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Abstract
Rapid urbanization and industrialization have aggravated heavy metal contamination in river sediments of the riverine ecosystem
in developing countries like Bangladesh owing to their toxicity and persistence. Sediments are dynamic components and useful
indicators to understand the level of contamination and their associated ecological risks in the aquatic environment. The study
was conducted to investigate the heavy metal contamination in sediments for assessing the ecological risks of an urban river of
Bangladesh using principal component analysis (PCA), Pearson’s correlation matrix, geo-accumulation index (Igeo), contami-
nation factor (CF), contamination degree (CD), pollution load index (PLI), enrichment factors (EF), and potential ecological risk
factor (RI). The ranges of Zn, Cr, Cu, Pb, and Cd in sediments were 42.22–99.55, 11.12–57.83, 7.98–53.31, 6.76–22.41, and
0.38–0.87 mg/kg, respectively. In the present study, heavy metal concentration in sediments followed the descending order of Zn
> Cr > Cu > Pb > Cd, while the concentrations of Cu, Cr, and Cd were higher and the concentrations of Pb and Zn were lower
than the toxicity reference value (TRV). Geoaccumulation index (Igeo) demonstrated that most of the sediment samples were
unpolluted to moderately polluted. The PLI ranged from 0.334 to 1.209 that stated that sediments were moderately polluted by
studied metals. Themultivariate statistical analysis revealed that heavy metal contamination was influenced bymultiple pollution
sources. The extent of heavy metal pollution in the Shitalakhya River implies that the condition is much frightening to both the
aquatic biota and inhabitants in the vicinity of the river.
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Introduction

In recent years, metal contamination in the aquatic environ-
ment has attracted global attention and reached an anxious
level owing to its abundance, persistence, and toxicity to the
environment (Islam et al. 2015a, 2018, 2020; Ahmed et al.
2012; Proshad et al. 2020). Accumulation of heavy metals
can be transmitted to the trophic level of the food chain
resulting in the breakdown of the natural balance of the eco-
systems (Alam et al. 2007). Apart from destabilizing the eco-
system, their potential long-term impact on ecosystem decon-
tamination cannot be disregarded due to its toxic effects, ex-
orbitance and persistence in the environment, and successive
development in the environment (Varol 2011; Ali et al. 2019).
Moreover, heavy metal residues from the contaminated habi-
tat may lead to bioaccumulation as well as biomagnification in
microorganisms, aquatic vegetation, and fauna, which conse-
quently may enter into the human food chain and create many
problems related to human health (Haque et al. 2005; Ahmed

Responsible Editor: Amjad Kallel

* Md. Saiful Islam
msaifulpstu@yahoo.com; saiful@pstu.ac.bd

1 Department of Environmental Science and Resource Management,
Mawlana Bhashani Science and Technology University,
Tangail 1902, Bangladesh

2 Bangladesh Fisheries Research Institute, Freshwater Station,
Mymensingh 2201, Bangladesh

3 Graduate School of Environmental Studies, Tohoku University,
Aoba-6-6 Aramaki, Aoba-ku, Sendai, Miyagi 980-0845, Japan

4 Department of Soil Science, Patuakhali Science and Technology
University, Dumki,, Patuakhali 8602, Bangladesh

5 Department of Applied Biological Chemistry, Graduate School of
Agricultural and Life Sciences, The University of Tokyo, 1-1-1
Yayoi, Bunkyo, Tokyo 113-8657, Japan

https://doi.org/10.1007/s12517-020-06072-5

/ Published online: 22 October 2020

Arabian Journal of Geosciences (2020) 13: 1135

http://crossmark.crossref.org/dialog/?doi=10.1007/s12517-020-06072-5&domain=pdf
mailto:msaifulpstu@yahoo.com
mailto:saiful@pstu.ac.bd


et al. 2015; Kormoker et al. 2020; Islam et al. 2017a).
Typically, sources of heavy metals are varied from region to
globally depending on various contexts. Major anthropogenic
sources of heavy metals include fossil fuel and coal combus-
tion, industrial effluents, solid waste disposal, domestic and
municipal wastewater, fertilizers, pesticides, paint and dyes,
mining, and metal processing (Malik et al. 2010; Islam et al.
2018) whereas natural sources include weathering of mineral
deposits, brush burning, and windblown dust (Zhang and Liu
2002), and these metals are distributed between the aqueous
phase and bed sediment during their conduction (Sakan et al.
2009; Ali et al. 2018). Due to the adsorption, hydrolysis, and
co-precipitation, only an inconsiderable amount of free metal
ions remain dissolved in water and an extensive quantity of
them get deposited in the sediment which eventually creates
ecological risk (Gaur et al. 2005; Islam et al. 2017b, 2018;
Tusher et al. 2020).

Sediments are important sinks for diverse pollutants espe-
cially for heavy metals and play a weighty role in the remobi-
lization of contaminants in aquatic systems under inclinable
environments and interactions between water and sediment
(Mohiuddin et al. 2011). Sediments are also significant in
fostering the trophic level of any water body as they have
extended residence time (Rahman et al. 2014). In developing
countries, the river plays an effective role in assimilating or
carrying off industrial and municipal wastewater, manure dis-
charges, and agricultural runoff, etc. which are accountable for
river pollution (Reza and Singh 2010). Thus, the river sedi-
ments are the weighty source for the assessment of heavy
metal contaminations in any aquatic environment (Ahmad
et al. 2010). In Bangladesh, about 1176 industries (situated
beside the studied river) are continuously discharging 0.4 mil-
lion m3 of untreated wastewater into the rivers per day (Islam
et al. 2015a) and these metals also gain access to ecosystem
and get distributed in the water body, total suspended solids,
and sediments during their mobility (Banu et al. 2013; Islam
et al. 2015 b,c). On one hand, sediments act as a bearer of
contaminants from the sources and also acting as the charac-
teristic of secondary pollutants. In surface sediments, heavy
metal concentrations are tremendously high than the water
column; as a consequence, metals tend to accumulate in low-
ermost deposits reported by numerous studies globally (Nobi
et al. 2010; Islam et al. 2015a; Bhuyan et al. 2017). Therefore,
the assessment of river sediments is an effective tool to study
the environmental toxicity caused by heavy metals (Moore
et al. 2009). Recently, the aquatic environment of
Bangladesh is being contaminated by heavy metals in many
ways (Kabir et al. 2020). The waste discharged from various
industries is responsible for elevated metal levels in the ex-
posed sediment of the surrounding river of Dhaka city
(Mohiuddin et al. 2011). Potential ecological risk analysis in
surface sediments of the Rupsa River indicates a moderate to
serious toxicity of heavy metals in sediment (Proshad et al.

