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Abstract
The present study was undertaken to investigate some water quality parameters (pH, BOD, DO and water temperature), anion concentration ( PO34− ,
SO 24 − and NO3− ) and the availability of some selected microorganisms con-

sisted of total coliform, fecal coliform (Escherichia coli) and Vibrio cholerae
in the Dhaleshwari river during the period from April to June 2015. The water
samples were collected from three different stations of the river namely Belta
(St-1), Kendua (St-2) and Charabari (St-3) under the Porabari union at Tangail Sadar Upazilla. Water temperature varied from 29.5˚C in June to 31.7˚C
in May with a highest mean 31.17 ± 0.47 in May. The pH of water was slightly
alkaline in nature and ranged between 7.25 in June and 8.45 in April. Mean
concentrations of BOD 0.87 ± 0.19, 1.12 ± 0.6 and 0.97 ± 0.67 were recorded
in April, May and June respectively. Highest PO 24 − value 4.4 mg/l was found
in May and lowest value of PO 24 − 1.74 mg/l was found in June. Mean sulfate
values at different months of Dhaleshwaririver were 6.61 ± 1.78 mg/l, 7.61 ±
2.16 mg/l and 3.68 ± 0.23 mg/l respectively. Nitrate concentration in water
samples varied from 0.51 mg/l in June to 3.66 mg/l in April. Total coliforms
bacteria were found high in all water samples and values ranged from 11.05 ×
108 - 19 × 1023 cfu/ml. The highest load of total coliforms bacteria was recorded at St-2 in May and the lowest was at St-1 in April. The highest concentration of Escherichia coli counted in water sample was 6 × 1013 cfu/ml at St-2
during June, while lowest concentration was 5 × 105 cfu/ml at St-1 during
May. The highest concentration of Vibrio cholerae was 9.66 × 1014 cfu/ml at
St-1 during June, while lowest concentration was 4.2 × 108 cfu/ml at St-3 during April. The high number of total coliform, Escherichia coli and Vibrio
cholerae indicated significant level of microbial pollution in Dhaleshwari river. The presence of pathogenic organisms may pose not only health hazards
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to the users of the river water but also poses risks for the aquatic organisms
especially fish of the water bodies. So the occurrence of high bacterial load
concluded that the water of Dhaleshwari river is polluted and unhygienic for
drinking and even unsuitable for domestic purposes without proper treatment.
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1. Introduction
Water pollution by harmful microorganisms is now a nationwide problem of
developing countries like Bangladesh. To determine the extent of water pollution
we consider different roles played by microorganism as well as presence of organic and inorganic pollutant [1]. Aquatic microorganisms occupy a key position in the trophic level by providing rich nourishment for the next higher level
of aquatic life and thus human health and other animals may affect [2]. Water is
unsafe for human consumption when it contains pathogenic or diseases causing
microorganisms. The consumption of unhygienic drinking water and uses of
unsafe water for daily purposes lead to the prevalence of diseases like diarrhea,
typhoid, cholera, bacillary dysentery among the population [3]. The abundance
and diversity of widely distributed microorganisms may be used as an indicator
for the suitability of water [4]. Microbiological impairment of drinking, bathing,
irrigation, or recreational water is commonly monitored using concentration of
fecal indicator bacteria (FIB). The presence of Escherichia coli (FIB) is considered as inferential evidence of fecal pollution and commonly used to evaluate
microbial water quality [5]. Cholera caused by toxigenic Vibrio cholerae is a
major public health problem in developing countries, where outbreaks occur in a
regular seasonal pattern and are particularly associated with poverty and poor
sanitation [6].
In Bangladesh Dhaleshwari river acts as a most important distributary of the
Jamuna river [7]. People surrounding the river mainly uses the water for drinking, bathing, washing, fishing and agricultural purposes. About 80% of all diseases are associated with waterborne pathogens in Bangladesh [8]. Keeping the
above points into consideration, the present study was undertaken to enumerate
aerobic heterotrophic, enteric and related waterborne pathogens to find out an
overall microbial pollution of the Dhaleshwari river.

