
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=vaeh20

Download by: [Agora Consortium] Date: 28 March 2017, At: 02:16

Archives of Environmental & Occupational Health

ISSN: 1933-8244 (Print) 2154-4700 (Online) Journal homepage: http://www.tandfonline.com/loi/vaeh20

Heavy metals in sediment and their accumulation
in commonly consumed fish species in Bangladesh

Md. Saiful Islam, Md. Kawser Ahmed & Md. Habibullah-Al-Mamun

To cite this article: Md. Saiful Islam, Md. Kawser Ahmed & Md. Habibullah-Al-Mamun
(2017) Heavy metals in sediment and their accumulation in commonly consumed fish
species in Bangladesh, Archives of Environmental & Occupational Health, 72:1, 26-38, DOI:
10.1080/19338244.2016.1152946

To link to this article:  http://dx.doi.org/10.1080/19338244.2016.1152946

View supplementary material 

Accepted author version posted online: 16
Feb 2016.
Published online: 16 Feb 2016.

Submit your article to this journal 

Article views: 95

View related articles 

View Crossmark data

http://www.tandfonline.com/action/journalInformation?journalCode=vaeh20
http://www.tandfonline.com/loi/vaeh20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/19338244.2016.1152946
http://dx.doi.org/10.1080/19338244.2016.1152946
http://www.tandfonline.com/doi/suppl/10.1080/19338244.2016.1152946
http://www.tandfonline.com/doi/suppl/10.1080/19338244.2016.1152946
http://www.tandfonline.com/action/authorSubmission?journalCode=vaeh20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=vaeh20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/19338244.2016.1152946
http://www.tandfonline.com/doi/mlt/10.1080/19338244.2016.1152946
http://crossmark.crossref.org/dialog/?doi=10.1080/19338244.2016.1152946&domain=pdf&date_stamp=2016-02-16
http://crossmark.crossref.org/dialog/?doi=10.1080/19338244.2016.1152946&domain=pdf&date_stamp=2016-02-16


Heavy metals in sediment and their accumulation in commonly consumed fish
species in Bangladesh

Md. Saiful Islama,b, Md. Kawser Ahmedc, and Md. Habibullah-Al-Mamuna,d

aFaculty and Graduate School of Environment and Information Sciences, Yokohama National University, Yokohama, Kanagawa, Japan;
bDepartment of Soil Science, Patuakhali Science and Technology University, Dumki, Patuakhali, Bangladesh; cDepartment of Oceanography,
University of Dhaka, Dhaka, Bangladesh; dDepartment of Fisheries, University of Dhaka, Dhaka, Bangladesh

ARTICLE HISTORY
Received 24 February 2015
Accepted 7 February 2016

ABSTRACT
Six heavy metals (chromium [Cr], nickel [Ni], copper [Cu], arsenic [As], cadmium [Cd], and lead [Pb])
were measured in sediments and soft tissues of eleven commonly consumed fish species collected
from an urban river in the northern part of Bangladesh. The abundance of heavy metals in
sediments varied in the decreasing order of Cr > Ni > Cu > Pb > As > Cd. The ranges of mean
metal concentrations in fish species, in mg/kg wet weight (ww), were as follows: Cr, 0.11–0.46; Ni,
0.77–2.6; Cu, 0.57–2.1; As, 0.43–1.7; Cd, 0.020–0.23; and Pb, 0.15–1.1. Target hazard quotients (THQs)
and target carcinogenic risk (TR) showed the intake of As and Pb through fish consumption were
higher than the recommended values, indicating the consumption of these fish species is
associated with noncarcinogenic and carcinogenic health risks.
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During the last few decades, rapid urbanization and
industrial development have provoked some serious con-
cerns for the aquatic environment. About 80% of the
world population is facing an increasing threat regarding
water security1,2 because sediments in most of the urban
rivers have been contaminated by heavy metals.3–5 It has
been well documented that surface sediment acts as a
sink of various contaminants and poses a risk to water
quality through biogeochemical exchanges with the over-
lying water body.6 Chromium (Cr), nickel (Ni), copper
(Cu), arsenic (As), cadmium (Cd), and lead (Pb) are
some of the most common heavy metal pollutants in the
environment.7–9 However, these metals from natural and
anthropogenic sources10,11 may enter into the aquatic
environment and pose serious threats due to their toxic-
ity,12 persistence, and bioaccumulation.13,14 Usually, in
unaffected environments, the concentration of most of
the heavy metals is low and mostly derived from the
mineralogy and weathering.15 Sources such as industrial
effluents, agricultural runoffs, transport, burning of fossil
fuels, animal and human excretions, geologic weathering,
and domestic waste contribute to the accumulation of
heavy metals in the water bodies.4,5,16–18

Heavy metal pollution in the environment has
become a wide concern owing to the ever-increasing

contamination of water, soil, and food in many regions
of the world, particularly in some developing countries
such as Bangladesh.9,17,19–21 Heavy metals are not only a
threat to the public water supply; they also pose risks to
human health through consumption of aquatic products,
especially fish.17,22,23 Fish that generally accumulate con-
taminants from aquatic environments have been largely
used in food safety studies.24,25 Therefore, studies on bio-
accumulation of heavy metals in fish species are impor-
tant in determining the tolerance limits in fish species,
the effects on fish, and biomagnification through the
food chain.26 Fish are an important part of the human
diet and a good indicator of environmental contamina-
tion by a number of substances, including heavy metals.
However, fish have been considered as the top of the
aquatic food chain;25,27,28 therefore, they normally can
accumulate heavy metals from food, water, and sedi-
ments.27,28 The accumulated toxic metals in fish can
counteract their beneficial effects; several adverse effects
of heavy metals to human health have been known for a
long time.24,29 These may include serious threats such as
renal failure, liver damage, cardiovascular diseases, and
even death.5,30 Little is known about the bioavailability
to aquatic organisms of sediment-associated contami-
nants.31 Therefore, many international monitoring
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programs have been established to assess the quality of
fish (in terms of metal concentration) for human con-
sumption and to monitor the health of the aquatic
ecosystem.32