2019). Sediments of the Old Brahmaputra river have been
contaminated by heavy metals as a result of the anthropogenic
sources that include industrial, domestic, and irrigation dis-
charges (Bhuyan et al. 2019). Moreover, numerous studies
conducted by Banu et al. (2013), Ahmed et al. (2012),
Rahman et al. (2014), and Mamun et al. (2013) revealed that
rivers of Bangladesh are being polluted in different extents
with time. Worldwide various studies also showed that owing
to the effect from the point and nonpoint sources such as
metropolitan runoffs, atmospheric deposition, leaded gaso-
line, chemical manufacturing, and steelworks in city areas
have straight influences on heavy metal contamination in
aquatic environments (Shikazono et al. 2012; Gaur et al.
2005; Barakat et al. 2012; Abrahim and Parker 2008).

The Shitalakhya river flows through the Narsingdi district
town, one of the most vital industrial zones of the country, and
various types of industrial units have been established on the
bank of the river. Most of these industries directly or indirectly
discharge a huge quantity of wastewater and effluents into the
river without any treatment, and also, municipal and domestic
wastewater from Narsingdi urban area finds their way untreated
into this river (Islam et al. 2014). Plenty of raw materials for
industrial production and processed industrial products are also
transported through this river regularly by ships and cargo; there-
fore, the risks of pollution impact are rising upwards sequentially
(Islam et al. 2008). The Shitalakhya River in Bangladesh recent-
ly has raised attention to public concern due to its extreme pol-
lution caused by pollutants from two large cities that include
Narayanganj and Narsingdi (Islam et al. 2014; Mottalib et al.
2016). The two big cities are established on the bank of the
Shitalakhya River, and the aquatic environment of this river
system is dominated by these cities (Kabir et al. 2020).
Previously, two studies were conducted for the assessment of
heavy metal pollution in sediments of the Shitalakhya River at
Narayanganj area by Islam et al. (2014) and Islam et al. (2016).
On the other hand, assessment of physicochemical water quality
and heavy metal concentrations in water and fishes of the
Shitalakhya River at Narsingdi area were documented by
Mottalib et al. (2016) and Kabir et al. (2020). To date, no scien-
tific research regarding heavy metal issues with relation to sed-
iment contamination in the study area has been conducted so far.
Therefore, the present study was an attempt to investigate the
present status of heavy metal pollution in sediments of the
Shitalakhya River using different pollution indices.

Materials and methods

Study area

The study area was located in the Shitalakhya river of
Narsingdi district, Bangladesh, which was approximately
within latitude between 23°55′36″ and 23°91′92″ N and
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longitude between 90°43′54″ and 90°71′76″E (Fig. 1). The
Shitalakhya river is one of the most prominent distributary
of the Old Brahmaputra river in the flood plain region of
Bangladesh and flows through Gazipur district forming its
border with Narsingdi for some distance and then through
Narayanganj District. The Shitalakhya river is a silt-carrying
and flooding river and very much alive during the monsoon
and carries the major discharge of the Old Brahmaputra river
on its way down. The river is about 110 km long and widest
0.3 km across and remains navigable year-round, whereas
maximum depth is 21 m and the average depth is 10 m
(Ahmed et al. 2010). For the collection of surface sediment
samples, three sampling stations namely as Saorait Bazar (St-
1), Jamalpur Bazar (St-2), and Fuleshawri Bazar (St-3), along
with the Shitalakhya river of Bangladesh. Stations were se-
lected depending upon the presumed sediment quality and
extent of pollution by prior visiting the study area. St-1
(upstream) located at the 1 km upstream of the Ghorashal
Fertilizer Company Limited, where agricultural runoff, animal
manure, and wastewater from municipal drains were the main
sources of pollution. St-2 (upstream), was dominated by

cement, textile, pesticide, and fertilizer factory and food bev-
erage industrial park. The heavy metal-containing wastewater
from plant discharge and wastewater drain that collect mixed
domestic, municipal, and industrial wastewater was the major
pollution source in St-2. St-3 (downstream) was severely
dominated by large-scale industries such as paper and pulp
industry, plastic industrial park, cement factory, pesticide,
and the fertilizer factory and textile industry. Ghoshal
Railway Bridge and Ferry Ghat were 1 km upstream near
the St-3. The wastewater drains that collect plant discharge,
municipal, industrial, and agricultural runoff were the most
significant sources of pollution in St-3.

