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Abstract: Dhaleshwari is one of the most important rivers in Bangladesh and plays a vital role in the economy of the Tangail
region of Bangladesh due to its geographical position. However, anthropogenic activities are gradually degrading the aquatic
system of the river. The present study was conducted at the three selected locations of the Dhaleswari river during March to
May 2016 for physicochemical parameters: color, odor, temperature, pH, DO, BOD, EC, TDS; anions: F", CI', Br, NO5’, NO,,
SO,* and PO’ and major heavy metals: Pb, Cd, Cr, Hg and As in order to estimate the current water pollution profile of the
river. The color of water were natural to slightly green and odor were unobjectionable. Other measured physicochemical
parameters ranged as temperature 29.3-32°C, pH 6.78-8.12, DO 4.11-7.31 mgL"!, BOD 0.52-1.74 mgL'l, EC 127-487 pScm™
and TDS 60-235 mgL'l. The anions concentration found as F <0.5, CI" 1.08-6.8, Br <1.0, NO3; 0.51-19.7, NO, <1.0, SO42'
3.34-9.37 and PO43' 1.74-4.44 mgL'l. The concentration of major heavy metals obtained as Pb <0.01, Cd <0.001, Cr <0.005,
Hg <0.001 and As 0.002-0.015 mgL'l. The analysis of most of the water quality parameters were performed using standard
methods of American Public Health Association. According to statistical analysis, temperature, EC and TDS show positive
correlations with each other and negative correlations with pH, DO and BOD which themselves show negative correlations
with each other. The anionic pairs Cl'—PO43', NO3'—SO42', and SO42'—PO43' show positive correlations and CI'-NO;’, Cl'-SO42'
and NO;y-PO,” show negative correlations with each other. The analysis results of water body in regard to the studied water
quality parameters revealed that the quality of water in the selected regions of the Dhaleshwari river is almost suitable for
fishing, domestic and irrigation purposes. The water is safe for aquatic biota and human beings and also for industrial use
without further treatment. Although adequate measure and treatment should be carried out in the water body for microbial
contaminations before using for human consumptions.

Keywords: Dhaleshwari River, Physicochemical Parameters, Anions and Heavy Metals, Water Quality, Statistical Analysis,
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water body itself but also to the other ecosystems. This may
affect the living organisms of the aquatic environment and
the aquatic food chain may be bio-accumulated due to
harmful substances in the water system. Due to the use of
agrochemicals in the surrounding lands, industrial operation
and any alterations in the river flow due to seasonal variation

1. Introduction

Degradation of water quality is one of the most serious
environmental concerns today. Diffusion of various toxic
pollutants into water exerts a great impact not only to the
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changes the inland surface water quality [1]. Bangladesh is a
riverine country having approximately 230 large and small
rivers. These rivers are large reservoirs of a wide variety of
fish species and other aquatic resources [2]. The river water
is used vastly for irrigation, electricity generation, navigation,
recreation and many industrial and domestic purposes [3].
However, the excessive use of various agrochemicals in the
nearby lands of the rivers, uncontrolled urbanization, lack of
well planned development on the river banks, rapid
industrialization and population growth are increasingly
polluted the rivers of Bangladesh.

The Dhaleshwari river is an important distributary of the
Jamuna river with a total length of about 290 km having
average depth 37.19 m and maximum depth 80.79 m
respectively which takes off in the northwestern part of
Tangail district [4]. The surrounding lands are used for
agricultural activities and water of this river is generally used
for irrigation purposes. It supports the habitat for aquatic
organisms including a wide variety of fishes and the aquatic
vegetations in the river bank. The wused insecticides,
pesticides and fertilizers in the surrounding cultivated lands
are frequently polluting the river by washing out through
surface runoff mostly in rainy seasons [5]. Peoples nearby the
river use its water for washing their cloths, bathing, washing
their cattle etc. These anthropogenic activities may degrade
the quality of water of Dhaleshwari river.

Islam et al. [5] studied the water quality in the
Dhaleshwari river during the period from June 2011 to May
2012 in monsoon, post-monsoon and pre-monsoon seasons.
The results of the study with respect to electrical
conductivity, dissolved oxygen, biological oxygen demand,
hardness, sodium, potassium, copper, cadmium, pH,
transparency, total dissolved solids, total nitrogen and
phosphorus showed that level of most of the water quality
parameters of the Dhaleshwari river were suitable for
aquaculture of aquatic organisms as well as fishes. Real et al.
[6] conducted the study for some physicochemical
parameters (pH, BOD, DO and water temperature), anions
(PO43', SO4* and NO;) and some selected microorganisms
consisted of total coliform, fecal coliform (Escherichia coli )
and Vibrio cholera in the Dhaleshwari river during the period

from April to June 2015 and found significant level of
microbial pollution in Dhaleshwari river concluding that the
water of Dhaleshwari river is polluted with organic and
chemical pollutants and unhygienic for drinking and even
unsuitable for domestic purposes and other human activities
without proper treatment. However, they didn’t study very
much about the heavy metals and anions concentrations
which also plays a vital role in assessing the water quality
along  with  physicochemical and  bacteriological
(microorganisms) parameters.

The present study was conducted to assess the water
quality of the river with respect to physicochemical
parameters, anions and major heavy metals concentrations
and to compare the findings with the surface water quality
standards for Bangladesh.

