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Abstract

Current study was undertaken to investigate the toxic metal concentration in the pre-selected fish and shell fishes of major watercourse of
the Chittagong region(Karnafuli River Estuary) and the measurement of average daily intake of metal through fish fillet ingestion. The
concentration of metals namely Cr, Mn, Cu, Zn, Pb, Co, Fe, Br, Rb, K and Ca were quantified in 10 fish samples namely Labeobata,
Tenualosa toil Latescalcarifer, Polynemusparadiseus, Pampus argenteus, Penaeus monodon, Harpadonnehereus, Mystusbleekeri,
mpokpabda, Taenioidescirratus using X-ray Fluorescence (XRF) technique at Chemistry Division of Bangladesh Atomic Energy
Commission. From this study, iron (Fe) was found in high amount in fish samples and the sample Taenioidescirratus (65.88 mg/kg) have
the highest value. On the other hand, low amount of Ni and K among those elements were found in the studied fish samples. Metal
concentration in the fish samples were found in sequence of Fe>Zn>Br>Mn>Rb> Cu=Pb>Cr>Co>Ca> K respectively. The estimated daily
intakes (EDI) of the studied metals are also calculated. The mean values of EDI for the fish samples were found to be the following
descending order of Fe>Zn>Br>Mn>Rb>Cu>Pb>Cr>Co>Ca>K respectively. It was found that the EDI values for the examined fish

samples were below than that of the recommended values set by WHO, MOFL and EU.
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1. Introduction

Bangladesh is a riverine country. A large number of rivers
are flowing through Bangladesh, which are originated from
the outside of the country and those rivers waters have
heavy loads of sediments and other debris including
domestic wastes, agro-chemical and industrial wastes.
Therefore, the water bodies of the rivers are polluted with
organic and inorganic pollutants, which might be affected
the environment. Therefore, river pollution becomes a
serious problem in Bangladesh [1].

Heavy metals are a global concern, due to their potential
toxic effect and ability to bioaccumulate in aquatic
ecosystems [2-4]. Pb, Ba, Cd, Hg, Cr, and As are classified
as toxic heavy metalsand which have no role in biological
systems [5-8]. On the other hand, Cu, Na, K, Ca, Mn, Se,
Fe, and Zn are essential metals for fish metabolism but may
also bioaccumulate and reach toxic levels that can
potentially destroy the ecological environment [9-11]. The
increasing usage of heavy metals in industry has led to
serious environmental pollution through effluents and
emanations during the past several decades [12].
Subsequently, these activities have increased the release of
harmful heavy metals into the aquatic environment [9-11],
which are well known environmental pollutants [13].
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Toxic heavy metals, such as arsenic (As), zinc (Zn), copper
(Cu), cadmium (Cd), and lead (Pb) are harmful to eco-
environments and human beings. Cd and Pb are non-
essential metals that exhibit extreme toxicity, even at trace
levels [14]. Arsenic (As) is one of the most toxic elements
for human and animal health, which can cause toxic and
detrimental biological effects such as liver, skin, and
bladder cancer [15]. Although copper (Cu) and zinc (Zn)
are essential minerals for humans, but excessive exposure
of these beneficial elements can also cause health problems
[16]. Heavy metals cannot undergo degradation process,
and they are continuously deposited and incorporated into
water, sediments and aquatic organisms [17, 18].
Anthropogenic activities, such as increased population,
urbanization, industrialization, and agricultural practices,
have further aggravated this problem [19].

Fishes are an important source of protein for humans.
Additionally, they are low in cholesterol and contain
beneficial poly-unsaturated fatty acids [20]. However,
contaminant levels in fish present a considerable concern.
Heavy metals are known to accumulate in various aquatic
organisms and can be bioaccumulated via the food chain to
levels that are hazardous to health [21]. The general
population is most commonly exposed to Hg through the
consumption of fish [22]. Methyl-mercury (Me-Hg)
concentrations, in particular, are typically high in some fish
species and account for most of the total Hg found in fish.
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Me-Hg is known to cause adverse health effects in people
who consume large quantities of fish [23]. So, the
determination of metal concentrations in fish and the
evaluation of possible risks to human health after taking the
fish as a food become the urgent need. Not surprisingly,
numerous previous studies have focused on metal
accumulation in various fish species [24-27].

