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Abstract

In the present study, surface water samples were collected during three seasons (summer, monsoon and winter) from four
different study sites (T-dam, Padma Garden, I-dam and Talaimari point) of Padma River at Rajshahi, Bangladesh, and vari-
ous physicochemical and bacterial parameters were analyzed based on standard methods. Significant differences (p <0.05)
in physicochemical parameters were observed among the seasons and sites except for water temperature. However, except
for fecal coliform, other bacterial parameters such as total heterotrophic bacteria, total coliform and Vibrio cholerae counts
showed significant differences (p <0.05) among the seasons, while difference among the sites was insignificant (p <0.05). The
result also showed that all the bacterial parameters were maximum during summer and minimum during monsoon season.
Untreated sewage and industrial effluents together with reduced water flow and water level were found to increase bacterial
counts during summer at Site 2 (Padma Garden). Although the present situation is not serious and alarming enough, the river

water requires intensive monitoring to improve its quality for better and sustainable management.
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Introduction

Global freshwater scarcity due to the pollution of water
demands for integrating water management and monitoring
all over the world (Dahunsi et al. 2014). Physicochemical
and microbial quality of river water is now in great stress by
gulping a huge amount of industrial and household disposal
(Koshy and Nayar 1999). Therefore, assessment of water
quality in terms of physicochemical and microbial aspects
can help to take effective management decision to prevent
those (Behbahaninia et al. 2009).

Rajshahi City, located in the northwest part of Bangla-
desh on the bank of the River Padma, has experienced con-
siderable growth over the past few decades. These residential
and commercial establishments along the River Padma cause
discharge of wastewater either directly into the river or into
the drains which subsequently find their way into the river.
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Hence, there is a possibility that the aquatic environment
of the river may be affected somehow by these pollutants.
High temperature makes the environment hotter, drier and
ultimately results in frequent droughts that deplete neces-
sary river flows to dilute pollutants entering into the river
(Banglapedia 2004). Therefore, seasonal variations in both
of the anthropogenic and natural processes such as tem-
perature and precipitations affect the quality of river water
and lead to different attributes between seasons. Thus, it
is important to perform river quality assessment to detect
the alterations of the water quality and evaluate pollution
sources.

Effective monitoring of physicochemical and microbio-
logical parameters can prevent river water pollution (Chan-
dra et al. 2006), and this type of initiative has a special
significance to protect human health from water pollution
(APHA 1981). Indicator bacteria, such as total coliform
(TC) and fecal coliforms (FC), are useful for the assessment
of fecal pollution (APHA 1995). Detailed knowledge of fecal
pollution in aquatic environments is crucial for maintaining
healthy water body for recreational and economic purposes
(Farnleitner et al. 2001). Concentrations of heterotrophic
bacteria and Vibrio cholera can be a threat together with
increasing water temperatures and decomposition of organic
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matter in Padma River. That can cause cholera disease
through the faster growth rate of this pathogen in aquatic
environments (Koelle et al. 2005). However, bacterial study
in Padma River is very limited and thus a detailed empiri-
cal study is needed to assess the present water quality and
bacterial parameters of this river. For this purpose, this study
was aimed at analyzing some selected physicochemical and
bacteriological parameters of surface water of Padma River.

Materials and methods
Selection of study area and sample collection

The present study was conducted at four sites (T-dam,
Padma Garden, I-dam and Talaimari point) along the Padma
River covering most parts of Rajshahi City Corporation.
Location and description of sampling sites are shown in
Fig. 1 and Table 1. Sampling was done on three respective

seasons, namely summer, monsoon and winter, in the year
2016. For the physicochemical analysis, 500 ml of water
sample has been collected from the selected sites. On-site
measurement of some physicochemical parameters was per-
formed, while others were transported to the laboratory in
dark polyethylene plastic bottle and ice box. For the bac-
teriological analysis, another 500 ml of water samples has
also been collected from the selected sampling points and
the samples were delivered to the laboratory as quickly as
possible; i.e., the time gap between sampling and analyses
was below 3 h.

