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Content of arsenic and lead and 10 other potentially toxic elements (Ba, Ce, Cr, Cu, Fe, Mg, Mn, Se, Sr and Zn)was
determined in tilapia and pangas from aquaculture ponds in southern Bangladesh. Tilapia had 1.6- to 4.3-fold
higher content of Mn, As, Sr, and Ba than pangas, possibly caused by different feeding habits of the two fish.
The other elements had similar concentrations in both species. Content of As in tilapia and pangas was 0.37
and 0.11 μg g−1, respectively, while Pb made up 0.056 and 0.051 μg g−1, respectively. Water treatment during
the farming period (sand filtration and probiotic bacteria) and final depuration in groundwater for up to 48 h
had no effect on content of the elements. For As, consumption of 100 g fresh fish per day contained 1.3% (pangas)
and 5% (tilapia) of the maximum tolerable daily intake according to FAO recommendations. Relative to whole
tilapia from a lake nearDhaka (Begumet al., 2005),muscle tissue in tilapia from the ponds had 3–50× lower con-
tent for Zn, Cu,Mn and Pb, while the remaining elementswere similar. Thus, our results suggest that pond-raised
fish in Bangladeshmay be a healthier choice thanwildfish, especially if the fish originate from freshwater receiv-
ing untreated wastewater.

© 2014 Elsevier B.V. All rights reserved.
1. Introduction

Water and sediment of the Ganges–Brahmaputra river basin in
Bangladesh have a relatively high content of potentially toxic elements
(PTEs), such as arsenic (As) and lead (Pb), originating mainly from
suspended solids transported from the Himalayan mountain region,
but anthropogenic sources may also contribute PTEs to the river basin
(Ahmad et al., 2010; Singh, 2006). PTEs are of concern in aquatic envi-
ronments, e.g., due to their ecotoxicological effect and risk of accumula-
tion in the food chain that may cause health-threatening levels in fish
species important to human consumption (Ahmad et al., 2010). PTEs
can accumulate in fish by either absorption from the water through
the gills or by dietary exposure (Hollis et al., 2001; Ruangsomboon
and Wongrat, 2006).

In Bangladesh, content of Pb andAs has been determined in different
species of wild fish in the waste water- and industry-impacted
Buriganga and Bangshi rivers near the capital Dhaka. In whole fish
from the Buriganga River, content of Pb was approximately 10 μg g−1
35333468.

ghts reserved.
dry weight (dw) (Ahmad et al., 2010). In muscle tissue of fish from
the Bangshi River, content of Pb varied from 1.8 to 10 μg g−1 dw,
while As ranged from 2.0 to 6.2 μg g−1 dw (Rahman et al., 2012).
When related to recommended, tolerable intake reference values of
inorganic As and Pb (3 μg and 3.5 μg kg−1 bodyweight per day, respec-
tively (FAO, 2010)), consumption of 100 g fish from the Buriganga River
with maximum content of Pb and As corresponds to 40% of the maxi-
mum tolerable daily intake of these two metals (assuming 80% water
content of the fish and a human bodyweight of 50 kg). However, sever-
al studies of freshwater fish have shown that arsenic is mainly present
in relatively non-toxic organic forms, especially as arsenobetaine, and
concentrations of inorganic arsenic are often not detectable (Ruttens
et al., 2012; Schoof et al., 1999). Yet, if the fish meal is accompanied
by intake of other foods with a potential high metal content, e.g., rice
and vegetables, the daily intake may exceed the recommended limits
(Hossain, 2006).

A possible approach to reduce content of potentially toxic elements
in fish may be breeding in aquaculture ponds since water quality and
food source of the fish can be controlled. In this study, we examined
content of 12 potentially toxic elements (PTEs) in two fish species
(Pangasianodon hypophthalmus, pangas, and Oreochromis niloticus,
tilapia) reared for 6 months in traditional aquaculture ponds in the
Patuakhali region in southern Bangladesh.
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2. Material and methods