Fish are widely used as bio-indicators of heavy metal
contamination [28-30] because they occupy different tropic
levels and are of different sizes and ages [31]. Relationship
between metal concentrations in fish and in the water has
been studied in both field and laboratories [32-34]. Fishes
are well-known for their ability to concentrate heavy metals
in their muscles [23]. Therefore, the fish muscles were
selected as a primary site of metal uptake and since fishes
are integral component of human diet, they need to be
carefully screened so that unnecessary harmful amount of
heavy metals do not stored in human body after
consumption of fish.

Karnafuli River is the largest river and the most important
river in major watercourses of the Chittagong region and
the Chittagong Hill Tracts, which is originating in the
Lushai hills in Mizoram State of India. Because of the
industrially development, the heavy metal pollution of the
Karnafuli river is increasing day by day. The contamination
of the heavy metals in river water directly affects the fish
physiology and by the consumption ultimately affects the
human health [35]. For the increasing level of pollution, the
availability of fish is decreasing rapidly, as a result the
socio-economic condition of the fishing community is
affected [36]. About 800 industrial units are located on and
adjacent to the banks of the Karnafuli in different industrial
arcas such as Kalurghat, Nashirabad, Sagarica, and
Anawara industrial zone as well as oil refinery, oil
companies depot, ship breaking activities, etc. [37]. In
addition, Chittagong port handles about 1700 ships and 70-
80 oil tankers annually.

Fish and shellfish are considered as an important dietary
food, especially in seaboard areas and smaller islands,
which supplies all essential elements required for life
processes in a balanced manner [38]. Hence, it need to
study the levels of heavy metals in these living being to
evaluate these metals whether is in permissible limit or not
and to find out that these heavy metals do not cause any
hazard to the consumers [39-42].Considering the above
facts, the aim of this study is to monitor the level of metals
in fishes collected from a major watercourse of the
Chittagong region (KarnafuliRiver estuary) and to
determine whether these heavy metals are within
permissible limits for human consumption. Average daily
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intake for the studied metals through intake of the fishes
and shell fishes are also targeted to determine.

2. Materials and Method
2.1 Study area

The major watercourse of the Chittagong region Karnafuli
river Estuary is one of the most important estuaries in
Bangladesh and hydro-biologically it is the meeting place
where fresh water from upstream in continuously mixing
with salt water of Bay of Bengal. Combinations of diverse
fluctuating parameters are responsible for occurrences and
distribution of different micro-organisms in estuarine
environment. It is also blessed with estuarine water, soil,
marine resources and varieties of fish species. Besides,
many industries, fishing boats, vessels, trawlers and
container ships are not uncommon on the river water,
which hampers the status of water, soil and fish species of
this river. The lower area of the river Karnafuli as brackish
water is used as naturalfeeding, breeding and nursery
ground for marine and coast living fish species.The river
Halda, another unique and important natural breeding
ground ofindigenous carp species of our country, which
have a direct connection with the river Karnafuli. So, to
know the level of heavy metal pollution of the river is very
much important. The study area was Karnafuli river
estuary, Bangladesh. The study area is shown in the Fig. 1.

Chattogram

PIETEN

il _’ Study area

Fig. 1: Geographic location of the major watercourse of the
Chittagong region (Karnaphuli river estuary) considering the
study area

2.2 Sample collection and preparation

The experimental fresh fish were procured in September,
2015. Different types of fishes are found in the estuary. The
local name, scientific nameand the general characteristics
of the fishes for this study are given in Table 1.
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Table 1: Sample code, local name, scientific name and general characteristics of the studied fish sample

Sample Code  Local Name Scientific Name General characteristics

F-1 Bata Labeobata Dorsal profile more convex than that of abdomen. Head 3.8-4.2” standard
and 4.8-5.5" total length.

F-2 Fali chanda Pampus argenteus Ovate, strongly compressed fish. Dorsal and ventral profile about equally
convex. Height 1.3-1.5” standard,2.3- 2.5" total length.

F-3 Chingri Penaeus monodon Shrimp have an exoskeleton (the "shell") that is periodically shed (moulted)
to allow further growth. Largest commercially available shrimp, reaching
330 mm or more.