Analysis of physicochemical parameters

Surface water temperature was measured using a ther-
mometer. Water pH was measured using an electronic
pH meter (Jenway 3020). The biological oxygen demand
(BOD:s) of each water sample was measured using the Oxi-
Direct BOD system (HACH) over 5 days of incubation

Fig. 1 Location of the study sites (yellow stars). Modified from Google Earth 2017

Table 1 Sampling sites, sampling code and observation

Sampling station Sampling code Coordinates

Observations

T-dam Site 1 Latitude: N-24°21'42.41"
Longitude: E-88°34'31.18"
Padma Garden  Site 2 Latitude: N-24°21'42.30"
Longitude: E-88°35'52.44"
site
I-dam Site 3 Latitude: N-24°21'34.95"
Longitude: E-88°36'39.92"
Talaimari point ~ Site 4 Latitude: N-24°21"29.30"

Longitude: E-88°37'30.55"

Discharge of effluent from some household garbage, no human activities except
recreational activities

Direct discharges of effluent from vegetable markets and slaughter discharges;
discharge from household septic tanks, more human activities as recreational

Direct discharges of effluent from household septic tanks, more human activities
as recreational site

No human activities and no source of discharge into the river
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period. Dissolved oxygen (DO), total hardness and total
alkalinity were measured by using a portable aquaculture
kit (Model FF2, HACH, USA). Electrical conductivity
(EC) and total dissolved solids (TDS) were measured
with an EC, TDS tester (Adwa AD31 waterproof EC/TDS
Testers). Nitrate-nitrogen (NO3-N), phosphate-phosphorus
(PO,4-P) concentrations were measured using the Hach
Kit (DR/2020, a direct-reading spectrophotometer) with
high-range chemicals (Nitra Ver. 5 Nitrate Reagent Powder
Pillows for NO5-N and Phos. Ver. 3 Phosphate Reagent
Powder Pillows for PO,-P analysis).

Bacteriological analysis

Spread plate method was used to count total heterotrophic
bacteria (THB) on nutrient agar media (HiMedia) using
0.1 ml of suitable aliquots. Incubation was done at 37 °C
for 24-48 h, and colonies were counted on a digital colony
counter. Indicator bacteria (TC and FC) were evaluated
by the most probable number (MPN) method where 10, 1
and 0.1 ml aliquots of water samples were inoculated in
fermentation tubes containing MacConkey broth (HiMe-
dia) (APHA 1998). The incubation period was 37 °C for
24 h. Positive tubes were indicated by the production of
acid and gas in inverted Durham tube. A loopful of broth
from each positive tube was inoculated into the brilliant
green lactose bile (BGLB) broth, and incubation was done
at 37 °C for 24-48 h. Durham tubes with gas formation
were considered as positive, and final count of total coli-
form was done as MPN/100 ml. Completed test of total
coliform was performed by plating a loopful of broth from
each positive BGLB tube onto an eosin methylene blue
(EMB) agar plate (HiMedia) and incubating it at 37 °C
for 24-48 h. Positive complete test was confirmed by the
appearance of colonies with green metallic sheen. Final
fecal coliform count as MPN/100 ml was calculated based
on the completed test. Enumeration of V. cholerae was
also done by spread plating on Thiosulphate Citrate Bile
Salts (TCBS) agar plates (HiMedia). Yellow colonies are
primarily selected as VC and finally confirmed by bio-
chemical test (oxidase test).

Statistical analysis

The data were analyzed by the use of Statistical Package
for Social Science (SPSS software Version 20.0). Two-way
ANOVA was used to show the interactions between the sites
and the seasons at significance level of p <0.05. Correlation
coefficient test was used to determine whether there was a
relationship between water quality parameters and bacterial
parameters seasonally.