2. Materials and Methods

2.1. Sampling Site

The selected Dhaleshwari river starts off the Jamuna river
near the north-western tip of Tangail district and then divided
into two branches: the name Dhaleshwari retains in the
northern branch which merges at the southern part of
Manikgang district with the other branch of Kaligonga river.
The merged flow then meets at the Shitalakshya river near of
Narayanganj district. This combined flow finally merge into
the Meghna river moving southwards [4]. For the study, the
three locations of the river were selected namely Porabari
(Location 1), Katuli (Location 2) and Mahmudnagar
(Location 3) union at Tangail sadar upazilla of Tangail
district, Bangladesh (Figure 1). The three sampling locations
with their latitude and longitude is shown in Table 1. The
exact location of each sampling point was determined using
global positioning system (GPS). The three selected sampling
sites has no significant pollution sources except some
agricultural lands and were selected as a part of regular study.
The almost whole of the lands surrounding the three
sampling points is mainly notable for the cultivation of some
crops such as rice, jut, wheat, corn, mustard etc.

A+, BANGLADESH v0%00" 9020 €

-
o 5 — TANGAIL DISTRICT

TANGAIL SADAR
UPAZILA

Belkuchi
== N

B r""r'.x;:.

a o W T
\ \1// l’zmm.\,nhhu(\‘ BISIC
| U ¥~ <
) €hauhali &3}
= B
\) /
17
LA

Figure 1. Map showing the three sampling sites (Study Area) of the Dhaleshwari river, Tangail, Bangladesh [7].
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Table 1. Sampling location with latitude and longitude.

Station No. Sampling Site Latitude Longitude

Location 1 Porabari 24°43' 333N 89°81' 667E
Location 2 Katuli 24°08' 553N 89°93' 385E
Location 3 Mahmudnagar 24°03' 088N 89°89' 364E

2.2. Sample Collection

The climate of Tangail district is characterized by four
seasons over the year: the summer monsoon (June to
September), the retreating monsoon (October to November), the
winter season (December to February) and the unsettled period
of pre-summer monsoon (March to May). The maximum and
minimum annual average temperature of Tangail district is
38.33°C and 10.13°C respectively with the annual rainfall of
1830 mm [8]. For the study, water samples were collected in the
morning between 8.00-10.00 am, three times in each of the three
months: March, April and May, 2016 after ten days interval
from the three selected locations Porabari (Location 1), Katuli
(Location 2) and Mahmudnagar (Location 3) area of the
Dhaleshwari river in 1000 mL non-transparent plastic bottles.
According to Brammer [9] samples collected during the month
of March, April and May 2016 were fall in pre-monsoon (having
high temperature and high evaporation rates) season with
moderate intensity of rainfall compared to monsoon season
(high intensity of rainfall).

Before sampling, the bottles were cleaned with detergent
and then treated with 10% (v/v) nitric acid (HNO;) solution
overnight. Then they were washed several times with
deionized water until free from acid and dried in the air.
During sampling, the bottles were washed at least three times
with sampling water and then samples were taken with sealed
immediately to avoid exposure to air and labeled properly.
The samples were collected manually from about 2-3 m far
from the bank of the river and about 1 m depth of the water
surface avoiding scum with proper stirring of sampling point
water following the sampling techniques described by
American Public Health Association (APHA) [10] and fully
filled in the plastic bottles such that no air can trap in the top
of the bottles. The samples collected for heavy metal analysis
were acidified immediately with 2 mL of concentrated HNO;
per liter of water to prevent the loss of metals by
precipitation, absorption and/or ion exchange with the walls
of the sample containers while for the purpose of analysis of
other parameters, samples were collected without
acidification. All the collected samples were then brought to
the laboratory with care by ice carrier and preserved in the
refrigerator at 4°C for the analysis in the laboratory [3].

2.3. Sample Analysis

The water samples were analyzed at ISO/IEC 17025
accredited laboratory of Institute of National Analytical
Research and Service (INARS), Bangladesh Council of
Scientific and Industrial Research (BCSIR), Dhaka,
Bangladesh. The analyzed physicochemical parameters
includes: color, odor, temperature, pH, dissolved oxygen
(DO), biological oxygen demand (BOD), electrical

conductivity (EC), total dissolved solids (TDS), anions:
fluoride (F"), chloride (CI), bromide (Br), nitrite (NO;),
nitrate (NO3), sulphate (SO,”) and phosphate (PO,), and
heavy metals viz. lead (Pb), cadmium (Cd), chromium (Cr),
mercury (Hg) and arsenic (As). Almost all the parameters
were analyzed using standard methods described by APHA
[11]. Prior to analysis, all preserved samples were taken to
the room temperature and water samples were pre-
concentrated for anions and heavy metals analysis. For all
locations, three consecutive samples were collected, analyzed
and finally their average value were taken. During analysis,
accuracy and precision were verified by using reference
materials from Fluka Analytical, Sigma-Aldrich. For
analytical quality control, standard solution after five samples
and a reagent method blank after ten samples were
determined. In the analysis, spike recovery for all anions and
heavy metals were 90-110% and calculated by the following
equation.

(a—Db)=*100
Recovery (%) = ———

Where, ‘a’ is the concentration of spike sample, ‘b’ is the
concentration of unspike sample and ‘c’, the amount of spike.

All reagents were analytical grade (AR) and purchased
from Merck, Germany. A calibrated electrical balance (GR-
200, A&D Company Limited, Tokyo, Japan) with high
precession was used for weighing purpose. Calibrated glass
wars including pipette and volumetric flask were used for
sample preparations. They were soaked in 10% (v/v) HNO;
overnight and rinsed with deionized water and dried prior
using. The electrical conductivity and resistance of the
frequently used deionized water throughout the whole
experiment were approximately 0.2 uScm™ and 18.2 MQ-cm
respectively and prepared by RF ultrapure water system,
Barnstead.

