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Abstracts

The Bhairab River is located in south-western part of Bangladesh which is acting as a source of irrigation, drinking,
industrial process water and also sinks for waste water. This study area is stands on this river which is situated at Noapara
municipality under Abhaynagar upazila of Jessore district in Bangladesh. This river receives wastewater from various
sources along its way which are discharging as industrial effluents, municipal sewage, household waste, clinical waste
and oils. It was monitored the seasonal variability of surface water quality and impact of waste water on river which is
provide an updated report on present status of the Bhairab River. Water samples were collected in the year 2016-2017
during winter, summer and rainy seasons from six different sampling stations. It was measured arsenic, iron, manganese,
lead, chromium and cadmium by HG-AAS and flame-AAS methods respectively. Water quality index was calculated
from five parameters at each sampling stations in three seasons individually. Average concentrations of metals in three
seasons were compared with DoE standard for inland surface water in Bangladesh. This study is indicated that water
quality was relatively good in rainy season due to huge discharge volume of fresh water and less effect of tidal flow. The
seasonal pollution load index order was summer > winter > rainy season respectively. Critical condition of water quality
observed in summer season due to low discharge volume fresh water, effect of tidal flow and waste water runoff from
densely populated catchment.
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1 Introduction

Bangladesh is a land of river. More than 405 rivers are
passing through this country including 53 international
rivers [1]. Rivers constitute the main inland water body for
domestic, industrial and agricultural activities and often
carry large quantity of municipal sewage, industrial waste
and seasonal runoff from agriculture field [2, 3]. The long
discharge of untreated municipal sewerage, industrial
effluents, and agricultural residue into the river water
can caused water pollution which may influence human

health problems [4, 5]. Now a day’s river water pollution is
reached alarming level in Bangladesh due to man-made
action [6]. Heavy metals are natural elements which are
occurring in the environment and earth crust. Contami-
nation of metal in surface water body is not safe for using
drinking, cooking, fish culture and irrigation purposes [7].
Metal pollution may effect on aquatic ecosystem biodi-
versity and reduce species abundance through reproduc-
tive impairment [8, 9]. Surface water pollution is a seri-
ous environmental problem in our country due to rapid
urbanization, industrialization, low economic condition,
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lack of awareness and natural disaster [10]. Metals are
non-biodegradable and it can be necessary for plant at
certain levels but it can be toxic when it will exceed the
specific threshold level [11]. River water quality depends
on concentration level of pollutants in effluents and dis-
charge volume of wastes from different types of industries,
agrochemicals used in agriculture, seasonal water flow and
dilution capability of the river system [12]. Surface water
pollution at riverside area has a dangerously caught up the
regional economical development and affected this areas
people’s daily life [13]. Most of the regional river water
quality has been failed to meet the permissible limit of
national standard due to the excessive volume of pollut-
ant, lack of regular water quality monitoring, loose policies
of national surface water management authority and cli-
mate change problems [14]. So, perfect evaluation of river
water pollution status is a great significance for protection
and management of surface water environment.

The Bhairab River is origin from Chuadanga district
which is passing through Jhenaidah, Narail, Khulna and
Jessore district in Bangladesh [15, 16]. The Bhairab River
is connecting with the Rupsha River near Khulna city. It is
passing about 242 km through 5 districts of Khulna divi-
sion in Bangladesh [15, 16]. Noapara is an industrial zone
in south-west part of Bangladesh which is situated 70 km
upstream from mangrove forest Sundarbans [17]. Previ-
ous studies were reported that heavy metals are available
in river water [13, 18-21]. River water quality monitoring
is very important for protecting surface water safety and
aquatic life. This research objective is to detect the heavy
metals in river water and evaluation of pollution status in
three seasons. It will be contributed some updated infor-
mation about heavy metals in the Bhairab river.

