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Abstract

Sediment samples collected from the river Shitalakhya, Bangladesh, were analyzed using atomic
absorption spectroscopy (AAS) to investigate site-to-site (spatial) and seasona (i.e., dry, pre-
monsoon, post-monsoon) variation of Cr, Mn, Ni, Cu and Zn. The mean concentrations of Cr, Mn,
Ni, Cu and Zn were 22.37 + 6.09, 612.59 + 160.08, 54.11 + 11.21, 50.36 + 9.40 and 103.62 +
62.74 mg/kg in the dry, 31.58 + 5.22, 569.71 + 112.16, 58.35 £ 7.82, 49.93 + 17.36 and 110.88 +
95.83 mg/kg in the pre-monsoon and 18.09+ 6.32, 567.02 + 115.55, 50.89 + 6.58, 39.75 + 4.56
and 55.22 + 11.33 mg/kg in the post-monsoon, respectively. Based on the metals’ concentrations,
no considerable difference was observed among the three seasons, but the concentrations were
slightly elevated in the dry and pre-monsoon compared to that in the post-monsoon with respect to
site-to-site variation. Among the metals examined, concentrations of Ni and Cu were elevated
because of the use of oxides of these heavy metals as catalysts in the ammonia plant. The
following statistical indices i.e., Pearson correlation matrix, geo-accumulation index (lgeo),
contamination factor (C;), degree of contamination (Cg), pollution load index (PLI) and ecological
risk potentia (R)) factors were taken into account to assess the heavy metals contamination of the
sediments. According to the values of the statistical indices for Cr, Mn, Ni, Cu and Zn, it is
concluded that the study area was with low contamination while concentrations of Ni and Cu were
higher than the Threshold Effect Level (TEL) and Toxicity Reference Vaue (TRV) values
suggesting unsafe to use the sediments for vegetation and other uses.

Keywords: Heavy Metas, Surface Sediments, Shitalakhya River, Geo-accumulation Index,
Pollution Load Index.

I ntroduction

Sediment is an essential component of the suspended colloidal particles in the aguatic
terrestrial  ecosystem of the earth. The system remove various types of chemical
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species including both inorganic and organic
pollutants through adsorption process. The
fine colloida particles carry either positive or
negative surface charge, thus chemical species
with relevant charge can accumulate on the
colloidal particles. Consequently, the colloidal
paticles gain effective mass through
accumulation of different chemica species
and deposit as sediment at the bottom of the
aquatic system. The reactions in soils and
sediments even though are comparable, but
the top sediment layer of the riverine systems
is supposed to be more contaminated. Khan
reported that about 2.4 billion tons of
sediments transport over the riverine system in
Bangladesh every year thus, a part of this huge
amount of the sediments deposit in the
floodplains  [1]. Industridization  and
urbanization cause to discharge the toxic
chemicals into the environment. Ultimately,
the toxic chemicals are being deposited in the
sediments. Thus, the deposition of trace
elements in the sediments is becoming an
alarming issue globaly at both private and
governmental levels.

The river Shitalakhya plays a vital role
by using its water for various purposes such as
industry, domestic, agriculture etc for the
population of the greater Dhaka division,
Bangladesh. There are many small, medium
and heavy industries including three Key
Point Instalation (KPI) of Bangladesh such as
two fertilizer industries and the largest thermal
power plant, some of them are under red
category [2], are situated on the east bank of
the Shitalakhya river in Polash-Ghorashal area
as shown in Fig. 1. Consequently, the studied
area has become contaminated by various
industrial pollutants. It has been reported that
automobile workshops and other metallurgical
units contaminate the groundwater by heavy
metals [3]. Generally surface water is used for
various purposes in industries such as cooling,
steam generation, safety etc. The river

Shitalakhya has been termed as an
environmental pollution protected zone by the
Dhaka Metropolitan Development Plan
(DMDP) [4].
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Figure 1. Map of study area (a) and Bangladesh (b).

The present study explores to find out
the concentrations of Fe, Mn, Cu, Zn, Ni, Cr
in the sediments collected from the banks of
the river Shitalakhya that closed to Polash-
Ghorashal industrial area (Fig. 1) to assess the
industrial impacts of the heavy metals in the
river sediments. The river Shitalakhya is
regarded as one of the most polluted riversin
Bangladesh because of direct discharge of
industrial wastewater to the river water.

Materialsand M ethods
Sampling Locations and Collection

Sediment sampling stations were
selected based on different types of industries
such as fertilizer factories, cement industry
(Seven Rings Cement Industries Ltd) and
paper mill (Capital Paper Mill) which are
located in the Polash-Ghorashal industrial area
(asshownin Fig. 1 and Table 1). The fertilizer
factories are located at Polash (Fig. 1la,
designated as Polash Urea Fertilizer Factory
Limited (PUFFL) and Urea Fertilizer Factory
Limited (UFFL)). The cement industry and
paper mill are located about 10 and 12 km
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downstream of the river from the fertilizer
factories. Sampling was carried out from
January to October, 2012 for three seasons
namely dry season (January), pre-monsoon
(April) and post-monsoon (October). Thirteen
sediment samples were collected for each
season. Tota thirty-nine samples were
collected. . At each location, three samples
were collected at 0-30 cm depth from the
surface of the riverbanks using a gouge auger.
The collected samples were mixed well and
the amount was about 500 g. The samples
were dried in air and grinded. The crushed
samples were sieved using a sieve with 2 mm
pore size to remove large debris, stones and
pebbles and then kept in zip-lock plastic bags.
Prior to digestion, the samples were kept in an
oven at 105 °C for 2 h to remove moisture. A
porcelan mortar was used to make a
homogeneous mixture. The powder sample
was then sieved by using 60 mesh sieves. The
homogeneous dried samples were then
preserved until digestion.