F-4 Chandanailish Tenualosa toil Dorsal surface of head thickly covered by skin. Height 2.8-3.0” standard,
3.7-4.0” total length.

F-5 Bhetki, Koral Latescalcarifer Dorsal profile more complex than that of abdominal. Height 2.9-3.1 in
standard, 3.6-3.8 in total length.

F-6 Rishi Polynemusparadiseus  Dorsal profile more complex than that of abdominal. Height 4.0-4.6”
standard, 5.6-6.3” total length.

F-7 Loitta Harpadonnehereus ~ Head thick with very short snout. Height 5.0-7.2 in standard, 6.2-8.7 in total
length. Scales cycloid.

F-8 Chewa Taenioidescirratus Body elongate, sub-cylindrical anteriorly, compressed posteriorly. Dorsal
and anal fins enveloped in skin, separated from caudal by a notch; pelvic
rounded. Height 15.3-16.0 in standard, 17.4-18.0 in total length.

F-9 Gulsatengra Mystusbleekeri Median longitudinal groove on head shallow, reaches base of occipital
process. Height 3.8-4.3 in standard, 5.5-5.8 in total length. A dark shoulder
spot behind head.

F-10 Madhupabda Ompokpabda Head depressed, snout rounded. Mouth superior, ends in front of eye;2 pairs

of barbels; maxillary pair reaches to end of pectoral fin. Height 4.1-4.5 in
standard, 4.6-5.0 in total length.

Labeobata

Penaeus monodon

Latescalcarifer

Pampus argenteus

Tenualosa toil

Polynemusparadiseus
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Harpadonnehereus

Mystusbleekeri Ompokpabda

Fig. 2: Pictures of the studies ten species of commercial coastal fish species in Bangladesh

Fresh fish are taken from the study area

4L

Fish is washed by DI water; wash the abdominal cavity and other
with chlorinated water. Samples are chopped with the aid of a stainless
steel knife

Egs

Fish sample is taken into beaker

igs

Sample are kept into the oven for drying at 70°C

- L

Grind the sample for making powder using carbide mortar and pestle

EgE

Sample are pressed into a pellet of 2.5 cm diameter with a hydraulic press
pellet maker (speak) using 10 tons pressure

4L

Samples are run in EDXRF system

4L

The generated X-ray spectra of the materials were sored into the computer

Fig. 3: Flow chart showing sample preparation procedure

84



NUCLEARSCIENCEANDAPPLICATIONS

2.3 Fish sample preparation

The collected fish samples for ten fish species (Fig. 2) were
cleaned and washed with deionized water, then it was
chopped with the aid of a stainless-steel knife, which was
cleaned by acetone and hot distilled water prior to use. Fish
flesh was taken to a beaker. These samples were dried in an
oven at 70°C for 48 hours. The dried samples were
grinding for making powder using carbide mortar and
pestle. For EDXRF analysis, each powdered sample was
pressed into a pellet of 2.5 cm diameter with a hydraulic
press pellet maker (Specac) using 10 (ten) tons pressure.
The irradiation of all real samples was performed by
assigning a time-based programmed controlled by a
software package provided with the EDXRF system. To
produce the calibration curves for quantitative elemental
analysis for the studied samples, respective standard
samples were also irradiated under the same experimental
conditions.The generated X-ray spectra of the materials
were sored into the computer. The schematic diagram for
the preparation of fish samples for elemental analysis was
shown in Fig. 3.

2.4 Metals analysis

X-ray Fluorescence analysis is a non-destructive
instrumental method of qualitative and quantitative analysis
for chemical elements based on the measurement of
characteristic fluorescent radiation resulting from the
deexcitation of inner shell vacancies produced in the
sample elements by means of a suitable source of radiation
[43]. The Energy Dispersive X-ray Fluorescence Analysis
employs detectors that directly measure the energy of the
X-rays by collecting ionization produced in a suitable
detecting medium. A wide variety of EDXRF analytical

Table 2: Analytical results obtained on certified reference
materials (ug/g)

