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ARTICLE INFO ABSTRACT

Keywords: This study demonstrates the level of heavy metal pollution in the Halda River, the only natural breeding source of
Heavy metal carps in Bangladesh. Water was collected from 12 different sampling points along the Halda River. Water at
Pollution

various locations was found satisfactory in terms of the assessed physicochemical parameters (pH, electrical
conductivity, and total dissolved solids). The presence of various cations and anions was also studied using ion
chromatography. Atomic absorption spectroscopy was used to identify and quantify various heavy metals in the
collected water samples. Among the heavy metals, Cd, Cr, Fe, Pb, Cu, and As concentration exceeded the safe limit
suggested by WHO. The calculated heavy metal pollution index and metal index were found higher than the
critical index value. The single-factor assessment (P ;) and Nemerow's multi-factor index (P y) of heavy metals was
calculated to find out the degree of pollution in the Halda River. The maximum values of P ; (Cd), P ; (Pb), P ; (As),
P ; (Cu), and P ; (Cr) were determined to be 26.67, 260.00, 17.00, 208.76 and 2.80 respectively. The maximum
value of P y was found to be 289.04. The discharge of effluents from various large and small industries near the
Halda River is considered to be the major source of the identified heavy metals. Multivariate statistical analysis
such as principal component analysis, Pearson correlation matrix and cluster analysis revealed that most of the
heavy metals originated from different anthropogenic sources. Multivariate analysis also showed that Co, Mn, Cu,
Cr, Pb, Cd, NHJ, NO3 mainly came from artificial sources whereas Fe, Ca, As mainly originated from natural
sources. Arsenic (As) also came from artificial sources with Cu.

Halda river
Statistical analysis
Anthropogenic sources

1. Introduction

The excessive pollution of surface water by various heavy metals is a
global public health concern, as heavy metals are potentially responsible
for causing deleterious effects on human health through food chain.
Metals having density greater than 5 g/cm?® are called heavy metals [1].
These metals include chromium (Cr), nickel (Ni), cadmium (Cd), arsenic
(As), lead (Pb), zinc (Zn), copper (Cu), cobalt (Co), molybdenum (Mo),
manganese (Mn), mercury (Hg), vanadium (V), iron (Fe), rare metals etc.
Contamination of food items with heavy metals is a global health concern
all over the world particularly in the major cities of the developing
countries [1]. Food chain contamination with heavy metals is dangerous
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as they are persistent environmental pollutants and non-biodegradable
having long biological half-lives. Heavy metals are toxic to humans
even at very low concentration [2]. Heavy metals lead to numerous
hazards including cardiovascular, kidney, nervous, bone diseases, carci-
nogenesis, mutagenesis and teratogenesis, nutrient deficiency, enzyme
malfunctioning, renal tubular dysfunction accompanied by osteomalacia
and other complications etc. [3, 4]. Some essential heavy metals such as
Zn, Cu, Mn, Fe maintain proper metabolic activities in living organisms
while other non-essential heavy metals such as Cd, Ni, Hg, Pb, Cr, As
cause toxicity in human body [5, 6]. The unrestricted disposal of in-
dustrial waste, agrochemicals, transportation waste etc. leads to the se-
vere pollution of soil, water and, air by heavy metals. Heavy metals are
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easily transported from this polluted environment into the food chain.
Heavy metals are naturally available on earth's crust. The contamination
of environment by heavy metals and human exposure stems from various
anthropogenic activities such as industrial production, smelting and
mining operations, agricultural and domestic use of metals and
metal-containing compounds [7, 8]. The industrial sources of heavy
metals are petroleum combustion, nuclear power stations, metal pro-
cessing in refineries, coal burning in power plants, high tension lines,
microelectronics, textiles, plastics, paper processing plants, wood pres-
ervation etc. [9, 10].

The pollution level of heavy metals in surface waters of Bangladesh is
increasing rapidly due to unplanned urbanization, industrialization and
uncontrolled use of agrochemicals. The insufficiently treated waste
disposed from various industries into the river water makes serious
problem to aquatic flora and fauna. Photosynthetic activity is inhibited in
polluted water due to reduced light penetration. The elevated pollution
level is a great threat to human and animals all over the country. Fish
production and availability is badly reduced in polluted water [11].

Water is an essential element of the ecosystem and a vital element for
all living creatures. River water is widely used for various domestic,
urban, agricultural, and industrial purposes. The Halda River, in the
south-east region of Bangladesh, is a natural source of fertilized carp eggs
due to the inherent biochemical properties of its water [12]. Indian major
carps are spawn naturally in the Halda River, which makes this river a
unique heritage in Bangladesh. Generally, fisherman from the nearby
areas hugely support their daily lives by collecting Indian major carps
such as Rohu (Labeo rohita), Katla (Gibelion catla), and Mrigal (Cirrhinus
cirrhosis) from the Halda River. Several other species are consumed by
local community as potential source of proteins such as Liza parse, Oto-
lithoides pama, Rhinomugil corsula, Apocryptes bato, Macrobrachium rose-
nbergii, Notropis atherinoides, and Pseudapocryptes elongates [13]. Apart
from being the natural breeding ground for major carps, this river water
has widespread use in agriculture, irrigation, livestock rearing, fish
farming, bathing, recreation, and drinking [14]. Unfortunately, this river
water is being polluted due to waste disposal into the river. The river
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passes through the industrial zones and is severely polluted with indus-
trial wastes, sand excretion, and sewage discharge. Four canals are
considered as the major discharge routes for polluters into the Halda
River, which are Madari, Khondakia, Mondakini, and Chengkhali canals
[15].

In this present study, it was aimed to investigate the heavy metal
pollution in the Halda River water by collecting water samples from
different locations of the river. Significant pollution level in this river by
various heavy metals has been found in this study. The statistical analysis
of the recorded data provides a thorough insight into the contribution of
different heavy metals in overall water pollution and their probable
sources. It is expected that the findings from this study will pave the way
for enhancing public consciousness on the pollution level of the Halda
River water and will encourages relevant authorities to take stern action
for reducing the water pollution to ensure the healthy use of this river
water.