Table 1. Locations of the sampling stations along the Shitalakhya
river basin at Polash-Ghorashal region, Bangladesh.

Sam Upstream/ Description of Location
Region pling Downstream  (Distancefrom Point sour ce of
1D UFF)

FS1 upstream 100 m

5 FS2 downstream  3-5 m (Point source of
® Ghorashal FF)
x FS3 downstream 400 m
8
% F4 downstream 800 m (Point source of PUFF)
I;; FS5 downstream 150 m opposite from P.S. of
N UFF
s FS6 downstream 500 m opposite from UFF
LL
FS7 downstream 1 km opposite from UFF
Cs1 downstream 10 km (Seven ring cement area)
£ > C=2 downstream 11 km (Seven ring cement area)
1]
=
=]
§ < €8 downstream 14 km (Seven ring cement area)
PS1 downstream 12 km (Paper mill area)
% = P2 downstream 13 km (Paper mill area)
=

PS3 downstream 14 km (Paper mill area)

UFF-Urea Fertilizer Factory PUFF: Polash Urea Fertilizer Factory.

Digestion of Sediment Samples

The ASTM digestion protocol was
applied to digest the sediment samples [5].
Exactly 1.0 g of the finely powdered sample
was added to 12 mL HNO; that was aready
kept in a 250 mL tetrafluoroethylene (TFE)
made beaker (tall) with cover. The beaker was
then placed on a hot plate (200 °C) for about
30 min followed by the addition of 12 mL HF
(sp gr 1.19) and 4 mL HCIO,4. The solution
was heated until no white fume was observed.
Few drops of concentrated HNO3; were added
to confirm the complete digestion. The same
ASTM digestion protocol was applied for
the analysis of reagent blank (Brg) and
certified reference materids (CRM) [5].
Samples, By and CRM were anadyzed in
triplicate sets.

After completion of digestion, the
samples were cooled and then filtered through
Whatman No. 42 filter paper and findly
diluted to 100 mL with deionized water. All
the samples were preserved in a refrigerator at
4-6 °C for chemical analysis. All the reagents
were purchased from Merck (Germany) and
BDH, UAE)ARISTAR grade.

Chemical Analysis

Concentrations of the heavy metals in
the sediments were determined using a Flame
Atomic  Absorption Spectrophotometer
(Model No. 240 AA, Agilent, Australia)
where air-acetylene flame was used. The
accuracy of the results obtained for the
sediments was validated against the Certified
Reference Materials (CRM). The CRM was
verified against SRM 3100 series developed
by NIST. The certificate value for the CRM
was caculated to obtain the uncertainty
(relative standard deviation, RSD) of the
applied method. The uncertainty (RSD) was
found to be < 5%.
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Analytical Validation

A series of standard solutions for each
metal ion was prepared through dilution of the
respective supplied standard solution to
construct the analytical calibration curve.
Linearity was evaluated by calculating four
points linear plot with six replicate
measurements for each point, based on the
linear regression and squared correlation
coefficient, R? (> 0.995). The linearity range
for the heavy metals examined was as follows:
0 -4 mg/L for Cr, Ni and Zn; 0 - 20 mg/L for
Mn and O - 10 mg/L for Cu.

Sediment Pollution Assessment
Geo-accumulation index of sediment

The degree of pollution in the aguatic
sediments can be assessed by calculating the
geo-accumulation indices (lgeo). The indices
were calculated by background geochemical
values for shale using the following equation

[6].

Igeo:log[l'si”B } )
Here, C, indicates the measured

concentrations for n™ heavy metals and B, is
the meta’s concentration in average shae
value[7].

The background values were corrected
by introducing the factor 1.5 in eg. (1) to
minimize the lithogenic effect in the
background values. On the basis of the geo-
accumulation indices (l4e0), the study area can
be categorized into seven classes from the
contamination point of view: uncontaminated
(lgeo<0), uncontaminated to moderately
contaminated (0<lgeo<1), moderately
contaminated (1<lg<2), moderately to
strongly contaminated (2<lge<3), strongly
contaminated  (3<lge<4), strongly to

extremely strongly contaminated (4<Igeo<5)
and extremely contaminated (lgeo> 5).

Contamination factor (ci) and degree of

contamination (Cy) for the heawy metal
examined

Hakanson developed statistical models
to calculate the contamination factor (C;) and
degree of contamination (Cy4) for the heavy
metals of interest [8]. The statistical modelsin
calculating the contamination factor (C;) and
degree of contamination (Cg) can be expressed
by eg. (2) and (3), respectively. According to
eg. (2), contamination factor (Cy) is the ratio
of the estimated concentration of the metals of
interest in the sediments and the background
vaue for the same meta while the
contamination factor (Cy) is the sum of al the
C; values as shown in eg. (3) [8]. These two
parameters are needed for assessing the
ecological risk by the relevant metas present
in the sediments. The equations for calculation
of the contamination factor (c‘f) and the

degree of contamination (Cg) are as follows:

c;=Co )
Cn

cy-Yci )
i=1

Where, (c}) stands for the

concentration of the heavy metas in the
collected sediments and (c) is the

background value for shale (mg/kg). The
background values were taken from
previously reported by Hakansonbecause of
the unavailability of standard datain this study
[8]. The background values (C,) for Cr, Mn,
Ni, Cu and Zn were 90, 850, 68, 50 and 175
mg/kg, respectively. Hakanson classified the
sediment contamination into four groups on
the basis of the values of the contamination
factor and degree of contamination as shown
inTable2[§].
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Table 2. Contamination factor (C;), degree of contamination (Cg), degree of potential ecological risk (Eaf) and degr ee of total potential

ecological risk (R)).