Name of  Measured Certified Recovery  Accuracy

Element value value (%) (%)
Cr 2.57 2.6 98.85 -1.15
Mn 85.28 91 93.71 -6.29
Cu 10.87 12 90.58 -9.42
Zn 25.8 25 103.20 3.20
As 9.06 10 90.60 -9.40
Pb 43.02 45 95.60 -4.40
Co 0.21 0.2 105.00 5.00
K 2090 2079 100.53 0.53
Fe 305.02 300 101.67 1.67
Sr 37.8 37 102.16 2.16

systems using radioisotope sources, X-ray tubes, charged
particle accelerators, microprobe electron beams and
synchrotron light sources have been developed [43-47].The
whole system for the experimental purpose consist of a Cd-
109 radioisotope annular source (NEN), a Si(Li) detector
(Canberra, Model SL 80175), a fast spectroscopy amplifier
(Canberra, Model 2024), a high voltage power supply
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(Tennelec, Model TC 950A), and a multi-channel analyser
(Canberra, Series 35, Model 3201).The accuracy and
precision of the XRF analysis were checked by using SRM
1571, a certified reference material. The results for the
recoveries were between 90 and 110% and the accuracy
was within 10% (Table 2), which showed good agreement
between the measurement and certified values.

2.5 Estimated daily intake of metals

Metals have the tendency to accumulate in various organs
of marine organisms, especially fish, which in turn may
enter into the human metabolism through consumption
causing serious health hazards [48].

The estimated daily intakes (EDI) of metals through
consumption of fish were calculated with the following
formula [31]:

EDI = (DFC x MC)/BW

Where,DFC=daily food consumption, MC=mean metal
concentration (mg/kg fw) in fish samples and BW = body
weight. The daily fish consumption rate for adults’
residents was an average of 45.67 g, drawing from the
report of the household income and expenditure survey
2010 [49]. The body weight of an adult resident was set to
60 kg in the present study [50].

3. Results and Discussion
3.1 Metal concentration in fish species

The concentrations of the analyzed metals, i.e., Cr, Pb, Cu.
Zn, Mn, CoandRbin different ten species of fishes were
compared with WHO [51], EU [52] and MOFL. The
statistical data (min, max, medium, 25" and 75% percentile)
for the studied metals in ten species of fishes were
presented in Table 3. The highest concentration in the
important commercial fish species was found for Zn (1.38-
55.84), followed by Mn (14.01-17.89), Cu (2.69-7.71), Rb
(2.69-14.6), Pb (2.68-3.27), Co (0.5-1.81), and Cr (1.44-
1.99) (Fig. 4). The hierarchy of the cumulative metal
concentration in various species was as follows: L.
bata(92.68 mg/kg)>P.monodon (91.59 mg/kg)>T. cirratus
(90.15 mg/kg)>M. bleekeri (88.29 mg/kg)>0. pabda (83.95
mg/kg)>H. nehereus (82.67 mg/kg)>L. calcarifer (81.5
mg/kg)> P. argenteus (81.33 mg/kg)>P. paradiseus (80.58
mg/kg)>T. toli (79.62 mg/kg) (Table 3). Subsequently,
two-way ANOVA test revealed that the metal
concentration is different fish species were not statistically
different (F . <F = 0.253<1.976, p = 0.985) at a 95%
confidence level but the concentration for different metals
are statistically (Fo>F e = 47.506>1.87, p = 1.54E-34)
different (Table 4). However, specific individual elemental
concentrations in ten species of fishes with the comparison
of the recommended and the literature values are discussed
below.
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Table 3: Average concentration (mg/kg) of metals in fish