2.3.1. Analysis of Physicochemical Parameters in Water
Water color was observed by naked eyes and odor was felt
with nose. The water temperature was recorded using a
calibrated thermometer at the collection spots. DO, pH and
EC of all water samples, were also measured at the collection
spots and for their analysis, a portable Multiparameter meter
(Model: sension™156, HACH) was used which was
calibrated using traceable standards and measured instantly.
A 100 mL of water sample was taken in a beaker and the
electrode of the meter was immersed into the sample. By
changing the machine command, the DO, pH and EC were
measured one by one and the process was followed for each
water sample. TDS were measured manually or
gravimetrically as the river water may contain some organic
matter which does not completely ionized in water to be
detectable by the Multiparameter meter. For the BOD;
analysis, DO of water samples were measured two times. At
first day, DO values of water samples were measured and
then the flasks filled with water sample were kept in an
incubator at 20 + 2°C. After 5 days the flasks were taken out
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from incubator to bring at room temperature and the DO
levels were measured again carefully. Then the difference
between the present and the previous DO values were
calculated to get the BODs for each sample.

2.3.2. Analysis of Anions in Water by Ion Chromatograph

i. Sample Preparation

At first, the samples were filtered with Whatman™
qualitative 1 filter paper (125 mm dia.*100 circles) in order
to remove sediment and other particulate matter and collected
in 25 mL volumetric flask. Then the filtered samples were
taken in sample vials by using syringe with 40 micron filter.
Every times, the volumetric flasks, syringes and sample vials
were washed with deionized water and rinsed at least three
times with the respective samples.

ii. Instrumental Analysis

The prepared samples were analyzed by Ion
Chromatograph (Model: 10 AD, SHIMADZU, Japan) for
anions viz. F, CI', Br, NO,", NO; and SO42'. This is basically
a separation technique and measures the concentration of
anions in the samples based on their retention time and peak
area as well as peak height of the chromatogram. A mixed
standard solution of anions prepared from certified reference
material (CRM) obtained from Fluka Analytical, Sigma-
Aldrich was used as working standard for calibration
purposes. The method detection limit (MDL) for F°, CI', Br’,
NO,, NO;5™ and SO42' tons were 0.03, 0.17, 0.10, 0.05, 0.10
and 0.10 mgL"' respectively.

For the analysis of PO43' ion, UV-Visible
Spectrophotometer (Model: UV-1650PC, SHIMADZU,
Japan) was used. At first, 25 mL of water samples were taken
in a 50 mL volumetric flasks and 10 mL venadate-molybdate
reagent was added to it and diluted up to the mark with
deionized water. Instrument baseline was constructed using
deionized water. A calibration curve was prepared by running
different concentrations of working standard solutions
prepared from CRM (Fluka Analytical, Sigma-Aldrich) and
concentration of unknown samples were determined against
the prepared calibration curve. The sample solutions were
transferred into cleaned quartz cell and placed in the path of
light source of UV-Visible Spectrophotometer to start
analysis which gives the concentrations of the sample as
phosphorus determined against the calibration curve. The
detection limit was 0.04 mgL'. From phosphorus
concentration, phosphate ion concentrations in samples were
calculated as follows:

Phosphate ion concentration, mgL™ = A x Fx 95/31

Where, A = concentration of phosphorus in mgL™" and F =
dilution factor.

2.3.3. Analysis of Heavy Metals in Water Samples by
Atomic Absorption Spectrometer (AAS)

i. Sample Preparation
At first, 100 mL of each water sample was taken in a 250

mL cleaned glass beaker by using a calibrated pipette and
acidified with about 4-5 mL of concentrated HNO;. The
beaker containing the sample was then heated on a hot plate
at about 150-180°C for digestion and volume reduction to
about 25-30 mL. After proper digestion, the cooled sample
was taken in a 100 mL cleaned and calibrated volumetric
flask rinsing the beaker several times with deionized water
and finally, the flask was made up to the mark. Then, it was
filtered with a Whatman™ qualitative 1 filter paper and
preserved in a previously cleaned and dried 250 mL non-
transparent plastic bottle with a label for the determination of
heavy metals concentration. A sample blank was also
prepared for quality control.

ii. Instrumental Analysis

Heavy metals in the prepared water samples were analyzed
by AAS. The Pb, Cd and Cr concentrations of the water
samples were analyzed using Zeeman Atomic Absorption
Spectrometer (Model: GTA 120-AA240Z with PSD 120 auto
sampler, Varian, Australia). Hg concentration of the samples
were analyzed using cold vapor hydride generation technique
in AAS (Model: AA240 FS with VGA-77, Varian, Australia)
and the concentration of Arsenic in the samples were
determined using electric hydride vapor generation technique
in AAS (Model: SpcetrAA 220 with an electrothermal
temperature controller (ETC)-60 and VGA-77, Varian,
Australia). The instrument uses specific hollow cathode lamp
(HCL) for each metal under the conditions as shown in Table
2.

Table 2. HCL condition during heavy metal analysis by AAS.

