
Vol.:(0123456789)

SN Applied Sciences (2020) 2:1667 | https://doi.org/10.1007/s42452-020-03445-z

Research Article

Heavy metals concentration in native edible fish at upper Meghna 
River and its associated tributaries in Bangladesh: a prospective 
human health concern

Md. Jahangir Sarker1   · Amin Ullah Polash1 · Md. Ariful Islam1 · Nazmun Naher Rima1 · Tania Farhana1

Received: 5 May 2020 / Accepted: 27 August 2020 / Published online: 10 September 2020 
© Springer Nature Switzerland AG 2020

Abstract
The study aimed to determine the concentration (mg kg−1) of selected heavy metals including chromium (Cr), copper (Cu), 
zinc (Zn), arsenic (As), lead (Pb) and cadmium (Cd) along with possible human health risk from 9 popular freshwater native 
edible fishes (Anabas testudineus, Channa punctatus, Gagata youssoufi, Heteropneustes fossilis, Mastacembelus armatus, 
Mystus tengara, Ompok pabda, Puntius ticto and Xenentodon cancila) in ranges at upper Meghna River and its associated 
tributaries, Bangladesh, during November 2018. Inductively coupled plasma-mass spectrometer (ICP-MS) was used to 
measure the average concentration of selected metals that followed the trends of Zn (1.42) > Cr (1.31) > Cu (0.92) > Pb 
(0.54) > Cd (0.51) > As (0.47) mg kg−1. Although the mean total content of As (0.47 mg kg−1) was least quantities, G. yous-
soufi (0.87 mg kg−1) accumulated the maximum concentration. The results revealed that all the heavy metals were lower 
than the permissible limits stated by national (e.g., MOFL) and international (e.g., FAO, WHO, EU, USEPA) agencies except 
for Cr and Pb. Furthermore, the assessed heavy metals concentration at the selected areas was comparatively lower than 
its nearby urban and estuarine areas of the river. Estimated daily intake, target hazard quotient (THQ) and carcinogenic 
risk (CR) were analyzed to interpret the effect of health risk. The THQ values were < 1 which denoted no health risk to 
neither children nor adult. In addition, the CR value was ≤ 10−4 for children, whereas the amount was always below 10−4 
for adult that denoted no major deleterious effects to the consumers. However, the prolonged exposure to heavy metals 
might cause risk to both ages especially to the younger individuals.
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1  Introduction

Heavy metals concentration in the aquatic environment 
has drawn a prime concern increasingly in Bangladesh 
due to becoming a 3rd world country [1, 2] as well as for 
lethal toxicity, innate persistence, non-biodegradability 
and accumulative nature [3]. Anthropogenic activities, 
rapid industrial development (point source), agricultural 
runoff (non-point source), etc., produce trace metals which 
subsequently enter to the aquatic habitats and cause a 
significant hazardous impact on the dwelling organisms 

[4, 5]. The aquatic organisms such as fish and invertebrates 
can be contaminated through the untreated or poorly 
treated both point and non-point sources of pollutants. 
For instance, surface water pollution, disposing agricul-
tural and industrial effluents, applying chemical fertilizers, 
pesticides are the major sources of heavy metals contam-
ination [6]. Although some trace metals are essential to 
maintain human body metabolism, they can be toxic at 
higher concentrations. In addition, some are highly toxic 
in nature such as Cd, Pb and Hg [7]. Due to exceeding the 
permissible optimal concentrations of these metals, they 
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gradually dilute in water and deposit to sediment columns 
and subsequently accumulate into fish body through feed-
ing the benthic and pelagic species-contaminated water 
[8] and make differences between the uptake and elimina-
tion rates [9]. It also can be assimilated by several ways, for 
example, up-taking particulate solid suspended matters 
from water, ion exchange, adsorption on tissue and skin 
surfaces [10]. As a result, these contaminants assimilate to 
human body through consumption and adversely affect 
our health [11]. For instance, Cr causes nephritis, anuria 
and extensive lesions in the kidney [12].

On the other hand, fish is widely consumed due to its 
lipids, proteins, vitamins, minerals contents and most 
importantly the presence of long-chain omega-3 poly-
unsaturated fatty acids (PUFAs) [13]. Apart from the long-
chain omega-3 PUFAs, numerous other fish components 
have been found to have positive effects on human health 
[14]. For example, the nutritive components of fish mus-
cles can be effective to protect against several coronary 
heart diseases, stroke and other health benefits [13]. Fur-
thermore, fish protein with superior quality contains all the 
essential amino acids, dietary vitamins and micro-minerals, 
such as Zn, Fe, Ca, P, vitamins A, D, E and several B vitamins 
(B3, B6 and B12) [15].

The Meghna River supplies an influential cascade of 
numerous biological species and the financial trends, 
where the local people are directly or indirectly associ-
ated with the commercial capture fishery. Additionally, 
about 3500 tons of selective fish species actively contrib-
utes to the commercial fish marketing channel per year 
[16]. Nevertheless, in the recent years the rivers receive a 
bulk amount of toxic materials disposed from numerous 
milling and processing industries and drainage water-
lines, polluting most rivers in Bangladesh [17]. Ideally the 
poorly treated industrial effluents, discharged and wast-
age function as potential contributor for trace metals in 
the Meghna River.