Sample collection

Sediments samples were collected randomly from the St-1, St-
2, and St-3 (Fig. 1) during the period from April to December
2015, approximately 1.0 m below the water surface at 4-
month interval, i.e., in April, August, and December 2015,
and these 3 months were considered as pre-monsoon, mon-
soon, and post-monsoon season, respectively. From each

Fig. 1 Location map of the study area of Shitalakhya River, Bangladesh
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sampling station, three sediment samples were collected dur-
ing each season and then mixed thoroughly to get a composite
sample, and therefore, a total of 27 sediment samples were
collected for analysis. Approximately 1000-g samples from
each sampling station were collected with the help of Grab
sampler and kept in polyethylene bags and transported imme-
diately to the laboratory for further analysis. Samples were
labeled properly and preserved in a refrigerator at 4 °C tem-
perature (Varol 2011). Before sampling, the polyethylene was
washed with detergents and 10% HNO3 solutions and rinsed
with distilled water for avoiding external contamination
(Ogbeibu et al. 2014).

Sample analysis

After collection, sediment samples were air-dried in a dust-free
place at room temperature, ground into powder form using
pestle and mortar whereas stone, plant fragment, or unwanted
materials were removed by passing the dried sample through a
2-mm sieve (Hassan et al. 2015). The sieved samples were then
finally passed through a 500-μm sieve and stored in acid-
washed and deionized water rinsed glass bottles. Sediment
samples then digested in Teflon vessels with a 3:1 mixture of
nitric acid (HNO3) and hydrochloric acid (HCl) in a microwave
oven (USEPA 2007). After microwave digestion, the sample
solutions were filtered and adjusted to a compatible volume
with double deionized water. Sediment extracts were then an-
alyzed for Cu, Cr, and Zn by a flame atomic absorption spec-
trometry (FAAS) equipped with deuterium background correc-
tion, whereas Pb and Cd extracts were measured by graphite
furnace atomic absorption spectrometry (GFAAS) with
Zeeman background correction (Varol 2011) in the
Laboratory of the Soil Science, Bangladesh Institute of
Nuclear Agriculture (BINA), Mymensingh-2201, Bangladesh.

Sediment quality assessment

Background or pre-industrial values play a significant role for
the interpretation of geochemical data and numerous authors
used the average shale standard values, average crustal abun-
dance values, world surface rock average values, and uncon-
taminated sediment values (Hassan et al. 2015; Sakan et al.
2009; Banu et al. 2013; Varol 2011). The present study
followed average shale standard values by Turekian and
Wedepohl (1961) and world surface rock average values by
Martin and Meybeck (1979) for calculations. In this study,
five different indices were used to assess the degree of heavy
metal contamination in sediments of the Shitalakhya river.

Geoaccumulation index

The Igeo enables the assessment of metal contamination in
sediment by comparing the presently measured concentrations

with pre-industrial background contents and Igeo can be cal-
culated using the following formula proposed by Muller
(1969):

Igeo ¼ log2 Cn=1:5� Bnð Þ ð1Þ

where Cn is the measured concentration of the metal (n) and
Bn is the geochemical background of that metal (n). The av-
erage shale standard for different metals recorded by Turekian
and Wedepohl (1961) was used as a background concentra-
tion for this study. Factor 1.5 was applied for the possible
variations of the background values due to the lithological
effect. The Igeo scale composed of seven grades or classes
ranging from unpolluted to extremely polluted, i.e., grade 0
(Igeo ≤ 0): unpolluted; grade 1 (Igeo = 0–1): unpolluted to
moderately polluted; grade 2 (Igeo = 1–2): moderately pollut-
ed; grade 3 (Igeo = 2–3): moderately to strongly polluted; grade
4 (Igeo = 3–4): strongly polluted; grade 5 (Igeo = 4–5): strongly
to extremely polluted; and grade 6 (Igeo ≥ 6): extremely pol-
luted reported by Müller (1981). Due to the nature of the Igeo
calculation which entangles a log function and a background
multiplication of 1.5, the Igeo index is not deliberately analo-
gous to other indices of metal affluence (Abrahim and Parker
2008).

Contamination factor and contamination degree

The Contamination factor (CF) and contamination degree
(CD) were used to investigate the heavy metal pollution load
status of the sediments in the Shitalakhya River. The CF is the
ratio obtained by dividing the concentration of each metal in
the sediment by the background value reported by Turekian
and Wedepohl (1961) and the CF for each metal was calcu-
lated by the following formula proposed by Tomlinson et al.
(1980).

CF ¼ Measured metal concentration Cmð Þ
=Background concentration of the metal Bmð Þ

ð2Þ

The CD for each station was computed as the sum of all
contamination factors (Hassan et al. 2015). Hakanson (1980)
classified four grade ratings of sediments concerning CF
values such as CF < 1: low, 1 ≤ CF < 3: moderate, 3 ≤ CF <
6: considerable, and CF ≥ 6: very high; on the other hand,
Tomlinson et al. (1980) reported four classes of sediment
based on the CD levels, i.e., CD < 6: low, 6 ≤ CD < 12:
moderate, 12 ≤ CD < 24: considerable, and CD ≥ 24: very
high.

Pollution load index

The pollution load index (PLI) is used to explore the mutual
pollution effect at diverse stations by the diverse metals in
soils and sediments and gave an appraisement of the overall
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toxicity status of each sampling station (El-Sammak and
Aboul-Kassim 1999). For the entire sampling stations, PLI
was computed as the nth root of the product of the multipli-
cations of the contents by the following equation proposed by
the Tomlinson et al. (1980):

PLI ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

CF1 � CF2 � CF3 �…:CFnð Þn
p

ð3Þ

This pragmatical index provides a simple, comparative
means for assessing the level of heavy metal pollution, where-
as PLI > 1 indicates that pollution exists; on the other hand, if
PLI < 1, it indicates that there are absence metal pollution
(Varol 2011).