2. Materials and methods
2.1. Study location

In this study, water samples were collected from Madarikhal area
near Modunaghat (famous for several heavy industries) along the Halda
River, which is situated between 22°25'13”-22°48'51.37"N and
91°45'00”-91°52'33"E (Figure 1). It is a 98 km long river that passes
through Raozanupazilas, Fatikchhari, Chandgaonthana, and Hathazari of
Chittagong before merging with the River Karnaphuli [16]. The river
depth varies between 2.0-11.5 m and width ranges from 120-200 m [17].
The sampling points were recorded with the global positioning system
(GPS) tracer (Germin-62s, USA). Several potential factors including
human activities taking place near the riverbanks (e.g., farming, har-
vesting, bathing) and geographical proximity of industrial and urban
discharges to this river were taken into consideration before selecting the
sampling points. During the last few decades, the river ecosystem has
been severely disrupted due to the discharge of household waste,
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Figure 1. Map of sampling points along the Halda River.



M. Dey et al.

industrial waste, and domestic raw sewage from the surrounding habi-
tation directly into this river.

2.2. Sample collection

The water samples were collected in new polypropylene bottles (2 L)
capped with double stoppers. Several steps were followed to prepare the
polypropylene bottles for collecting water samples such as treating with
detergent, washing with plenty of running tap water, immersing in 5%
HNO;3; (Merck, Germany) overnight, rinsing with deionized water, and
finally drying in the air. To distinguish the collected samples, the dried
bottles were labeled with special identification number. Samples were
collected from 12 different points along the Halda River at a depth of
10-15 cm below the water surface. During sampling, bubble formation
and suspended particles were carefully avoided. The collected samples
were placed in polypropylene bottles containing 0.4% ultra-pure HNO3
(Assay: 68-70% Merck, Germany) and were stored in a refrigerator.

2.3. Sample preparation

For the determination of heavy metals, atomic absorption spectro-
photometric (AAS) method was used in this study. For this purpose, 500
mL of each sample was filtered through Whatman No. 41 filter paper. The
filtrate was acidified with 1 mL 65% HNOs. The acidified sample was
then divided into two parts in two beakers each containing 250 mL
volume. The volume was then reduced to 25 mL by heating on a hotplate.
The concentrated samples were then subjected to atomic absorption
spectrophotometer for trace metals analysis (Pb, Cd, Cr, Cu, Zn, Co, Mn).
For As analysis, the sample was mixed with 0.5 mL potassium iodide, 0.5
mL ascorbic acid, 3 mL HCI and kept for 2 h.

2.4. Quality control

Highly pure (purity: 99.98%) standard solutions of target elements
were purchased from Varian Inc, the USA. Ultra-pure HNO3 and other
chemicals were purchased from E. Merck, Germany. From stock solution
(1000 mg/L concentration), several working standard solutions were
prepared using Milli-Q water. The quantification of the studied metals
was based on the calibration curves. The accuracy of the analytical
methods was assessed by analyzing the Certified Reference Materials
NIST 1640 (water matrix). The recovery rate of 90%-99% was earned
and considered satisfactory for the analysis. Triplicates were performed
for each sample analysis.

2.5. Analytical methods

2.5.1. Physicochemical parameters

At the time of sample collection, various physicochemical parameters
were measured such as pH, electrical conductivity (EC), total dissolved
solids (TDS), and salinity. For the measurement of pH of the collected
samples, a pH meter (Jenway, 3051, UK) was used. A conductivity meter
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(Hanna Instruments, HI 8033, UK) was used to determine EC, TDS, and
salinity using the standard procedure (APHA, 2005). Before taking
readings, the electrode was rinsed thoroughly with distilled water and
wiped gently using dry tissue paper.

2.5.2. Anion and cation test

In this study, ion chromatography (IC) method was employed for the
analysis of various anions (fluoride, chloride, nitrite, bromide, sulfate,
nitrate, phosphate) and cations (sodium, potassium, magnesium, cal-
cium, ammonium). Volumetric method was used to determine the con-
centration of HCO3. Anion self-regenerating suppressor with
conductivity detector was used for separating and detecting the ions. IC is
a very effective method for determining a wide range of ions with
detection limit below 1 part per billion (ppb).

2.5.3. Heavy metal analysis

A total of 11 heavy metals was analyzed in this study. Flame atomic
absorption spectrophotometer (Model varian AA 240) was used for
determining Pb, Cd, Cr. Co, Fe, Mn, Ca, As, Cu, and Zn. The instrument
was equipped with a Hydride generator system (Model VGA-77) and
controlled with software (Version 5.01). Mercury (Hg) was determined
by cold vapour atomic absorption spectrophotometer (Model Varian AA
240 FS).

2.6. Pollution assessment methods of heavy metals

2.6.1. Heavy metal pollution index (HPI)

Heavy metal pollution index (HPI) is a powerful technique for the
assessment of water quality based on heavy metal concentration. HPI is
defined as a rating reflecting the composite influence of different dis-
solved heavy metals [18]. The critical pollution index value for drinking
water should be less than 100 [19]. In this study, HPI was calculated
using the standard procedure [20] and the values are presented in
Table 1.

HPI = Y WQ/ZW; ey
Qi = ZM—L)/(Si=T) x 100 2

Where, Q; is the sub-index of the ith parameter; W; is the unit weightage
of the i parameter; n is the number of parameters; M; is the monitored
value of heavy metal of ith parameter; I; is the ideal value of ith parameter;
S is the standard value of the i parameter.

2.6.2. Metal index (MI)
The metal index (MI) value was calculated according to the following
equation [21]:

MI = 3" C/(MAC)x 100 3)

Where, MI is the metal index, C is the concentration of each element in
solution, MAC is the maximum allowed concentration for each element,
and the subscript i is the i sample.

Table 1. The computational method for calculating HPI.