Bangladesh is one of the largest delta regions in the
world, formed by the Ganges, Brahmaputra, and Meghna
rivers and randomly spreading over 5 countries: Bhutan,
Nepal, China, India, and Bangladesh.16 In Bangladesh, huge
amounts of untreated industrial waste are discharged daily
into the open water bodies and adjacent lands. In addition, a
considerable amount of heavy metal–enriched suspended
solids come down from neighboring countries such as India
through the Teesta and the Brahmaputra rivers.16 Bogra
District, known as the northern capital of Bangladesh, is sit-
uated on the bank of the river Korotoa, which is connected
to the rivers Teesta and Brahmaputra. The area of the Koro-
toa River that is being studied is the only active section with
intensive district traffic and supplies water for the people liv-
ing adjacent to this river. Industrial activities and irrigation
also depend on the Korotoa River. The river sediments are
traditionally dredged and used as an amending material for
agricultural soil. In addition, the river aquatic products such
as fish serve as a key source of food for the local inhabitants.
Overexploitation, mismanagement, and discharge of
improperly treated industrial effluents into the Korotoa
River create a great challenge for the ecosystem balance.16

Thus, the study river recently has become a public concern
due to its extreme pollution. To date, no scientific research
regarding heavy metal issues on the study river has been
conducted. Therefore, the objectives of this study are to eval-
uate the levels of heavy metals in surface sediment, to
observe the metal accumulation in eleven fish species col-
lected from the Korotoa River, and to assess the health risk
due to fish consumption in Bangladesh.

Methods

Description of the study area

This study focused on the Korotoa River located at the
northern part of Bangladesh. The study river originated
from the Himalayas, the mother of numerous rivers.
Originating from the northern frontier of Bhutan, the
Korotoa enters Bangladesh territory through the Darjee-
ling and Jalpaiguri districts of West Bengal, India, and
forms the boundary between Dinajpur and Rangpur dis-
tricts in Bangladesh. For the present study, we selected
sites of the Korotoa River that flow through the Bogra
District urbanized area with an area of about 71.56 km2.
The total population of this district is about 350,397, and
it is situated between 24� 840 91.8200 N and 89� 370 29.5700
E.16,33 Thousands of villages, towns, and commercial pla-
ces such as Shibganj, Mohasthangarh, Bogra, and

Sherpur have been built on both sides of the Korotoa
River. Mohasthangarh, the capital of ancient Pundrana-
gar, is still there beside the Korotoa as a witness of his-
tory in Bangladesh.

Sample collection and preparation

The sampling was conducted in August and September of
2013. A total of 30 composite sediment samples were col-
lected from 10 different locations of the Korotoa River sit-
uated at the northern part of Bangladesh (Figure 1). At
each point, 3 composite sediment samples were collected
using standard protocol.34 The riverbed sediment samples
were taken at a depth of 0–5 cm using a portable Ekman
grab sampler. Three composite samples of mass approxi-
mately 200 g were collected at each station. The upper
2 cm of each sample was taken from the center of the
catcher with an acid-washed plastic spatula to avoid any
contamination from the metallic parts of the sampler. We
collected about 110 samples of eleven different fish spe-
cies: Channa punctata, Awaous grammepomus, Anabas
testudineus, Heteropneus tesfossilis, Neotropius atheri-
noides, Colisa fasciata, Channa striata, Notopterus notopte-
rus, Batasio batasio, Coricaso borna, and Puntius chola.
Fish species were collected using nylon net with the help
of fishermen at almost the same locations where the sedi-
ments were collected. After collection, fish samples were
carefully washed immediately with distilled water, and the
edible parts of the fish (muscle tissue) were cut into small
pieces and oven dried at 70�–80�C to attain constant
weight. The moisture content of the fish was calculated by
recording the difference between fresh and dry weights.
The dried fish samples were crumbled with a porcelain
mortar and pestle and sieved through a 2-mm nylon sieve
and stored in airtight, clean zip-lock bags in freezer condi-
tion until chemical analysis was performed.

Analytical procedure for heavy metals

All reagents used were Merck analytical grade (AR).
Deionized water was used for solution preparation. For
metal analysis, about 0.3 g of sediment and 0.5 g of the
dried fish samples were digested with 15 mL of concen-
trated HNO3, H2SO4, and HCIO4 in 5:1:1 ratio at 80�C
until a transparent solution was obtained.35 The digested
samples of sediment and fish species were filtered
through Whatman no. 42 filter paper, and the filtrates
were diluted to 50 mL for sediment and 25 mL for fish
with deionized water. All samples were stored at ambient
temperature before analysis. For heavy metals, samples
were analyzed using an atomic absorption spectrometer
(Perkin Elmer Analyst 300). Blank samples were ana-
lyzed after 8 samples. Concentrations were calculated on
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a dry weight (dw) basis for sediment and wet weight
basis for fish samples. All analyses were replicated
3 times. The precision and analytical accuracy were
checked by analysis of standard reference material NMIJ
CRM 7303 (lake sediment) and DORM-2 (dogfish mus-
cle) from the National Research Council, Canada. The
measured mean and standard deviation of elemental val-
ues for reference materials are reported in Table S1.
Comparison is made with the certified values, which in
both cases confirmed that the sample preparation and
operating condition of the instrument provided good
levels of accuracy and precision.