Results and discussion
Physicochemical parameters

The physicochemical parameters of different seasons and
sites of water measured during the study period with their
interactions are shown in Table 2. Except temperature,
all the physicochemical parameters have significant differ-
ences (p <0.01) among the seasons and sites. It is common
phenomenon that during summer month, air temperature
becomes increased and subsequently does the water tem-
perature. Recorded water temperature showed significant
(p <0.05) seasonal variation which is lower in winter and
higher in summer season. Decreasing water level and
increasing amount of insoluble pollutants during summer
make the water hotter, which is in agreement with the find-
ings of Boyle and Fraleigh (2003) and Ezzat et al. (2012)
where they also reported that discharge of pollutants can
increase the temperature of water. During the study period,
it was found that Site 2 was mostly polluted by dumping of
household and municipal waste. That makes the pH acidic
at Site 2 by decomposition of organic matter. Bhouyan
(1979) and Mahmood et al. (1992) reported that industrial
and municipal waste can significantly influence the pH of
the water at the dumped site. Increased microbial decom-
position of large amount of organic matter at Site 2 also
caused a significant depletion of DO. Significant seasonal
and spatial changes in DO content were also observed dur-
ing the study period. The highest concentration of DO at
Site 4 (8.70 +£0.13 mg/1) during winter season indicates
recovery of river water from organic pollution. TDS con-
centrations of the study areas were below the maximum
allowable limit (500 mg/1) of World Health Organization
(WHO 2008) as well as the standard of Department of
Environment (DoE 1997), Bangladesh (1000 mg/1). Low
water level, reduced water flow, discharge of domestic
sewage, industrial wastewater and agricultural activities
increase the TDS of river water at Site 2 during summer
season. The water of Padma River is not saline but inter-
estingly it got higher conductivity values during summer
at Site 2 and Site 3. We can assume that it may happen
due to the presence of a large amount of total dissolved
solids as a result of the dumping of domestic and munici-
pal sewage. It was also observed that total hardness was
highest at Site 2, which was recognized as more polluted
site as it receives huge amount of city garbage and munic-
ipal waste through large drains. Similar result was also
reported by Roy and Kumar (2002), where they confirmed
that the sewage effluents are responsible for high level of
total hardness in river water. Lower value of total alkalin-
ity during monsoon might be due to the dilution effect
of water that reduces the concentration of ions in water
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Table 3 Bacterial parameters of Padma River water at different seasons and sites during the study period

Parameters Site 1 Site 2 Site 3 Site 4 Season Site effect (F value)
S M W S M W S M w s wm w Cceal
value)
THB (x 10* cfu/ml) 6.42 0.76 3.02 8.78 0.83 4.06 7.120.78 395 4.76 0.85 2.47 48.709* 2.565 (NS)
TC (MPNx 107100 ml) 11.00 0.21 9.40 160.00 0.20 54.0 92.0 024 24.00 220 0.14 2.60 3.090 2.138 (NS)
FC (MPNx10%100ml)  0.90 0.10 0.20 220 020 140 130020 1.20 040 0.04 0.10 7.325%* 4.266 (NS)
VC (x 10° cfu/ml) 275 0.29 1.79 521 035 251 470030 267 148 036 1.12 13.271* 2.515 (NS)

THB total heterotrophic bacteria, TC total coliform, FC fecal coliform, VC V. cholerae, cfu colony forming unit, MPN most probable number, S

summer, M monsoon, W winter, NS not significant

*Significant at p <0.01 and **significant at p <0.05 using two-way Analysis of Variance (ANOVA)

during the study period was higher than FC, which might be
due to the fact that FC is a subset of TC (Prescott et al. 1996).

FC count was highest during summer at Site 2 (2.20x 10
MPN/100 ml) and lowest at Site 4 (0.04x 10> MPN/100 ml)
during monsoon season. Most of the septic tanks of Rajshahi
City are connected with municipal drains, which are one of
the major sources of fecal coliform bacteria in Padma River.
Most of the household garbage and industrial garbage flow into
the Padma River through the drains located at Site 2, which
contributed to the higher fecal coliform level at this location.
It is a common practice for people living along the river to
discharge their domestic and agricultural wastes as well as
human excreta into river directly which are also responsible
for bringing about higher FC counts at Site 2.

Another study revealed that higher TC and FC were
strongly associated with rainfall and sewage sources (Crowther
et al. 2001; Vincent et al. 2006). However, the higher con-
centration of fecal coliform during summer season might be
the reason for low water level, high organic matter, low bac-
terivores and optimum growth-supporting nutrient that favor
bacterial growth. Similar result was also reported by Jithesh
and Radhakrishnan (2015) in water of Chaliyar River, Kerala,
India. They also reported higher cell count of fecal coliform
during summer season. Higher temperature is also attributed
to high load of indicator bacteria which was early reported
by Isobe et al. (2004). There was also a significant difference
(» <0.05) of FC counts among seasons while differences
among sites were insignificant (Table 3).