Heavy Metals Mean Value Standard permissible Highest desirable Unit Weightage W; Sub Index Q; Wi x Qi
M;(ug/L) value, S; (ug/L) value, [; (ug/L)

cd 9.03E-06 3E-03 0 33.33E+03 3.3 E-02 2.98E-07
Cr 5.83E-05 5.0E-02 0 2.0E+03 8.5E-03 4.99E-07
Mn 3.0E-04 5.0E-01 1.0E+02 2.0E+02 8.8 E-01 3.0 E-04
Pb 1.0 E-03 1.0E-02 0 10.0E4-03 1.22 1.3 E-03
Cu 2.6 E-01 2.00 50.00 50.00 8.68E-01 2.26 E-01
Zn 2.9E-03 3.00 5.0 E+03 33.33 6.69E-01 1.9 E-03
As 8.3E-02 1.0E-02 0 10.0E+03 98.59 8.20
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2.6.3. Single factor pollution index

The single factor index method was applied to assess the pollution
degree of one pollutant in the sediment samples [22]. In our present
work, this method was used to assess the pollution degree of one
pollutant in the river water samples. This method could find out the most
significant pollutant, which contributes most to the pollution at each
sampling site. The pollution index for a single pollutant was established
according to:

=G5 (©)]

Where, P; is the single factor pollution index; C; (ug/L) is the measured
concentration of heavy metals; and S; (ug/L) is the standard value of the
pollutants. The value of the single factor index P;< 1lindicates clean lines
of pollution degree, 1< P; < 2 is regarded as low pollution degree, 2 < P;
< 3 is moderate, and P;> 3 indicates high levels of pollution degree [23,
24].

2.6.4. Nemerow's pollution index

To understand the comprehensive pollution level, the Nemerow
pollution index was used. .Since different heavy metals may have impacts
on one site, this method could provide a reasonable interpretation of the
heavy metal pollution at each site as a whole [22]. The Nemerow
pollution index can be calculated by Eq.:

Py = v/ (max P’ + (P)* / 2 (5)

Where Py is Nemerow's pollution index; max P; is the maximum single
pollution index among the pollutants, and P; is the average mean of single
pollution indexes among all the pollutants.

The value of Nemerow's pollution index Py < 1 indicates the clarity of
water, 1<Pn<2.5 is low clarity, 2.5<PnN<7 is moderate, and Py>7 in-
dicates high clarity [23, 24].

2.7. Multivariate statistical analysis

Principal component analysis (PCA) reduces the dimension of large
sets of variables to a small set of variables by a linear combination of
original data. Linear combination generates new variables which are
orthogonal and not correlated to each other and that still contains most of
the information in the large set. It extracts the eigenvalues and eigen-
vectors from the covariance matrix of original variables [25]. This
analysis has been used to extract principal components (PC) from the
sampling points as well as to evaluate possible sources and variation of
heavy metals in surface water sample.

Pearson's correlation matrix is used to signify the association among
the pairs of variables. The correlation coefficient matrix measures how
well the variance of each constituent can be explained by relationship
with each other [26]. In this study, IBM SPSS software (version 20) was
used to perform statistical analysis of experimental river water data.

3. Results and discussion
3.1. Physicochemical analysis of river water

The results of physicochemical parameters of the Halda River water
are presented in Table 2. The finding reveals that the pH values in the
study areas ranged from 5.51 to 6.42. However, the highest pH value was
recorded at the sampling point S1, whereas the lowest pH value was
observed at S12. The pH values of the adjacent waterbodies are signifi-
cantly affected by industrial or domestic waste [27]. The pH values are
also potentially related to various human activities such as washing,
bathing, and latrines along the waterbodies [28]. The pH of waterbodies
is also influenced by air temperature, various chemical, and biochemical
reactions [29]. Most of the fishes can tolerate pH ranging from 5.0 to 9.0
and aquatic life is not directly impacted by a smaller change in pH.
However, the availability and solubility of various chemicals are
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Table 2. Physicochemical properties of the Halda River water.

Sample ID EC pH TDS
(uS/cm) (mg/L)
S1 334 6.42 20.1
S2 331 6.22 19.8
S3 337 6.16 20.3
5S4 33.5 6.05 20.1
S5 32.5 5.84 19.94
S6 33.6 5.87 20.2
S7 32.8 6.21 20.1
S8 33.6 6.14 20.1
S9 329 5.98 19.55
s10 31.3 5.98 18.74
S11 33.6 5.88 20.2
S12 32.8 5.51 19.62
Average 33.06 6.02 19.89
STDEV 0.69 0.24 0.43
CV% 2.07 319 2.17
Standard (WHO) 800-1000 6.5-8.5 1000

influenced with pH change, which aggravates nutrient problems for the
aquatic life. Here, it could be concluded that the pH values of the Halda
River water have no significant impact on the aquatic animals and plants
of this river.

Minor differences in the total dissolved solids (TDS) levels were found
in the collected samples and the values ranged between 18.74 and 20.30
mg/L. The highest TDS value was observed at the sampling point S3,
while the lowest TDS value was detected at the sampling point S10.
Excessive TDS leads to the increase in water temperature, hinders
photosynthesis, and reduces water clarity [30]. However, TDS values for
different sampling areas (Table 2) were found far below the WHO
guideline value of 1000 mg/L, which has been specified for the protec-
tion of fisheries, aquatic life, and for domestic water supply [31].

The total concentration of ionized constituents of water is usually
represented by measuring electrical conductivity (EC) and a higher
conductivity reflects higher water pollution [32]. In this study, the EC
values of the water samples, collected from different locations, were
almost identical with mean value of 33.07 pS/cm (Table 2). The EC
values were also far below the WHO guideline value of 80-1000 pS/cm.

From the physicochemical parameter analysis, it could be concluded
that the water of the Halda River is satisfactory in terms of EC, pH, and
TDS values.