Analysis of physicochemical properties of sediment

The pH of sediments was measured in a 1:2.5 sediment-
to-water ratio. The suspension was allowed to stand
overnight prior to pH determination. The pH was mea-
sured using a pH meter with the calibration of pH 4.0,
pH 7.0, and pH 9.0 standards. For electrical conductivity
(EC) determination, 5.0 g of sediment was taken in
50 mL polypropylene tubes. Then, 30 mL of distilled
water was added to the tube and was shaken for 5

minutes. After that, EC was measured using a portable
EC meter (Horiba D-52). Percent nitrogen (%N) and
organic carbon (%C) of sediment were measured using
an elemental analyzer (vario EL III, Elenemtar, Ger-
many). For total nitrogen (TN) and total organic carbon
(TOC) determination, sediment samples were weighed
in tin or silver vessels and loaded in the integrated carou-
sel. In a fully automatic process, the transfer of the sam-
ple through the ball valve into the combustion tube was
performed. Each sample was individually flushed with
carrier gas to remove atmospheric nitrogen, resulting in
a zero blank sampling process. The catalytic combustion
was carried out at a permanent temperature of up to
1200�C. The element concentration from the detector
signal and the sample weight on the basis of stored cali-
bration curves were measured.

Metal bioaccumulation in fish species

Metal concentrations in fish species and sediments from
the studied river were used for calculating biota-sedi-
ment accumulation factor (BSAF). The BSAF is an index
of the ability of fish species to accumulate a particular

Figure 1. Map of the study area of Korotoa River of Bogra District urban area, Bangladesh.
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metal with respect to its concentration in sediment. It
was calculated by the following equation. 36

BSAF D Cfish

Cse dim ent
; (1)

where Cfish is the metal concentration in fish (mg/kg dw)
and Csediment is the metal concentration in sediment (mg/
kg dw).

Noncarcinogenic risk

The noncarcinogenic risk was estimated in accordance
with that provided in the USEPA Region III Risk-based
Concentration Table.37 The noncarcinogenic risk for
each metal through the consumption of fish was assessed
by the target hazard quotient (THQ)38: “the ratio of a
single substance exposure level over a specified time
period (eg, subchronic) to a reference dose (RfD) for that
contaminant derived from a similar exposure period.”
THQ assumes a level of exposure (ie, RfD) below which
it is unlikely for the populations to experience adverse
health effects. If the exposure level exceeds this threshold
(ie, if THQ D E/RfD exceeds unity), there may be con-
cern for potential noncarcinogenic risks.

THQ D EFr£ ED£ FIR£ C
RfD£ BW £AT

£ 10¡ 3 (2)

TotalTHQ.TTHQ/DTHQmetal1 CTHQmetal2

C :::::::::::CTHQmetaln; (3)

where EFr is the exposure frequency (365 days/year); ED
is the exposure duration (70 years), equivalent to the
average human lifespan39; FIR is the fish ingestion rate
(g/person/day); C is the metal concentration in samples
(mg/kg, fresh weight [fw]); RfD is the oral reference dose
(mg/kg/day); BW is the average body weight (adult, 60
kg); AT is the averaging time for noncarcinogens
(365 days/year £ number of exposure years, assuming
70 years). The daily consumption rate of fish for adult
residents was 45.67 g on a fresh weight basis.40 The oral
reference doses were based on 1.5, 0.02, 0.04, 0.0003,
0.003, and 0.004 mg/kg/day for Cr, Ni, Cu, As, Cd, and
Pb, respectively.37,41 If the THQ is less than 1, the
exposed population is unlikely to experience obvious
adverse effects. If the THQ is equal to or greater than 1,
there is a potential health risk,42 and interventions and
protective measures should be taken.

Carcinogenic risk

Carcinogenic risks of As and Pb were estimated as the
incremental probability that an individual will develop
cancer over a lifetime as a result of exposure to that
potential carcinogen (ie, incremental or excess individual
lifetime cancer risk).38 The equation used for estimating
the target carcinogenic risk38 is as follows:

TR D EFr£ ED£ FIR£ C£ CSFo
BW £AT

£ 10¡ 3; (4)

where CSFo is the oral carcinogenic slope factor from the
Integrated Risk Information System37 database. The
slope factors were 1.5 for As and 8.5 £ 10¡3 (mg/kg/
day)¡1 for Pb.

Statistical analysis

The data were statistically analyzed using the statistical
package SPSS 16.0 (SPSS, USA). The means and stan-
dard deviations of the metal concentrations in sediment
and fish species were calculated. Multivariate post hoc
Tukey test was used to examine the statistical signifi-
cance of the differences among mean concentrations of
heavy metals among fish species. A multivariate method
in terms of principal component analysis (PCA) was
used to obtain the detailed information of the data set
and gain insight into the distribution of heavy metals by
detecting similarities or differences in samples.