Heavy Hollow Cathode Lamp (HCL) Condition

Metals Lamp Current (mA)  Wavelength (nm) Slit Width (nm)
Pb 10.0 217.0 1.0

Cd 4.0 228.8 0.5

Cr 7.0 357.9 0.2

Hg 4.0 253.7 0.5

As 10.0 193.7 0.5

A calibration curve was prepared for all metals by
running different concentrations of working standard
solutions prepared from CRM (Fluka Analytical, Sigma-
Aldrich) and concentrations of heavy metals of the samples
were determined against the prepared calibration curve.
Average values of three consecutive replicates were taken
for each determination. The MDL for heavy metals: Pb, Cd,
Cr, Hg and As were 4.3411, 0.1986, 1.7963, 0.8071 and
0.0799 ng'1 respectively.

All stock standard solutions of physicochemical
parameters, anions and heavy metals were 1000 + 4 mgL' as
traceable to National institute of Standards and Technology
(NIST) and measured against CRM produced and certified in
accordance with ISO/IEC 17025 and ISO guide 34.

2.4. Statistical Analysis

All statistical analyses were performed using IBM SPSS
Statistics, version 20 (IBM Corporation, Armonk, NY).
Descriptive statistics of the parameters were computed to
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show their average behaviors and dispersions. Pearson’s  computed to show the association among the parameters.
correlation (r) matrix among the parameters were also

Table 3. Mean values of physicochemical parameters of water samples at three selected locations of the Dhaleshwari river during March to May, 2016 with
measurement uncertainty (£) (k=2).

Locations Months Temperature (°C) pH DO (mgL™?) BOD; (mgL™) EC (uScm™) TDS (mgL™?)
Porabari March 31.7+0.06 7.29+0.20 5.73+0.97 0.71+0.12 362 +2.90 174 £48.90
(Location 1) April 30.0+0.06 8.12+£0.23 4.99+0.85 0.55+0.09 310 £2.48 157 +44.12
May 29.3+0.06 8.05+0.23 6.32+1.07 0.65+0.11 318 +2.54 153 £42.99
o March 32.0+0.06 7.38+0.21 4.74+0.81 0.82+0.14 363 +£2.90 175 +49.18
(Location 2) April 30.0£0.06 7.7240.22 4.11£0.70 1.74+0.30 339 42.71 165 +46.37
May 29.7+0.06 6.78+0.19 7.31+1.24 1.74+0.30 127 £1.02 60.0 £16.86
Mahmudnagar March 31.0£0.06 7.294+0.20 5.54+0.94 1.09+0.19 487+ 3.90 235 £66.04
(Location 3) April 31.7+0.06 7.73£0.22 5.11+0.87 1.06+0.18 257 +£2.06 116 £32.60
May 30.0+0.06 8.06+0.23 6.47+1.10 0.52+0.09 127+ 1.02 60.0 £16.86
BSTI = 6.4-7.4 Max. 6 6.0 3000 Max. 500
Standard value WHO - 6.0-8.5 Max.(4-6) 5.0 3000 Max. 500
ECR 20-30 6.5-8.5 6 0.2 3000 1000

BSTI = Bangladesh Standards and Testing Institute, WHO = World Health Organization, ECR = Environment Conservation Rules

respectively. Most of the parameters shows significant
3. Results and Discussion correlations with each other which means that one parameter
can predict the significance of the other [12].

3.1. Physicochemical Parameters
Table 4. Descriptive statistics of the physicochemical parameters of water

The physicochemical parameters of the Dhaleswari river  samples of the Dhaleswari river.

during the month March to May 2016 were measured a5 “parameters N Range Min. Max. Sum  Mean  SD

shown in Table 3. During the study period in Porabari site, ~Temperature 9 270 293 320 2754 30.600 1.00747
color of water samples was almost natural and there was no pH 9 134 6.78 812 6842 7.6022 045121
bad smell in water. In Katuli, water had grey color and fishy =~ DO 9 320 411 731 5032 55911  0.98686
odor and in Mahmudnagar site, water color ranged from light BOD 9 122 052 1.74 8880 09867 047133

. L. N EC 9 360 127 487 2690 298.89 115.338
green to deep green which indicates the presence of high  1pg 9 175 60.0 235 1295 14389 567110

range of phytoplankton. Descriptive statistics and Pearson’s
correlation matrix of physicochemical parameters for the
Dhaleswari river water are shown in Table 4 and 5

"*Min. = Minimum, Max. = Maximum, SD = Standard Deviation

Table 5. Pearson s Correlation matrix among the physicochemical parameters of water samples of the Dhaleswari river.

Parameters Temperature pH DO BOD EC TDS
Temperature 1 -0.313 -0.423 -0.149 0.420 0.385
pH -0.313 1 -0.300 -0.600 -0.039 -0.021
DO -0.423 -0.300 1 -0.041 -0.586 -0.590
BOD -0.149 -0.600 -0.041 1 -0.097 -0.108
EC 0.420 -0.039 -0.586 -0.097 1 0.998"
TDS 0.385 -0.021 -0.590 -0.108 0.998" 1

**_ Correlation is significant at the 0.01 level (2-tailed).

3.1.1. Temperature :
Temperature of water plays a vital role to assess the 34 lLocat%onl

environment of water. Hot water contains less oxygen as cold 33 1 " Location 2

water [13] which is harmful for aquatic life. An effective -~ 32 I I Location 3

change in water temperature is dangerous for aquatic fish i g(l) ' Jt

[14] and other phytoplankton. The temperature of the g 29 -

Dhaleswari river water were varied from 29.3 to 32°C as £ 28

shown in Table 3 and shows insignificant negative g 27

correlations (p<0.01) with pH, DO and BOD as r = -0.313, r ? 26

=-0.423 and r = -0.149 and insignificant positive correlations = 25

with EC and TDS as r = 0.420 and r = 0.385. The pH and DO March April May

of water decreases with increasing temperature while EC

increases due to the increased dissociation of the ionic Months and Locations

substance. Figure 2. Temp. with three months and locations.
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Figure 3. pH with three months and locations.