. Metal Concentration
Fish

sample Cr Mn Cu Zn Pb Co Fe Br Rb K Ca

F-1 1.53 17.69 4.88 38.23 3.05 1.BI 59.06 28.78 14.60 0.04 1.43
F-2 1.99 17.90 2.77 38.00 2.73 1.50 40.49 17.96 3.67 0.03 0.94
F-3 1.57 14.59 4.03 35.85 2.97 1.00 46.59 40.96 9.20 0.05 0.51
F-4 1.59 17.88 2.97 3597 3.12 1.01 51.27 3522 740 0.04 1.73
F-5 1.54 17.80 4.86 38.92 3.07 0.99 44.77 29.14 327 0.04 041
F-6 153 1471 7.71 47.12 2.68 1.71 51.64 14.62 523 0.02 1.85
F-7 1.57 15.06 4.16 42.86 3.01 1.02 49.90 38.31 3.87 0.02 0.84
F-8 1.53 16.51 4.96 47.91 3.27 0.50 65.20 29.13 BDL 0.03 1.22
F-9 1.61 1503 2.69 4478 2.89 121 5878 2583 BDL 0.04 0.93
F-10 1.44 1401 584 138 3.03 0.95 65.88 2.87 BDL 0.01 5.88
Minimum  1.44 14.01 2.69 1.38 2.68 0.50 40.49 2.87 3.27 0.01 041
Maximum  1.99 17.90 7.71 47.91 3.27 1.81 65.88 4096 14.60 0.05 588
Average 1.59 16.12 9.49 37.10 298 1.17 5336 26.29 6.29 0.03 1.58
Stdev 0.15 1.59 1635 13.31 0.18 040 B58 11.62 347 0.01 1.59
25"Percentile 1.53 14.68 2,92 3594 2.85 098 46.14 17.12 3.81 0.02 0.76
75"Percentile 1.59 17.82 5.64 4536 3.08 1.28 60.38 3599 6.64 0.04 1.76

Table 4: Two-way ANOVA test for metal concentration in
different fish species

Source of Variation SS df MS F P-value F crit

Between metals  31154.9 11 2832.26 47.500 1.54E-34 1.887
Between fish species 13592 9 1510 0.253 09851 1.976
Error 590299 99  59.63 - - -
Total 37193.81 119 - - - -

3.1.1 Chromium (Cr)

Generally, chromium does not build up in fish, that’s why a
very low amount of concentration was found in fish even in
the most industrialized area in the world. The rate of uptake
was higher in young fish but the body burden of Cr was
declined with age due to rapid elimination [53]. Our results
also showed low concentrations range of 1.44 to 1.99
mg/kgand it was several folds lower than that of fish
muscle (4.41 to 8.03 mg/kg) collected from the red sea
[54]. In the present study (Table 3) the highest level of Cr
was detected in Tenualosatoli (1.99 mg/kg) and the lowest
in Taenioidescirratus (1.44 mg/kg). The Western Australian
Food and Drug regulations stated concentration of 5.5
mg/kg for Cr which was higher than our values [55]. The
average Cr levels found in all fish species are lower
compared to the literature values for Cr in fish from the
Southeast coast (India) [56], Meghna estuary [57],
Bangladesh coastal areas [58] and estuary of Bay of Bengal
[59]. Furthermore, the current level was also found to be
2.11, 2.13, and 1.57 times lower than the fish species in
local areas including Karnaphuli estuary (3.36 mg/kg),
[60], Cox’sbazar coastal area (3.39 mg/kg) [61] and
Patagonia (2.5 mg/kg) [62], respectively. The concentration
of Cr can be declined due to the body burden when the
species grow to adults [53]. However, access concentration
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of the element can lead to pulmonary disease along with
liver, lung, and kidney damage after a long time of
exposure [63].The observed concentrations of Cr in the fish
samples of Karnafuli river might be due to the wastewater
coming from various industries such as dying and tanning
industries, photography, garment industries, ceramics
industries, leather products manufacturing industries and
various coloring agent such as additives, binder, filler,
pigments producing industries around KEPZ, and river
water flow from upstream which carries various chemicals
used in plant cultivation purposes in agricultural fields.
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Fig. 4: Concentration of metals (Cr, Pb, Cu, Zn, Mn and Co) in
ten species of fishes in comparison with the recommended value
of WHO (1989), EU (2006) and MOFL (2014)

3.1.2 Lead (Pb)

Lead is a non-essential element and it is well documented
that Pb can cause neurotoxicity, nephrotoxicity, and many
others adverse health effects [64]. The highest
concentration of Pb for this study was detected in M.
bleekeri (3.27 mg/kg), followed by, P. paradiseus (3.12
mg/kg), P. argenteus (3.07 mg/kg), L. bata (3.05 mg/kg),
T. cirratus (3.03 mg/kg), H. nehereus (3.01 mg/kg), L.
calcarifer (2.97 mg/kg), O. pabda (2.89 mg/kg), T. toil
(2.73 mg/kg), and P. monodon (2.68 mg/kg), respectively
(Table 3). Among all the specimens, M. bleekericontributed
11% of total Pb concentration. On the other hand, the least
concentration confined at 9% in P. monodon. The details of
lead concentration detected for individual fish were given
in Table 3. Maximum allowable level of Pb contaminants
in fish, and shellfish are 0.5 and 1 mg/kg, respectively, set
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by Food Standards Australia and New Zealand [65]. The
maximum permissible doses for an adult are 3 mg Pb per
week, but the recommended doses are only one-fifth of
those quantities [66]. This study revealed that Pb
concentration in the studied ten species fishes was higher
(Fig. 4b) than the maximum permissible limit set by the
world health organization (0.5 mg/kg) [67] and European
Union (0.2 mg/kg) [52]. In addition, lead is a ubiquitous
pollutant, which could finds its way into the major
watercourse of the Chittagong region through discharge of
industrial effluents from various industries such as printing,
dyeing, oil refineries, and textile around the Dhaka export
Processing Zone (DEPZ) and other sources.