Enrichment factor

Enrichment factor (EF) is a significant tool in assessing the
degree of anthropogenic heavy metal pollution (Sakan et al.
2009). The EF was calculated using the formula:

EF ¼ Metal

Fe
Þ
Sample

=
Metal

Fe
Þ
Background

��

ð4Þ

For geochemical normalization, iron (Fe) is used as the
reference element in this study due to the fact that its geo-
chemistry is uniform to that of numerous heavy metals, com-
bined with the thin solid base, and its native concentration
tends to be identical (Bhuiyan et al. 2010). The EF values were
interpreted as EF < 1 (no enrichment), EF < 3 (minor enrich-
ment), EF = 3–5 (moderate enrichment), EF = 5–10 (moder-
ately severe enrichment), EF = 10–25 (severe enrichment), EF
= 25–50 (very severe enrichment), and EF > 50 (extremely
severe enrichment) reported by Sakan et al. (2009).

Potential ecological risk index

The potential ecological risk index (RI) method developed by
Hakanson (1980) was applied in this study which describes
the number of times by which the heavy metal contents in the
sediment exceed the geochemical background concentrations
and provide a multitude expression of the level of heavy metal
toxicity in a particular specimen (Barakat et al. 2012). Based

on this method, the potential ecological risk coefficient Ei
r of a

singlemetal and the potential ecological risk index Ri of multi-
metal can be computed via the following equations:

Ei
r ¼ T i

f � Ci
fRi ¼ ∑n

i¼1E
i
r ð5Þ

In these equations, Ci
f is the accumulating coefficient of

metal (i) and T i
f is the toxic response factor of metal (i), which

reveals its levels of toxicity and the sensitivity of bio-organism
to it. The toxic response factors for Pb, Cu, Cr, Zn, and Cd
were considered 5, 5, 2, 1, and 30, respectively, reported by
Banu et al. (2013). Accumulating coefficients of heavy metals

in sediments from the three different stations were computed
and applied to depict the accumulation status of heavy metal
in the sediments from each sampling station. The computing

equation for accumulating coefficient Ci
f is as follows:

Ci
f ¼ Ci

m=C
i
n ð6Þ

where Ci
m is the value of heavy metal concentration in the

sediment samples and Ci
n is the pre-industrial background

values in sediments. In this study, the pre-industrial back-
ground values for Pb, Cu, Cr, Zn, and Cd are considered 20,
32, 97, 129, and 0.2 mg/kg, respectively, proposed by Martin
and Meybeck (1979). Chen and Zhou (1992) stated four rat-
ings of ecological pollution degree of heavy metal in sediment

like as Ei
r < 40 or RI < 150: low, 40 ≤ Ei

r < 80 or 150 ≤ RI <

300: moderate, 80 ≤ Ei
r < 600 or 300 ≤RI < 600: considerable,

and 160 ≤ Ei
r < 320 or 600 ≤ RI: very high ecological risks for

the water body.

Statistical analysis

The collected data were compiled and tabulated in proper
form and were subjected to statistical analysis, whereas MS
Office Excel 2010 and IBM Statistics 20.0 software were
used. Pearson’s correlation analysis and principal component
analysis (PCA) were employed to reveal the interrelationship
among the studied heavy metals in the sediment samples in
order to identify the possible sources of contamination
(Benson et al. 2016). Kaiser-Meyer-Olkin (KMO) and
Bartlett’s test of sphericity were used to confirm the adequacy
of data used for PCA, while two components were extracted.
The mapping of spatial distribution of heavy metals during
different sampling seasons was done by using ArcGIS
software.

Results and discussion

Heavy metal concentrations in sediments

The concentrations of heavy metals in sediments of the
Shitalakhya River in three different seasons and their compar-
ison with TRV are given in Table 1. Moreover, the spatial
distributions of the heavy metals during different seasons are
presented in Fig. 2, indicating higher concentrations of heavy
metals in the downstream areas, regardless of the seasons. The
wide range of metal concentrations was witnessed among the
sampling stations and seasons. Various influences such as
geomorphological outfits, land runoff, and industrial dis-
charge might have played a dynamic role in the variation of
metal concentrations. The concentrations of Pb, Cu, Cr, Zn,
and Cd in sediments were ranged from 6.76 to 22.41, 7.98 to
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53.31, 11.12 to 57.83, 42.22 to99.55, and 0.38 to 0.87 mg/kg,
respectively, while the mean concentrations followed the or-
der of Zn (75.48 mg/kg) > Cr (38.39 mg/kg) > Cu (24.60
mg/kg) > Pb (13.16 mg/kg) > Cd (0.64 mg/kg). The results
of the present study revealed that concentrations of Cu, Cr,
and Cd were higher than the TRV value given by the USEPA
(1999), whereas the concentrations of Pb and Zn were lower
than the TRV. The maximum concentration of Zn (99.55
mg/kg) was found at St-3 in the post-monsoon season, while
the minimum concentration of Cd (0.38 mg/kg) was found at
S-1 in monsoon season. Variations in heavy metal concentra-
tions of the stations’ overall seasons followed the order of St-3
> St-2 > St-1. Moreover, the result also depicted that St-3 was
more contaminated than others due to receiving a large vol-
ume of industrial, domestic, municipal wastewater, and agri-
cultural runoff. The variations of heavy metal concentrations
from stations to stations may be correlated with the flow of the
rivers and location of industries and their wastewater dis-
charge system (Alam et al. 2004; Pandey et al. 2019).
However, the study areas were dominated by paint and dyes,
pesticides, textile, plastic, paper and pulp, fertilizer, and ce-
ment factory, and most of the industry uses the chlor-alkali
process and releases a large amount of wastewater into the
river. The high concentration of heavy metals was discharged
from various industries in the form of base materials, abrasive
blasting materials, surface coating, and welding materials
(Kura et al. 2006; Monirul et al. 2014). Mean concentrations
of Pb, Cu, Cr, Zn, and Cd were found 11.64 ± 0.87, 17.37 ±
4.05, 45.20 ± 7.36, 87.25 ± 3.16, and 0.67 ± 0.03 mg/kg,
respectively, in pre-monsoon; 7.85 ± 1.27, 10.04 ± 2.42,
15.00 ± 3.60, 45.21 ± 2.59, and 0.44 ± 0.07 mg/kg, respec-
tively, in monsoon; and 19.98 ± 2.92, 46.38 ± 6.87, 54.98 ±
3.42, 93.99 ± 4.82, and 0.81 ± 0.05 mg/kg, respectively, in