3.2. Analysis of anions and cations

To identify the presence of ions, the collected water samples were
analyzed by ion chromatography. The domestic and/or agricultural use
of river water is compromised due to the presence of various dissolved
salts in elevated concentrations. The sodium part of NaCl salt is con-
nected to kidney and heart diseases, while the chloride part is harmless
[32]. A salty taste may be rendered by NaCl at 250 mg/L concentration.
Excessive chlorides in inland water are considered as an index of pollu-
tion. The presence of various anions with their respective concentration
is described in Table 3. Various anions were quantified in this study ac-
cording to the following decreasing order: chloride > sulphate > nitrate
> fluoride. In this study, phosphate and bromide were found below their
LOD (limit of detection) values, which are 0.5 ppm and 0.2 ppm
respectively. Fluoride was found in only 5 samples with highest value of
0.29 mg/L at the sampling point S4. All of these values were far below the
safe limit suggested by WHO. The highest and lowest values for chloride
(8.93 mg/L, 6.30 mg/L), sulphate (4.26 mg/L, 3.47 mg/L), and nitrate
(9.54 mg/L, 0.29 mg/L) were within the range of standard reference
values [31]. The maximum and minimum concentration of HCO3 (83.70
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Table 3. Concentration of anions in the Halda River water.

Sample ID Fl" (mg/L) Cl (mg/L) SO?{(mg/L) NO3(mg/L) HCO3(mg/L)
S1 0.09 £ 0.01 7.23 £ 0.47 3.92 £ 0.26 1.51 + 0.38 70.70 + 4.8
S2 <0.02 6.68 = 1.00 3.55 £ 0.5 0.37 £+ 0.04 68.77 + 3.7
S3 0.28 + 0.03 7.52 £ 0.11 3.94 £0.11 0.73 + 0.01 76.60 + 4.9
S4 0.29 + 0.00 7.51 + 0.4 3.99 + 0.04 0.23 + 0.01 68.38 + 6.77
S5 <0.02 7.92 +£0.1 4.20 + 0.01 0.46 + 0.01 82.48 + 6.87
S6 <0.02 8.93 £ 0.2 4.18 + 0.02 0.50 £ 0.02 79.47 + 5.98
S7 <0.02 8.93 £ 0.1 4.24 £+ 0.01 1.26 + 0.02 78.58 + 8.1
S8 <0.02 8.88 + 0.8 4.26 + 0.08 0.34 + 0.01 83.70 £ 6.8
S9 0.07 + 0.02 7.60 + 0.2 4.16 + 0.02 9.54 + 0.02 78.73 £ 7.56
S10 <0.02 6.30 + 2.5 3.47 £ 0.36 0.29 + 0.01 76.89 £ 5.7
S11 <0.02 8.03 £ 0.1 4.20 + 0.04 0.45 £+ 0.01 77.46 + 5.67
S12 0.09 + 0.01 7.86 + 0.1 4.23 £ 0.01 0.53 + 0.01 78.10 + 6.12
Standard (WHO) 1.5 250 500 50 -

mg/L and 68.38 mg/L) was found in sample S9 and S4 respectively. The
responsible source of HCO3 in surface water could be the rock weathering
process [25].

The cationic test results, shown in Table 4, reveals that sodium,
ammonium, potassium, magnesium, calcium level in the collected sam-
ples were much lower than their standard reference values [31]. From
the anionic and cationic test results, it could be stated that the Halda
River water was not significantly polluted. The hardness of a waterbody
depends on the presence of Ca and Mg cations in the water. The earth's
crust is rich with Ca, which potentially contributes to the presence of Ca
in the waterbodies. Lower concentration of Ca (1-2 mg/L) is usually
found in river water, while the Ca concentration in lime river zone could
be high as 100 mg/L [32].

The concentration (meq/L) of major cations and anions, obtained
from water sample analysis, were used to prepare piper diagram
(Figure 2) to identify the hydrochemical facies and water type. The plot
reveals the dominance of Ca%t Mg?* and HCO3 ions in the water system.
Two types of hydrochemical facies of analyzed water samples have been
found, they are Na—Ca-Mg-HCO3 and Mg-Na-HCOs3 type (Table 5). The
rock source deduction analysis of Aqua chem. Software (version 4) sug-
gests that their possible sources may be comprised of either dolomite
(CaCO3. MgCOs3) or calcite (CaCOs) in the aquifer system. It should also
be noted that the hardness of studied water samples was below limit
value set by WHO, where the standard value of hardness for drinking
water is 0-75 mg/L.

3.3. Heavy metals contamination in the Halda River water

The concentration of heavy metals (Pb, Cr, Cd, As, Zn, Cu, Mn, Fe, Co,
Ca, Hg) in the Halda River water is presented as mean + standard de-
viation in Table 6. The concentration of these metals was compared with
the permissible limit set by WHO and most of the metals exceeded
maximum permissible limits as drinking water except Mn, Zn, and Hg
[31].

The average concentration of Pb was found to be 1283.3 pg/L that
was more than 25 times higher than the standard value of 50 pg/L [31].
Jolly et al. carried out a similar study on another river, Shitalakhya, in
Bangladesh and reported 16 ug/L concentration of Pb [33]. Islam et al.
observed the seasonal variation in Pb concentration and reported 35.0
pg/L Pb level in winter and 27.0 pg/L in summer season in River Korotoa
[34]. Ahmad et al. found 65.45 pg/L of Pb level in water sample collected
from River Buriganga [35]. The source of Pb can be attributed to vehicle
exhaust, metal plating, wastewater discharge, fertilizer etc. [36]. The
excessive concentration of Pb found in this study may be correlated to the
discharge of effluents from industries located at Nandirhat near the river
Halda. Lead (Pb) affects haem biosynthesis and erythropoiesis. Chronic
Pb intoxication is responsible for cancers and anaemia in adults, repro-
ductive harm in male, hormonal imbalance and IQ drop in young chil-
dren [37, 38].

The average concentration of Cr was found to be 70.8 pg/L (30-140
pg/L), that also exceeded the WHO permissible limit of 50 pg/L. Islam

Table 4. Concentration of cations in the Halda River water.