3.1.3 Copper (Cu)

Copper is an essential part of several enzymes and is
necessary for the synthesis of hemoglobin [40]. However,
high intake of Cu has been recognized to cause adverse
health problem [68]. Copper was detected in all examined
fish samples and the highest content found in
Taenioidescirratus (7.71 mg/kg) and the lowest was in
Ompokpabda (2.69 mg/kg). The permissible limit of Cu
proposed by ANHMRC and FAO, was 30 mg/kg fresh
weight [69, 70]. According to UK Food Standards
Committee Report, Cu concentration in food should not
exceed the value of 20 mg/kg as wet weight [71]. Many
countries of the world also maintain a regulatory guideline
for the use of Cu in meals to protect people from health
hazards. For example, Turkish legislation established the
level of Cu at 5 mg/kg, whereas Spanish legislation
proposed the level at 20 mg/kg as wet weight [72]. The
Australian Food Standard Code established the maximum
concentration for Cu at 10 mg/kg wet weight [73]. From
this study we see that Taenioidescirratus exceeded the
permissible limits prescribed by various agencies. Cu is an
essential element that is carefully regulated by
physiological mechanisms in most organisms [74]. Though
Cu play an important role in body functioning, yet it has
some negative impact on living being especially on animal
and human being. Cu can be found in a natural
environment and is essential for the normal growth and
metabolism of all living organisms [75]. However, it
becomes toxic at high concentrations. Contaminated fishes
can increase Cu content in human body when it is taken as
dietary food.

Miramand and Bentley [76] stated that Cu accumulated in
the species due to the industrial activities in that area.

The concentration of Cu in fish species was observed in the
following increasing order: P. monodon (7.71 mg/kg) >T.
cirratus (4.96mg/kg)>M. bleekeri (4.94mg/kg)>L. bata
(4.88 mg/kg)>P. argenteus (4.86 mg/kg)>H. nehereus
(4.16 mg/kg) >L. calcarifer (4.03 mg/kg)>P. paradiseus
(2.97 mg/kg) >T. toil (2.77 mg/kg)>0. pabda (2.69 mg/kg)
(Table 3). It was observed that the P. monodonspecies
accumulated 59% of total Cu content, whereas the least
amount was accumulated at 3% in O. pabda. The mean
concentration of Cu in the studied fish species was lower
than the Meghna estuary (13.88 mgkg) [60] and
Bangladesh coastal areas (5.7 mg/kg) [58]. Conversely,
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some studies like Bahia Blanca estuary (124.5 mg/kg) [77]
and Karnaphuli estuary (12.1 mg/kg) [60] were higher than
our observation. The concentration of Cu at the Coxbazar
coastal (8.54 mg/kg) area [61] was mostly in line with this
study (Table 3). On the other hand, the average Cu
concentration (4.49 mg/kg) in all fish species was
lowerthan the recommended values (5 and 20 mg/kg) set
by the EU (2006) [52] and MAFF (2000) [78] respectively,
while 10% fish species contained higher Cu level (Fig. 4c)
compared to the world health organization [67] and the
Ministry of Agriculture, Forestry and Fisheries, UK [78].