The heavy metals contamination in water and sediment 
at the Meghna River was performed by Hasan et al. [18]. 
Ahmed et al. [16] studied the bioaccumulation and trace 
metals concentration in commercially important marine 
fish at the estuarine areas of Meghna River. However, no 
research has been investigated on the upper Meghna 
River and its associated tributaries to date emphasizing 
on the most popular freshwater native fishes, although 
it provides a bulk quantity of aquatic foodstuffs to the 
coastal people especially the tributaries closely linked to 
the territory people. Therefore, we aimed to assess some 
toxic trace metal (e.g., Cr, Cu, Zn, As Pb and Cd) concentra-
tions of some popular native freshwater fishes from their 
edible muscle. We compared also the measured con-
taminations level with worldwide accepted standard and 
other findings along with possible health risk assessment 

both carcinogenic and non-carcinogenic due to dietary 
consumption of these fish species for various age groups 
dwelling adjacent to the river and its tributaries.

2 � Materials and methods

2.1 � Study area

The research was conducted at upper Meghna River and 
its associated tributaries of the coastal area of Chandpur 
district conjoint with Padma River (S1), Chittagong divi-
sion, flowed downward to Mehendiganj Upazila of Barisal 
district Bangladesh (Fig. 1). It is one of the most important 
rivers in Bangladesh which lies between the latitude 22° 
38′ 35″ N and longitude 90° 48′5 7″ E in Bangladesh part by 
adjoining the Surma and Kushiyara Rivers originating from 
the hilly regions of eastern India as Barak River through 
different cities and municipalities.

2.2 � Sample collection

A total of 72 fish specimens belonging to 9 species, namely 
Climbing perch (A. testudineus), Spotted snakehead (C. 
punctatus), Sisorid catfish (G. youssoufi), Stinging catfish (H. 
fossilis), Zig-zag eel (M. armatus), Tengara (M. tengara), Pab-
dah catfish (O. pabda), Ticto barb (P. ticto) and Asian fresh-
water needlefish (X. cancila) (Table 1) were collected from 
10 stations (S1 to S10) at the upper Meghna River and its 
associated tributaries during November 3–4, 2018 (Fig. 1). 
The stations S6, S7, S8 and S9 were located at the branch 
of Meghna River. A small mechanized boat was taken, and 
cast net was thrown to collect fish species. Immediately 
after harvesting, fish specimens were washed thoroughly 
with freshwater to remove the muds or other fouling sub-
stances and put in the clean polythene bag and preserved 
in ice boxes at around − 1 °C. After that, specimens were 
brought for laboratory analysis and preserved at − 20 °C. 
Specimens were allowed to reach room temperature, and 
non-edible parts (fins, guts, scales, etc.) were removed by 
steam cleaned stainless steel knife. The edible portion of 
fish samples (muscle) was thoroughly rinsed with deion-
ized water and chopped into thin chunks (1.5–3.0 cm) by 
sharp knife on sterilized polythene sheet. Then, the pre-
pared samples were air-dried to remove the extra water.

2.3 � Sample preparation and analysis

0.25 mg of muscle specimens was taken from each speci-
men and weighted using an electric balance. A diges-
tion reagent was made by adding 5 mL of distilled water, 
5 mL of nitric acid (HNO3, 65%) and 2 mL of hydrogen 
peroxide (H2O2, 30%). Then, the digestion reagent and 
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balanced muscle specimens were kept in a Teflon ves-
sel. Microwave (1000 W, Berghof-MWS2, Berghof speed-
wave, Eningen, Germany) was used to digest the speci-
mens thoroughly overnight. After a complete digestion, 
0.42 µm pore sized Whatman membrane filter paper was 
used to filter the solution pulp and kept in 50 mL poly-
propylene centrifuge tubes (Nalgene, New York).

Inductively coupled plasma mass spectrometer (ICP-
MS, Agilent 7700 series) was conducted to analyze the 

selected trace metals. The calibration curve was pre-
pared by using Multi-element Standard XSTC-13 (Spex 
Certi Prep, Metuchen, USA) solutions. A desired calibra-
tion precision (sdv < 20%) was used with certified refer-
ence materials to assure the analytical assessment.

Fig. 1   The map shows study areas where red-colored filled circles show sampling stations

Table 1   Weight–length range and feeding habits of collected fish specimens

Scientific name of 
the species

Common name No. of samples 
analyzed

Weight (g) range Length (cm) range Feeding habits

A. testudineus Climbing perch 8 45–60 11–12 Carnivorous
C. punctatus Spotted snakehead 8 60–80 15–18 Carnivorous
G. youssoufi Sisorid catfish 8 11–14 4–5 Carnivorous
H. fossilis Stinging catfish 8 70–90 18.5–20 Carnivorous
M. armatus Zig-zag eel 8 20–45 13–17 Omnivores
M. tengara Tengara mystus 8 15–20 11–12 Carnivorous
O. pabda Pabdah catfish 8 90–100 20–22 Omnivores
P. ticto Ticto barb 8 20–45 10–11 Omnivores
X. cancila Asian freshwater needlefish 8 15–50 15–28 Carnivorous
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2.4 � Statistical analysis

Multivariate analysis was performed by using IBM SPSS 
(Version: 20.0) and PAST (Version: 4.02). Pearson correla-
tion coefficients were used to compare the selected metals 
among different fish species.