Sample ID Na™ (mg/L) NH{ (mg/L) K" (mg/L) Mg?* (mg/L) Ca®* (mg/L)
S1 8.4 +0.28 0.3 £ 0.02 3.35 + 0.14 3.33 +0.12 6.31 + 0.2
s2 8.96 + 0.18 0.45 + 0.05 3.42 + 0.09 3.53 + 0.07 6.7 £ 0.07
S3 9.56 + 0.04 0.36 + 0.05 3.57 + 0.12 3.81 +0.11 8.31 + 0.2
S4 9.03 + 0.16 0.47 + 0.04 3.38 +£0.13 3.53 +£0.11 6.51 +0.11
S5 10.3 + 0.28 0.36 + 0.05 3.78 + 0.13 4.07 + 0.07 9.06 + 0.13
S6 10.6 + 0.40 0.29 + 0.01 3.88 + 0.1 4.02 + 0.07 7.92 + 0.35
s7 10.8 + 0.20 0.19 + 0.01 3.95 + 0.03 4.05 + 0.18 7.69 + 0.24
S8 10.8 + 0.13 0.45 + 0.02 3.97 + 0.13 4.3 + 0.06 8.45 + 0.45
S9 10.7 + 0.16 0.37 + 0.03 3.85 + 0.08 4.03 +0.11 7.50 + 0.21
s10 9.9 + 0.04 0.41 + 0.01 3.88 + 0.33 4.05 + 0.06 7.50 + 0.30
s11 10.63 + 0.10 0.38 + 0.03 4.03 +0.13 3.83 +0.13 7.37 + 0.04
s12 10.27 + 0.24 0.36 + 0.07 3.41 + 0.05 4.1 +0.14 7.79 + 0.02
Standard (WHO) 200 Not found 10 50 75

*BDL: Below Detection Limit.
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Figure 2. Piper diagram of studied water samples collected from the
Halda River.

et al. found similar data on River Korotoa. The authors reported 83 pg/L
Cr during winter and 73 pg/L Cr during summer season [34]. Ahmad
et al. found an extremely high concentration of Cr (587.44 pg/L) in River
Buriganga [35], while Jolly et al. reported only 18 pg/L Cr in River
Shitalakhya [33]. Commercially, Cr compounds are used in leather tan-
ning, dyes and pigments, chrome plating, industrial welding, wood
preservation etc. [39]. The high concentration of Cr could be associated
with the tanneries as well as shipping related activities near the River
Halda [40]. Chromium (Cr) must be removed from water before drinking
as it is carcinogenic [41].

In this study, the Cd concentration at different points of along the
Halda River were ranged from 10.0 + 0.36 pg/L to 80.0 + 2.85 pg/L.
However, some sampling points found Cd concentration below the
detection limit but the average value (12.5 pg/L) in rest of the sites
exceeded their permissible limit of 3 pg/L [31]. Islam et al. found 11 pg/L
Cd concentration in winter season in Korotoa River and 8 pg/L in summer
season [34]. Ahmad et al. reported 9.34 ug/L Cd concentration in Bur-
iganaga River water [35]. Recently, Jolly et al. found 3 pg/L of Cd con-
centration in Shitalakhya River water [33]. Metal industry, coal
combustion and waste disposal are considered to be the major sources of
Cd [42]. Cadmium (Cd) has carcinogenic effect, which also disturbs bone
metabolism, generates various toxic effects in the body, affects kidneys
and deforms reproductive and endocrine systems. Ca excretion can occur

Table 5. The properties of water found from piper diagram.

Sample ID Water type Total hardness Total alkalinity
mg/L CaCO3 mg/L CaCO3
S1 Mg-Na-HCO3 34.30 57.99
S2 Na-Ca-Mg-HCO3 31.27 56.40
S3 Na-Ca-Mg-HCO3 36.44 62.83
S4 Na-Ca-Mg-HCO3 30.79 56.08
S5 Ca-Na-Mg-HCO3 39.39 67.65
S6 Na-Ca-Mg-HCO3 36.33 65.18
S7 Na-Ca-Mg-HCO3 35.88 64.45
S8 Na-Ca-Mg-HCO3 38.81 68.65
S9 Na-Ca-Mg-HCO3 35.33 64.57
S10 Na-Ca-Mg-HCO3 35.41 63.06
S11 Na-Ca-Mg-HCO3 34.18 63.53
S12 Na-Ca-Mg-HCO3 36.34 64.06
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from exposure to Cd, which causes skeletal demineralization with sub-
sequent consequence to the increased risk of bone fragility and fractures
[43]. Reduced birth weight and premature death might occur due to
exposure to Cd during pregnancy [44].

The present study revealed that the average value of As in the Halda
River water was 60.0 pg/L (2.0 + 0.1 pg/Lto 170.0 + 1.7 pg/L), that was
6 times higher than the WHO recommended value (10 pg/L). Conducting
a similar study on Korotoa River, Islam et al. found 46 pg/L and 37 pg/L
As levels during winter and summer season respectively [34]. Jolly et al.
found As level within the permissible limit (10 pg/L) on water from
Shitalakhya River [33]. Arsenic (As), available in the aquifer sediment
with iron oxides, has been considered to be released by
microbially-driven reductive dissolution in an organic-rich environment.
In addition, As use for mining activities, industrial purposes, metal pro-
cessing, fertilizers, and pesticides are other major source of contamina-
tion [45, 46]. Arsenic (As) has association with hypertension and impacts
on the cardiovascular system and it may cause hepatic damage [47].

In this study, the average Zn concentration was recorded as 549.4 pug/
L, that was below the permissible limit i.e., 3000 pg/L [31]. Conducting
similar research on Shitalakya River water, Jolly et al. reported 56 pg/L
of Zn concentration [33]. Zn is introduced into waterbodies through
artificial pathways such as coal-fired power stations, steel production,
burning of waste materials etc. [48]. Zn is an essential trace element and
is relatively harmless, however, exposure to excessive concentration
might lead to toxicity [49].