post-monsoon season. The study showed that higher concen-
trations of heavy metal were found in post-monsoon followed
by pre-monsoon and monsoon season might be due to the
discharge of a huge volume of industrial, domestic, and mu-
nicipal wastewater and absence of less rainfall water for
mixing are the main reasons for this result (Islam et al.
2015a). The concentrations of Cr, Pb, Cd, Zn, and Cu were
ranged from 105 to 2017, 56 to 1592, 3.5 to 7.8, 129 to 2163,
and 30 to 743 mg/kg, respectively, in summer, whereas 105 to
4249, 110 to 1584, 4.1 to 9.5, 166 to 3002, and 55 to 459
mg/kg, respectively, in winter season in the sediment of
Buriganga River, Bangladesh (Mohiuddin et al. 2011), and
these results are almost similar to the present study. The con-
centrations of Pb, Cu, Cr, and Cd in Ganges and Gomti river
sediments of India were 4.3–8.4, 0.98–4.4, 1.8–6.4, and 0.14–
1.4 mg/kg (Gupta et al. 2009), respectively, and 40, 5.0, 8.15,
and 2.4 mg/kg, respectively (Singh et al. 2005). High Pb and
Cd concentrations in Gomti river sediments were observed than
the present study which might be attributed to municipal run-
offs, industrial doings, atmospheric giving off, leaded gasoline,
chemical manufacturing, steelworks, and Cd plating in the ur-
ban area (Shikazono et al. 2012; Proshad et al. 2019).
Concentrations of Pb (26–78 mg/kg), Cu (30–102 mg/kg),
and Cr (41–128 mg/kg) in Yellow river of China were much
higher than the present measured concentration of the
Shitalakhya river (Liu et al. 2009) that could be relating to the
waste discharged from municipal and industries (Mohiuddin
et al. 2011). Moreover, lower levels of Pb (0.45 mg/kg), Cr
(0.87 mg/kg), and Cd (1.32 mg/kg) concentrations were per-
ceived in the Okumeshi River sediments of Nigeria (Raphael
et al. 2011) than present study that might be due to the fact that
the higher water flow could not support to accumulate heavy
metals in sediment (Kabir et al. 2020; Mohiuddin et al. 2011;
Ali et al. 2016). As a whole, concentrations of Cu, Cr, and Cd
exceeded some well-recognized standard values and in agree-
ment with some previous studies (Table 3).

Pearson’s correlation analysis was performed to determine
the relationships among the heavy metals in the sediment
samples. The calculated values of Pearson correlation coeffi-
cients showed strong significant correlation between Pb-Cu
during pre-monsoon (r = 1.000) and monsoon seasons (r =
1.000) at p < 0.01 level, whereas Pb was significantly corre-
lated with Cd (r = 1.000) at p < 0.01 level during monsoon
and with Cr (r = 1.000) at p < 0.05 level during post-monsoon
seasons (Table 2). Moreover, strong significant positive cor-
relation between Cu and Cd was observed during monsoon (r
= 1.000) and post-monsoon (r = 0.999) seasons at p < 0.05
level. However, the rest of the elemental pairs showed a strong
positive correlation with each other. The strong positive cor-
relations between the studied heavy metals indicated perhaps
the common sources of origins which may be anthropogenic
and similar pathways into the aquatic environment (Banu et al.
2013; Hassan et al. 2015; Varol 2011). The principal

Table 1 Concentrations (mg/kg) of heavy metals in sediments of the
Shitalakhya River, Bangladesh

Season Sampling stations Heavy metal concentrations (mg/kg)

Pb Cu Cr Zn Cd

Pre-monsoon St-1 10.76 13.25 36.71 83.80 0.64

St-2 11.68 17.51 49.14 87.96 0.69

St-3 12.50 21.36 49.76 90.01 0.70

Monsoon St-1 6.76 7.98 11.12 42.22 0.38

St-2 7.54 9.44 15.67 46.57 0.43

St-3 9.26 12.72 18.23 46.85 0.53

Post-monsoon St-1 16.74 39.57 51.18 90.85 0.76

St-2 20.81 46.27 55.95 91.58 0.81

St-3 22.41 53.31 57.83 99.55 0.87

Mean (n = 9) 13.16 24.60 38.39 75.48 0.64

Standard deviation (SD) 5.62 17.15 18.58 23.11 0.16

USEPA (1999) TRV 40.00 16.00 25.00 110.00 0.60
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component analysis (PCA) was also performed in the rotated
space to assess the interrelationships among the studied heavy
metals and to explore the possible and the probable metal
distribution patterns (Fig. 3). The PCA of heavy metals ex-
plained about 99.55% cumulative variance of the data. In this
study, two components were extracted, while the component 1
accounted for about 63.36% of the total variance and the com-
ponent 2 explained about 36.19% of the total variance. The
component 1 showed a positive correlation with Cr, Zn, and
Cd, and the component 2 exhibited a positive loading to the
Cu and Pb, indicating that the heavy metals in the study area
originated from various pollution sources, predominantly
from anthropogenic inputs.