Ci Cy Contamination Ei Degree of potential R Degreeof total

: factor and degree r ecological risk of potential
of contamination heavy metal (i) ecological risk of
of heavy metal (i) heavy metals

i Ot g i i i < i

Ci, L <8 Light Ef <40 Light R <150 Light

1= C}' <3 8=l <18 Moderate 4D = Ef < 80 Moderate 150<R <300 Moderate

320l <6 16=Ch < 32 Heavy 8C=Ei <160  Heay 300=<R <600 Heavy

Ciz=s Ci<32 Very heavy 1580 = Ef < 320 Veryheavy R > 600 Very heavy
E} = 320 Extremely
Pollution load index (PLI) R Y E} (6)

A modified dtatistical parameter
known as pollution load index (PLI) proposed
by Tomlinson et a., that has widely been used
to quantify a component in the contaminated
environment [9]. The PLI can be defined as
the nth root of n number of multiple products
of the contamination factor (C;). The PLI
values can be calculated by the following

eg. (4). 1

PLI =[(Cf],Cf,Cf5...Cio)n 4

The calculated PLI values are
necessary to predict the metal pollution level
in sediments. On the basis of PLI values,
pollution can be classified into two groups:
PLI > 1 indicates pollution while that |ess than
1 designates no pollution.

Ecological risk assessment

Hakanson introduced an additional
statistical parameter known as ecological risk
index (R;) to assess the ecological risk for
polluted aguatic environments [8]. The
ecological risk index (R;) was calculated by
using the monomial potential ecological risk
factor (E/) and toxic response factor (T,) for
each heavy metal. It is possible to predict the
degree of meta pollution in the sediment by
knowing the value of the R;. The R; index was
calculated by using the following eg. (5) and

(6):

el -Tic] (5)

As mentioned, E} stands for monomial

potential ecological risk factor and T+ is the
toxic response factor for each heavy metal.
The toxic response factors were taken from
the previous studies and values for Cr, Mn, Ni,
Cu, Zn,As, Cd,Hgand Pbare 2, 1, 2, 5, 1, 10,
30, 30 and 5, respectively [8,10]. In Table 2,
the values of the degree of ecological risk
potential and degree of total ecological risk
potential for the metals examined are listed.

Results and Discussion
Seasonal and Site-to-Site (Spatial) Variation
of Heavy Metals in the Sediments

The concentrations of the heavy metals
i.e., Cr, Mn, Ni, Cu and Zn in the surface
sediments were measured using AAS through
acid digestion. Thirteen sampling sites were
chosen to collect the sediment samples from
the river Shitalakhya in the dry (January,
2012), pre-monsoon (April, 2012) and post-
monsoon (October, 2012) (Table 1 and
Fig. 1). The concentrations for seasonal and
site dependent (spatial variation) variation of
the heavy metals are tabulated in Table 3. As
seen from Table 3, the mean concentrations
for the dry and pre-monsoon were dlightly
higher than that of the post-monsoon. The
results show that only Mn was found with the
highest concentration among the metals
examined, however, the lowest concentration
was for Cr with respect to spatial and seasonal
variation.
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Table 3. Concentrations (mg/kg) of the heavy metals in sediments of the Shitalakhya river in the dry season (January, 2012), pre-

monsoon (April, 2012) and post-monsoon (October, 2012).

Heavy Sampling Mean
Metals o0 FSL FS2 FS3 FS4 FS5 FSS FS7T CSL C® PSL PR P} CS3 g
DrySeason 2958 2340 27.63 2478 1348 1927 1860 2264 3473 2419 17.32 2121 1384 fé‘%

cr pre 2131 2072 3206 3809 3522 3981 3496 3333 2680 3005 2423 3308 3096 o8
monsoon +5.22
Post- 1693 2931 2169 2345 2063 1683 1653 1172 1307 1308 1256 11.00 1936 1809
monsoon +6.32

Dry Season 720.90 723.65 842.64 46440 773.85 36243 559.04 68257 45195 78348 396.82 53844 649.56 +611565§8

Mn  Pre 74421 59723 628.26 67416 58886 66616 5421 58889 53317 33621 39687 49002 62014 071
monsoon +112.16
Post- 624.56 669.43 74617 65229 43230 582.70 57473 42557 697.70 497.23 35312 53876 576.65 0 02
monsoon + 11555
Dryseason 6203 5594 6521 6150 4102 4842 5383 6011 6221 5901 4545 5132 2838 pio

Ni  Pre 58.35
e o 51l 6573 500 6455 5964 6712 5626 5645 5628 3678 5466 6550 6148 Lo

Post- 3760 5194 5891 5089 6479 5110 5240 4699 4853 5132 4487 4759 5469 2089
monsoon +6.58
5718 7344 5497 5433 3438 4113 4390 5021 4450 5047 508 4602 5337  50.36

Dry season +9.40

U pre 4455 9912 4970 5615 5324 5515 4165 4322 4250 2120 4199 5453 4612  49.93
monsoon +17.36
Post- 3612 3939 4560 4295 4050 4771 3661 3676 3883 3650 3078 4334 4172  39.75
monsoon +4.56
9317 20757 9918 12084 5598 8349 7933 12442 9752 9253 7206 9225 3874 10362

Dry Season + 6274

m  pe 5543 42328 1007 9811 9683 1043 8757 7458 8277 3717 8801 9614 9652 11088
monsoon +95.83
Post- 505 4432 6291 6053 7647 6762 5511 4861 3059 4895 5632 5837 57.58 5522
monsoon +11.33

The present results were compared
with the previous results found in Bangladesh
and abroad (Table 4). Results show that the
mean concentrations of Cr were 22.37 + 6.09,
31.58 + 5.22 and 18.09+ 6.32 mg/kg in the
dry, preemonsoon and  post-monsoon,
respectively (Table 3). Chromium was found
with its highest concentration at site-FS6
followed by F4 > FS5 > FS7 > CS2 > PS3 >
FS3 in the pre-monsoon (Table 3). However,
in the dry season, sites-CS2 and FS1 were
contaminated with the highest concentration
of Cr (Table 3). It has been reported that
concentration of Cr was 74.82 mg/kg in the
sediment of the river Shitalakhya [11] while
the present study showed only 24.01+6.89
mg/kg of that is three times lower than the
previous result (Table 4). Both the results are
logical. This is because the present study area
is upstream of the river which is known as one
of the less heavy metal polluted zones of the

river whereas the study areaby Isam et al., is
the downstream of the river that is well-known
polluted zone [11].