The highest value of temperature was recorded at Location
2 (Katuli) in March and the lowest value was recorded at
Location 1 (Porabari) in May. Values were comparatively
high in Location 1 (Porabari) and Location 2 (Katuli) in the
month of March and in Location 3 (Mahmudnagar) in April
than other values. The temperature of Dhaleshwari river
water varies with seasons and time in the year. The
temperature in the post monsoon was recorded lower than
that in the monsoon and pre-monsoon season which varies
within the standard limit [S]. Islam et al. [15] recorded that
the temperature of the Shitalakkhya river varied from 20.5 to
31.3°C. Real et al. [6] found the temperature ranged between
29.5°C to 31.7°C at different stations in Dhaleshwari river
during the period from April to June 2015 with mean value
29.9°C £ 0.1°C, 31.17°C £ 0.47°C, 29.5 + 0.06°C in April,
May and June respectively.

3.1.2. pH

pH of water indicates the nature of water whether it is
acidic, basic or neutral. It controls the biological environment
of water area. A drastic increase or decrease in pH level of
water body exerts a fatal impact on aquatic life. Table 3
shows that the pH values varied between 7.29 and 8.12 and
shows insignificant negative correlations (p<0.01) with
temperature, DO, EC and TDS as r =-0.313, r =-0.300, r = -
0.039 and r = -0.021 respectively and a significantly negative
correlation with BOD as r = -0.600. The BOD value in the
study area decreases with increasing the pH of water which
means that at alkaline condition microorganisms consumed
less DO of water. The highest value of pH was recorded at
Location 1 (Porabari) in April and the lowest was recorded at
Location 2 (Katuli) in May. In March, values were more or
less similar at all the sites. Islam et al. [5] found pH value
between 5.0 - 6.4, 7.42 - 7.6 and 5.4 - 5.9 respectively in pre-
monsoon, monsoon and post-monsoon seasons at different
stations in Dhaleshwari river. Islam et al. [15] found that the
pH of the Shitalakkhya river varied from 6.9 to 8.0. Real et
al. [6] found the pH of water as slightly alkaline in nature
and ranged between 7.25 in June and 8.45 in April at three
different stations of the same river namely Belta, Kendua and
Charabari under the Porabari union of Tangail Sadar
Upazilla. The standard value of pH is 6.0 - 8.5 for aquatic life

[16] indicating that all the measured values in the present
study were within standard limit.

3.1.3. Dissolved Oxygen (DO)

DO is a water quality parameter which predicts about a
healthy aquatic life. A decreased DO level means that water
environment is not suitable for aquatic biota. In the study,
DO value varied from 4.11 to 7.31 mgL™ that may support
healthy aquatic life and shows insignificant negative
correlations (p<0.01) with temperature, pH and BOD as r = -
0.423, r = -0.300 and r = -0.041 and a significantly negative
correlation with EC and TDS as r = -0.586 and r = -0.590
respectively. With increasing EC and TDS value, DO value
decreases probably due to the increase of ionic constituent as
well as organic matter in the water body.

10 ® Location 1
8 B Location 2
=) m Location 3
D6 - . :
H e =
04
a
2 -
O =7 T 1 1
March April May
Months and Locations
Figure 4. DO with three months and locations.

3 - B Location 1
25 - ® Location 2
] .

? 2 " Location 3
=15
2 1
0.5
0
March April May
Months and Locations

Figure 5. BOD with three months and locations.

The highest and lowest DO value both was recorded at
Location 2 (Katuli) in May and March respectively. DO
values of three locations were comparatively high in May
than in March and April. Islam ef al. [5] recorded DO ranged
from 5.7 to 7.3, 4.9 to 9.0 and 4.1 to 9.8 and mgL"
respectively in pre-monsoon, monsoon and post-monsoon
seasons and the samples were collected between 9:30-11:30
am. Islam et al. [15] found that the DO of the Shitalakkhya
river varied from 0.5 to 3.5 mgL'l. Real et al. [6] found the
monthly maximum mean DO value in April and the
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minimum mean in May which is ranged between 2.9-5 mgL"
and the samples were collected in the morning between 7.30
- 8.30 am during the month of April, May and June. They
explained that the main causes of lower DO value in their
study were due to the presence of organic matter in the water
body, lack of sunlight in the morning (7.30-8.30 am),
nutrients from induced fertilizers, human activities and other
animal wastes.

3.1.4. Biochemical Oxygen Demand (BOD)

BOD gives idea about the presence of biologically active
organism in the water body. As we found in the present study,
BOD ranges from 0.50 to 1.74 mgL™ indicating no organic
pollution in the water samples and shows significant negative
correlations (p<0.01) with pH as r = -0.600 and insignificant
negative correlations with temperature, DO, EC and TDS as r
=-0.149, r = -0.041, r = -0.097 and r = -0.108 respectively.
The presence of microorganism in the water body decreases
the DO level of water as the oxygen available in the water is
being consumed by the microorganism [17] which creates a
demands of oxygen in water making BOD value higher and
in such case, fish and other aquatic organisms may not
survive in the water due to insufficiency of DO. When water
body contains relatively less amount of microorganism, less
amount of oxygen will be consumed by them and
consequently the BOD value will be lower and the DO level
will be higher [1]. The highest value of BOD was recorded at
Location 2 (Katuli) in April and the lowest was recorded at
Location 3 (Mahmudnagar) in May. BOD values of three
locations were too low which indicates no significant organic
contaminants in the river. Real et al. [6] found mean
concentrations of BOD as 0.87 +£0.19, 1.12 + 0.6 and 0.97 +
0.67 mgL™" in April, May and June respectively. Islam et al.
[5] also recorded a lower BOD values during three seasons in
the Dhaleshwari river which is suitable for fisheries
production.