Among all the studied metals, Cu was in the highest concentration in
all the sampling points of the Halda River. The lowest concentration of Cu
detected in water samples was 17.06 + 7.49 ug/L in sampling point S4
and the highest concentrations recorded was 575.39 + 25.26 pg/L in
sampling point S7. Copper (Cu) is largely released from agricultural
fields, agrochemical industries, and urban sewage [34]. An over-
whelming Cu intake could lead to several problems such as impairment
of organs, vomiting, nausea, kidney failure, hemolytic jaundice, central
nervous system depression etc. [50].

The average concentration of Mn was recorded as 469.5 pg/L that was
below the permissible limit of 500 pg/L [31]. Lowest concentration of Mn
was recorded for sampling point S10, while highest concentration was
recorded for sampling point S7. Manganese (Mn) is an essential nutrient,
which is toxic at high levels of exposure. It is an abundant transition
metal in the earth's crust. Manganese (Mn) can exist in surface water in a
broad range of oxidation states, which are controlled by microbial ac-
tivity and dissolved oxygen levels [51]. Manganese (Mn) is an essential
mineral in trace amounts, however, excessive exposure results in detri-
mental health effects and toxicity. Long-term exposure with Mn leads to
Fe-deficiency anaemia as well as the impairment of the Cu-dependent
metalloenzyme activity [52].

The concentration of Fe in the Halda River ranged from 311.0 +
49.57 pg/L to 494.0 + 78.74 pg/L that exceeded the permissible limit
(300 pg/L) set by the WHO for drinking water [31]. High concentration
of Fe in water could be linked to the effluent discharge from metal alloys
industries. Fe is an essential element in most biological system. When an
excessive amount of Fe accumulates in the body, Fe poisoning occurs.
Excessive amount of Fe can irritate the stomach and the digestive tract
[53]. The average concentration of Co and Ca was 21.7 pg/L and 4.07
mg/L respectively. In this study, none of the samples were detected with
Hg. All forms of Hg are toxic, and the effect of Hg includes nephrotoxi-
city, neurotoxicity, and gastrointestinal toxicity [54].

3.4. Heavy metal pollution index

The HPI values for 12 water samples were calculated and the results
were displayed in Figure 3. The HPI value is used to assess the quality of
river water samples. The mean heavy metal pollution indexes of the
Halda River water were calculated to be1797.21, which are found above
the critical index value 100. Majority of the collected samples showed
HPI value above the critical index value. Sampling points S2, S6, and S7
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Table 6. Concentration of heavy metals in the Halda River water.

Concentration of Heavy Metals in Water

Element Unit S1 S2 S3 S4 S5 S6 S7

Co (nug/L) <5.0 90.0 + 3.19 20.0 £ 0.71 10.0 £+ 0.35 <5.0 <5.0 170.0 £ 6.02
cd (pg/L) 10.0 + 0.36 80.0 + 2.85 10.0 £+ 0.36 10.0 + 0.36 <1.0 <1.0 <1.0

Cr (ng/L) 130.0 + 4.72 50.0 + 1.82 40.0 + 1.45 80.0 + 2.90 40.0 + 1.45 50.0 + 1.82 120.0 + 4.36
Fe (pg/L) 424.0 + 67.59 311.0 + 49.57 346.0 + 55.16 398.0 + 63.44 383.0 + 61.05 457.0 + 72.85 459.0 + 73.16
Mn (ng/L) 610.0 + 4.81 440.0 + 3.47 785.0 + 61.94 295.0 + 23.28 325.0 + 25.64 385.0 + 30.38 1185.0 + 93.50
Pb (pg/L) 2200.0 + 78.98 1700.0 + 61.03 900.0 + 32.31 700.0 + 25.13 700.0 + 25.13 1400.0 + 50.26 1000.0 + 35.9
Ca (mg/L) 3.61 + 0.86 3.83 £0.71 4.32 +0.32 3.92 + 0.62 3.97 £ 0.97 4.06 + 0.6 3.99 + 0.98

Cu (mg/L) 25.54 +1.12 341.83 + 15.01 387.70 £ 17.02 17.06 + 7.49 204.70 + 18.98 138.92 + 6.09 575.39 + 25.26
Zn (pg/L) 940.8 + 27.48 446.0 + 60.43 803.0 + 19 423.6 + 37.40 583.6 + 79.08 528.0 + 71.54 575.2 + 77.94
Hg (pg/L) <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 <0.3

As (pg/L) 12.0 + 0.99 <2 30.0 + 2.99 8.0 £ 0.77 4.0 £ 0.7 8.0 + 0.65 2.0+0.1
Element Unit S8 S9 s10 S11 S12 Average Standard (WHO)
Co (pg/L) <5.0 <5.0 60.0 + 2.12 <5.0 <5.0 21.7 -

cd (ng/L) <1.0 30.0 + 1.07 <1.0 <1.0 10.0 + 0.36 12.5 3

Cr (pg/L) 140.0 + 5.08 110.0 £ 3.99 30.0 + 1.09 60.0 + 2.18 <11.0 70.8 50

Fe (pg/L) 481.0 + 76.67 318.0 + 50.69 380.0 + 60.57 436.0 + 69.49 494.0 + 78.74 407.3 300

Mn (ng/L) 450.0 + 35.51 335.0 + 26.43 175.0 + 13.81 430.0 + 33.93 220.0 + 17.36 469.5 500

Pb (pg/L) 1500.0 + 53.85 2600.0 + 93.34 700.0 + 25.13 1000.0 + 35.9 1000.0 + 35.9 1283.3 10

Ca (mg/L) 3.98 +0.21 3.59 + 0.12 3.95 + 0.21 4.63 + 0.32 5.03 + 0.42 4.07 -

Cu (mg/L) 377.86 + 16.59 41.75 + 8.33 298.27 + 10.09 352.80 + 15.49 237.83 + 10.44 294.076 2.00

Zn (pg/L) 398.8 + 54.08 389.8 + 52.82 491.6 + 66.61 519.2 + 70.35 492.8 + 66.77 549.4 3000

Hg (ng/L) <0.3 <0.3 <0.3 <0.3 <0.3 <0.3 1

As (pg/L) 170.0 + 1.7 126.0 + 12 82.0+8 132.0 + 11.09 136.0 + 13 60.0 10

were exception. The high pollution index values could be attributed to
the leaching of heavy metals from various industries (e.g., fertilizer,
pigments, paper etc.) along the Halda River. It should be clearly stated
that among various heavy metals, Cu, and As were the potential con-
tributors to high pollution index value.