2. Materials and Methods
2.1. Study Area
Dhaleshwari river is the main distributary of Jamuna river and about 290 km
long having average depth 37.19 m and maximum depth 80.79 m respectively.
Dhaleshwari river starts off the Jamuna river near the north-western tip of Tan524
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gail district. Then the river is divided into two branches namely the northern
branch retains the name Dhaleshwari and merges with the other branch Kaligonga river at the southern part of Manikgang district. Finally the merged flow
meets the Shitalakshya river near the Narayanganj district. This combined flow
goes southwards to merge into the Meghna river [9].
The climate of Tangail is characterized by the seasonal changing of the wind,
comparatively dry & mild winter and hot & wet summer. Despite the traditional
six seasons of the Bengali calendar traditionally Tangail district has four distinctive identifiable seasons in a year; the winter season (December to February), the
unsettled period of pre-summer monsoon (March to May), the summer monsoon (June to September) and the retreating monsoon (October to November).
The annual average temperature of Tangail district is maximum 38.33˚C and
minimum 10.13˚C. The annual rainfall is 1830 mm [10].

2.2. Sample Collection
Water samples were collected from three sampling stations of the Dhaleshwari
river namely St-1 is at Belta, St-2 is at the Kendua at Porabari union and St-3 is
at Charabari at Tangail Sadar Upazila (Figure 1). Each station is about 1.5
kilometers far from each other and water samples were collected from 1 meter
far from the bank of the river. Water samples were collected in the morning between 7.30 - 8.30 am during the month of April, May and June 2015. According
to Brammer samples collected from April and May were fall in pre-monsoon
(Having high temperature and high evaporation rates) season again samples
collected from June were in monsoon season (High intensity of rainfall) [11].
We avoided scum and sampling depth was 15 - 30 cm below the water surface.
Water samples were taken in sterilized glass bottles marking with the respective
identification number and transported in an icebox with sufficient ice blocks to
maintain the temperature around 4˚C - 6˚C.

2.3. Microbial Analysis
We performed spread plate techniques for total plate count of bacteria with serial dilution in respect of the identification of health hazard bacteria in water samples. Standard plate count (SPC) techniques were used for microbial load from
the water samples [12]. For enumeration of different bacteria different selective
media were used i.e. MacConkey agar for total coliform bacteria, EMB agar for

Escherichia coli and TCBS agar for Vibrio cholera [13]. There considered as total
counts of average colonies formed in the plates after incubated at 37˚C for 48
hours.

2.4. Physicochemical Analysis
In situ data water temperature and DO were recorded with thermometer (mercury thermometer) and DO meter (LT Lulron DO-5509) during the sampling
time. Water pH was recorded in the laboratory with the help of pH meter (Adwa, AD1000). Phosphate in water samples determined by UV-Visible Spectro525
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Figure 1. Map showing the study area in Dhaleshwari river at Tangail district Bangladesh [14].

photometry set by web length at 400 nm; again SO 24 − and NO3− was recorded
by Ion chromatography (Shimadzu Ion Chromatograph, HIC-10-A).

2.5. Statistical Analysis
MS Excel 2010 and SPSS 20 software were used for calculating average, standard
deviation and presentation of graphs. The relation between two parameters determined by the Karl Pearson’s correlation coefficient and coefficient of correlation (r) determined as follows:

=
r r=
xy

n∑xi yi − ∑xi ∑ yi
n∑xi 2 − ( ∑xi )

2

n∑ yi 2 − ( ∑ yi )