2 Materials and methodology
The present study was conducted on the Bhairab River
which is passing through Noapara municipal area at

Abhainagar upazila in Jessore district. Noapara municipal
town occupies a total area of 25.11 km? with a population

Table 1 General information of study area

of around 73,006 [22]. Many jute processing, cement man-
ufacturing, fertilizer manufacturing, construction materials
and automobile oil storage are available in this area. The
sampling point was selected on the basis of connection
between river and pollution sources. The water samples
were collected from the estuaries of 5 different sampling
points. GIS maps and sample information is described in
the Table 1 (Fig. 1).

The Bhairab River water quality monitoring was con-
ducted since September 2016 to April 2017. It was moni-
tored the seasonal variation of water quality in winter,
summer and rainy seasons. Water sample was collected in
a 100 mL plastic bottle for metal analysis from six sampling
stations which were preserved with 2 mL of 6 N nitric acid
[23, 24]. Prior to sample collection, all of sample bottles
were washed with 10% nitric acid and di-ionized water.
Arsenic, iron, manganese, lead, cadmium and chromium
were tested by HG-AAS and flame-AAS methods respec-
tively [25]. For evaluating the pollution status of river water
in three seasons pollution load index (PLI) was calculated
by the following equation (Contamination factor (CF) =
C Sample/C reference value for river water Pollution Load Index (PLl)
= (CF_, X CF_, X CF_y-------- CF.) "M [26].

3 Results and discussion

It was monitored seasonal river water quality in winter,
summer and rainy season at five sampling stations of the
Bhairab River. Concentration of arsenic, iron, manganese,
lead, cadmium and chromium in river water expressed in
theTable 2. Among all the metals measured in river water,
iron concentration was the highest and arsenic concentra-
tion was lowest in three seasons. On the other hand lead,
cadmium and chromium concentration was not detected
in three seasons which concentration showed below
detection level of flame-AAS method. It was observed
that an arsenic, iron and manganese content in river water
were a significant difference between three seasons. The
variation of metals contents in river water are basically dif-
ferent sampling points and seasons.

Sample ID Sampling station Name of District Water source Sources of discharge Longitude Latitude

municipality waste water
A Shankarpasha Noapara Jessore River Household 89.4015 23.0288
B WAPDA power plant Noapara Jessore River Industrial 89.4056 23.0252
C Chitra fertilizer Noapara Jessore River Household 89.4082 23.0228
D Amin fertilizer Noapara Jessore River Industrial 89.4104 23.0193
E SAF leather Noapara Jessore River Industrial 89.4116 23.0173
F Taltala power plant Noapara Jessore River Industrial 89.4139 23.0138
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Table 2 Concentration of arsenic, iron and manganese in winter, summer and rainy season

SampleID  Conc. of arsenic (mg L™") Conc. of iron (mg L™") Conc. of manganese (mg L™")
Winter Summer Rainy season Winter Summer Rainy Winter Summer Rainy season
season season season season season season season

A 0.012+£0.002 0.021£0.002 0.006+0.001 3.21+£0.04 5.13+0.03 2.27+0.04 0.20+£0.02 0.35%£0.03 0.11%0.02
B 0.011£0.001 0.020£0.001 0.007+0.001 3.23+0.04 5.25+0.04 229+0.02 0.20+0.02 0.34£0.03 0.10+0.01
@ 0.013£0.001 0.021£0.001 0.007+0.001 3.24+0.05 5.60+0.04 230+0.02 0.18£0.03 0.32£0.02 0.10+0.01
D 0.013£0.001 0.025+£0.001 0.008+0.001 3.26+0.07 5.62+0.03 235+0.05 0.21+£0.04 0.30£0.02 0.13+0.01
E 0.017£0.002 0.027+£0.001 0.012+0.001 3.59+0.04 5.78+0.04 2.48+0.04 0.24+0.04 0.37£0.04 0.16+0.01
F 0.016+0.001 0.024+£0.001 0.010+0.001 3.36%£0.04 5.44+0.04 225+0.03 0.23+£0.03 0.32+0.02 0.14%+0.01
Maximum  0.017 0.027 0.012 3.59 578 2.48 0.24 0.37 0.16
Minimum  0.011 0.020 0.006 3.21 513 2.25 0.18 0.30 0.10
Average 0.014 0.023 0.008 3.32 552 232 0.21 0.33 0.12
SD 0.002 0.003 0.002 0.14 0.31 0.08 0.02 0.03 0.02
Aver- 0.014+£0.002 0.023+0.003 0.008+0.002 3.32+0.14 5.52+031 232+0.08 0.21+£0.02 0.33+0.03 0.12+0.02

