, Sikdar PK (2008) Hydrochemical framework of the aquifer in
and around East Kolkata Wetlands. West Bengal India Environ
Geol 55:823-835

@ Springer

Sanchez E, Colmenarejo MF, Vicente J, Rubio A, Garcia MG, Travieso
L, Borja R (2007) Use of the water quality index and dissolved
oxygen deficit as simple indicators of basins pollution. Ecol Indic
7:315-328

Shah M, Sircara A, Varsadaa R, Vaishnania S, Savaliyaa U, Faldua M,
Vaidyab D, Bhattacharyac P (2019) Assessment of geothermal
water quality for industrial and irrigation purposes in the Unai
geothermal field, Gujarat, India. Groundw Sustain Dev 8:59-68

Shamsad SZKM, Islam KZ, Mahmud MS, Hakim A (2014) Surface
water quality of Gorai River of Bangladesh. ] Water Resour
Ocean Sci 3(1):10-16

Shil S, Singh UK, Mehta P (2019) Water quality assessment of a
tropical river using water quality index (WQI), multivariate
statistical techniques and GIS. Appl Water Sci 9:168. https://
doi.org/10.1007/s13201-019-1045-2

Shrinivasa RB, Venkateswaralu P (2000) Physicochemical analy-
sis of selected groundwater samples. Indian J Environ Protect
20(3):161

Singh AK, Mondal GC, Kumar S, Singh TB, Tewary BK, Sinha A
(2008) Major ion chemistry, weathering processes and water
quality assessment in upper catchment of Damodar River
basin, India. Environ Geol 54:745-758. https://doi.org/10.
1007/500254-007-0860-1

Souza de Oliveira S, Lima GRR, de Alencar FKM et al (2020)
Assessment of water quality for industrial and irrigation pur-
poses based on ionic indices in the Sitios Novos Reservoir,
Ceard. Brazil Sustain Water Resour Manag 6:95. https://doi.
org/10.1007/s40899-020-00452-1

Subramani T, Rajmohan N, Elango L (2009) Groundwater geo-
chemistry and identification of hydrogeochemical processes
in a hard rock region. South India Environ Monit Assess
162(1-4):123-137

Sultana S (2009) Hydrogeochemistry of the Lower Dupi Tila Aqui-
fer in Dhaka City, Bangladesh. TRITA-LWR Degree Project
09-35:1-42

Szabolcs I, Darab C (1964) The infuence of irrigation water of high
sodium carbonate content of soil. In: Proc 8th Int Congr Issue
Trans 2:803-812.

Trivedy RK, Goel PK (1986) Chemical and biological methods for
water pollution studies. Environmental Publications, Karad

Ustaoglu F, Islam MS, Tokatli C (2022) Ecological and probabilistic
human health hazard assessment of heavy metals in Sera Lake
Nature Park sediments (Trabzon, Turkey). Arab J Geo Sci https://
doi.org/10.1007/s12517-022-09838-1

Vaishali P, Punita P (2013) Assessment of seasonal variation in water
quality of River Mini, at Sindhrot. Vadodara Int J Environ Sci
3(5):1424-1436. https://doi.org/10.6088/ijes.2013030500013

WHO (2004) Guidelines for drinking-water quality. Vol. 1, Recom-
mendations, 3rd ed. World Health Organization.https://apps.who.
int/iris/handle/10665/42852

WHO (2011) World Health Organization, Guidelines for Drinking
Water Quality, WHO chronicle 92(4):154815-1

Wilcox LV (1955) Classifcation and uses of irrigation waters. USDA.
Circular no. 969, Washington, DC

Wu Z, Wang X, Chen Y, Cai Y, Deng J (2018) Assessing river water
quality using water quality index in Lake Taihu Basin, China. Sci
Total Environ 612:914-922

Xu G, Li P, Lu K, Tantai Z, Zhang J, Ren Z, Wang X, Yu K, Shi P,
Cheng Y (2019) Seasonal changes in water quality and its main
influencing factors in the Dan River basin. CATENA 173:131-
140. https://doi.org/10.1016/j.catena.2018.10.014

Yan CA, Zhang W, Zhang Z, Liu Y, Deng C, Nie N (2015) Assessment
of water quality and identification of polluted risky regions based
on field observations and GIS in the Honghe River Watershed.