2

where n = Number of samples,

xi = Values of x variables,
yi = Values of y variables.
For testing significance or non-significance of correlation coefficient t-test was
526
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used by following given formula:

t=r

n−2
.
1− r2

3. Results and Discussion
3.1. Total Coliform Count
Monthly maximum mean concentration of total coliform was recorded as 13.81 ×
1023 cfu/ml during May and minimum mean concentration of total coliform was
recorded 12.7 × 108 cfu/ml during April (Figure 2). Total coliform bacteria
count on MacConkey agar ranged between 0.3 × 104 and 3.5 × 104 cfu/ml in the
Buriganga river during rainy season (July-August) [15]. Hasan et al. [16] recorded the coliform counts at several points of the Buriganga river water varied
from 1.1 × 103 to 2.4 × 103 cfu/100ml. Total coliform in the downstream site of
the Bhusian river in Phillipines in the month of April showed the highest value
of 1.7 × 1013 cfu/100ml [17]. The causes of maximum load of total coliform bacteria in May were unhygienic conditions besides the river, less amount of water
present in river, static condition of river water and the less rainfall. On the other
hand there were sufficient amount of water present due to heavy rainfall and
sufficient flow of river water were the causes of low bacterial load in June.

3.2. Escherichia coli Count
The highest concentration of Escherichia coli counted in water sample was 6 ×
1013 cfu/ml at St-2 during June while minimum concentration was found 5 × 105
cfu/ml at St-1 during May (Figure 3). Monthly maximum mean concentration
of Escherichia coli was recorded in June and minimum concentration of Esche-

richia coli was recorded in May. The higher Escherichia coli load was in June
might be due to wash out of the land surface to the river by rain water as well as

Figure 2. Total coliform bacterial load among three months in Dhaleshwari river water.

Figure 3. Bacterial load (Escherichia coli) among three months in Dhaleshwari river.
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due to the unhealthy condition of St -2. As a result, there was the high number
of Escherichia coli load in the Dhaleshwari river. In particular, E. coli is the universal indicator of fecal contamination [18]. Presence of E. coli, thus clearly indicated fecal pollution of the Dhaleshwari river. EPA’s recommended limit of E.

coli within recreational waters such as swimming is equal to or less than 200
cfu/100 ml [19].

3.3. Vibrio cholerae Count
The highest concentration of Vibrio cholerae counted in Dhaleshwari river water sample was 9.66 × 1014 cfu/ml at St-1 during June while minimum concentration was found 4.2 × 108 cfu/ml at St-3 during April (Figure 4). The highest
mean concentration was recorded 6.11 × 1014 cfu/ml in June and the lowest
mean concentration 7.87 × 108 cfu/ml was in April. In developing countries
cholera is a major public health problem which is caused by infection of the intestine with V. cholerae [20]. For many years cholera is an epidemic disease in
Bangladesh with maintaining its regular seasonal pattern [21]. Cholera epidemics occur twice every year with the highest peak during post monsoon period
(September-January) and second smaller peak during pre-monsoon (MarchMay) in Bangladesh. [22]. As Vibrio cholerae is a waterborne pathogen and the
outbreak of Vibrio cholerae is highly appeared in rainy season so that it might be
a cause of high load of Vibrio cholerae in June.

3.4. Physicochemical Parameters
In this study the lowest dissolved oxygen (DO) value 2.9 mg/l was found at St-2
in the month of May and the higher DO value 5 mg/l was at St-1 in April.
Monthly mean DO value was maximum in April and the minimum mean was in
May (Table 1). Islam et al. [23] found DO ranged from 4.9 to 9.0, 4.1 to 9.8 and
5.7 to 7.3 mg/l respectively in monsoon, post-monsoon and pre-monsoon seasons and the samples were collected between 9:30-11:30 am. The main causes of
lower DO value in the present study were 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.
In this study highest pH value 8.45 was found at St-1 and St-3 in April again
the lowest pH value 7.25 was found at St-2 in June (Table 1). Similar study was
conducted by Islam et al. [23] and found pH value between 7.42 - 7.6, 5.0 - 6.4

Figure 4. Bacterial load (Vibrio choleare) among three months in Dhaleshwari river.
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Table 1. Physicochemical parameters in the water samples at different stations in Dhaleshwari river.
Month