agexSD
WHO 0.010 0.30 0.10

standard

for drink-

ing water
DoE 0.050 0.30 0.10

standard

for river

water

Trace level of arsenic is toxic for human body which
can causes arsenicosis diseases [27]. It can enter our body
through water and food system which systems should
safe from arsenic. Average concentration of arsenic was
found 0.014+0.002 mg L™, 0.023+£0.003 mg L™ and
0.008+0.002 mg L™ in winter, summer and rainy sea-
son which were lower than DoE standard (0.05 mg L™h
for river water in Bangladesh (Tables 2, 3; Fig. 2) [28].
On the other hand average concentration of arsenic was
higher than WHO standard for drinking water in winter
and summer season (Table 3; Fig. 2) [24]. In summer sea-
son average concentration of arsenic was higher than

winter and rainy season due to low discharge volume
of fresh water, dissolved surface sediments and huge
discharge volume of household and industrial waste
into the river. Maximum concentration of arsenic was
detected 0.017£0.002 mg L™",0.027 +0.001 mg L™" and
0.012+0.001 mg L™"in winter, summer and rainy season
at F station which may causes for discharging of tannery
waste from leather industry (Table 2; Fig. 2). According
to DoE standard this river water was safe from arsenic
which may use for drinking with conventional treatment,
cooking, and irrigation and fish culture purposes.

Table 3 Comparison of river water quality with DoE standard for river water and WHO standard for drinking water

SampleID Conc. of arsenic (mg L™")

Conc. of iron (mg L™")

Conc. of manganese (mg L™")

Winter Summer Rainy sea-  Winter Summer Rainy sea-  Winter Summer Rainy season
season season son season season son season season

A A-, B+ A—, B+ A-, B- A+, B+ A+, B+ A+, B+ A+, B+ A+, B+ A+, B+

B A-, B+ A—, B+ A-, B- A+, B+ A+, B+ A+, B+ A+, B+ A+, B+ A—, B-

C A—, B+ A—, B+ A-,B- A+, B+ A+, B+ A+, B+ A+, B+ A+, B+ A—, B-

D A—, B+ A—, B+ A-, B- A+, B+ A+, B+ A+, B+ A+, B+ A+, B+ A+, B+

E A—, B+ A-, B+ A-, B+ A+, B+ A+, B+ A+, B+ A+, B+ A+, B+ A+, B+

F A-, B+ A—, B+ A—, B- A+, B+ A+, B+ A+, B+ A+, B+ A+, B+ A+, B+

B+: Exceed WHO standard limit for drinking water; B—:

water; A—: Bellow DoE standard limit for river water
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Iron is a common metal in surface sediments which
can dissolve in surface water. It is not health hazard but
it creates bitter taste in drinking and color spot making
in laundry [29]. It can damage heating system and boiler
pipe. According to WHO and DoE standard iron concentra-
tion should be maintained with in 0.30 mg L™' for drink-
ing without any conventional treatment [24, 28]. Aver-
age concentration of iron was found 3.32+0.14 mg L™,
5.52+0.31 mg L™ and 2.32+0.08 mg L™" in winter,
summer and rainy season which were higher than WHO
standard for drinking water and DoE standard for river
water in Bangladesh (Tables 2, 3; Fig. 3) [24, 28]. Aver-
age concentration of iron was higher than winter and
rainy season due to low discharge volume of fresh water
and high temperature. Maximum concentration of iron
was detected 3.59+0.04 mg L™', 5.78+0.04 mg L™' and

Fig. 3 Iron concentration

2.48+0.04 mg L™ at F station in three seasons due to dis-
solved iron from industrial waste (Table 2; Fig. 3). It is indi-
cated that this river water is not suitable for drinking and
industrial process without any treatment.