3 � Calculations

3.1 � Estimated daily intakes (EDI) of human

Basically, the evaluation of human health hazards has been 
adopted due to the consumption of metals containing in 
the foodstuffs [19]. Estimated daily intakes (EDIs) are ana-
lyzed on the basis of the metals concentration levels in fish 
muscles and daily consumption of fish [20]. This equation 
is followed by US EPA (United States Environmental Pro-
tection Agency) [21–23] and some other studies [24, 25]:

where C is the heavy metals concentration in fish [mg kg−1, 
dry weight (dw)]. Fintake is the average food consumption 
(g person−1) followed by FAOSTAT (Food and Agriculture 
Organization of the United Nations) database (period 
2013). Fish consumption rate for children and adult resi-
dent is 52.5 g day−1, 55.5 g day−1, respectively [19]. And Bw 
is the body weight for children (15 kg) and adult (65 kg) 
[26, 27].

3.2 � Target hazard quotient (THQ) 
for non‑carcinogenic risk

Target hazard quotient is analyzed to identify the potential 
risk level due to exposure of contaminants. The calculation 
is made using the following equation [19, 28, 29].

where EDI is the estimated daily intake and RfD is the oral 
reference dose (mg person−1 day−1); RfDs are based on 
1.5, 0.04, 0.3, 0.0003, 0.00035 and 0.0005 for Cr, Cu, Zn, 
As, Pb and Cd, respectively [30]. Ed is exposure duration 
(over lifetime of a human 65 years) [26, 27]; Ep is exposure 
frequency (365 days year−1); EDI is estimated daily intake 
per metal content; and MT is the meantime for non-car-
cinogens (Ed × Ep).

If the THQ < 1, it indicates no non-carcinogenic risk 
effects [31], whereas if it rises ≥ 1, there is a potentiality to 
health risk [32]; therefore, associated and defensive pre-
caution ought to be adopted.

(1)EDI =
(

C ∗ Fintake

)

∕dw

(2)THQ =
(

Ed ∗ Ep ∗ EDI
)

∕(RfD ∗ MT) ∗ 10−3

3.3 � Carcinogenic risk (CR)

CR is determined to assess the possibility of forming 
cancer cell in human body over a lifetime expression to 
those powerful carcinogens [33]. The acceptable range 
for carcinogenic risk is between 10−4 (over a human life-
time, the risk of developing cancer is 1 in 10,000) and 
10−6 (over a human lifetime, the risk of developing can-
cer is 1 in 1000 000) [21–23, 34–36]. If CR values > 10−4, it 
infers the feasible probability of carcinogenic risk [30, 37, 
38]. The CR is measured by multiplying the carcinogenic 
slope factor of the metal contents [39, 40], and the equa-
tion is as follows [41, 42]:

where CSF is the oral slope factor of carcinogens 
(mg kg−1 day−1) adopted from the Integrated Risk Infor-
mation System supplied by USEPA [30, 37]; CSF values 
are available solely for As (1.5), Pb (0.0085) and Cd (6.3) 
[21–23]. The possibility of forming cancer for a consumer 
will be > 1 over 100,000, when CR values are above 10−5 
[19, 43].

4 � Results and discussion

4.1 � Heavy metals concentration in the selected 
freshwater native fishes

Six metals, Zn, Cr, Cu, Pd, Cd and As, in nine indigenous 
freshwater edible fish species from the upper Meghna 
River (S1, S2, S3, S4, S5 and S10) and its branches (S6, 
S7, S8 and S9) (Fig. 1) were considered in this study. As 
kidneys, liver, guts and gills are generally omitted in diet 
as part of food habits in Bangladesh, only fish muscle 
(edible chunk) was considered to assess the heavy met-
als concentration. The assessment of heavy metals con-
centration in food ingredients is crucial as it imparts the 
environmental defilement intimated to human health 
hazard [14]. The hierarchy of trace metals concentrations 
trends is as follows: Zn (1.42) > Cr (1.31) > Cu (0.92) > Pb 
(0.54) > Cd (0.51) > As (0.47) (mg  kg−1), respectively 
(Table 2). The average concentrations of metals at sta-
tions selected in the branch River of Meghna did not 
show wider variation compared to the stations selected 
in its main River. However, a positive correlation was ana-
lyzed at p < 0.05 significant level between Cu–Pb (0.56) 
and Pb–Cd (0.54). In contrast, Pd–Zn (− 0.36) was nega-
tively correlated with each other (Table 3).  