Results

Physicochemical properties and metals in sediment

Physicochemical properties of sediments are presented in
Table 1. The pH of the sediments did not vary much and
was slightly acidic for all the sites except S10, which was
slightly alkaline. The lower pH at most of the stations of
the studied river might be due to discharge of the acidic
effluent from nearby industries. The S10 site showed con-
siderably higher pH (8.31), which might be due to the
deposition of huge amounts of sediment at this site. This
deposited sediment may contain much calcium carbonate
and magnesium carbonate, which are calcareous. Hydroly-
sis of these calcium carbonate and magnesium carbonate
releases OH¡ ion, which contributes to alkalinity in sedi-
ment.43 Due to the variations in topography, hydrology,
and geology within catchment areas, as well as differences
in precipitation, local climate, and anthropogenic influ-
ence, the water chemistry such as pH, alkalinity, and con-
centration of heavy metals may differ considerably
between streams even within small distances.44 The varia-
tion trends of pH at different sampling sites may be due
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to the higher concentrations of colloidal and/or particulate
matter during high river discharges.45 The composition of
the organic carbon in the riverine sediments is varying
due to its origin in the aquatic environment. Phytoplank-
ton and zooplankton are the most abundant sources of
the organic material in the sediments.46 Total nitrogen
content was in the range of 0.112%–0.252%; organic car-
bon was in the range of 0.74%–2.45%; and metal retention
was found to be high in the locations with high organic
carbon (sites S6, S9, and S10). The highest percentage of
organic carbon might be attributed to the high amount of
drainage water. The high rate of organic growth together
with the organic detritus introduced by the drainage sys-
tem can be considered as the main source of organic car-
bon.47 The low percentages of TOC are due to the
structure of the sediments in the investigated area, which
was mainly sand that has a low affinity to absorb contam-
inates. According to the US soil texture classification, the
textural analysis revealed that the sediments in the study
region were dominated by sand and sandy loam (Table 1).

The concentrations of heavy metals in sediment are
presented in Table 2. The distributions of heavy metals
in the sediments were not uniform among the sampling
sites of the river. The variations in the concentration
might be due to differences in the source of the heavy
metals and prevailing physicochemical conditions and

complex reactions such as adsorption, flocculation, and
redox condition taking place in the sediments.47,48 The
concentrations of heavy metals at sites S6–S10 were
much higher than at other sites because these sites
located at the downstream of the river were influenced
by the extensive discharging of urban waste.5,16 Elevated
concentrations of heavy metals in surface sediments
found at the downstream sites of the Korotoa River close
to the urban area of Bogra District indicated that urbani-
zation drove metal contamination in surface sedi-
ment.49,50 The urban activities (industrial discharges,
municipal waste water, household garbage, and urban
runoff) of Bogra District urban area are the main reasons
for higher metal input at sites S6–S10. Higher contami-
nations of heavy metal found in Yuandang Lagoon due
to the municipal sewage discharge or other unknown
pollution sources from Xiamen City, China,51 are in line
with our findings. The average concentrations of heavy
metals in sediments were in the following decreasing
order: Cr > Ni > Cu > Pb > As > Cd.

Among the sites in the current study, the average con-
centration of Cr was 118 mg/kg; the highest Cr was
observed in sediment collected from site S10 (179 mg/kg;
Table 2). The concentration of Cr in sediment was in
line with the other studies and slightly higher than the
average shale value (ASV), toxicity reference value

Table 1. Physicochemical properties of sediment collected from korotoa river of Bogra District, Bangladesh.

Site pH EC (mS/cm) % N % OC C/N ratio % Sand % Silt % Clay Textural class

S1 5.12 25.5 0.181 1.18 6.52 88 7.0 5.0 Sand
S2 5.91 29.8 0.177 1.79 10.11 77 15 8.0 Sand
S3 6.62 23.8 0.155 1.13 7.29 69 18 13 Sandy loam
S4 6.93 42.8 0.172 1.21 7.03 85 9.0 6.0 Sand
S5 6.13 27.5 0.114 0.74 6.49 66 21 13 Sandy loam
S6 6.17 42.5 0.216 2.01 9.31 72 19 9.0 Sandy loam
S7 5.43 19.7 0.113 1.84 16.28 58 15 27 Sandy clayey loam
S8 6.88 26.7 0.112 0.89 7.95 81 15 4.0 Loamy sand
S9 7.72 33.2 0.155 1.69 10.90 66 22 12 Sandy loam
S10 8.31 22.9 0.252 2.45 9.72 17 26 57 Clay loam

Note. EC D Electrical conductivity; % N D Percent nitrogen; % OC D Percent organic carbon.

Table 2. Heavy metal concentrations (mg/kg dw) in sediment of Korotoa River, Bangladesh (n D 3).

Cr Ni Cu As Cd Pb

Site Concentration SD Concentration SD Concentration SD Concentration SD Concentration SD Concentration SD

S1 86 9.4 57 6.5 49 14 5.4 1.7 0.79 0.20 50 11
S2 58 9.7 45 11 54 11 18 6.6 0.53 0.13 46 10
S3 57 5.8 46 18 52 13 6.9 1.4 1.1 0.32 44 8.6
S4 85 8.2 135 23 75 17 15 3.7 0.77 0.15 62 11
S5 93 7.8 99 9.4 89 17 17 4.0 1.1 0.21 49 9.4
S6 177 10 126 22 105 14 52 8.7 2.6 0.59 79 9.4
S7 183 27 163 29 117 23 51 9.1 1.9 0.58 58 13
S8 149 12 94 16 67 17 39 7.4 1.4 0.48 75 16
S9 115 12 112 14 92 14 27 4.9 1.6 0.24 81 9.0
S10 179 20 155 13 118 21 38 10 2.8 0.95 83 13
Average 118 50 103 43 82 26 27 17 1.5 0.77 63 16

Note. CrD chromium; Ni D nickel; Cu D copper; As D arsenic; Cd D cadmium; Pb D lead; SD D standard deviation.

30 M. S. ISLAM ET AL.



Ta
bl
e
3.