April

May

June

Sampling
stations

pH

St-1

8.45

St-2

8.17

St-3

8.45

5.0

29.8

0.82

St-1

7.75

3.0

30.8

0.55

St-2

7.67

St-3

7.73

3.1

31.0

1.74

St-1

7.29

3.1

29.5

0.65

St-2

7.25

St-3

7.3

Mean ± SD

DO

Mean ± SD

4.2
8.36 ± 0.16

7.72 ± 0.04

7.28 ± 0.03

3.4

2.9

3.0
3.2

Temp

Mean ± SD

30.0
4.2 ± 0.8

3 ± 0.1

3.1 ± 0.1

29.9

31.7

29.6
29.5

BOD

Mean ± SD

0.71
29.9 ± 0.1

31.17 ± 0.5

29.5 ± 0.1

1.1

1.1

0.52

0.87 ± 0.2

1.12 ± 0.6

0.97 ± 0.7

1.74

and 5.4 - 5.9 respectively in monsoon, pre-monsoon and post-monsoon seasons
at different stations in Dhaleshwari river. The standard value of pH is 6.0 - 8.5
for aquatic life [24]. In the present study temperature ranged between 29.5˚C to
31.7˚C 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.
Highest BOD value 1.74 was found at St-3 in the month of May and June and
the lowest BOD value 0.52 was found at St-2 in June. Mean concentration of
BOD 0.87 ± 0.19, 1.12 ± 0.6 and 0.97 ± 0.67 were recorded in April, May and
June respectively (Table 1). Khondker and Abed recorded BOD ranged from
0.2 - 4.5 mg/l in the Turag river, Bangladesh [25].

3.5. Anion Concentration at Different Sampling Stations
Phosphate ( PO34− ) concentration varied from 1.74 mg/l at St-3 in June to 4.4
mg/l at St-2 in May. Monthly mean concentrations were recorded 3.29 ± 0.58
mg/l, 3.64 ± 0.71 mg/l and 2.03 ± 0.28 mg/l in April, May and June respectively
(Table 2). In Ganga river water PO34− values ranged between 3.56 to 5.79 mg/l
[26]. Sultana et al. [27] found the PO34− concentration from 0.28 mg/l to 4 mg/l
of the Turagriver. Present study exceeded the permissible limit of phosphate in
fresh water according to WHO guideline [28].
In this study the observed mean sulfate values at different months of Dhaleshwaririver were 6.61 ± 1.78 mg/l, 7.61 ± 2.16 mg/l and 3.68 ± 0.23 mg/l respectively (Table 2). Moniruzzaman et al. [29] studied the anion concentration
in water of Burigangariver, Bangladesh and SO 24 − concentration were ranged
from 2.0 to 9.8 mg/l. Sulfate concentration found very low comparing with the
permissible limit (22 mg/l) according to DoE [30].
Nitrate ( NO3− ) concentration in water samples varied from 0.51 mg/l at St-1
in June to 3.66 mg/l at St-3 in April in our present study. Mean value 2.55 ± 1.35
mg/l was found in April, again mean value 2.38 ± 1.02 mg/l in May and 0.78 ±
0.25 mg/l was in June were found respectively (Table 2). Sultana et al. [27]
found the nitrate concentration from 0.6 to 3.5 mg/l of the Turag river, Bangladesh. Concentration of basic anion of NO3− were varied from 12.9 to 34.5 mg/l
529
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Table 2. Anionic concentration in the water samples of Dhalehwari river.
Month

April

May

June

Sampling station

PO34−
(mg/l)

Mean ± SD

SO 24−
(mg/l)

Mean ± SD

4.63

NO3−
(mg/l)

St-1

3.53

St-2

3.71

St-3

2.63

8.1

3.66

St-1

3.0

5.2

1.79

St-2

4.4

St-3

3.51

9.37

3.55

St-1

2.1

3.44

0.51

St-2

2.31

St-3

1.74

3.29 ± 0.6

3.64 ± 0.7

2.03 ± 0.3

7.11

8.25

3.9
3.69

Mean ± SD

1.0
6.61 ± 1.8

7.61 ± 2.2

3.68 ± 0.2

2.94

1.79

1.0

2.55 ± 1.4

2.38 ± 1.0

0.78 ± 0.25

0.82

in Buriganga river Bangladesh recorded by Moniruzzaman et al. [29]. The nitrate concentration of Dhaleshwari River was within the permissible limit (10.0
mg/l) throughout the study period according to DoE Bangladesh [30].