3.1.5. Electrical Conductivity (EC)

EC indicates the presence of overall ionic species in the
water body. It is found to vary from 127 to 487 uScm’
indicating low conductivity and shows strongly positive
correlations (p<0.01) with TDS as r = 0.998. This means that
the EC value increased with increasing the TDS
concentration and is due to the fact that water sample with
high value of TDS contains more ionic constituents which
contributes to increase the EC value. The EC of the water
samples also shows an insignificant positive correlations with
temperature as r = 0.420 and significant negative correlations
with DO as r = -0.586 while an insignificant negative
correlations with pH and BOD as r = -0.039 and r = -0.097
respectively. The highest value of EC was recorded at
Location 3 (Mahmudnagar) in March and the lowest was
recorded at Location 2 (Katuli) and 3 (Porabari) in May. EC
values of three locations were far below the standard value
(Table-3). Islam et al. [5] recorded EC of the Dhaleshwari
river water ranged as 288 to 411, 136 to 267 and 181 to 540
u Sem™ in pre-monsoon, monsoon and post-monsoon season,
respectively. All sites showed lower EC values than the

standard of 700 u Sem™ according to DoE (Department of
Environment) [18] due to seasonal variations. Islam et al.
[15] found that the EC of the Shitalakkhya river varied from
121 to 1167 u Sem™ which is higher than the standard value.
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Figure 6. EC with three months and locations.
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Figure 7. TDS in three months and locations.

3.1.6. Total Dissolved Solids (TDS)

TDS measures the amount of total dissolved material in
water. A high value of TDS in the water body makes the
water turbid. TDS in the study varied from 60 to 235 mgL"
that gives water with low concentration level of minerals and
shows significantly positive correlations (p<0.01) with EC as
r = 0.998 which is very much consistent. The TDS of the

water samples also shows an insignificant positive
correlations with temperature as r = 0.385 and significant
negative correlations with DO as r = -0.590 while an

insignificant negative correlations with pH and BOD as r = -
0.021 and r = -0.108 respectively. The higher value of EC
and TDS will reduce the DO value due to more ionic species
in the water body. The highest value of TDS was recorded at
Location 3 (Mahmudnagar) in March and the lowest was
recorded at Location 2 (Katuli) and 3 (Mahmudnagar) in
May. TDS values of three locations were far below the
standard value (Table-3). Islam et al. [5] found the TDS
values in the Dhaleshwari river water ranged as 190 to 224,
69 to 131 and 95 to 299 mgL™" in pre-monsoon, monsoon and
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post-monsoon season, respectively. Islam et al. [15] found
that the TDS of the Shitalakkhya river varied from 80 to 754
mgL™" which is slightly higher than the standard value
according to BSTI [19] and WHO [20] and lower than that of
standard value according to ECR [21].

3.2. Anions

Anion concentrations in the Dhaleshwari river water
during the months from March to May, 2016 are tabulated in
Table 6 which shows that there is no change in the
concentrations of F', Br and NO, ions during the study
period and their concentration levels in water were below the

detection limit indicating no significant contamination in the
river. However, the concentrations of CI', NO;s’, SO42' and
PO43' ions were observable, although their concentration
levels were also below the standard values except for NOs
ion at Location 2 (Katuli) in the month of March. Descriptive
statistics and Pearson’s correlation matrix for CI', NOjs’, SO42'
and PO,” ions in the Dhaleshwari river water during the
study period are shown in Table 7 and 8 respectively.
Correlation for F°, Br" and NO,™ cannot be computed because
at least one of the variables is constant. The F', Br and NO,’
ions do not correlate with themselves and with other ions as
their concentrations are insignificant.

Table 6. Mean values of anions (mgL™) at three selected locations of the Dhaleshwari river during March to May, 2016 with measurement uncertainty (£)

(k=2).
Locations Months F Cr Br NO, NO; S0 PO
i Marvch <0.5 2.19+0.37 <1.0 <1.0 2.94+0.49 7.11+1.38 3.71+0.67
(Location 1) April <0.5 1.74+0.30 <1.0 <1.0 1.79+0.30 8.25+1.60 4.44+0.80

May <0.5 6.80+1.16 <1.0 <1.0 1.000.17 4.00+0.78 2.31+0.42
il Marvch <0.5 1.30+0.22 <1.0 <1.0 19.743.26 8.08+1.57 2.63+0.47
(Location 2) April <0.5 5.20+0.89 <1.0 <1.0 3.55+0.59 9.37+1.82 3.51+0.63

May <0.5 2.31+0.40 <1.0 <1.0 0.82+0.14 3.69+0.72 1.74+0.31
Mahmudnagar Marvch <0.5 4.09+0.37 <1.0 <1.0 1.04+0.17 4.63+0.90 3.53+0.64
(Location 3) April <0.5 3.18+0.70 <1.0 <1.0 1.79+0.30 5.20+1.01 3.00+0.54

May <0.5 1.08+0.18 <1.0 <1.0 0.510.08 3.34+0.65 2.05+0.37

BSTI 1.0 250 = Nil 45 = =
Standard value WHO 1.5 250 - 3.0 50 250 -

ECR 1.0 150-600 - <1.0 10 400 6.0

Table 7. Descriptive statistics of the anions (CI, NOj3, SO/ and PO45') of
water samples of the Dhaleswari river.