In our previous study, we found a
moderate concentration of Cr in the sediments
of the river Buriganga (41.45 + 15.88 mg/kg,
February 2015; 39.70 £ 18.84 mg/kg, August
2016) [12]. However, a very high
concentration of Cr (709.40 mg/kg) was
reported by Mohiuddin et al., in the same river
sediment (Table 4) [13]. The river Buriganga
has been regarded as the most polluted river
with Cr in Bangladesh. This is because of the
direct discharge of tanning wastewater from
the tanning factories that were situated on the
bank of the river Buriganga. In late 2017, the
tanning factories have already been relocated
to another industrial zone, Savar, Dhaka,
Bangladesh in order to save the Buriganga
river as well as city dwellers of Dhaka, one of
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the largest metropolitan cities in Asia with
about 20 million populations. In another study
related to the sediment of the river Buriganga,
they also found a high concentration of Cr
(17453 mg/kg) (Table 4) [14]. High
concentration of Cr (101.20 mg/kg) has also
been reported by Saha and Hossain [15] and
Maumder et al., (Table 4) [16]. The river
Meghna is treated as one of the less polluted
rivers in Bangladesh and the concentration of
Cr was found to be 31.74 mg/kg [17].

The periphera rivers such as Turag,
Bangshi of the Dhaka city have also been
contaminated through the direct discharge of
industrial wastewater from different types of
industries. Accordingly, some research groups
have aready taken initiatives to anayze
sediment, water and fish samples not only for
heavy metals but aso for organic pollutants
[10,18,19]. Concentrations of Cr in the
sediments collected from the Turag and
Bangshi rivers were found to be 43.02 and
98.10 mg/kg, respectively (Table 4) [10,18].
Khan et al., found the concentration of Cr in
the sediment collected from Turag river within
arange from 25.2 to 123.0 mg/kg [19]. There
are many different types of industries on the
banks of the Turag and Bangshi rivers. The
direct discharges of the wastewater from these
industries have heavily polluted the river
water with many heavy metals for a long time
[20]. The lowest concentration of Cr was
found adjacent to the paper mills (sites-PS2-
PS3). This is because paper mills generaly
use different types of organic chemicals, for
example, akenyl succinic anhydrides (ASA),
alkyl ketene dimers (AKD), carboxy methyl
cellulose (CMC) etc. in various purposes such
as sizing, pulping, deinking, stickies control,
cleaning, etc. So, there is little chance for
heavy metal pollution from the wastewater of
the paper mills.

The present results have been
compared to those reported by other groups
abroad. The concentration of Cr was found

within a range from 41.69 to 128.3 mg/kg in
the sediments of the Yellow River in China
[21], however, that was from 4.05 to 430.61
mg/kg in the sediments collected from the BT
Drainage river, China (Table 4) [22]. In the
sediment of the river Cheliff, Algeria, the
concentration of Cr was found to be 191.0
mg/kg (Table 4) [23]. Moreover, the
concentration of Cr in the sediment collected
from the Gediz river was found to be within a
range from 170 to 220 mg/kg (Table 4) [24].
However, the concentration of Cr in the
sediment of the Ganges was quite low,
ranging from 4.28 to 8.40 mg/kg (Table 4)
[25]. Among the mentioned rivers in Table 4,
the sediment of the Ganges was unexpectedly
less contaminated with Cr.

According to the Ontario Ministry of
Environment and Energy, Canada, the severe
effect level (SEL) for Cr is 110 mg/kg while
the mean concentrations for that were only
22.37 = 6.09, 31.58 + 5.22 and 18.09+ 6.32
mg/kg in the dry, pre-monsoon and post-
monsoon, respectively (Table 4) [26].
Moreover, the mean concentrations of Cr were
aso lower than the threshold effect level
(TEL) 37.30 mg/kg except for site-FS4, where
Cr was found to be dlightly elevated (38.09
mg/kg) compared to the TEL level (Tables 3
and 4). Concentrations of Cr in the sediments
collected during the pre-monsoon were higher
than the toxicity reference value (TRV) 26.00
mg/kg at al the sites except for sites-FS2
(21.31 mg/kg) and PS2 (24.23 mg/kg),
however, that in the dry season and post-
monsoon were lower than the TR value at all
the sites except for sites-FS2 (29.58) and FS3
(27.63) (dry season) and sitessFS2 (29.31
mg/kg) and FS5 (29.63 mgkg) (post-
monsoon) (Tables 3 and 4) [27, 28].