https://doi.org/10.1016/j.jclepro.2022.130407
https://doi.org/10.1080/15569543.2020.1780615
https://doi.org/10.1016/j.jhazmat.2021.127030
https://doi.org/10.1155/2015/716125
https://doi.org/10.1007/s13201-013-0077-2
https://doi.org/10.1007/s13201-013-0077-2
https://journal.mbstu.ac.bd/journal_assets/journal/v-6_j-14.pdf
https://journal.mbstu.ac.bd/journal_assets/journal/v-6_j-14.pdf
https://doi.org/10.1007/s13201-019-1085-7
https://doi.org/10.1007/s13201-019-1085-7
https://doi.org/10.1007/s13201-019-1045-2
https://doi.org/10.1007/s13201-019-1045-2
https://doi.org/10.1007/s00254-007-0860-1
https://doi.org/10.1007/s00254-007-0860-1
https://doi.org/10.1007/s40899-020-00452-1
https://doi.org/10.1007/s40899-020-00452-1
https://doi.org/10.1007/s12517-022-09838-1
https://doi.org/10.1007/s12517-022-09838-1
https://doi.org/10.6088/ijes.2013030500013
https://apps.who.int/iris/handle/10665/42852
https://apps.who.int/iris/handle/10665/42852
https://doi.org/10.1016/j.catena.2018.10.014

Environmental Science and Pollution Research (2023) 30:3467-3489

3489

China Plos ONE 10(3):0119130. https://doi.org/10.1371/journ
al.pone.0119130

Yan Y, Zhao CL, Wang CX, Peng S, Zhang YJ, Wu G (2016) Ecosys-
tem health assessment of the Liao River basin upstream region
based on ecosystem services. Acta Ecol Sin 36(4):294-300.
https://doi.org/10.1016/j.chnaes.2016.06.005

Yehia H, Sabae S (2011) Microbial pollution of water in El-Salam
canal Egypt. Am Eurasian J Agric Environ Sci 11(2):305-309

Yiiksel B, Ustaoglu F, Tokatli C, Islam MS (2021) Ecotoxicological
risk assessment for sediments of Cavuslu Stream in Giresun, Tur-
key: association between garbage disposal facility and metallic
accumulation. Environ Sci Pollut Res. https://doi.org/10.1007/
s11356-021-17023-2

Zaidi FK, Nazzal Y, Jafri MK, Naecem M, Ahmed I (2015) Reverse ion
exchange as a major process controlling the groundwater chemis-
try in an arid environment: a case study from northwestern Saudi
Arabia. Environ Monit Assess 187:1-18

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s);
author self-archiving of the accepted manuscript version of this article
is solely governed by the terms of such publishing agreement and
applicable law.

@ Springer


https://doi.org/10.1371/journal.pone.0119130
https://doi.org/10.1371/journal.pone.0119130
https://doi.org/10.1016/j.chnaes.2016.06.005
https://doi.org/10.1007/s11356-021-17023-2
https://doi.org/10.1007/s11356-021-17023-2

	Hydrochemical appraisal of surface water from a subtropical urban river in southwestern Bangladesh using indices, GIS, and multivariate statistical analysis
	Abstract
	Introduction
	Materials and method
	Geo-morphological description of the study area
	Collection and analysis of water sample
	Quality assurancequality control
	Calculation of water quality index
	Calculation of water quality for irrigation purposes
	Evaluation of water quality for industrial purposes
	Statistical interpretations

	Results and discussion
	Physicochemical characteristics of river water
	Major cations and anions of river water
	Factors influencing spatio-seasonal variations in river
	Correlations among water quality parameters and identification of potential sources
	Assessment of water quality
	Evaluation of water quality for irrigation
	Sodium adsorption ratio
	Potential salinity
	Soluble sodium percentage
	Kelly’s ratio
	Magnesium hazard ratio
	Sodium-to-calcium activity ratio
	Residual sodium carbonate
	Residual sodium bicarbonate
	Permeability index

	Suitability of water quality for industrial application
	Langelier saturation index
	Ryzner stability index
	Puckorius or practical scaling index
	Larson–Skold index
	Aggressive index

	Assessment of water quality for livestock permissibility

	Conclusions
	Acknowledgements 
	References