3.1.4. Zinc (Zn)

Zinc is a heavy metal, which has a possibility to get bio-
accumulated in the tissues such as fatty tissues, muscles
tissuesof marine or aquatic animal including fish and can
affect reproductive physiology in fishes.Some authors
reported that chronic exposure to Cu and Zn is associated
with Parkinson’s disease and these elements might act
alone or together over time to induce the disease [68].
Generally, Zn content in fish are found highest in amount
among other heavy metal. There was a great variation in Zn
concentrations among the studied fish muscles (Fig. 4d).
The highest amount of zinc was found in the fish sample of
Mpystusbleekeri (47.91 mg/kg) and the lowest was in
Latescalcarifer 35.85 mg/kg) among the ten species of fish
and crustaceans in Karnafuli river. The amount of Zn
determined in all the fish samples were far below the
standard of 1000 mg/kg set by the Australian National
Health and Medical Research Council(ANHMRC) [69].

The hierarchy of Zn concentration in the fish species was
as follows: M. bleekeri (47.91 mg/kg)=P. monodon (47.12
mg/'kg)> O. pabda (44.78 mg/kg)>H. nehereus (42.86
mg/kg)>P. argenteus (38.92 wmg/kg)>L.bata (38.23
mg/kg)>T. toil (38.00 mgkg)>P. paradiseus (35.97
mg/kg)>L. calcarifer (35.85 mg/kg)>T. cirratus (1.38
mg/kg) (Table 3). It was noticed that 13% of the total
concentration of Zn was attributed to M. bleekeri.
However, the mean concentration of Zn in our study was
17, 742 and 16 times higher than the results of the
Southeast Coast (2.25 mg/kg) [56], Daya Bay (47.74
mg/kg) [25], and Estuary of Bay of Bengal (2.25 mg/kg)
[59], respectively. On the contrary, Zn concentration in
both Bangladesh coastal areas (64.1 mg/kg) [58] and
Patagonia (86.89 mg/kg) [62] surpassed at 2 folds higher
than this study.

3.1.5 Manganese (Mn)

Manganese is a heavy metal which has a low toxicity to the
human healthand has a considerable biological
significance. No maximum is specified for manganese in
fish samples. The concentration of Mn in the analyzed
samples ranged from 14.01 to 17.89 mg/kg. Tenualosa toil
exhibited the maximum Mn concentration of 17.89 mg/kg
and Taenioidescirratus showed the minimum of 14.01
mg/kg. Normally, water contain low level (0.05 mg/kg) of
Mn [79]. Manganese is found to use in producing a variety
of important alloys and to deoxidize steel and desulfurize
and it is also used in dry cell batteries, paint, steel, glass,
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ceramics, and electric coils etc. that might be regarded as
an important sources of pollution due to Mn uses.

However, this result was in good agreement with the value
found in fish species from Gumti River, Bangladesh [80].

This study revealed that manganese (Mn) concentration
was observed at a high level of 11% in T. toli (17.89
mg/kg), followed by P. paradiseus (17.88 mg/kg), P.
argenteus (17.8 mg/kg), L. bata (17.69 mg/kg), M. bleekeri
(16.51 mg/kg), H. nehereus (15.06 mgkg), O. pabda
(15.03 mg/kg), P. monodon (14.71 mg/kg), L. calcarifer
(14.59 mg/kg) and T. cirratus (14.01 mg/kg) (Table 3).
Comparatively, some international studies like the
Southeast coast (1.2 mg/kg) [56], Estuary of Bay of Bengal
(0.9 mg/kg) [59] and Cox’sbazar coastal area (10.71
mg/kg) [61] showed that the element was 13, 18, and 1.5
times, respectively, below our investigation. Meanwhile,
Bahia Blanca estuary in South America (57.72 mg/kg) [77]
was 3.5 times higher than our findings (Table 3). The high
quantity ingestion of Mn may cause neurologic and mental
disorders [61].

3.1.6 Cobalt (Co)

This study showed that the highest Co was accumulated in
L. bata at the rate of 16% of the total Co content, in where
the minimum amount was observed at 4% in M. bleekerl
(Table 3). The rank of Co concentration in the organisms
was as follows: L. bata (1.81 mg/kg)=P. monodon (1.71
mg/kg)>T. toli (1.50 mg/kg)>0. pabda (1.21 mg/kg)>L.
calcarifer (1.04 mg/kg)>P. paradiseus (1.02 mg/kg)>H.
nehereus (1.01 mg/kg)>P. argenteus (0.99 mg/kg)>T.
cirratus (0.95 mg/kg)>M. bleekeri (0.50 mg/kg). The
finding of this study was found to be lower than the
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recommended guideline value (10.2 mg/kg) suggested by
WHO [61]. However, the mean content crossed the values
of the Southeast coast (0.1 mg/kg) [56], Estuary of Bay of
Bengal (0.008 mg/kg) [59], and Cox’sbazar coastal area
(0.39 mg/kg) in Bangladesh [61]. Moreover, our mean
concentration of the element was 146 times higher than the
record of the Estuary of the Bay of Bengal [59]. This study
revealed that Co concentration in different fish species
were below (Fig. 4f) that the recommended value set by
WHO [51].