The mean concentrations of Mn in the
dry, pre-monsoon and post-monsoon were
612.59 + 160.08, 569.71 + 112.16 and 567.02
+ 115.55 mg/kg in the sediments, respectively
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(Table 3). Site-FS3 was contaminated with its
highest  concentration (842.64 mg/kg)
followed by PS1 > FS5 > FS1 in the dry
season (Table 3). The site-FS3 is 400 m
downstream from the point source, however,
site-FS2 is 3-5m downstream from the point
source of the urea fertilizer factory. Site-FS5
is opposite of the urea fertilizer factory at 150
m downstream from the point source. Site-PS2
is close to the paper mill and 12 km
downstream from the point source. The high
concentration of Mn at sites FS5 and FS2 is
implausible (Tables 1 and 3). The possible
reason for the high concentration of Mn at
these two sites may be due to spreading the
contaminated water by running many engine
boats in the river. In the pre-monsoon, the
highest concentration was at site-FS2 (744.21
mg/kg) followed by FSA>FS6>FS3 (Table 3).
The high concentration of Mn at these sitesis
logical because these sites are downstream
from the point source. The high concentrations
of Mn were aso found in the sediments
collected from the Bangshi [10] and
Meghna [17] rivers. The concentration of Mn
in the river sediments for Bangshi river was
found to be 483.44 mg/kg [10], while that for
Meghna river was 442.60 mg/kg [17]. In our
previous study, we found relatively low
concentrations of Mn in the sediments
collected from the river Buriganga and that
was 37.58 + 3.13 and 39.06 = 2.72 mg/kg
during the monsoon and winter, respectively
(Table 4) [12]. The lowest concentration of
Mn was found adjacent to the paper mills
(sites-PS2-PS3) (Table 3). This is because
paper mills generally use different types of
organic chemicas, for example, alkenyl
succinic anhydrides (ASA), akyl Kketene
dimers (AKD), carboxymethyl cellulose
(CMC), etc. in various purposes such as
sizing, pulping, deinking, stickies control,
cleaning, etc. So, there is little chance for
heavy metal pollution from the wastewater of
paper mills. Liu et al., reported a very high
concentration of Mn in the sediment of the

Yellow River, China and that was ranging
from 773.2 to 1459.7 mg/kg (Table 4) [21]. A
high concentration of Mn was also reported in
the Gediz river sediment in Turkey that was
within a range from 380 to 420 mg/kg (Table
4) [24]. The present results were not compared
with the TEL, TRV and SEL values because

of their unavailability in the literature
(Table 4).
In the case of Ni, the mean

concentrations of Ni in the sediments were
54.11 £ 11.21, 58.35 + 7.82 and 50.89 + 6.58
mg/kg during the dry, pre-monsoon and post-
monsoon, respectively (Table 3). Among the
sampling sites, site-CS1 (near to cement
factory) was contaminated with the maximum
concentration of Ni (69.11 mg/kg) followed
by FS3 > CS2 > FS2 > FS4 in the dry season
while that was the highest (67.12 mg/kg) at
site-FS6 followed by FS2>PS3>FS4 >CS3 in
the pre-monsoon (Table 3). In our previous
study, we found only 6.39 + 0.96 and 7.14 +
1.11 mg/kg of Ni in the sediments collected
from the river Buriganga in the monsoon and
winter, respectively (Table 4) [12]. The
present concentration of Ni is about 8 times
higher than that reported by Nargis et al., [12]
though the Buriganga river has been heavily
contaminated with heavy metals because of
the direct discharge of the industria
wastewater into the river water for along time
[20]. The high concentration of Ni in the
Shitalakhya river's sediments is reasonable.
Thisis because of the use of Ni asacatalyst in
the ammonia-urea plant in the study area
Nickel has been leached out from the dumped
catalysts that kept inside the ammonia-urea
factory, thereby resulting in contamination of
Ni with the river water and/or sediment
through rain washed water. In the earlier
studies, concentrations of Ni were found to
be 137.35 mg/kg [13] and 200.45 mg/kg [14]
in the sediment of the river Buriganga
(Table 4).
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Table 4. Comparison of concentrations of the heavy metals (mg/kg) in sediments of the Shitalakhya river with other riversof Bangladesh
and abroad.
Samplearea Cr Mn Ni Cu Zn References

Shitalakhya River (*BD)

Dry 22.37 61250 5411 50.36 103.62

Pre-monsoon 3158 56971 5835 49.93 2237 Present study

Post-monsoon 18.09 567.02  50.89 39.75 3158

Turag River 252101230  115-1888 Khanetal. [19]

Buriganga River (BD)

Monsoon 39.70 37.58 6.39 14.07 36.73

Winter 4145 30.06 7.14 15.93 4071 Nargisetdl. [12]
Buriganga River (BD) 101.20 “NA NA 49.80 50.70 Majumdar et al. [16]
Buriganga River (BD) 101.20 NA NA 184.40 502.30 Saha and Hossain [15]
Buriganga River (BD) 709.41 NA 137.35 224.55 958.15 Mohiuddin et al. [13]
Buriganga River (BD) 17453 NA 200.45 30.35 NA Ahmad et al. [14]
Shitalakhya River (BD) 74.82 NA NA 143.69 200.59 Islamet al. [11]
Turag River (BD) 43,02 NA NA 50.40 139.48 Banuetd. [18]
Bangshi River (BD) 98.10 483.44 25.67 3101 117.17 Rahman et al. [10]
MeghnaRiver (BD) 3174 442,60 76.12 NA 79.02 Hasanetal. [17]
BT Drainage River (China) 4.05-430.61 NA NA 26.71-2006.67  164.20-2731.12 Wangetal. [22]
Yellow River (China) 41.69-1283 773.2-1459.7  NA 29.72-102.22 89.80-201.88  Liuetal.[21]
River Ganges (India) 1.80-6.40 NA NA 0.98-4.42 10.48-20.40 Guptaet al. [25]
Gediz River (Turkey) 170-220 380-420 101.13 108.15 40-180 Akcay etal. [24]
Shur River (Iran) NA NA NA 135 250 Karbassi et al. [29]
Cheliff River (Algeria) 191 NA NA 102.00 288 Belhadj etal. [23]
TEL (Threshold Effect Level) 373 NA 18 357 123 Macdonald et al. [28]
;F/EI\Se()TOXiCi ty Reference 2% 16 16 110 USEPA [27]
SEL (Severe Effect Level) 110 NA 75 110 820 Persuad et al. [26]
BD stands for Bangladesh