Manganese is a toxic metal in surface sediments which
can dissolve in surface water. It has adverse effects on
health which is caused by poor intake or over exposure
of manganese through water and food [30]. Manganese
concentration should be maintain 0.10 mg L™" which is
recommended by WHO for drinking water and DoE for
river water [24, 28].

Average concentration of manganese was meas-
ured 0.21+0.02 mg L', 0.33+0.031 mg L' and
0.12£0.02 mg L™" in winter, summer and rainy season
which were higher than WHO and DoE standard (Tables 2,
3; Fig. 4) [24, 28]. Maximum concentration of manganese
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graph 5.50
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Fig.4 Manganese concentra-
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was found 0.24+0.04 mg L™', 0.37+0.04 mg L™ and
0.16+0.01 mg L™" at F station in three seasons due to mix-
ing of industrial and municipal waste (Table 2; Fig. 4). Aver-
age concentration of manganese was monitored higher
than winter and rainy season due to tidal flow and low
discharge volume of freshwater. It is alarming for aquatic
life and human health (Table 4).

Average concentration of arsenic, iron and manga-
nese was higher in summer season than winter and

Table 4 Pollution load index and its status of river water

Conc. of manganese in rainy
season

(mg/l)

WHO & DoE Std. for
drinking and river water

C D E F
Sampling stations

rainy season due to tidal flow, low discharge volume of
fresh water, dissolved surface sediments, household and
industrial waste discharge into the river. On the other
hand metal contents in river was very low in rainy season
than winter and summer season due to huge discharge
volume fresh water and less effect of tidal flow. Highest
concentration of arsenic, iron and manganese showed at
F station in all season which may causes by discharging

of tannery waste from leather industry (Fig. 5).

Sample ID Season Winter Summer Rainy
Stations Pollution index Classification of Pollutionindex Classification of Pollutionindex Classification of
(PI) pollution (PI) pollution (PI) pollution
A Shankar pasha 2.16 Severely pol- 3.50 Severely pol- 1.46 Moderately pol-
luted luted luted
B WAPDA power  2.16 Severely pol- 3.55 Severely pol- 1.46 Moderately pol-
plant luted luted luted
C Chitra fertilizer 2.14 Severely pol- 3.72 Severely pol- 1.47 Moderately pol-
luted luted luted
D Amin fertilizer ~ 2.21 Severely pol- 3.87 Severely pol- 1.55 Moderately pol-
luted luted luted
E SAF leather 2.46 Severely pol- 3.92 Severely pol- 1.68 Moderately pol-
luted luted luted
F Taltala power 2.30 Severely pol- 3.64 Severely pol- 1.52 Moderately pol-
plant luted luted luted
Maximum 246 3.92 1.68
Minimum 2.14 3.50 1.46
Average 2.24 Severely pol- 3.70 Severely pol- 1.52 Moderately pol-
luted luted luted
SD 0.12 0.17 0.09
Average+SD 2.24+0.12 3.70£0.17 1.52+0.09
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Rainy

Fig.5 Pollution status graph

4 Conclusion

This study illustrated that arsenic contents in river water
was safe level but iron and manganese contents were
exceeding that permissible limit of river water quality
which may effect on river sediment and aquatic eco
system. River is the most available source of surface
water in this area which water quality safety is very
essential. Municipal corporation, district administration
and department of environment can take initiatives to
protect river water pollution from untreated industrial
and municipal waste which waste treatment is impor-
tant before discharging into the river. They can con-
duct awareness on river water pollution sources and
its protection system and make regulation on central
waste treatment unit for municipal and industrial waste
treatment.
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