(3)CR =
(

Ed ∗ Ep ∗ EDI ∗ CSF
)

∕(MT) ∗ 10−3
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4.2 � Chromium (Cr)

Among all the trace metals, individually Cr was measured 
as the maximum in P. ticto (1.91 mg kg−1) that exceeded 
both the national [44] and international [45, 46] guidelines 
(Table 2). The mean concentration of Cr in different fish 
species was as follows: P. ticto (1.91 mg kg−1) > G. yous-
soufi (1.47 mg kg−1) > M. tengara (1.35 mg kg−1) > H. fossilis 
(1.30 mg kg−1) > O. pabda (1.28 mg kg−1) > A. testudineus 
(1.27 mg kg−1) > C. punctatus (1.12 mg kg−1) > M. armatus 
(1.05 mg kg−1) > X. cancila (1.01 mg kg−1) (Fig. 2). The least 
amount of Cr was estimated on X. cancila (1.01 mg kg−1). 

The maximum tolerance range for Cr is 0.1–1.0 mg kg−1 
set by FAO (Food and Agriculture Organization) [45], 
WHO (World Health Organization) [46] and MOFL (Min-
istry of Fisheries and Livestock) [44] (Table 2). The con-
centration range of Cr was assessed between 0.62 and 
1.19 mg kg−1 in Meghna Estuary, Noakhali [16], and aver-
age 0.32 mg kg−1 Cr was recorded from demersal marine 
fish in another Meghna Estuarine areas of Bhola [47]. Fur-
thermore, Cr concentration range was estimated between 
1.1–1.5 mg kg−1 on C. punctatus; 1.5–2.1 mg kg−1 on H. fos-
silis; and 1.4–2.5 mg kg−1 on T. fasciata in Turag, Buriganga 
and Shitalakha River, respectively, which highly aligned 

Table 2   A comparison 
among dietary intakes 
of trace elements from 
collected fish samples with 
the corresponding maximum 
tolerable daily intake (MTDI) 
and guidelines

a [46]; b[44]; c[45]; *[60]

Trace 
ele-
ments

Mean con-
centration 
(mg kg−1)

Guidelines (mg kg−1) Estimated daily 
intake (EDI) 
(mg day−1 person−1)

Maximum tolerable daily 
intake (MTDI) (mg day−1 per-
son−1)

Children Adult

Cr 1.31 0.1a, 1.0b, 0.15c 0.00457 0.00104 0.23 [69]
Cu 0.92 5.0b, 70.0c 0.00320 0.00073 35 [69]
Zn 1.42 30.0c,* 0.00496 0.00113 60 [70]
As 0.47 1.0a, 5.0b, 1.0c 0.00166 0.00038 0.13 [71]
Pb 0.54 0.5a,c, 0.3b 0.00189 0.00043 0.25 [65]
Cd 0.51 0.1a,c, 0.25b 0.001664 0.000380 0.07 [69]

Table 3   Pearson correlation 
matrix between heavy metals 
in the freshwater native fish 
specimens

Significant values are at *P < 0.05 level

Metals Cr Cu As Zn Pb Cd

Cr 1
Cu 0.43 1
Zn 0.02 − 0.41 1
As 0.35 − 0.21 − 0.01 1
Pb − 0.26 *0.56 − 0.24 − *0.36 1
Cd 0.15 0.15 0.34 0.21 *0.54 1

Fig. 2   Mean concentrations 
of heavy metals (mg kg−1 
wet weight) of nine species 
collected from Meghna River. 
Error bars indicate the stand-
ard deviation
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to our results [48] (Table 3). The appearance of Cr in food-
stuffs actively was involved in lipid and glucose function-
ing metabolism [49]. However, Cr insufficiency may pose 
to hinder growth and breakdown of lipid, protein and 
glucose metabolisms [50]. Also, in extreme cases, it may 
lead to pulmonary disorders [51] and cause harm in crucial 
organs such as liver, lungs and kidney [52].

4.3 � Copper (Cu)

Cu is an indispensable component and beneficial to health 
which primarily assists iron to form hemoglobin [53].

However, limitless intake of Cu can vary the liver and 
kidney performance [28, 42]. The assessed average con-
centrations of Cu in all fish specimens were within the 
limit provided by the guidelines of MOFL (5.0 mg kg−1) 
[44], MAFF (Ministry of Agriculture, Fisheries and Food) 
(30  mg  kg−1) [54], the UK Food Standards Commit-
tee Report (20.0  mg  kg−1) [55] and FAO (70  mg  kg−1) 
[45] (Table 2). The Cu concentration descending order 
from examined fish species is as follows: H. fossilis 
(1.22 mg kg−1) > O. pabda (1.14 mg kg−1) > G. youssoufi 
(1.07  mg  kg−1) > P. ticto (1.03  mg  kg−1) > M. tengara 
(0.97 mg kg−1) > X. cancila (0.91 mg kg−1) > M. armatus 
(0.66 mg kg−1) > A. testudineus (0.65 mg kg−1) > C. puncta-
tus (0.59 mg kg−1) (Fig. 2). It is clearly depicted from the 
order that the highest Cu concentration was measured 
in H. fossilis (1.22 mg kg−1), while the least concentration 
was possessed by C. punctatus (0.59 mg kg−1). Although 
Cu concentration ranged between 3.77 and 6.62 mg kg−1 
in Meghna estuary, Noakhali [16], average 1.6 mg kg−1 in 
another Meghna estuary, Bhola, by examining the same 
demersal marine species [47]. In addition, Cu concentra-
tion ranged between 1.2 and 4.4 mg kg−1 for C. punctatus, 
H. fossilis and T. fasciata in Turag, Buriganga and Shital-
akha Rivers, respectively [48] that exceeded our average 
(0.92 mg kg−1) findings (Table 4).