NA stands for not analyzed

Proper authorities of the People's was after the dredging. However, the results

Republic of Bangladesh have taken an attempt
to reclaim the Buriganga river as it became
less contaminated through dredging the river
during 2014-2015. The sampling by Nargis et
al., [12] was done during August 2015
(monsoon) and February 2016 (winter) that

reported by Mohiuddin et al., [13] and Ahmed
et al., [14] were before dredging the
Buriganga river. The concentration of Ni was
only 25.67 mg/kg in the sediment of the
Bangshi river that is unlikely [10]. This is
because the Bangshi river is aso known as
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one of the polluted rivers in Bangladesh. The
river Meghna is known as one of the less
polluted rivers in Bangladesh, however, the
concentration of Ni was found to be 76.12
mg/kg in the sediment samples (Table 4) [17].
A high concentration of Ni (101.13 mg/kg)
was found in the sediment of the river Gediz,
Turkey, that reported by Akcay et al., [24].
Although the TEL (18 mg/kg) and TRV (16
mg/kg) values were below than the present
concentrations of Ni (Dry: 54.11 + 11.21
mg/kg; pre-monsoon: 58.35 = 7.82 mg/kg;
post-monsoon: 50.89 + 6.58 mg/kg) but the
SEL vaue (110 mg/kg) was much higher than
that observed in this study. The results suggest
that though the study area was non-
contaminated by Ni on the basis of TEL and
TRV vaues, moderately contaminated with
respect to SEL.

Concentrations of Cu were aso
estimated through a collection of the river
sediment samples in the three seasons. In the
dry, pre-monsoon and post-monsoon, the
mean concentrations of Cu were found to be
50.36 + 9.40, 49.93 + 17.36 and 39.75 + 4.56
mg/kg, respectively (Table 3). However, a
high concentration of Cu, 143.69 mg/kg, in
the sediment of the river Shitalakhya has been
reported by Islam et al., [11]. The two study
areas were different zones of the Shitalakhya
river, as described in the preceding section.
The present study area was upstream, while
the study area by Islam et al., was downstream
that has been considered as the highly
contaminated zone of the Shitalakhya river
[11].

On the other hand, Nargis et al.,
reported low concentrations of Cu in the
sediments of the river Buriganga, known as
the most polluted river in Bangladesh [12].
Concentrations of Cu in the winter (February
2016) and monsoon (August 2015) were 14.07
+ 15.93 and 15.93 + 18.38 mg/kg, respectively
(Table 4) [12]. A reclamation project of the

river bed of the river Buriganga was executed
during 2014-2015 that is the reason to find the
low concentrations of Cu in the river
sediments. In the ealier studies,
concentrations of Cu in the sediments of the
river Buriganga were found to be 30.35 mg/kg
[14] and 224.55 mg/kg (Table 4) [13]. A high
concentration of Cu (184.40 mg/kg) has also
been reported by Saha and Hossain in the river
Buriganga [15]. However, Mgumder et al.,
found only 49.80 mg/kg of Cu in the same
river sediment (Table 4) [16]. About 50.40
mg/kg of Cu was found in the sediment of
Turag river [10], while that was about 31.01
mg/kg in the Bangshi river (Table 4) [18].

A vey low concentration of Cu
ranging from 0.98 to 4.42 mg/kg was found in
the Ganges sediment (Table 4) [25].
However, in the sediment of the BT Drainage
river, China, the lowest concentration of Cu
was 26.71 mg/kg while the maximum of that
was 2006.67 mg/kg [22]. Liu et al., aso
anayzed Cu in the sediments collected from
the Yellow river, China [21]. They reported
that the lowest concentration of Cu was 29.72
mg/kg and the highest was 102.22 mg/kg
(Table 4). In Algeria, Cu was aso analyzed in
the river sediment collected from the Chelif
river and found 102.0 mg/kg [29]. A
comparable concentration of Cu (135.0
mg/kg) was aso found in the sediment of the
river Shur, Iran (Table 4) [29]. According to
the US EPA (1999), the TRV value for Cu is
16.0 mg/kg while the lowest and the highest
concentrations of Cu over the study area were
34.38 and 99.12 mg/kg, respectively, where
the respective SEL and TEL values for Cu are
110.0 and 35.70 mg/kg (Tables 3 and 4) [27].

Zinc was aso analyzed in the collected
sediment samples and its respective mean
concentrations in the dry, pre-monsoon and
post-monsoon were 103.62 + 62.74, 110.88 +
95.83 and 55.22 + 11.33 mg/kg (Table 3).
Results show that site-FS2 was contaminated
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with its highest concentration (423.28 mg/kg)
in the pre-monsoon followed by 297.57 mg/kg
in the dry season, while only 44.32 mg/kg of
Zn was found in the post-monsoon (Table 3).
The high concentration of Zn at site-SF2 is
reasonable because the site-FS2 is just only
3-5 m downstream from the point source. In
the pre-monsoon, the river water went to a
minimum level compared to that in the dry
season, thus pollutants concentrations are
supposed to be maximum in the river water in
the pre-monsoon. In Bangladesh, rainfdl
commonly happens during the pre-monsoon
and it goes to its maximum level in the
monsoon. Thus, the water level in the water
bodies becomes its maximum level, thereby
resulting in significant dilution of the
contaminants in the monsoon, however, that
causes transportation of contaminants from
thelr source pointsto far away.