3.6. Correlation Matrix among Different Bacteriological,
Physiochemical and Anion Concentration of Dhaleshwari
River Water
Correlation matrix among the parameters determined by Karl Pearson’s correlation coefficient along with their significant test are given in the following table
(Table 3). Present study showed that dissolved oxygen had significant positive
correlation with pH (r = 0.797; p < 0.05). PO34− showed significant positive relation with temperature (r = 0.787; p < 0.05) and SO 24 − (r = 0.694; p < 0.05)
again it showed significant strong negative relation with E. coli (r = −0.842; p <
0.01) and V. cholerae (r = −0.789; p < 0.05). There seen significant strong positive relation between NO3− and SO 24 − (r = 0.890, p < 0.01) and significant negation relation between NO3− and V. cholera (r = −0.699; p < 0.05).
There found decrease trend (r = −0.707; p < 0.05) in total coliform bacteria
with the increase of DO and increase trend with the increase of temp (r = 0.755;
p < 0.05). E. coli bacteria showed significant negative relation with temperature,
PO34− , SO 24 − . Vibrio cholerae also showed significant strong positive relation
with E. coli bacteria (r = 0.956; p < 0.01) and significant negative relation with
pH (r = −0.833, p < 0.01). Environmental parameters such as temperature, salinity, pH and dissolved oxygen play a foremost part in the distribution of bacteria
in aquatic environment [31]. Alam and Zafar [32] found a decreased trend in E.
coli concentration with the increase of pH (y = −5.0745x + 65.599) and with the
increase of DO (y = −1.091x + 29.408) in water samples at Karnafuly river estuary Bangladesh which is similar to the present study.

4. Conclusions
The present study reveals that the bacteriological parameters investigated in river water were found above the permissible limits of WHO at different locations
530
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Table 3. Correlation matrix among the bacterial load, physicochemical parameters and the anion concentration of Dhaleshwari
river.
Parameters

pH

DO

Temp

pH

1

DO

0.797*

1

Temp

0.086

−0.327

1

BOD

PO34−

BOD

SO 24−

NO3−

E. coli

T. Coliform

−0.133

−0.165

0.18

1

3−
4

0.493

−0.041

0.787*

0.051

1

2−
4

0.464

0.196

0.664

0.388

0.694*

1

−
3

0.571

0.401

0.335

0.311

0.431

0.89**

1

T. coliform

−0.518

−0.707*

0.755*

0.235

0.243

0.261

−0.001

1

E. coli

−0.651

−0.179

−0.776*

−0.064

−0.841**

−0.762*

−0.646

−0.289

1

−0.833**

−0.427

−0.597

−0.061

−0.789*

−0.748*

−0.699*

−0.016

0.956**

PO
SO

NO

V. cholerae

V. cholerae

1

*Correlation is significant at the 0.05 level (2-tailed). **Correlation is significant at the 0.01 level (2-tailed).

of Dhaleshwari river. The presence of coliform bacteria indicates that the water
contaminated with fecal waste and hence the usage of the water could be hazardous to human health. As a result, the presence of high number of pathogenic
bacteria in the river might create a severe injury to fish. Again ingestion of these
bacteria during bathing and swimming in the river might cause or rather entrance of waterborne pathogens in food chain around the area. Low dissolved
oxygen, higher BOD values, higher pH values reveals that the river water was
polluted with organic and chemical pollutants. Considering the microbial and
physicochemical pollution level of the water, it is suggested that the water is not
suitable for human activities.
Negative relation among the high bacterial load and anion concentration reveals that there is potentiality of bioremediation of nutrients in the river water.
In this regard future study on microbial load, abundance of microalgae, zooplankton, phytoplankton, fish abundance alone with different macro and micro
nutrients content should be carried out for a longer period of time to get a clear
idea on bacterial load and physicochemical parameters of Dhaleshwari river.
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