Likewise, Mitra et al. [56] documented the Cu ranged 
between 10 and 100 mg kg−1 in Ganges River which was 
far beyond (7–88 fold higher approx.) than our results. 
The maximum recommended level of Cu for children 
(1–3 years old) is 1.0 mg day−1, and for adult (19–70 years 
old), it is 10 mg day−1 [57], and excessive intake may cause 
liver and kidney damage [58].

4.4 � Zinc (Zn)

Zn plays a pivotal role in the physiology and metabolic pro-
cess of several organisms; however, higher concentrations can 
be toxic and may lead to Parkinson’s disease [59]. Among the 
fishes, G. youssoufi showed the lowest mean concentration 

(0.97 mg kg−1) and M. tengara showed the highest mean 
concentrations (1.92 mg kg−1). The decreasing order of Zn 
for all the fishes is as follows: M. tengara (1.92 mg kg−1) > A. 
testudineus (1.85 mg kg−1) > P. ticto (1.63 mg kg−1) > X. can-
cila (1.58 mg kg−1) > M. armatus (1.45 mg kg−1) > C. punc-
tatus (1.23 mg kg−1) > H. fossilis (1.1 mg kg−1) > O. pabda 
(1.02 mg kg−1) > G. youssoufi (0.97 mg kg−1) (Fig. 2).

Average Zn concentration was documented in demersal 
marine fish species 34, 53, 138 and 31 mg kg−1 in Bhola, 
Chittagong port, Cox’s Bazar and Sundarbans orderly [47]. 
Nevertheless, the concentration of Zn in fish specimens 
in Bangshi River ranged from 42.83 to 371.04 mg kg−1 
and 44.35 to 418.05 mg kg−1 in different seasons which 
extremely exceeded our findings [60] (Table 3). The maxi-
mum permissible limit of Zn in fish and fish product was 
100 mg kg−1 proposed by the FAO/WHO [61] and EU (Euro-
pean Union) 30 mg kg−1 [62] (Table 2).

4.5 � Arsenic (As)

Due to anthropogenic and natural process, As is ubiqui-
tous in the environment. That is why it is difficult to meas-
ure the exact quantity and at least 10% inorganic arse-
nic contained in total estimation [63]. The lowest mean 
concentration was 0.14 mg kg−1 on H. fossilis, while the 
highest mean concentration was 0.89 mg kg−1 in G. yous-
soufi. The decreasing trends for the examined fish spe-
cies are as follows: G. youssoufi (0.89 mg kg−1) > M. arma-
tus (0.69 mg kg−1) > P. ticto (0.64 mg kg−1) > M. tengara 
(0.46 mg kg−1) > C. punctatus (0.42 mg kg−1) > A. testudineus 
(0.41  mg  kg−1) > X. cancila (0.37  mg  kg−1) > O. pabda 
(0.24 mg kg−1) > H. fossilis (0.14 mg kg−1) (Fig. 2). As con-
centrations were varied between 0.75 and 1.48 mg kg−1 
in Meghna Estuary, Noakhali [16], while the average con-
centrations of 0.76 mg kg−1 were estimated in another 
Meghna Estuary, Bhola [47]. Moreover, As concentration 
ranged between 0.093 and 0.28 mg kg−1 for C. punctatus, 
H. fossilis and T. fasciata in Turag, Buriganga and Shital-
akha River, accordingly [48], that was nearly equal or below 
compared to our findings. Ahmed et al. [16] measured on 
an average 3.56 mg kg−1 As on body muscle of C. stria-
tus, G. giuris and C. garua in Meghna River belonging to 
the greater Gazaria Upazila which is near to metropolitan 
areas with highly industrialized avenues (Table 4). Permis-
sible limit for As was set up at 1.0 mg kg−1 by California 
Environmental Protection Agency (CEPA) [64] and FAO 
[45]. However, in Bangladesh 5.0 mg kg−1 was permitted 
as accepted limit by MOFL [44] (Table 2). The seafood stuffs 
may contain a noteworthy quantity of As in organic form, 
and those compounds can be directly excreted via urine 
into the water environment [28].
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4.6 � Lead (Pb)

Among the examined fish species, A. testudineus showed 
the lowest mean concentration (0.09 mg kg−1), whereas 
O. pabda showed the highest mean concentration (0.87 

mgg−1). The hierarchy of upward to downward trends was 
determined as follows: O. pabda (0.87 mg kg−1) > H. fos-
silis (0.85 mg kg−1) > M. armatus (0.78 mg kg−1) > X. can-
cila (0.72 mg kg−1) > M. tengara (0.59 mg kg−1) > P. ticto 
(0.44 mg kg−1) > G. youssoufi (0.36 mg kg−1) > C. punctatus 

Table 4   Comparisons among the heavy metal concentrations (mg kg−1) in fish muscle from the greater Meghna River and other waters in 
Bangladesh