Co
m
pa
ris
on

of
m
et
al
s
in
se
di
m
en
to

fK
or
ot
oa

Ri
ve
rw

ith
gu

id
el
in
es

an
d
ot
he
rs
tu
di
es
.

Cr
N
i

Cu
As

Cd
Pb

Ri
ve
r(
lo
ca
tio

n)
Co
nc
en
tr
at
io
n

Ra
ng

e
Co
nc
en
tr
at
io
n

Ra
ng

e
Co
nc
en
tr
at
io
n

Ra
ng

e
Co
nc
en
tr
at
io
n

Ra
ng

e
Co
nc
en
tr
at
io
n

Ra
ng

e
Co
nc
en
tr
at
io
n

Ra
ng

e
Re
fe
re
nc
e

Ko
ro
to
a
(B
an
gl
ad
es
h)

11
8

57
–1
83

10
3

45
–1
63

82
49
–1
18

27
5.
4–
52

1.
5

0.
53
–2
.8

63
44
–8
3

Th
is
st
ud

y
Pa
ira

Ri
ve
r(
Ba
ng

la
de
sh
)

45
17
–9
3

34
13
–6
3

30
10
–6
5

12
2.
6–
29

0.
72

0.
15
–1
.6

25
9.
1–
58

Is
la
m
et
al
.(
20
14
b)

20

Bu
rig

an
ga

Ri
ve
r(
Ba
ng

la
de
sh
)

17
7.
53

20
0.
45

27
.8
5

N
A

3.
33

69
.7
5

Ah
m
ad

et
al
.(
20
10
)1
9

Ri
ve
ra
ro
un

d
D
ha
ka

(B
an
gl
ad
es
h)

69
5

11
2–
2,
47
1

35
5

13
9–
60
6

19
1

65
–4
05

35
12
–5
8

17
8.
5–
29

35
6

45
–1
,8
46

Is
la
m
et
al
.(
20
14
a)
4

Ja
m
un

a
Ri
ve
r(
Ba
ng

la
de
sh
)

11
0

33
28

N
A

N
A

19
D
at
ta
an
d
Su
br
am

an
ia
n
(1
99
8)

53

Ba
ng

sh
iR
iv
er

(B
an
gl
ad
es
h)

98
.1
0

25
.6
7

31
.0
1

1.
93

0.
61

59
.9
9

Ra
hm

an
et
al
.(
20
14
)5
4

Ri
ve
rG

an
ge
s
(In
di
a)

1.
8–
6.
4

N
A

0.
98
–4
.4

N
A

0.
14
–1
.4

4.
3–
8.
4

G
up

ta
et
al
.(
20
09
)6
7

G
om

ti
Ri
ve
r(
In
di
a)

8.
15

15
.7

5
N
A

2.
42

40
.3
3

Si
ng

h
et

al
.(
20
05
)5
5

Ye
llo
w
Ri
ve
r(
Ch

in
a)

41
–1
28

N
A

30
–1
02

14
–4
8

N
A

26
–7
8

Li
u
et
al
.(
20
09
)5
6

G
ed
iz
Ri
ve
r(
Tu
rk
ey
)

17
0–
22
0

10
1–
12
9

10
8–
15
2

N
A

N
A

10
5–
14
0

Ak
ca
y
et
al
.(
20
03
)5
7

O
ku
m
es
hi
Ri
ve
r(
N
ig
er
ia
)

0.
87

1.
21

N
A

N
A

1.
32

0.
45

Ra
ph

ae
le
ta
l.
(2
01
1)

58

Sh
ur

Ri
ve
r(
Ira
n)

N
A

N
A

9,
17
4

N
A

6.
85

16
2

Ka
rb
as
si
et
al
.(
20
08
)1
5

AS
V

90
68

45
13

0.
3

20
Tu
re
ki
an

an
d
W
ed
ep
oh
l(
19
61
)5
9

TR
V

26
16

16
6

0.
6

31
U
SE
PA

(1
99
9)

60

LE
L

26
16

16
6

0.
6

31
Pe
rs
ua
d
et
al
.(
19
93
)6
1

SE
L

11
0

75
11
0

33
10

25
0

Pe
rs
ua
d
et
al
.(
19
93
)6
1

N
ot
e.
Cr

D
ch
ro
m
iu
m
;N

iD
ni
ck
el
;C
u
D

co
pp

er
;A
s
D

ar
se
ni
c;
Cd

D
ca
dm

iu
m
;P
b
D

le
ad
;A
SV

D
av
er
ag
e
sh
al
e
va
lu
e;
TR
V
D

to
xi
ci
ty
re
fe
re
nc
e
va
lu
e;
LE
L
D

lo
w
es
te

ffe
ct
le
ve
l;
SE
L
D

se
ve
re
ef
fe
ct
le
ve
l;
N
A
D

no
ta
va
ila
bl
e.

Va
lu
es

of
m
et
al
s
in
se
di
m
en
ta
re
pr
es
en
te
d
m
ea
n
co
nc
en
tr
at
io
n
(m

g/
kg

dw
).