Due to rainfall in the pre-monsoon, the
waste catalysts washes and/or leaches out by
the rain water and falls to the river through the
point source. This causes the accumulation of
the metals' concentration in the sediments as
well as in the river water near the point
source. The increasing trend of the
concentration of Zn at the downstream sites,
such as from site-FS3 to FS7 (from a point
source to downstream) is also suggesting the
washing out of the contaminated Zn from the
site-FS2.

Islam et al., aso analyzed Zn in the
sediments collected from the Shitalakhya river
and its concentration was found to be 200.59
mg/kg, however, the study area by the Islam et
al., was downstream of the Shitalakhya river
that is well-known as a contaminated zone of
the riverine system (Table 4) [11]. As
mentioned above, the river Buriganga is the
most polluted in Bangladesh, consequently,
high concentrations of Zn have been reported
by Saha and Hossain [15] and Mohiuddin et
a., [13] and the concentrations were 502.30

and 958.15 mg/kg, respectively while
Majumder et al., reported only 50.70 mg/kg of
Zn in the same river's sediments (Table 4)
[16]. In our previous study, concentrations of
Zn in the sediments for the same river
(Buriganga) were only 36.73 = 34.38 mg/kg
for the monsoon and 40.71 + 37.33 mg/kg for
the winter (Table 4) [12]. The finding for the
low concentrations of the heavy metals in the
sediments collected from the river Buriganga
has been explained in the preceding sections.
The reason for finding the low concentrations
of heavy metals is due to dredging the
Buriganga river before sampling in our
previous study [12]. In a less polluted river
(Meghna), Hasan et al., reported a relatively
high concentration of Zn concentration, 79.02
mg/kg, in the river sediments [17]. Turag and
Bangshi are aso highly polluted rivers in
Bangladesh and concentrations of Zn in their
sediments were found to be 117.15 and 139.48
mg/kg, respectively (Table 4) [10,18].

Zinc was aso analyzed in the
sediments collected from many international
rivers such as Ganges (India) [25], BT
Drainage and Yédlow (China) [20,21], Chelif
(Algeria) [23], Gediz (Turkey) [24] and Shur
(fran) [29] and its respective concentrations
were found to be 10.48-20.40, 89.80-201.88,
164.20-2731.12, 288.0, 40-180 and 250.0
mg/kg (Table 4).

Although the mean concentrations of
Zn for the three seasons (dry: 103.62 + 62.74
mg/kg; pre-monsoon: 110.88 + 95.83 mg/Kkg;
post-monsoon: 55.22 + 11.33 mg/kg) were
much lower than the SEL value (820 mg/kg)
while the other reference values such as TEL
(123 mg/kg) and TRV (110 mg/kg) are
comparable to that obtained in this study
(Table 4). However, concentrations of Zn at
site-SF2 in the dry and pre-monsoon were
quite higher than that of TEL and TRV vaues
(Tables 3 and 4). Since site-SF2 is a point
source of the ammonia-urea plants, the site
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must be contaminated with
concentrations of metals.

the high

Correlation Matrix of the Heavy Metals

The correlation matrix of the heavy
metals of interest is shown in Table 5. As seen
from Table 5, Cu (r = 0.880) is strongly
positively correlated with Zn that indicates
they have the same source. As mentioned
above, composites of ZnO and CuO have been
used as catalysts in the desulfurization of the
natural gas in low temperature shift converters
of ammonia plants. The positive correlation of
Cr (r = 0.649) with Ni suggests their common
source in the study area. Oxides of Cr,O3, NiO
and aloy of Fe with Cr have also been used as
catalysts in the ammonia-urea plant.
Therefore, it is concluded that the use of
different catalysts such as ZnO, CuO, NiO,
Cr,03, an aloy of Fe with Cr, etc., in the
ammonia-urea plants is the potential source of
the heavy metalsin the river sediments.

Table 5. Pearson correlation matrix of the heavy metals in the
sediments.

Heavy Mn Zn Cu Ni Cr
metals
Mn 1
7n 0.130 1
cu 0335 0880 1
Ni 0.240 0.435" 0.500" 1
0.089 0.287 0.322' 0.649™" 1

Cr

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

Pollution Assessment of Heavy Metals in the
River Sediment

As mentioned above, most of the sites
in the study area were contaminated with
elevated concentrations of heavy metasin the
dry and pre-monsoon compared to that in the
post-monsoon.  Accordingly, the mean
concentrations of the metals of interest for the
dry and pre-monsoon were used to calculate
the following statistical indices in order to

assess the metals pollution in the river
sediments: geo-accumulation index (lgeo),
contamination factor (C;), degree of
contamination (Cg), pollution load index (PLI)
and ecological risk potential (R). The values
of theindices are shown in Table 6.

Equations (1), (2) and (3) were used to
calculate the values for lgen, Ci and Cy,
respectively [8] while eq. (4) was used for PLI
[9]. Equation (6) was used to calculate Ry
value using eg. (5) from where the vaues for
the toxic response factor (T,) were obtained
[8,10].

According to Muller, the sediment is
considered uncontaminated for lge< O, while
that can be regarded as uncontaminated to
moderately contaminated for 0< lge <0 [6].
As seen from Table 5, the lowest and the
highest values of the Iy factor are 0.59 and
0.64, respectively. Accordingly, the study area
can be treated as uncontaminated to
moderately contaminated.

Industrial wastewater having heavy
metals contaminates the water bodies through
direct discharge. For the first time, Hakanson
[8] and Tomlinson et al., [9] classified the
contaminated aquatic sediments into four
groups (Table 2).