The concentrations of heavy metal in sediments of the
Shitalakhya River were compared with other major rivers of
Bangladesh (Table 3). The concentrations of Pb, Cu, Cr, and
Cd in the Shitalakhya River at Narayanganj (Islam et al. 2014)
were higher than the present study whereas Zn content was
found almost similar in both studies. Moreover, Cu, Cr, and
Zn concentrations quantified by Islam et al. (2016) were

several times higher as compared with the values observed
by Islam et al. (2014) and in the present study. Precisely, the
study revealed that the heavy metal concentrations of the
Shitalakhya River sediments in Narayanganj areas were com-
paratively more contaminated than the Narsingdi city area of
Bangladesh. The concentrations of five studied heavy metals
by Saha and Hossain (2011) in the Buriganga river were found
several times higher compared with the present investigation.
Conversely, all measured metal concentrations of the Old
Brahmaputra (Bhuyan et al. 2019) and Louhajang
(Kormoker et al. 2019a) river sediments were quite a few
times lower than the Shitalakhyariverin present examinations.
According to Banu et al. (2013) except Cd, all of the studied
heavy metal concentrations in Turagriver were found higher
than this study, whereas the Meghna river (Hassan et al. 2015)
showed the lower level of Pb, Cr, and Cd apart from Zn. Mean
concentrations of Pb, Cu, and Cd were found higher and Cr
was found lower in the Dhaleshwari River reported by Ahmed
et al. (2012) than the present measured concentration of the
Shitalakhya river. However, Cd concentrations of the Jamuna

Fig. 2 Spatial distribution of heavy metals in sediments of the Shitalakhya River, Bangladesh, during pre-monsoon season (a–e), monsoon season (f–j),
and post-monsoon season (k–o): Pb (a, f, k), Cu (b, g, i), Cr (c, h, m), Cd (d, i, n), and Zn (e, j, o)
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River (Datta and Subramanian 1998) were almost three times
higher when compared with the Shitalakhya River (current
study). Rahman et al. (2014) reported higher levels of Pb,
Cr, and Zn and a lower level of Cd in the Bangshi River than

the present investigation (Table 3). The Cu, Zn, and Cd con-
centrations of the Khiru River (Rashid et al. 2012) were a few
times higher but Pb concentration was almost three times low-
er than the Shitalakhya River (present study). The concentra-
tions of Pb, Cu, and Cd of the Rupsa River described by
Proshad et al. (2019) were many times higher and Cr concen-
tration was much lower when compared with the present in-
vestigation in the Shitalakhya River. The Pb, Cu, and Zn con-
centrations were found higher, while Cr concentration was
found almost similar to the Padma River (Jolly et al. 2013)
in comparison with the present explored concentration.
Moreover, mean concentrations of Pb, Cr, and Cd in the
Karnafuli River (Mamun et al. 2013) were found several times
higher than the present study.

Assessment of heavy metal contamination using
pollution indices

The universal criterion to evaluate the metal pollution in sed-
iments is the Igeo that has been widely used since the late
1960s. According to Müller (1981), the calculated
geoaccumulation index (Igeo) values showed that the sedi-
ments of Shitalakhya river were unpolluted (Igeo ≤ 0) for all
metals over the pre-monsoon, monsoon, and post-monsoon
season except for Cd which showed unpolluted to moderately
polluted (0 ≤ Igeo ≥ 1) quality during the period in pre-
monsoon and post-monsoon seasons (Table 4). The mean
Igeo values of the studied five metals followed the descending
order of Cd (0.4715) > Zn (− 0.9893) > Pb (− 1.3036) > Cu (−
1.7711) > Cr (− 2.0300). The highest Igeo value in the sedi-
ment was found for Cd (0.9510) at St-3 in the post-monsoon
season, whereas the lowest was observed for Cr (− 3.6029) at
St-1 during monsoon season (Table 4). The Igeo values for the

Fig. 3 Loading plot of the
principal component analysis
(PCA) of the heavy metals in
sediments of Shitalakhya River,
Bangladesh

Table 2 Pearson correlation coefficients (r) among heavy metals in the
samples

Pb Cu Cr Zn Cd

Pre-monsoon

Pb 1

Cu 1.000** 1

Cr 0.901 0.899 1

Zn 0.987 0.986 0.959 1

Cd 0.945 0.943 0.994 0.985 1

Pb Cu Cr Zn Cd

Monsoon

Pb 1

Cu 1.000** 1

Cr 0.931 0.929 1

Zn 0.775 0.773 0.953 1

Cd 1.000* 1.000* 0.939 0.790 1

Pb Cu Cr Zn Cd

Post-monsoon

Pb 1

Cu 0.966 1

Cr 1.000** 0.966 1

Zn 0.769 0.907 0.769 1

Cd 0.956 0.999* 0.956 0.923 1

**Correlation is significant at the 0.01 level (two-tailed)

*Correlation is significant at the 0.05 level (two -tailed)
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studied heavy metals in the sediment revealed that
geoaccumulation of the heavy metals was higher in the post-
monsoon season followed by pre-monsoon and monsoon
season.

The highest CF value was found 2.90 for Cd at St-3
among all studied heavy metals during the post-monsoon
season which might be due to the presence of large-scale
industrial and wastewater drainage in the St-3 area. In pre-
monsoon and monsoon season, CF values for Cd were > 1
which indicated the moderate level of contaminations,
whereas CF values for Pb, Cu, Cr, and Zn were < 1 that
indicated the lower level of contaminations at all stations
(Table 5). The CF values for Pb and Cu at St-2 and St-3, for
Zn at St-3, and for Cd at all stations in post monsoon season
were > 1 which showed a moderate level of contamination
due to the acceptance of large volume of municipal, domes-
tic, and industrial wastewater and St-1 indicated lower level
of contamination for all studied metals. The mean CF values
of all metals were found in the following order: Cd (2.15:
moderate) > Zn (0.79: low) > Pb (0.66: low) > Cu (0.55:
low) > Cr (0.43: low) and the study stated that sediments of
the Shitalakhya river were improvised with heavy metals
(Table 5).