ARCHIVES OF ENVIRONMENTAL & OCCUPATIONAL HEALTH 31



(TRV), lowest effect level (LEL), and severe effect level
(SEL; Table 3). There are 2 possible causes for Cr enrich-
ment in sediment: (1) natural (concentration of Cr-bear-
ing minerals) and (2) anthropogenic (industrial activities
such as tanneries and textile factories, which are dis-
charging Cr-based oxidants [chromate, dichromate,
etc.]).20 Consequently, the waste discharged from such
industries is responsible for the elevated Cr level in the
exposed sediment.4,52

The mean concentration of Ni was 103 mg/kg; the
highest was observed at site S7 (163 mg/kg). Slightly
higher levels of Ni were observed at the sites near the dis-
trict urban area and downstream, indicating that the
higher input of Ni in sediment might originate from
urban and industrial wastes.16,52 Nickel and its salts are
used in several industrial applications, such as electro-
plating and fabric printing, as well as in storage batteries,
automobiles, electrodes, cooking utensils, pigments, lac-
quer cosmetics, and waste water.21,30 The effluents from
the Bogra District urban area might be the source of Ni
for some sites of the Korotoa River.

The average concentration of Cu was 82 mg/kg; ele-
vated levels of Cu were found at sites S6, S7, and S10
(Table 2). The higher level of Cu indicates its higher
input in the sites (S6, S7 and S10); Cu input originates
from anthropogenic activities such as vehicle and coal
combustion emissions49 and car lubricants62 and from
natural phenomena such as the metal content of rocks
and parent materials and processes of soil formation.50,63

The highest As was observed at site S6 (52 mg/kg),
followed by site S7 (51 mg/kg). The concentration of As
in sediment of this study was in line with that in the
other studies and higher than the ASV, TRV, LEL, and
SEL (Table 3). Recent anthropogenic activities, such as
treatment of agricultural land with arsenical pesticides,62

treatment of wood with chromated copper arsenate,
burning of coal in thermal plant power stations, and sed-
iment excavation that alters the hydraulic regime and/or
arsenic source material, increased the rate of discharge
into the freshwater habitat.20,64

The mean concentration of Cd in sediment was
1.5 mg/kg with the range of 0.53–2.8 mg/kg (Table 2).
This was in agreement with other studies in Bangladesh
and other countries and far higher than the ASV, TRV,
and LEL (Table 3), indicating that Cd might pose a risk
to the surrounding ecosystems. Elevated concentration of
Cd in sediments of the Korotoa River might be related to
industrial activity, atmospheric emission, and leachates
from defused Ni-Cd batteries and Cd-plated items.4,16

The average concentration of Pb was 63 mg/kg, which
was 3 times the ASV and 2 times the TRV and LEL val-
ues (Table 3). The elevated level of Pb in sediments can
be due to the effect from point and nonpoint sources,

such as leaded gasoline, municipal runoff and atmo-
spheric deposition,20,52 and chemical manufacturing and
steel works in the urban area of Bogra District.16 The
concentration of Pb in sediment was in agreement with
some previous studies (Table 3).

Comment

Heavy metals in fish species

Heavy metals may act as a source of contamination when
significant changes of pH, redox potential, salinity, par-
ticulate matter, or microbial activity occur in the envi-
ronment. These changes can increase the mobility and
transport of the metals in the aquatic media and make
them bioavailable to the biota.48 It is well known that
metals can be bioaccumulated in fish tissues.65 The mag-
nitude of bioaccumulation is a function of age, species,
and trophic transfer. Within the same species, the con-
centrations of metals may vary with age and body
weight.66 The concentrations on fresh wet basis of 6 met-
als (Cr, Ni, Cu, As, Cd, Pb) in 11 different fish species
are listed in Table 4. Overall, the mean concentrations of
heavy metals in fish species were in the following
descending order: Ni (1.4 mg/kg) > Cu (1.0 mg/kg) >
As (0.69 mg/kg) > Pb (0.43 mg/kg) > Cr (0.23 mg/kg)
> Cd (0.10 mg/kg). The concentration of metals varied
considerably among the fish species. However, the over-
all concentrations of studied metals among the fish spe-
cies were in the following descending order: H. fossilis >
A. testudineus > B. batasio > C. fasciata > C. soborna >
P. chola > A. grammepomus > C. punctuate > N. atheri-
noides > C. striata > N. notopterus. Bottom-dwelling
fish were found to exhibit higher concentrations of heavy
metals than were pelagic fishes.67 Chromium does not
normally accumulate in fish, and hence, low concentra-
tion was reported even from the industrialized part of
the world. A study has shown a higher rate of uptake in
young fish, but the body burden of Cr declines with age
due to the rapid elimination.30 The mean concentration
of Cr in fish species was found to be 0.23 mg/kg with a
range of 0.11–0.46 mg/kg (Table 4). No significant differ-
ence was observed for Cr concentration among the
investigated fish species. The mean concentration of Ni
was 1.4 mg/kg; the highest concentration was observed
in A. testudineus and H. fossilis (2.6 mg/kg). The Ni con-
centration in fish species was higher than the maximum
allowable concentration (MAC) in fish (0.8 mg/kg), indi-
cating that Ni might pose a risk to humans through con-
sumption of these contaminated fish species.

Copper was detected in all examined fish species, and
a significant difference (p < .05) was observed for Cu
content in A. testudineus and H. fossilis compared with
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other species. The mean concentration of Cu was
1.0 mg/kg with a range of 0.57–2.1 mg/kg (Table 4).
Arsenic is widespread in the environment from both
anthropogenic and natural sources. The highest concen-
tration of As was observed in H. fossilis (1.7 mg/kg),
followed by A. testudineus (1.2 mg/kg). Arsenic concen-
tration in these 2 species (A. testudineus and H. fossilis)
showed significant differences (p < 0.05) compared with
the other species (Table 4). The USEPA has set a value of
1.3 mg/kg fw in tissues of freshwater fish as the criterion
for human health protection.68 Therefore, 2 species of
fish (A. testudineus and H. fossilis) are a concern for
health risk due to As exposure; the other species showed
concentrations of As lower than the MAC. In fish sam-
ples, the mean concentrations of Cd ranged from
0.020 mg/kg (C. striata) to 0.23 mg/kg (H. fossilis;
Table 4). The average concentrations of Cd in the fish
species A. testudineus, H. fossilis, N. notopterus, B. bata-
sio, and C. soborna were higher than the MAC (0.10 mg/
kg; Table 4), indicating potential health hazards due to
the consumption of these fish species from the studied
river. In the investigated fish species, the mean concen-
tration of Pb ranged from 0.15 mg/kg (C. soborna) to
1.1 mg/kg (A. testudineus). Lead concentrations in fish
species C. punctate, A. testudineus, H. fossilis, and N.
atherinoides were higher than the safe limit of
0.5 mg/kg,69 indicating these 4 fish species were contami-
nated by Pb and might pose risks to humans.