The contamination factors (C) of the
relevant metals, i.e.,, Cr, Mn, Ni, Cu and Zn
are less than 1 (ranging from 0.27 to 0.95)
except for Cu, where the C; values are more
than 1 at all the sites except sites PS1 (0.86)
and PS2 (0.88) and the values for C; are
tabulated in Table 6. According to the Ct
values, Cu and Cr exhibited the highest (1.07)
and the lowest (0.27) values among the heavy
metals where that for Zn, Mn and Ni were
0.95, 0.69 and 0.64, respectively (Table 6). On
the basis of the C; vaues for the relevant
metals, it is concluded that the sediments of
the river Shitalakhya were loaded with low
metal’ s concentrations, however, the C; values
for Cu were more than 1 at al the sites except
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sites PS1 and PS2 (Tables 1 and 3). According
to the Hakanson and Tomlinson et al.,
classification, the study area was moderately
contaminated with Cu (Table 2). However, a
very high C; value (> 6) for Cu has been
reported in the sediments collected from the
river Buriganga that indicates the high level of
contamination of the riverine system with Cu
[15]. In our previous study, we also reported
that the sediments of the Buriganga river were
contaminated with Cu [12]. It is reasonable to
find the high C; values for Cu (1.07) and Zn
(0.95) among the relevant heavy metals
because of using the composites of ZnO and
CuO as cataysts in the ammonia-urea plants
for along time. Leaching out and/or wash out
of the waste cataysts by the rain water cause
the respective metals' pollution in the riverine
system.

The values of the degree of
contamination (Cg) for Cr, Mn, Ni, Cu and Zn
are tabulated in Table 6. The highest Cy4 value
was observed at site-FS2 (Cy, 5.90) while the
lowest was at site-PS2 (Cgy, 2.86) and an order
was made for the remaining sites on the basis
of Cq values: FS3>FS4>FS6>CS1>PS3>FS5>
FS1>CS2>FS7>CS3>PS1 (Table 6). The high
Cq vaue a site-FS2 is reasonable. This is
because the site-FS2 is just 3-5 m downstream
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from the point source of the ammonia-urea
plants (Table 1). Since the highest value of Cy
is 5.90, i.e, Cq4 < 8, thus the study area was
contaminated with low concentrations of the
metals of interest (Table 2). However, in the
previous study, the Cd value was found to be
33.16 for the sediments of the river Buriganga
[15].

The pollution load index (PLI) for the
metals of interest was also calculated in order
to assess the pollution status in the sediments
of the Shitalakhya river. The relevant study
area is regarded as polluted when PLI > 1
(Table 2) [9]. On the basis of the present
results, it is suggested that the study area
(Shitalakhya river) was polluted with low
concentrations of heavy metals because of the
PLI value of lessthan 1 (Table 6).

Ecological risk potentid (R) was
caculated from the individual ecological risk
factor (E;) for the individual metas of interest
to assess the contamination status that might
cause ecological risk in the study area. The
low value of R1 (8.81) indicates that the study
area was with a low ecological risk (Table 6).
This is because as R1 < 150, the relevant
study area should be regarded as a low
ecological risk potentia [8].

Table 6. Contamination factor (C;), degree of contamination (Cg), pollution load index (PL1) and ecological risk potential (Ry).

Contamination factor (Cy) Toxic  Potential Geo-

ey Meels s or ik tactor indox
FS1 FS2 FS3 FS4 FS5 FS6 FS7 CS1 CS2 PS1 PS2 PS3 CS3 Mean T) (E) geo
r T

Cr 0.25 031 030 0.32 029 028 026 025 028 025 0.20 024 0.24 0.27 2 0.54 0.59
Mn 0.82 0.78 0.87 0.70 0.70 0.63 0.66 067 066 064 045 061 0.72 0.69 1 0.69 0.64
Ni 0.60 0.69 0.71 0.69 068 0.67 0.62 062 068 055 057 066 0.64 0.64 2 1.28 0.62
Cu 106 144 119 1.19 1.00 112 098 1.10 1.06 086 0.88 111 0.86 1.07 5 5.35 0.61
Zn 0.70 268 092 0.98 080 090 0.78 087 0.74 063 0.76 0.87 0.68 0.95 1 0.95 0.64
Degree of
contamination 343 590 3.99 3.88 347 3.60 330 351 342 293 286 349 314 3.62
(Ca)
Pollution load
index (PLI) 002 0.13 004 004 002 002 002 002 002 001 001 002 001
Index of
ecological risk 8.81

potential (R)
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Conclusion

In the present study, concentrations of
the metals of interest, i.e., Cr, Mn, Ni, Cu and
Zn in the surface sediment of the river
Shitalakhya were found to be lower than the
reference values except for Mn, where the
mean concentrations ranging from 567.02 +
17.01 to 612.59 £ 15.31 mg/kg for the three
seasons, were exceeded the reference values.
In accordance with the low values of the
statistical indices such as geo-accumulation
index (lge0), cONtamination factor (Cr), degree
of contamination (Cgy), pollution load index
(PL1) and ecological risk potentia (R) factors,
it is suggested that the study area was low
contaminated with the relevant metals.
However, in the dry and pre-monsoon, the
concentrations of Ni and Cu exceeded the
recommended values such as TRV and TEL,
while Cr (31.58 mg/kg) exceeded only the
TRV (26.0 mg/kg) in the pre-monsoon. On the
basis of the statistical indices found in this
study, it is, therefore, concluded that the
aquatic environment of the Shitalakhya river
was with low ecological risk. However, the
high concentrations of Ni and Cu in the river
sediments may cause ecological risk in the
riverine system. The high concentration of Ni
and Cu in the river sediments may be due to
leach out and/or wash out of the dumped
catalysts by rainwater.
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