Parameters N Range Min. Max. Sum Mean SD

Cr 9 572 1.08 680  27.89 3.0989 1.92707
NOy 9 192 051 19.7  33.10 3.6778 6.07710
SO, 9 6.03 334 937  53.67 59633 226093
PO,* 9 270 1.74 444 2692 29911 0.88184

"Min. = Minimum, Max. = Maximum, SD = Standard Deviation.

Table 8. Pearson’s Correlation matrix among the anions (CI, NOs, SO/
and PO,”) of water samples of the Dhaleswari river.

Parameters Ccr NOy SO~ PO>

cr 1 -0.318 -0.068 0.001

NO5 -0.318 1 0.484 -0.050
S0~ -0.068 0.484 1 0.694"
PO> 0.001 -0.050 0.694" 1

* Correlation is significant at the 0.05 level (2-tailed).

3.2.1. Chloride Ion (CI)

The concentration of Cl” in the Dhaleshwari river water is
in the range: 1.08 to 6.80 mgL™ which lie in the permissible
limit and shows an insignificant negative correlation
(P<0.05) with NO;™ and SO,* as r = -0.318 and r = -0.068
respectively and insignificant positive correlation with PO,>
as r = 0.001. Islam ef al. [22] found the CI" concentration in
Rupsha river water of Khulna region, Bangladesh, ranged as:
444-724 mgL™" and argued that the water of the Rupsha river
in their study area is highly polluted. The lower concentration
of CI' in the present study indicates that there is no
chlorinated pesticide pollution in the Dhaleshwari river water

which may be found due to the addition of pesticides in the
surrounding agricultural lands of the river.

3.2.2. Nitrate Ion (NO53)

The NO;  concentration in the river water were found
bellow the limit of detection except the water sample of
Location 2 (Katuli) that was measured in the month of March
which is higher than the permissible level by BSTI (4.5 mgL™)
and WHO (10 mgL™") probably due to the excessive use of
nitrate fertilizer or others agricultural practices in the
surrounding agricultural lands and due to considerable
surface runoff from agricultural fields to the river water.
Besides, NO;™ ion shows an insignificant negative correlation
(P<0.05) with CI" and PO, as r = -0.318 and r = -0.050
respectively and insignificant positive correlation with SO,
as r = 0.484. Real et al. [6] found that the nitrate
concentration in Dhaleshwari river water varied from 0.51
mgL™" in June to 3.66 mgL™ in April with the mean value of
2.55 £ 1.35 mgL™" in April, 2.38 = 1.02 mgL"' in May and
0.78 = 0.25 mgL™" in June. Thus, in the present study, except
the Location 2 (Katuli), nitrate concentrations of the
Dhaleshwari river water were within the permissible limit
(10.0 mgL™) throughout the study period according to DoE,
Bangladesh [18].

3.2.3. Sulphate Ion (S0;)

The maximum concentration of SO42' in the Dhaleshwari
river water was found 9.37 mgL™. The water in the month of
March and April were contaminated slightly by SO,* ion while
in the month of May concentration were below the limit of
detection for all three locations and shows an insignificant
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negative correlation (P<0.05) with CI" as r = -0.068 and an
insignificant positive correlation with NO;™ as r = 0.484. But
shows strongly positive correlation with PO,> as r = 0.694.
Real et al. [6] measured the mean sulphate concentrations at
different months of Dhaleshwari river water as 6.61 + 1.78
mgL'l, 7.61 +2.16 mgL" and 3.68 + 0.23 mgL'1 respectively.
Sulphate concentrations in the study found very low compared
to the permissible limit (22 mgL'l) by DoE [18].

3.2.4. Phosphate Ion (PO;)

The concentration of PO43' in the Dhaleshwari river water
found in the range of 1.74 to 4.44 mgL™" which lie within the
permissible limit by ECR [19] and shows an insignificant
negative correlation (P<0.05) with NO;3 as r = -0.050 and an
insignificant positive correlation with CI" as r = 0.001 and
significant positive correlation with SO,* as r = 0.694. Real
et al. [6] found phosphate concentration varied from 1.74
mgL" (lowest) in June to 4.4 mgL'1 (highest) in May with the
monthly mean concentrations recorded as 3.29 + 0.58 mgL™',
3.64 £ 0.71 mgL " and 2.03 + 0.28 mgL™ in April, May and
June respectively which are in very close agreement with
results obtained in the present study.

3.3. Heavy Metals Concentration in Water Samples

Heavy metals concentration of water from three selected
locations of the Dhaleshwari river in the months from March
to May, 2016 as tabulated in Table 9 shows that there is no
change in the concentrations during the whole study period
and the concentration levels of all the heavy metals in water
of the river were far below the permissible limit except for
arsenic (As) in the month of April at Katuli (Location 2) and

in March and April at Mahmudnagar (Location 3) in which
the values were slightly greater than the permission level by
WHO (0.01 mgL™) [20] but below the acceptable limit by
BSTI [19] and ECR [21] (0.05 mgL™) indicating no
significant heavy metal pollution in the Dhaleshwari river
water. The very low concentration of heavy metals in water
may be attributed to the fact that the river water is always
flowing and metals cannot be accumulated in one place in the
flowing water.