A PCA was conducted to infer the hypothetical sour-
ces of heavy metals (natural or anthropogenic) following
the standard procedure reported in the literature,70,71

which showed clustering of the variables into different
groups, where variables belonging to one group are

highly correlated with each other.72 The PCA was per-
formed on the dimensionless standardized form of the
data set and is presented in Figure 2. The Varimax rota-
tion was used to maximize the sum of the variance of the
factor coefficients. Multivariate PCA of heavy metals in
the samples explained about 96% (sediment) and 69%
(fish) cumulative variance of the data. In the PCA analy-
sis, first 3 PCs were computed, and the variances
explained by them were 41.4%, 31.6%, and 22.6% for
sediment and 27.1%, 22.2%, and 19.7% for fish, respec-
tively (Figure 2). Overall, the PCA revealed 3 major
groups of the metals for both sediment and fish. One
group consisted of Pb for sediment and Cu and Pb for
fish, which were predominantly contributed by litho-
genic sources.5,73 The second group showed mutual asso-
ciations of Cd and Ni for sediment and Cd and As for
fish, which were mostly contributed by the industrial
emissions in the vicinity of the sampling sites. The third
group revealed similar loadings of Cr, Cu, and As in sedi-
ment and Cr and Ni in fish, indicating anthropogenic
activities.

Metal bioaccumulation in fish species

Metals in the aquatic environment, particularly in sedi-
ment, can be bioaccumulated in fish tissues.63 Bioaccu-
mulation of heavy metal in fish species is dependent not
only on metal exposure and its environment, but also on
the different physiological and biochemical activities
through which a specific organism deals with metals.74

Hence, different organisms accumulate metals from the
environment depending on their filtration rate, ingestion
rate, and gut fluid quality, as well as on the detoxification

Table 4. Metal concentration (mg/kg fw) in fish species collected from Korotoa River of Bogra District, Bangladesh (n D 3).

Cr Ni Cu As Cd Pb

Local name Scientific name Concentration SD Concentration SD Concentration SD Concentration SD Concentration SD Concentration SD

Taki Channa punctata 0.17 0.13a 0.89 0.62a 0.78 0.39a 0.54 0.35a 0.032 0.03a 0.52 0.50ab

Baila Awaous
grammepomus

0.32 0.29a 1.1 0.90a 0.98 0.72a 0.58 0.39a 0.031 0.02a 0.27 0.18a

Koi Anabas testudineus 0.46 0.61a 2.6 4.0a 2.1 0.69a 1.2 0.92a 0.16 0.24a 1.1 0.91ab

Shing Heteropneustes
fossilis

0.46 0.48a 2.6 0.4a 1.6 1.0a 1.7 1.0ab 0.23 0.33a 0.82 1.0a

Batashi Neotropius
atherinoides

0.17 0.20a 0.77 0.66a 0.71 0.30a 0.44 0.26a 0.031 0.03a 0.60 0.32ab

Khalisa Colisa fasciata 0.24 0.32a 1.5 1.3a 0.81 0.86a 0.59 0.37a 0.040 0.04a 0.27 0.33a

Shoil Channa striata 0.13 0.22a 1.2 1.5a 0.69 0.56a 0.43 0.42a 0.020 0.02a 0.25 0.23a

Foli Notopterus
notopterus

0.15 0.22a 0.86 0.87a 0.57 0.47a 0.47 0.23a 0.10 0.22a 0.16 0.19a

Tengra Batasio batasio 0.13 0.20a 1.6 1.9a 0.97 0.67a 0.55 0.25a 0.20 0.28a 0.29 0.19a

Kachki Corica soborna 0.11 0.15a 1.5 1.8a 0.89 0.64a 0.61 0.22a 0.11 0.18a 0.15 0.12a

Punti Puntius chola 0.18 0.18a 1.1 1.1a 1.0 1.0a 0.59 0.59a 0.043 0.04a 0.34 0.34b

Average 0.23 0.32 1.4 1.8 1.0 0.75 0.69 0.61 0.10 0.18 0.43 0.53
MAC 1 0.8 4.5 1 0.1 0.5

Note. CrD chromium; Ni D nickel; Cu D copper; As D arsenic; Cd D cadmium; Pb D lead; SD D standard deviation; MACD maximum allowable concentration of
heavy metals in fish.69

Vertically, different letters (a and b) indicate the significant difference at the 0.05 level.
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strategies they adopt (eg, storage in nontoxic form or
elimination).75 Table 5 clearly shows a large variation in
BSAF among different fish species and metals. Among
the studied metals, the ranking order of mean BSAF val-
ues were Cd > As > Ni > Cu > Pb > Cr (Table 5).
Among the selected 6 metals, Cd showed the highest
BSAF value, suggesting a higher rate of accumulation in
fish species. At some sites, levels of metal might be high
but accumulation lower than expected due to metal
complexation.5