3.5. Mean metal index

The mean metal index (MI) value of the collected sample was calcu-
lated to be 0.038. The MI values showed that, in the Halda River, the
sampling sites S1 and S3 were observed slightly affected with respect to
heavy metals (Figure 3). This result could be correlated to effluent dis-
charged from various large-scale as well as many small-scale industries
located near the Halda River.

3.6. Single factor pollution index

The single pollution indexes (P;) of Cd are greater than 3. It concludes
that sampling site S1 to S4, S9, and S12 are extremely polluted with Cd.

For As, sampling site S8 to S12 are highly contaminated. Single pollution
indexes (P;) of Pb and Cu also reveal that all of the sampling sites are
highly contaminated with Pb and Cu. Sites S1, S7, S8, S9 are moderately
contaminated by Cr. Except the site S7, rest of the sites possessed low
contamination level of Mn. All the sampling sites were clean with respect
to Zn. These results express that the contamination position is mainly
located at the respective sampling sites or near to the sampling sites. The
assessment of Nemerow's pollution index (Py) reveals that all the water
samples were highly polluted. Single pollution index and Nemerow's
pollution index are shown in Table 7. The distribution pattern of the
contamination of different heavy metals in different sampling sites are
shown in Figure 4.

3.7. Pearson correlation matrix analysis

The Pearson correlation matrix of heavy metals are shown in Table 8.
The p value indicates level of significance of correlation matrix. It also
signifies the strength of correlations among heavy metals. For example, p
value having 0.01 and 0.05 indicates strong and significant correlations
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Figure 3. Heavy metal Pollution Index (HPI) and Metal index (MI).
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Table 7. Single Pollution Index and Nemerow's Pollution Index of samples collected from the Halda River.

Sample P;(Cd) Pi(As) P;(Zn) P;(Pb) P;(Cr) P;(Mn) P;(Cu) Py
S1 3.33 1.2 0.31 220.00 2.60 1.22 127.69 233.84
S2 26.67 0 0.15 170.00 1.00 0.88 170.92 198.74
S3 3.33 3 0.27 90.00 0.80 1.57 193.85 166.71
S4 3.33 0.8 0.14 70.00 1.60 0.59 85.29 87.29
S5 0.00 0.4 0.19 70.00 0.80 0.65 102.35 94.83
S6 0.00 0.8 0.19 140.00 1.00 0.77 69.46 146.48
S7 0.00 0.2 0.18 100.00 2.40 2.37 287.70 228.21
S8 0.00 17 0.19 150.00 2.80 0.9 188.93 193.46
S9 10.00 12.6 0.13 260.00 2.20 0.67 208.76 289.04
S10 0.00 8.2 0.16 70.00 0.60 0.35 149.14 127.21
S11 0.00 13.2 0.17 100.00 1.20 0.86 176.40 159.52
S12 3.33 13.6 0.16 100.00 0.00 0.44 118.92 126.96
04
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Figure 4. The distribution pattern of the contamination of heavy metals in sampling sites.
Table 8. Pearson correlation matrix analysis for all heavy metals and selective anions found in studied water sample.
Elements Fe Mn Cr Pb Ccd Co Ca Cu Zn As NHj NO3
Fe 1
Mn .104 1
Cr .110 .456 1
Pb -.260 .022 .550 1
cd -.645* .086 -.073 443 1
Co .079 .650* 135 164 .233 1
Ca .498 121 -.624* -.527 274 .168 1
Cu .109 .704* .440 .184 .110 .652% .096 1
Zn 114 .392 212 135 .260 193 .096 -.053 1
As .303 -.368 .061 .162 -.196 -.389 .397 .194 .265 1
NHj BIVZ5 541 .578* .013 .146 478 -.512 402 .040 -.387 1
NO3 -.427 .042 .345 .718%** 217 125 -.405 .323 -.225 271 .072 1

*. Significant correlation at the 0.05 level (2-tailed).
**_ Significant correlation at the 0.01 level (2-tailed).

respectively. Pearson correlation matrix suggests that the correlation in
between Co and Mn (r = 0.650) is significant, and Mn possesses positive
correlation with Zn (r = 0.392) and strong correlation with Cu (r =
0.704). Cu and Co (r = 0.642) also exhibit significant correlation. As is

positively correlated with Fe (r = 0.303) and Ca (r = 0.397). Cr, NHJ and
Pb, NOg3 are associated with significant correlation (r = 0.578) and (r =
0.718) respectively. The strong positive correlation could indicate similar
source of origin of heavy metals in different water samples.
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3.8. Principal component analysis

To find out reliable idea of the different sources of heavy metals
contributing to the water collected from the different locations of the
Halda River, Principal Component Analysis (PCA) was used to identify
major elements associated with sources. The Kaiser-Meyer-Olkin (KMO)
test value was 0.684 that is good for sampling adequacy. Barlett's test of
sphericity reveals a high significant value of p < 0.001 which proves that
correlation matrix is nonidentity matrix. To maximize the sum of vari-
ances of the factor coefficients, varimax rotation is used which better
explains the possible factors that influence heavy metals. A scree plot of
eigenvectors as a function of factor number is shown in Figure 5. The
number of prominent principal components was considered on the basis
of the Kaiser criterion having eigenvalue greater than 1 [55]. There are
four factors according to this criterion, which represents 80.91% of the
total variance. The scree plot is used to identify the number of PCs. The
factor loadings, cumulative percentage, and percentage of variance are
explained by each factor as listed in Table 9 and the component plot in
rotated space of principal component analysis is shown in Figure 6.