Islam et al. [15] found the concentration of Cr and Cd in
the Shitalakkhya river water in the range of 0.0371 to 0.1023
mgL'1 and 0.0065 to 0.0152 mgL™ respectively. Islam et al.
[22] studied the heavy metal concentration in water of the
Rupsha river of Khulna region, Bangladesh and found the
concentration of Pb, Cd and Cr ranged as: <0.10-0.15 mgL'l,
<0.001 mgL'1 and <0.005-4.33 mgL"' respectively. Pb and Cr
concentrations in the Rupsha river water were found in the
level higher than the standard value and makes water
unusable. However, Cd contents in all the samples ranged
within the acceptable limits. Islam et al. [5] found Cd
concentrations in the Dhaleshwari river water higher than the
standard level 0.005 mgL™' according to ECR [21] and
claimed that the phosphoric fertilizers in the agricultural soils
and paints and dyes for cloth manufacturing along the river
are the most ubiquitous source of excessive Cd
contamination in the studied river water. In this respect, the
Dhaleshwari river was polluted in terms of Cd
concentrations. The variations of heavy metal concentrations
in the Dhaleshwari river water along with the present study
were mainly due to different collection spots and seasons.

Table 9. Mean values of heavy metals (mgL™”) in water samples at three selected locations of the Dhaleshwari river during March to May 2016 with

measurement uncertainty (£) (k=2).

Locations Months Pb Cd Cr Hg As
Porabari Mar'ch <0.01 <0.001 <0.005 <0.001 0.004+0.001
(Location 1) April <0.01 <0.001 <0.005 <0.001 0.003+0.001
May <0.01 <0.001 <0.005 <0.001 0.008+0.001
Katuli Mar'ch <0.01 <0.001 <0.005 <0.001 0.003+0.001
(Location 2) April <0.01 <0.001 <0.005 <0.001 0.012+0.002
May <0.01 <0.001 <0.005 <0.001 0.002+0.000
b Mar'ch <0.01 <0.001 <0.005 <0.001 0.015+0.002
(Location 3) April <0.01 <0.001 <0.005 <0.001 0.011+0.002
May <0.01 <0.001 <0.005 <0.001 0.002+0.000
BSTI 0.05 0.005 0.05 0.001 0.05
Standard value WHO 0.05 0.005 0.05 0.001 0.01
ECR 0.05 0.005 0.05 0.001 0.05

Overall, the present study shows there is almost no
significant pollution in Dhaleshwari river which is consistent
with the similar study carried out by Islam et al. [5] and there
is no significant change in the water quality from 2012 to
2016 with respect to the studied parameters. The possible
reason for these findings may be that the study area have no
any kind of industries till now and only pollution sources are
agrochemicals from surroundings lands which also
contributes very less to the pollutions of the study area.
Another reason is the heavy rain even in the pre-summer
monsoon (March to May) along with the summer monsoon

(June to September) which sometimes causes flash flood in
the study area. However, from the microbial study conducted
by Real et al. [6], it is suggested that the water of the
Dhaleshwari river is polluted and is not suitable for human
activities. Islam ef al. [5] and Real et al. [6] carried out their
study from the same river (Dhaleshwari) with the present
study, but their sampling sites were entirely different and the
studies were not performed at the same time of the year
which may be another important reason for the variations of
the results among the studies.
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4. Conclusion

Pollutants from various sources enter into the river system
mainly either by direct discharges or surface runoff from the
agricultural, industrial and municipal pollutant sources. The
study was aimed to evaluate the present status of
Dhaleshwari river water quality in terms of physicochemical
parameters, anions and major heavy metals. Analysis of
physicochemical parameters such as temperature, pH, DO,
BOD, EC, TDS shows that the levels of pollution in
Dhaleshwari river are beyond the threshold limits. According
to the statistical analysis, temperature, EC and TDS show
positive correlations (p<0.01) with each other and negative
correlations with pH, DO and BOD which themselves show
negative correlations with each other. Concentrations of
anions were also found below the recommended values
except in the month of March for Location 2 (Katuli) in
which NO;™ ion concentration (19.7 mgL™") is found higher
than the permissible level by WHO (10 mgL'l). This may be
due to the considerable surface runoff of excessively used
nitrate fertilizer in the surrounding agricultural lands into the
river water. Statistically, the CI' ion shows positive
correlations (p<0.05) with PO,* ion and negative correlations
with NO;™ and SO42' ions. The NO;™ ion shows positive and
negative correlations with SO,* and PO,> ions respectively
while SO42' and PO43' ion shows positive correlations with
each other. The concentration of heavy metals in
Dhaleshwari river water were also beyond the standard
recommended values. The examined physicochemical
parameters, anions and heavy metals contaminations indicate
that the quality of Dhaleshwari river water is almost suitable
for aquatic lives and human consumption and the water in the
study area is also suitable for utilizing in irrigation, fishing,
household, livestock, industrial and recreational purposes.
However from microbial study, it was suggested by Real e?
al. [6] that the water of the river is not suitable for human
activities. In this regard, future study on microbial load of
water body, fish species, sediments, phytoplankton,
zooplankton, microalgae etc. should be carried out for a
longer period of time to get a more clear idea about the water
quality and aquatic environment of the Dhaleshwari river.
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