River Fish species Mean concentrations (mg kg−1) of heavy 
metal

References

Cr Cu Zn As Pb Cd

Upper Meghna River and its tributaries A. testudineus 1.27 0.65 1.85 0.41 0.09 0.02 Present work
C. punctatus 1.12 0.59 1.23 0.42 0.16 0.13
G. youssoufi 1.47 1.07 0.97 0.89 0.36 0.23
H. fossilis 1.3 1.22 1.1 0.14 0.85 0.25

Chandpur (freshwater pelagic fish) M. armatus 1.05 0.66 1.45 0.69 0.78 0.85
M. tengara 1.35 0.97 1.92 0.46 0.59 0.71
O. pabda 1.27 1.14 1.02 0.24 0.87 0.49
P. ticto 1.91 1.03 1.63 0.64 0.44 0.93
X. cancila 1.01 0.91 1.58 0.37 0.72 0.67

Meghna estuary, Noakhali (marine 
demersal fish)

Lates calcarifer 1.19 6.62 – 1.48 4.63 0.15 [16]

S silondia 0.95 6.26 – 1.43 4.42 0.16
C garua 0.77 5.83 – 1.21 4.07 0.13
P subviridis 0.67 4.94 – 0.98 3.77 0.10
O pama 0.65 4.43 – 0.84 3.37 0.09
T ilisha 0.64 4.06 – 0.82 3.33 0.10
R corsula 0.62 3.83 – 0.79 2.91 0.10
A. coila 0.62 3.77 – 0.75 2.76 0.10

Meghna estuary, Bhola (marine demer-
sal fish)

T. ilisha, Pampus argentius and Cynoglos-
sus lingua (mean)

0.32 1.6 34 0.76 0.25 0.051 [47]

Chittagong port T. ilisha, Pampus argentius and Cynoglos-
sus lingua (mean)

1.1 5.9 53 2.7 0.51 0.06

Cox’s Bazar T. ilisha, Pampus argentius and Cynoglos-
sus lingua (mean)

2.2 14 138 13 0.63 0.075

Sundarbans T. ilisha, Pampus argentius and Cynoglos-
sus lingua (mean)

0.15 1.3 31 0.76 0.07 0.033

Bangshi River, Savar, Gazipur (a highly 
industrialized zone)

M. armatus 0.79 26.33 309.47 2.11 2.64 0.19 [59]

P. ticto 1.93 41.91 183.64 4.33 7.36 0.39
Corica soborna 0.97 23.97 418.05 3.86 9.56 0.68
M. vittatus 0.82 13.68 233.75 5.11 2.42 0.16
H. fossilis 1.14 16.04 176.98 5.64 8.29 0.46

Turag River C. punctatus 1.3 1.2 – 0.093 0.13 – [48]
H. fossilis 1.5 3.4 – 0.14 0.65 –
Trichogaster fasciata 2.3 2.2 – 0.28 0.85 –

Buriganga River C. punctatus 1.4 2.7 – 0.092 0.81 [48]
H. fossilis 2.1 4.4 – 0.24 1.0 –
T fasciata 2.5 4.1 – 0.36 1.2 –

Shitalakha river C. punctatus 1.1 2.5 – 0.12 0.16 – [48]
H. fossilis 1.1 3.6 – 0.22 1.0 –
T fasciata 1.4 3.8 – 0.22 0.69 –
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(0.16 mg kg−1) > A. testudineus (0.09 mg kg−1) (Fig. 2). Pb 
concentration according to FAO [45] is 0.5 mg kg−1, and 
Joint Expert Committee on Food Additives (JECFA) [65] 
permitted up to 3.0 mg kg−1. In Bangladesh, 0.3 mg kg−1 
Pd was set as permissible limit by MOFL [44] (Table 2). 
Ahmed et  al. [16] estimated Pb ranged between 2.76 
and 4.63 mg kg−1 for commercial marine fish species in 
Meghna estuary, Noakhali. Moreover, Pb concentration 
ranged between 0.13 and 1.2 mg kg−1 for C. punctatus, H. 
fossilis and T. fasciata in Turag, Buriganga and Shitalakha 
River, respectively [48] (Table 4) that was slightly equal or 
higher than our assessment.

4.7 � Cadmium (Cd)

The lowest and the highest mean of Cd in fishes was found 
as 0.02 mg kg−1 and 0.93 mg kg−1 in A. testudineus and P. 
ticto, respectively. The hierarchy trends are as follows: P. 
ticto (0.93 mg kg−1) > M. armatus (0.85 mg kg−1) > M. ten-
gara (0.71 mg kg−1 > X. cancila (0.67 mg kg−1) > O. pabda 
(0.49  mg  kg−1) > H. fossilis (0.25  mg  kg−1 > G. youssoufi 
(0.23 mg kg−1) > C. punctatus (0.13 mg kg−1) > A. testudineus 
(0.02  mg  kg−1). Cd was documented 0.018  mg  kg−1, 
0.036 mg kg−1 and 0.05 mg kg−1 from Turag, Shitalakha 
and Buriganga River, respectively [48]. Ahmed et al. [16] 
reported that Cd ranged between 0.16 and 0.10 mg kg−1 
in Meghna River estuary, Noakhali region, from the marine 
commercial fish. In another study, Cd ranged between 0.1 
and 4.4 mg kg−1 in Meghna estuary, Gazaria Upazila (a 
highly industrial city), from the edible muscle of C. striatus, 
G. giuris and C. garua [66]. An average concentration of Cd 
was 0.06gmkg−1, 0.075 mg kg−1 and 0.033 mg kg−1 which 
was estimated in Chittagong port, Cox’s Bazar and Sund-
arbans from marine commercial fish species accordingly 
[47] (Table 4). An acceptance limit for Cd (0.1 mg kg−1) was 
set up by FAO [45] and WHO [46]. In Bangladesh, Cd per-
missible limit was 0.25 mg kg−1 established by MOFL [44] 
(Table 2).