The maximum CD value was found 6.896 at St-3 during
the post-monsoon season; on the other hand, the minimum
CD (2.349) was found at St-1 in monsoon season. The CD
values for all metals in all the stations over all the seasons were
found less than 6 which indicated a lower level of contamina-
tion apart from the St-2 and St-3; the CD was higher than 6
that reported moderate level of contaminations which might
be due to the receiving of extensive amount of municipal,
agricultural, domestic, and industrial wastewater at these sta-
tions. Based on the CD values of all studied metals, post-
monsoon season was higher contamination level followed
by pre-monsoon and monsoon season (Table 5). The PLI de-
scribes the number of times bywhich the heavymetal contents
in the sediment exceed the geochemical background concen-
trations and provide a multitude expression of the level of
metal toxicity in a particular specimen (Barakat et al. 2012;
Kormoker et al. 2019b). The PLI for the studied heavy metals
was ranged from 0.33 to 1.21, with the mean PLI value 0.75
stating that the Shitalakhya River was moderately polluted.
The highest PLI (1.21) was found at St-3 in the post-
monsoon season that indicated that the sediments of the St-3
were moderately polluted by the studied heavy metals. In this
study, the PLI values of all sampling stations in pre-monsoon

Table 3 Comparison of heavy metal concentrations of the Shitalakhya river sediments with different international guidelines and other rivers of
Bangladesh

River Mean heavy metals concentrations (mg/kg) References

Pb Cu Cr Zn Cd

Shitalakhya (Narsingdi) 13.16 24.60 38.39 75.48 0.64 Present study

Shitalakhya (Narayanganj) 28.36 45.64 63.22 75.00 5.01 Islam et al. (2014)

Shitalakhya (Narayanganj) NA 143.69 74.82 200.59 NA Islam et al. (2016)

Buriganga 79.40 184.40 101.20 502.26 0.82 Saha and Hossain (2011)

Turag 32.78 50.40 43.02 139.48 0.28 Banu et al. 2013

Meghna 9.47 - 31.73 79.02 0.23 Hassan et al. (2015)

Dhaleshwari 15.79 37.45 27.39 - 2.08 Ahmed et al. (2012)

Bangshi 59.99 NA 98.10 117.15 0.61 Rahman et al. (2014)

Padma 11.70 10.64 38.91 49.16 NA Jolly et al. (2013)

Karnafuli 15.48 20.05 28.17 NA NA Mamun et al. (2013)

Korotoa 58.00 NA 109.00 NA 1.20 Islam et al. (2015)

Jamuna 19.00 28.00 110.00 NA NA Datta and Subramanian (1998)

Rupsa 32.57 68.81 25.26 NA 3.78 Proshad et al. (2019)

Khiru 5.60 34.70 NA 97.77 2.05 Rashid et al. (2012)

Old Brahmaputra 7.60 6.2 6.6 52.70 0.48 Bhuyan et al. (2019)

Louhajang 4.60 17.73 9.21 NA 0.08 Kormoker et al. (2019a)

ASV 20 45 90 95 0.3 Turekian and Wedepohl (1961)

TRV 31 16 26 110 0.6 USEPA (1999)

LEL 31 16 26 NA 0.6 Persuad et al. (1993)

SEL 250 110 110 NA 10 Persuad et al. (1993)

ASV average shale value, TRV toxicity reference value, LEL lowest effect level, SEL severe effect level, NA not available
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and monsoon seasons were < 1 which indicated no pollution,
whereas PLI values in post-monsoon season in all stations
were > 1 revealing the moderate level of pollution (Table 5).
The PLI value is significant for understanding the quality of a
component of their environment and represents the trend over
time and area (Hassan et al. 2015; Islam et al. 2015d). From
the investigation, the PLI of the sediments at all seasons
followed the order of post-monsoon > pre-monsoon >
monsoon.

The average EF for Pb, Cu, and Zn was found minor en-
richment category (1 < EF <3), Cd was found moderate en-
richment category (EF = 3–5), on the other hand, Cr found no
enrichment category (EF < 1). Among the five studied metals,
Cd had the most enrichment factor value to a large extent in all
sampling station overall seasons which revealed that EF value

for Cd in the sediments was moderate to moderately severe
enrichment. The mean EF values for all metals were in the
descending order of Cd > Zn > Pb > Cu > Cr. The EF values
for Cd were found highest in monsoon, whereas Zn found
highest in pre-monsoon. Moreover, Pb, Cu, and Cr were
found the highest in the post-monsoon season, so the study
stated that the rate of EF was high in the post-monsoon season
(Table 6). The EF values greater than 1.5 indicate that the
sources of metal enrichment are thoroughly from anthropo-
genic activities, whereas EF values less than 1.5 report that
sources are more likely to be natural origins (Zhang and Liu
2002). In the present study, EF values for Zn and Cd in all
seasons and Pb and Cu in the post-monsoon season were
found > 1.5 in the sediments of the Shitalakhya river that
stated anthropogenic effects on the metal extents in the river
(Varol 2011; Ustaoğlu and Islam 2020).