In the present study, significantly higher VC count was
also recorded during summer at Site 2 (5.21 x 10* cfu/ml)
and the lowest at Site 1 (0.29 x 10* cfu/ml) during monsoon
season. The possible reason for higher VC during summer
might also be due to low water level and sewage contamina-
tion which is in agreement with Kenyon et al. (1984).

Relationship between physicochemical
and bacteriological parameters

The relationships between physicochemical and bacterial
parameters of Padma River water during the three studied

seasons are shown in Tables 4, 5 and 6, respectively. Dur-
ing summer season, THB has significant positive correla-
tion with NO;-N, PO,-P and FC, while it has significant
negative correlation with DO. TC has significant posi-
tive correlation with BODs, EC, TH, TA, NO;-N, PO,-P
and FC and significant negative correlation with DO. FC
has significant positive correlation with TA, NO5;-N and
PO,-P and significant negative correlation with DO. VC
has significant positive correlation with TDS, EC, TH,
TA, NO;-N and PO,-P (Table 4). During monsoon season,
THB has significant positive correlation with EC and VC,
while TC did not show significant relation with any of the
physicochemical and bacterial parameters. FC showed sig-
nificant positive correlation with DO and BODs, and VC
was strongly influenced by EC and THB (Table 5). During
winter season, THB showed significant positive correla-
tion with EC, TH, FC and VC while significant negative
correlation with DO. TC has significant positive correla-
tion with TDS, NO;-N and PO,-P. FC was significantly
and positively correlated with BODs, EC, TH, TA, PO,-P
and THB, while it has significant negative correlation with
DO. However, VC only has significant positive correla-
tion with EC and THB (Table 6). The negative influence
of DO on bacterial parameters during summer and winter
seasons agrees with the higher bacterial density which
causes the depletion of DO that could be anticipated to
the higher rate of microbial decomposition of the exces-
sive organic matter discharged directly into water body
(Singh et al. 2002). High BOD; values and temperature
also support the much proliferation of bacteria during this
season since BOD; provides a direct measurement of state
of pollution. Relationship between BOD5 and microbial
count implies that at high organic loading rates, the eco-
system favors the growth of anaerobes (Mtui and Naka-
murs 2006). Although during monsoon season water level
of river was high, significant positive relation of FC with
DO and BODy indicates the mixing of domestic wastes
along with flood water.
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Table 4 Correlation matrix of physicochemical and bacterial parameters of Padma River during summer season

Temp. pH DO BODs  TDS EC TH TA NOs-N POi-P THB TC FC VC
Temp. 1
pH -0773 1
DO -0.810 0.351 1

BODs 0.817 -0.288 —-0.976*% 1

TDS 0.674 —-0.089 —-0.955* 0976* 1

EC 0.743 —-0.239 —-0.993*%*% 0975% 0.979% 1

TH 0.698 —-0.168 —0.982*  0.970* 0.987* 0.997** 1

TA 0.796 —0.285 —0.993**% 0.994** 0.979% 0.994**% 0.988* 1

NO*-N 0.798 —-0.365 —-0.997*%% 0.957* 0938 0.989* 0.976%* 0.982* 1

PO*P  0.798 —-0.365 —-0.997*#F 0.957* 0938 0.989* 0.976%* 0.982* 1.000%* 1

THB 0.825 —-0.495 -0.970* 0.899 0.858  0.945 0.921 0934  0.983* 0.983* 1

TC 0.876 —-0.401 -0.981* 0.993** 0.947 0.967* 0.953* 0.988* 0.967* 0.967* 0929 1

FC 0.897 -0545 -0976* 0.934 0.871  0.944 0.918 0.951* 0.979*  0.979*% 0.987* 0.966% 1
vC 0.688 -0.197 -0.983*  0.947 0.965% 0.994** 0.994**% 0.976* 0.984*  0.984* 0945 0936 0928 1