5 � Statistical interpretation

The concentration of trace metals has been depicted on 
the bar graph (Fig. 2). The graph clearly shows how the 
amount of trace metals (mg kg−1) was possessed by fresh-
water native fish species. For example, the maximum con-
centrations of Zn (> 1.5) was possessed by A. testudineus, 
M. tengara, P. ticto and X. cancila. On the contrary, least Pb 
(< 0.5) concentrations was possessed by A. testudineus, C. 
punctatus, G. youssoufi and P. ticto (Fig. 2).

From the correlation analysis, both positive and nega-
tive correlations were noticed, where the positive relations 
indicated that the metals originated from same source and 

negative relations denoted the source of metals from dif-
ferent sources. For example, Cu–Pb (0.56) and Pb–Cd (0.54) 
were positively correlated at p < 0.05 level of significance. 
However, Pd–Zn (− 0.36) was negatively correlated with 
each other (Table 3).

Principal Component Analysis (PCA) and the Eigen-
values were presented and the components from left 
to right direction in the scree plot along with variance 
(Fig. 3a). Also, the percentage (%) of eigenvalues and the 
variance in components 1 (eigenvalue: 0.16582, variance: 
33.074) and 2 (eigenvalue: 0.1633, variance: 32.572) were 
closely related and maintained almost same slope (inset in 
Fig. 3a). However, it slopes downward with changing both 
the eigenvalues and variance stopped at components 6 
(inset in Fig. 3a). The correlation matrix (variance–covari-
ance) indicated that the components 2,3,4, 5 and 6 were 
correlated with the component 1. It means all the trace 
metals were measured in the same units (mg kg−1). Fur-
thermore, the dash-dot line denoted the deviation of vari-
ance from the ideal range.

From the loading plot of bar graph, it is indicated that 
all the heavy metals are positively correlated with each 
other except for Cu and Pb, and this is negatively corre-
lated (Fig. 3b). In addition, the rotated PCA plot transpar-
ently showed that the Zn, As, Cd and Cr were the major 
contributors in the collected freshwater indigenous fish 
from the selected areas. Moreover, these metals were 
tending to concentrate more on M. armatus, P. ticto, X. 
cancila and M. tengara, A. testudineus, C. punctatus (Fig. 3c), 
whereas O. pabda, H. fossilis and G. youssoufi were tending 
to be gradually affected by Pb and Cu (Fig. 3c).

The loading bar chart depicts which trace metals were 
significantly dominant on the fish specimens (Fig. 3b).

The dendrogram showed the distance (Euclidean) 
among heavy metals closeness/distance to each other in 
the clusters (Fig. 3d). The closest metals were Zn and Cr 
belonged to cluster 2. On the other hand, cluster 1 was 
subdivided into Cu and then in As, and finally, Pd and Cd 
belonged to the same clades which means they were 
closely related and originated from same source (Fig. 3d).

6 � Non‑carcinogenic and carcinogenic health 
risk assessment

6.1 � Estimated daily intake

EDIs were explored from selected toxic trace metals on fish 
consumption by average coastal Bangladeshi both adults 
and children documented in Table 2. In addition, EDI was 
calculated emphasizing the oral reference dose (RfD) for 
a specific chemical that elaborated the everyday exposi-
tion to noxious components that avoids any deleterious 
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outcome on human health over lifetime exposure [28]. 
That is why EDIs of native eaters of these targeted indig-
enous freshwater fish species in the research locality were 
determined and tabulated based on daily consumption 
per body weight for both adults and children. Usually, the 
average EDIs for all trace metals were lower in the pelagic 
fish specimens in comparison with those of demersal 
fishes, which indicated that the demersal fish supposed 
to expose the highest doses through the intake of the 
chemical in both adult and children [16]. Furthermore, 
the ingestion of the metals through aquatic foodstuffs 
was the principal exposing pathways in lieu of probable 
hazards from respiration as well as human contact [47]. As 
a consequence, the ingestion outcomes in the selected 
areas for both adult and children were lower than the 
prescribed daily allocation (PDA), denoted the hierarchy: 
Zn > Cr > Cu > Pb > Cd > As. EDIs were lower than PDA, 
denoted that there was a probable lower health effect to 
the targeted local individuals. Nevertheless, it would not 
be an ultimate measuring process to interpret ‘accept-
able limit’ and ‘unacceptable limit,’ based on doses lower 

than PDA/RfD [28]. For example, if the outputs were far 
below than the recommended PDA (Table 2), metals might 
undergo a maximum assimilation in fish muscle accumu-
lation in fish tissue that cause health risk in the future, in 
the long run; hence, the continuous monitoring would be 
necessary

6.2 � Non‑carcinogenic and carcinogenic risk

The THQ was analyzed to predict the non-carcinogenic 
risk, and the acceptable threshold limit was 1, recom-
mended by USEPA [67]. If the THQ value < 1, then it indi-
cated that there is lower or no non-carcinogenic risk for 
the consumers, whereas there might have a derogative 
effects to the consumers if it exceeds the recommended 
limits.