In our study, four principal components PC1, PC2, PC3 and PC4
explain more than 30%, 21%, 16%, and 13% of variance respectively.
The first principal component PC1 was found to be highly loaded with Co
(0.870), Mn (0.863), Cu (0.831), NHZ (0.700) and relatively low load-
ings with Cr (0.458). Co, Mn, Cu can be originated from untreated
furnace oil which is released from heavy oil-based power plant located
near the Halda River, probably it is the dominating source in factor 1.
Generally, different metals are used as additives during refining process;
metals can be absorbed from tankages and supply vessels as well as
natural presence of these metals in the source rock from which the crude
was extracted [56]. NH and Cr show positive correlation with each
other. (NH4)2Cr20y7 salt is used for leather tanning in tannery industry.
Therefore, this could be a probable source of Cr and NHJ in the Halda
River.

The second principal component PC2 was loaded with Pb (0.891),
NO3 (0.796), Cr (0.734). Lead (Pb) value for surface soil has been esti-
mated to be 25 mg/kg on the global scale; levels above this suggest an
anthropogenic influence [57]. Not only fugitive Pb, batteries, lead-based
paints, the corrosion of lead pipes in areas of soft water and sewage
sludge, Pb-bearing glass are all significant sources of Pb. Along with
leather tanning, Cr normally originate from the metallurgical industry.
River water can be contaminated with nitrate directly as the result of
runoff of nitrate containing fertilizers. Atmosphere which carries
nitrogen-containing compounds derived from automobiles and other
sources, can also contributes nitrate in river water. Pb shows strong as-
sociation with NO3. Generally Pb(NOs)2 is used as pigments in lead
paints, for dyeing and printing calico and other textiles. Therefore, this
component reveals both natural and anthropogenic sources [58].

The third principal component PC3 have been found to be loaded
with Fe (0.859), Ca (0.465), As (0.452). Iron is predominantly present in
the Earth's crust and soil with a median value of 2.1% [59]. It is present
mostly as Fe?" in ferro-magnesian silicates and as Fe>" in iron oxides and
hydroxides which is the result of weathering. The anthropogenic sources
of iron have been reported to include the iron and steel industry sewage
[60].

Rivers generally contain 1-2 ppm Ca, but the concentration increases
about 100 ppm in lime areas rivers. The average As abundance in the
Earth's crust is 5 mg/kg. More than 200 mineral forms of As have been
reported. Arsenopyrite, realgar, and orpiment are the major mineral
hosts of As. These are the compounds of As(III) that were formed under
reducing, subsurface conditions. Arsenic is also found in iron pyrite,
galena, and chalcopyrite. Reductive dissolution of arsenic-rich iron
oxyhydroxides also leads to As contamination [61, 62, 63, 64].

In fourth component PC4, As (0.723) is dominantly loaded along with
Ca and Cu. Industrial uses of As is probable source for this factor.
Generally, As is used in pharmaceutical industry, paint and dye industry,
glass industry, pulp and wood industry.
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Figure 5. Scree plot of the characteristic roots of principal component analysis.

Table 9. Principal component analysis (PCA) with varimax rotation for all heavy
metal found in studied water sample.

Rotated Component Matrix"

Elements Component

PC1 PC2 PC3 PC4
Co .870 -.248 -.243 .070
Mn .863 .045 .198 -.292
Cu .831 .292 .057 .337
NH4 .700 152 -.213 -.304
Pb -.065 .891 -.210 -.034
NO3 .000 .796 -.268 .301
Cr .458 734 214 -.276
Ca -.200 -.572 .465 482
Fe .011 -195 .859 .046
cd .063 139 -.821 134
Zn -.029 122 .371 -733
As -.251 .339 452 723

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
# Rotation converged in 8 iterations.
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Figure 6. Component plot in rotated space of principal component analysis.
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Figure 7. Dendrogram shows the clustering heavy metals and selective cations and anion.

3.9. Cluster analysis

Hierarchical Cluster Analysis (HCA) is an algorithm which is used to
classify the objects of the system into groups based on their data simi-
larities. In this study, HCA with centroid linkage method is further
employed to explore the associations between heavy metals and some
significant cation and anion (Figure 7). Two clusters are distinguished:
the first cluster is primarily composed of Ca, Pb, Mn, Zn, Fe, As, Cr, Co,
Cd, NO3 and NHJ. The second cluster is composed of Cu solely. This
analysis reveals that Cr, Co, Cd, are mostly associated with NO3 and NHJ.
Probably Zn, Fe, As are associated with each other by single source of
origin. It also indicates that the major sources of discharge of Cu into
river water are different from others.

4. Conclusion

The Halda River, in the south-east region of Bangladesh, is consid-
ered as an important river because it is the only natural breeding source
of carps. This study thoroughly explores the water quality of the Halda
River in terms of pH, electrical conductivity, total dissolved solids,
anions, cations, and various toxic heavy metals. The river water quality
at the 12 sampling points was found satisfactory in terms of pH, elec-
trical conductivity, total dissolved solids, anions, and cations. However,
the water was found to be polluted with various toxic heavy metals and
6 of the heavy metals (Cd, Cr, Fe, Pb, Cu, and As) largely exceeded their
safe limit (for drinking water) suggested by world health organization
(WHO). The direct discharges of effluents from the nearby industries
are considered as the major source of heavy metals in the Halda River
water. From multivariate statistical analysis, the probable major sour-
ces of heavy metal contamination in the Halda River water have been
identified. Based on the findings from this study, it could be stated that

10

an urgent and strict action from relevant authority is required to pre-
vent the uncontrolled discharge of industrial effluents from the nearby
industries to protect this economically significant Halda River from
further deterioration of its water quality.
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