The BSAFs for the studied metals in A. testudineus
and H. fossiliswere were slightly higher than the values
obtained for other fish species (Table 5). This can be
explained by the ingestion of sediment as well as the
omnivorous feeding behavior of A. testudineus and H.
fossilis, which may lead to greater BSAFs for these spe-
cies. Therefore, 2 of the fish species investigated in this
study, A. testudineus and H. fossilis, can be potential bio-
indicators for the assessment of heavy metal contamina-
tion in this riverine environment. This study revealed a

trivially higher accumulation of metals in 2 fish species
(A. testudineus and H. fossilis). These 2 fish species are
bottom feeders, and therefore, sediments could be the
major source of trace metal accumulation in these fish
species.14,76 Bottom-dwelling fish are found to exhibit
higher concentrations of heavy metals than pelagic
fishes.67,76 The BSAFs of individual metals among the
fish species and sampling sites did not display similar
patterns due to the environment-specific phenomenon.
The ingested sediments found in the digestive tracts of
fish accelerated the accumulation of metal.

Noncarcinogenic and carcinogenic risks

Target hazard quotients (THQs) of 6 heavy metals
from consuming fish species are listed in Table 6. The
THQ values for individual metals (except As) in fish
species were less than unity, which is considered safe
for human consumption. Nevertheless, total values of
THQ for As and Pb were greater than 1.0 (Table 6);

Figure 2. Principal component analysis (PCA) of heavy metals in sediment (A) and fish (B) collected from Korotoa River, Bangladesh.

Table 5. Biota-sediment accumulation factor of heavy metals in fish species collected from Korotoa River, Bangladesh.

Cr Ni Cu As Cd Pb

Fish species Scientific name Mean BSAF SD Mean BSAF SD Mean BSAF SD Mean BSAF SD Mean BSAF SD Mean BSAF SD

Taki Channa punctata 0.007 0.008 0.038 0.033 0.037 0.025 0.106 0.106 0.073 0.054 0.029 0.029
Baila Awaous grammepomus 0.010 0.010 0.045 0.046 0.047 0.035 0.089 0.056 0.067 0.040 0.015 0.011
Koi Anabas testudineus 0.014 0.019 0.094 0.142 0.092 0.043 0.254 0.248 0.459 0.392 0.061 0.060
Shing Heteropneus tesfossilis 0.013 0.013 0.096 0.087 0.082 0.074 0.297 0.210 0.488 0.592 0.039 0.041
Batashi Neotropius atherinoides 0.007 0.010 0.034 0.039 0.033 0.019 0.123 0.182 0.068 0.048 0.034 0.019
Khalisa Colisa fasciata 0.007 0.009 0.061 0.058 0.038 0.045 0.124 0.151 0.082 0.057 0.014 0.014
Shoil Channa striata 0.003 0.004 0.048 0.074 0.028 0.024 0.099 0.179 0.042 0.039 0.014 0.014
Foli Notopterus notopterus 0.005 0.007 0.036 0.040 0.028 0.033 0.095 0.114 0.171 0.291 0.011 0.014
Tengra Batasiobatasio 0.005 0.009 0.074 0.094 0.044 0.039 0.120 0.134 0.394 0.390 0.017 0.013
Kachki Coricasoborna 0.004 0.008 0.070 0.088 0.039 0.037 0.141 0.139 0.259 0.391 0.009 0.009
Puti Puntius chola 0.006 0.008 0.048 0.045 0.049 0.032 0.119 0.123 0.094 0.102 0.019 0.009

Note. CrD chromium; Ni D nickel; Cu D copper; As D arsenic; Cd D cadmium; Pb D lead; BSAFD biota-sediment accumulation factor; SD D standard deviation.
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consequently, the consumption of these fish species
was considered to be unsafe, and their consumption
was not recommended. Therefore, consumers are at
high risk due to the exposure of As and Pb from fish
that were associated with noncarcinogenic risks. Given
all metals in consideration, total THQ (sum of individ-
ual metal THQs) for the consumption of fish species
was 1.20–4.59 (Table 6); therefore, potential health
risks from studied fish species are of some concern.

The target carcinogenic risks (TRs) derived from the
intake of As and Pb were calculated and are presented in
Table 6. In fish species, TR values for As ranged from
0.243 to 0.951; TR values for Pb ranged from 0.001 to
0.006 (Table 6). TR values for As and Pb were higher
than the acceptable risk limit (0.000001),37 indicating the
inhabitants consuming these fish species are exposed to
As and Pb with lifetime cancer risk. According to the
results of this study, the potential health risk for the
inhabitants due to metal exposure through consumption
of fish should not be ignored.

Conclusions

In conclusion, this study revealed that the concentra-
tions of heavy metals in sediment from some sites
exceeded the sediment quality standards, indicating
their risk to the surrounding ecosystems. Fish species
from the study river were also contaminated by the rele-
vant metals, particularly Ni, As, Cd, and Pb, which
could be a potential health concern to the local inhabi-
tants. The concentrations and biota-sediment accumula-
tion factors (BSAFs) of heavy metals in H. fossilis and
A. testudineus were slightly higher than those of other
species, which might be due to their mode of feeding
behavior. H. fossilis and A. testudineus could be poten-
tial bioindicators for metal pollution study. The target

hazard quotients (THQs) of individual metals (except
As) would not pose any potential risk; however, com-
bined effects of heavy metals can pose significant risks.
The carcinogenic and noncarcinogenic risks of As and
Pb due to fish consumption showed a considerable risk.
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