Temp. temperature, DO dissolved oxygen, BOD; biological oxygen demand, TDS total dissolved solids, EC electrical conductivity, TH total
hardness, TA total alkalinity, THB total heterotrophic bacteria, TC total coliform, FC fecal coliform, VC V. cholerae

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

Table 5 Correlation matrix of physicochemical and bacterial parameters of Padma River during monsoon season

Temp. pH DO BODs  TDS EC TH TA NOs;-N PO,-P THB TC FC VC

Temp. 1

pH 0.112 1

DO 0.812 0.644 1

BOD;  0.555 0.871 0.934 1

TDS —0.064 0.165 -0.128 -0.065 1

EC -0.721 0.561 -0.271 0.081 0.406 1

TH 0.101 0.516 0.515 0.618 -0.759 0.040 1

TA 0.156 0.992*%*  0.692 0.905 0.044 0.491 0.615 1

NO;-N  0.609 0.557 0.659 0.630 0.658 0.036 -0.221 0504 1

PO,-P —0.226 0.829 0.375 0.653 —-0.287 0.603 0.806 0.862 0.000 1

THB —0.654 0.483 —0.309 0.005 0.639 0961* —0216 0388 0.194 0397 1

TC 0.896 0.146 0.831 0.611 -0.485 -0.728 0.492 0236 0292 0.040 -0.785 1

FC 0.690 0.709 0.975* 0.960* —-0.275 -0.175 0.689 0.771 0.517 0.549 -0.271 0.800 1

vC —0.700 0.503 -0.315 0.017 0.548 0.986* —0.123 0417 0.116 0475 0.994** —-0.781 -0.252 1

Temp. temperature, DO dissolved oxygen, BOD; biological oxygen demand, 7DS total dissolved solids, EC electrical conductivity, TH total
hardness, TA total alkalinity, THB total heterotrophic bacteria, TC total coliform, FC fecal coliform, VC V. cholerae

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

Conclusions suggests a regular monitoring and effective management
strategy to be taken to protect this water body from further

It can be concluded that the water of the Padma River  pollution.
is contaminated with domestic waste, fecal materials and
industrial wastewater. The counts of THB. TC. FC and VC Open Access This article is distributed under the terms of the Crea-

hioh ite 2 (Pad d duri tive Commons Attribution 4.0 International License (http://creativeco
were highest at Site 2 (Padma Garden) during summer sea- mmons.org/licenses/by/4.0/), which permits unrestricted use, distribu-

son which indicates household and recreational activities tion, and reproduction in any medium, provided you give appropriate

should be in control during this season. The present study credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.
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Table 6 Correlation matrix of physicochemical and bacterial parameters of Padma River during winter season

Temp. pH DO BODs  TDS EC TH TA NOs-N  PO,-P THB TC FC VC
Temp. 1
pH 0.765 1
DO 0.745  0.658 1
BODs -0.735 -0.774 —-0.980* 1
TDS -0.872 -0.897 —-0917 0957 1
EC -0.670 —-0473 —-0.974* 0911 0.811 1
TH -0.712 -0.732 —-0.987*  0.998** 0.939 0932 1
TA —-0.813 —-0.742 —-0.991** 0.986* 0.960* 0942 0.985*% 1
NO;-N -0.824 —0.958* —0.847 0.921 0.984*  0.706  0.895 0.903 1
PO,-P -0.836 -0.879 -0.937 0.976*  0.997** 0.836  0.961* 0.971* 0.979%* 1
THB -0.859 -0.654 —-0973* 0934 0.920 0.954* 0.937 0.980*  0.834 0923 1
TC -0.849 -0.943 —-0.869 0.932 0.992*%* 0.738  0.907 0.922 0.998** 0.987* 0.864 1
FC -0.762 —0.708 —0.998**% 0.990*%* 0.941 0.956* 0.994** 0.996** 0.881 0.958* 0.970* 0.900 1
vC -0835 -0522 -0.937 0.863 0.838 0.955* 0.874 0.932 0.727 0.840 0.984* 0.765 0923 1

Temp. temperature, DO dissolved oxygen, BOD biological oxygen demand, TDS total dissolved solids, EC electrical conductivity, TH total hard-
ness, TA total alkalinity, THB total heterotrophic bacteria, TC total coliform, F'C fecal coliform, VC V. cholerae

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