The estimated THQ values showed that the threshold was 
less than one (< 1.0) for both adult and children (Table 5). 
None of a single metal exceeded the guidelines for all fish 
species. It also indicated that the children are more suscepti-
ble to non-carcinogenic risk than the adult people. However, 

Fig. 3   a Scree plot shows the eigenvalue along with the broken 
stick (red line). b Loading plot of bar graph shows the positively 
and negatively dominated metals. c Loading plot of rotated PCA 

of six metals directly affected the fish species. d Hierarchical cluster 
analysis (dendrogram) of trace metals in the study area (Ward link-
age method)
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due to the lack of absolute dose relationship, THQ cannot 
be recommended as direct estimation of risk concern [68].

Carcinogenic risk (CR) of As, Pd and Cd was estimated 
(Table 5) for all the collected fish species. The calculated 
average value of CR for As, Pb and Cd was 5.7E−06, 3.7E−08 
and 2.4E−05 for adult, while it was 2.5E−05, 1.6E−07 and 
1.0E−04 for children, accordingly (Table 5). CR values which 
are lower than 10−6 were counted as negligible, whereas the 
values above 10−4 were considered as deleterious effects for 
human health [30, 37]. CR values indicated that the children 
are more susceptible to carcinogenic risk than the adults. 
In our study, the calculated CR values were at minimal level 
for adult, whereas the children were exposed to below and 
equal to 10−4 (≤ 10−4) which might exceed the accepted 
range in near future. Although the CR values were within the 
limit for both children and adult, however, a prolong expo-
sure to heavy metals might negatively affect both sexes. Our 
results were in agreement with the previous studies [16, 47, 
49].

Overall, the heavy metals concentrations in the selected 
areas did not exceed the recommended limits stated by 
national and international agencies except for Cr. Com-
piling from other studies, it seemed that the concentra-
tions of Cr often exceeded the permissible limits from its 
adjacent rivers. Although EDI, THQ and CR values were at 
minimal levels, a continuous monitoring with its possi-
ble bioremediation would be a potential solution for the 
consumers.

Therefore, the bioremediation of these heavy metals 
from the selected areas might be a potential solution to 
step down the contamination level as future perspectives. 
Several biological approaches such as agricultural wastes, 
peat, algae, fungi, bacteria, yeasts and cellular products 
[72–74] have been experimented and documented the 
uptake of heavy metals. Ideally, some microalgae such as 
Chlamydomonas reinhardtii, Chlorella vulgaris, Phormidium 
ambiguum, Pseudochlorococcum typicum, Scenedesmus 
obliquus and Scenedesmus quadricauda var quadrispina can 
be treated to control or remove the contamination of Zn, 
Cu, Pb and Cd [75–77]. Apart from those algae, bacterial 
isolates, e.g., Acinetobacter sp., Arthrobacter sp., Bacillus sp., 
Gemella sp., Micrococcus sp., Hafnia sp., Proteus mirabilis 
strain ALK428, Pseudomonas sp., Pseudomonas aeruginosa 
strain Pse12, have been identified as effective remediator 
for Zn, Cu, Pb, Cr, Cd and As [78–80] that might be a suit-
able and economic technique for the country’s point of 
view.
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7 � Conclusion and future perspectives

The study was conducted in the Meghna River and its asso-
ciated tributaries diluted with Padma River in Chandpur 
and flowed downward to Mehendiganj, Barisal district. As 
this river is directly connected to the metropolitan city at 
upstream and finally diluted in the Bay of Bengal, metals 
were detected throughout the river. Among the assessed 
metals, Zn (1.92 mg kg−1) showed the maximum concen-
trations in M. tengara, but did not exceed the guidelines 
suggested by national (MOFL) and international agencies 
(WHO, FAO, USEPA, etc.). However, the second highest con-
centrations were documented as Cr (1.91 mg kg−1) on P. ticto 
which surpassed the recommended guidelines provided by 
national and international organizations. A positive corre-
lations were noticed between Cu–Pb (r = 0.56) and Pb–Cd 
(r = 0.54) (p < 0.05) from the selected metals. Zn, Cr, Cd and As 
showed the most significant relationship with M. armatus, M. 
tengara, P. ticto and X. cancila. The THQ was evaluated both 
for children and adult consumers and revealed none of them 
experienced non-carcinogenic health effects. Furthermore, 
the calculated CR values were less and equal to the threshold 
limits (10−4) which denotes that the CR values were safe to 
all the consumers. Nevertheless, the study emphasizes the 
children as they are more susceptible to carcinogenic and 
non-carcinogenic than the adults.
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