3.2 Estimated daily intake (EDI)

The EDI of metals (Cr, Mn, Cu, Zn, Pb, Co, Fe, Br, Rb, K
and Ca) were evaluated according tothe average
concentration of each metal in each food and the respective
consumption rate [61]. The EDI of the studied metals from
consumption of fish are shown in Table 3. In fish samples,
mean values of EDI showed the descending order of
Fe>Zn>Br>Mn>Rb>Cu>Pb>Cr>Co>Ca>K. The EDI
(estimated daily intake) values presented in Table 3 were
estimated by assuming that a 60 kg person will consume
45.67 g fish per day. The result shown in Table 3 revealed
that the EDI values for the examined fish samples were
below the recommended values set by WHO [67], JECFA
[81] andNRC [82], indicating that health risk associated
with the intake studied heavy metals through the
consumptionofexamined  fish  sampleswere absent.
Therefore, we can say that these metals at these
levelsshould not pose any health threat to the consumers
resulting from the consumption of studied fish.

Table 5: Estimated dietary intake (EDI) (mg/day) of metals due to consumption of fish

Time F-1 F-2 F-3 F-4 F-5 F-6 E-7 F-8 F-9 F-10
Cr  699E-02  9.09E-02  7.17E-02  726E-02  7.03E-02  699E-02  7.17E-02  699E-02  7.35E-02  6.58E-02
Mn  808E-01  8.17E-01  6.66E-01  817E-01  8.13E-01  6.72E-01  6.88E-01  7.54E-01  6.86E-01  6.39E-01
Cu  223E-01  127E-01  184E-01  136E-01  222E-01  3.52E-01  189E-01  227E-01  1.23E-01 2.55
7n 1.75 1.74 1.64 1.64 1.78 2.15 1.96 2.19 2.05 6.30E-02
Pb 139E-01  125E01  136E-01  142E-01  140E-01  122E-01  137E-01  149E-01  132E-01  1.38E-01
Co  827E-02  685E-02  457E-02  4.57E-02  452B-02  78IE-02  4.66E-02  228E-02  553E-02  434E-02
Fe 2.69 1.85 2.13 234 2.04 236 228 2.98 2.68 3.00
Br 131 8.20E-01 1.87 1.61 133 6.68E-01 1.74 133 1.17 1.31E-01
Rb  667E-01  1.68E-01  420E-01  338E-01  149E-01  239E-01  1.77E-01 - -
K 1.83E-03  137E-03  228E-03  183E-03  183E-03  9.13E-04  9.13E-04  137E-03  183E-03  4.57E-04
Ca  653E-02  429E-02  233E-02  790E-02  187E-02  845E-02  384E-02  S57E-02  425E02  2.69E-01

4. Conclusion

Accumulation of metals by different fish and shrimp
species from Karnafuli river estuary assumes importance
due to its flowing from large-scale industrial and mining
related areas. The concentration of metals in the fishes and
shrimps do not exceed the limits for the recommendation
values for food. They are within the standard limits
proposed by various agencies, i.e., ANHMRC, ANZFA,

Western Australian Food and Drug Regulations etc. The
study also suggests that, irrespective of the locations, the
shrimps accumulated more metals than the fish species. In
the fish samples metal concentration were found in
sequence  ofFe>Zn>Br>Mn>Rb>Cu>Pb>Cr>Co>Ca>K.
The present study showed that the contributions of estimate
daily intake (EDI) showed the descending order of
Fe>Zn>Br>Mn>Rb>Cu>Pb>Cr>Co>Ca>K. The EDI value
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indicating that health risk associated with the intake of
studied metals through the consumption of examined fish
samples was absent.
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