Table 4 Geoaccumulation index
(Igeo) values of heavy metals in
sediments of Shitalakhya River,
Bangladesh

Season Stations Pb Cu Cr Zn Cd

Pre-monsoon St-1 − 1.4795 − 2.3496 − 1.8788 − 0.7661 0.5081

St-2 − 1.3610 − 1.9467 − 1.4579 − 0.6961 0.6166

St-3 − 1.2632 − 1.6601 − 1.4402 − 0.6629 0.6373

Monsoon St-1 − 2.1501 − 3.0806 − 3.6029 − 1.7553 − 0.2440

St-2 − 1.9925 − 2.8385 − 3.1078 − 1.6135 − 0.0656

St-3 − 1.6961 − 2.4081 − 2.8889 − 1.6051 0.2359

Post-monsoon St-1 − 0.8416 − 0.7705 − 1.3993 − 0.6495 0.7559

St-2 − 0.5278 − 0.5449 − 1.2709 − 0.6380 0.8479

St-3 − 0.4208 − 0.3406 − 1.2233 − 0.5176 0.9510

Mean (N = 9) − 1.3036 − 1.7711 − 2.0300 − 0.9893 0.4715

Minimum (Mmin) − 2.1501 − 3.0806 − 3.6029 − 1.7553 − 0.2440

Maximum (Mmax) − 0.4208 − 0.3406 − 1.2233 − 0.5176 0.9510

Table 5 Contamination factor (CF), contamination degree (CD), and
pollution load index (PLI) values of heavy metals for sediments in the
Shitalakhya River, Bangladesh

Season Station Contamination factor (CF) CD PLI

Pb Cu Cr Zn Cd

Pre-monsoon St-1 0.54 0.29 0.41 0.88 2.13 4.26 0.66

St-2 0.58 0.39 0.55 0.93 2.30 4.75 0.77

St-3 0.62 0.48 0.55 0.95 2.33 4.93 0.82

Monsoon St-1 0.34 0.18 0.12 0.44 1.27 2.35 0.33

St-2 0.38 0.21 0.17 0.49 1.43 2.68 0.39

St-3 0.46 0.28 0.20 0.49 1.77 3.21 0.47

Post-monsoon St-1 0.84 0.88 0.57 0.96 2.53 5.77 1.02

St-2 1.04 1.03 0.62 0.96 2.70 6.35 1.12

St-3 1.12 1.18 0.64 1.05 2.90 6.89 1.21

Minimum (Mmin) 0.34 0.18 0.12 0.44 1.27 2.35 0.33

Maximum (Mmax) 1.12 1.19 0.64 1.05 2.90 6.89 1.21

Mean 0.66 0.55 0.43 0.79 2.15 4.58 0.75

Table 6 Enrichment factors (EF) of heavy metals for sediments of all
stations in the Shitalakya River, Bangladesh

Season Station Pb Cu Cr Zn Cd Fe

Pre-monsoon St-1 1.17 0.64 0.89 1.92 4.63 1.00

St-2 1.08 0.72 1.01 1.71 4.26 1.00

St-3 1.00 0.84 0.97 1.67 4.11 1.00

Monsoon St-1 1.39 0.73 0.51 1.83 5.21 1.00

St-2 1.21 0.67 0.56 1.57 4.58 1.00

St-3 1.43 0.88 0.63 1.53 5.47 1.00

Post-monsoon St-1 1.43 1.50 0.97 1.64 4.33 1.00

St-2 1.63 1.61 0.97 1.51 4.23 1.00

St-3 1.69 1.79 0.97 1.59 4.39 1.00

Minimum (Mmin) 1.00 0.64 0.51 1.51 4.11 1.00

Maximum (Mmax) 1.69 1.79 0.97 1.92 5.47 1.00

Mean (N = 9) 1.34 1.04 0.83 1.66 4.58 1.00
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The result of the study showed that the RI of heavy metals in
sediments of the Shitalakhya river was in the order of Cd
(96.83) > Cu (3.84) > Pb (3.29) > Cr (0.79) > Zn (0.58). The
richest and significant metal was Cd (57.00–130.50) in all sta-
tions over the three seasons and the risk factors of Cd that was
considerable for the water body, whereas rest of the metals such
as Cu, Pb, Cr, and Znwas found the low risk for the water body.
The RI was ranged from 60.50 to 146.39, and the maximumRI
was found at St-3 during the post-monsoon while the minimum
was found at St-1 during the monsoon season. The mean RI of
the Shitalakhya River was found 105.34which depicted that the
river poses low potential ecological risks concerning heavy
metal contaminations (Table 7). The highest RI value was re-
corded in the post-monsoon season which might be due to the
lack of heavy rainfall for mixing followed by pre-monsoon and
monsoon season (Islam et al. 2015a).

Conclusion

The study found that the concentrations of Cu, Cr, and Cd were
higher than the TRV, whereas Pb and Zn were found lower and
the highest concentrations were found in the post-monsoon
season. Strong significant positive correlations among the stud-
ied metals were also reported. The highest Igeo, CF, CD, PLI,
and RI values were found in the post-monsoon season that
might be owing to a lack ofmassive amount of water formixing
of received waste and wastewater from various sources, where-
as the lowest was found during themonsoon season. The spatial
distribution of heavy metals showed that the downstream sta-
tion was heavily contaminated with heavy metals, regardless of
the seasons. On the other hand, the highest EF value was found
in the monsoon season that could be due to the input of an
enormous amount of silt. Multivariate statistical analysis re-
vealed that the heavy metal contamination was influenced by

multiple pollution sources, mainly of anthropogenic origins.
The study concluded that the quality of the Shitalakhya river
sediments was lower to moderately contaminated with heavy
metals as well as low ecological risk for the aquatic environ-
ment, especially for sediment-dwelling biota. However, further
study is suggested considering more sampling points based on
land-use patterns along the river bank to appropriately identify
the sources of heavymetals in order to take necessary initiatives
to safeguard the riverine environment. This study suggested
that chemical fractionation of sediments should be considered
to provide more accurate appraisal of the risk of heavymetals in
aquatic ecosystems. Moreover, to investigate the comprehen-
sive risks in this riverine environment, both the biological and
toxicological or bioaccumulation data in the benthic environ-
ment should be considered in future studies.
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