Fingerlings of pangas (30 fish with individual weights of 60 to 75 g)
and tilapia (50 fish at 5.0 to 5.8 g) were reared in 8 ponds (depth of 1.1
to 1.6 m and areas of 309 to 498 m2) in Dumki Upazila, Patuakhali,
southern Bangladesh. The fish were fed Mega Fish sinking feed pellets
(http://www.spectragroup.com.bd) but they were also assumed to
feed on organic matter in the ponds, e.g., phytoplankton, plant vegeta-
tion and detritus. The pond water was treated to improve the water
quality by three different procedures in duplicate ponds: sand filter or
addition of probiotic microorganisms, either PondPlus® by Novozymes
(www.novozymes.com) or Aquaphoto by ACI Ltd. (www.aci-bd.com).
Water in two ponds was untreated and served as controls. The fish
were harvested after 6 months when weights of the fish were 780 ±
77 g wet weight (wt) (pangas) and 189 ± 12 g wt (tilapia). Data on
water quality parameters and fish growth will be published elsewhere.
Twenty fish (10 of each species) were chosen randomly from the three
treatments and controls (1 to 3 fish per treatment or control) and from
depuration tanks (cement tanks with 5 m3 clean groundwater to im-
prove taste of thefish after depuration for oneor twodayswithout feed-
ing). Dorsal muscle tissue of each fish (10 fish of each species) was
removed and dried at 105 °C. Tissue samples of 100 mg dw were
digested in 2.5 ml 70% HNO3 and 1 ml H2O2 (both were Baker Instra-
Analyzed® grade by J. T. Baker Chemicals, USA) in a microwave-
assisted system at 1500 W for 40 min with an external pressure of
40 bar (UltraWave SRC: www.milestonesrl.com). Concentrations of 12
elements (As, Ba, Ce, Cr, Cu, Fe, Mg, Mn, Pb, Se, Sr and Zn) were deter-
mined by inductively coupled plasma mass spectroscopy (ICPMS)
equipped with an octopole reaction chamber to remove polyatomic in-
terferences (Agilent 7500C; www.agilent.com). Quality assurance was
carried out by including analytical blanks and a standard reference ma-
terial consisting of bovine liver (NIST 1577c) in the digestion. Cadmium
was also included in the analysis but the content was below detection
limit in all fish.

3. Results and discussion

Analysis of the 12 elements demonstrated significant differences
between the two fish species for manganese, arsenic and strontium
(p b 0.006), while there was an indication of different content for
barium (p b 0.09) (Table 1). Content of these four elements was from
1.6-fold (Ba), 2.6-fold (Mn), 3.2-fold (As) to 4.3-fold (Sr) higher in tila-
pia than in pangas. For the remaining 8 elements (Mg, Cr, Fe, Cu, Zn, Se,
Ce and Pb), similar concentrations were measured in the two fish spe-
cies. Concentrations of the 12 elements were below detection limit in
analytical blanks and in reference fish.

The difference in the four elements (As, Ba, Mn, and Sr) between the
two fish species may be related to feeding habits. Tilapia and pangas are
both water column feeders, yet mud and benthic organisms are fre-
quently found in stomachs of tilapia; pangas prefers to feed on artificial
Table 1
Content of potentially toxic elements inmuscle tissue in tilapia and pangas from aquaculture po
of 10 fish of each species are shown. Statistical significant differences between fish species: p b
feed when available as in this study (own unpublished observations).
Thus, feeding on bottom material with a higher content of the four
elements might explain the larger content of the four elements in tila-
pia. Among the elements, only Mn appears to have a biological function
(cofactor in many enzymes). Concentrations of the elements in water
and sediment of the ponds are unknown, but content of arsenic in
groundwater and sediment of similar locations in Bangladesh, e.g., in
the Old Brahmaputra river plain in Bangladesh,may illustrate the differ-
ence in concentration between water and sediment. In the water, the
mean As concentration was 63 μg l−1 while concentrations of 7 to
43 mg kg−1 dry sediment were measured (Ahmad et al., 2010). Even
without knowledge on speciation and sorption properties of As in the
sediment, these data indicate that a significant difference in concentra-
tions between water and sediment may be expected.

Content of some of the analyzed elements has previously been
determined in whole tilapia from Lake Dhanmondi near Dhaka. This
lake is impacted by discharge of untreated household waste. Relative
to muscle tissue in tilapia from the Patuakhali ponds, content in
the Dhanmondi tilapia was higher for Zn (3-fold), Cu (5-fold), Mn
(7-fold), and Pb (50-fold), while concentrations for the remaining ele-
mentswere similar to both tilapia and pangas from the ponds (Table 2).
For Bangladeshi pangas, no published data on the different elements are
available, but five of the elements were quantified in fish from the
agricultural- and industry-impacted Kolleru Lake in India. For muscle
tissue, content in the Patuakhali fish was higher for Cu (1.5-fold), Mn
(8-fold), and Zn (40-fold), while there was 3-fold more Pb content in
the Indian fish, or a similar content for Cr (Table 2).

When related to other fish species collected in Bangladeshi freshwa-
ters (whole fish; Table 2), the present concentrations inmuscle tissue of
PTE were lower (for As, Cr, Cu, Mn, Pb, Sr, and Zn) or similar (Fe and
Mg). Although a comparison of elements in whole fish and in muscle
tissue is problematic (higher concentrations are expected in internal or-
gans, such as the liver and kidney, than in muscle tissue, as exemplified
for pangas in Table 2), our study suggests that breeding of fish under
controlled conditions in ponds can reduce the content of PTE, relative
to wild fish from natural waters.

For arsenic, the level was low in both tilapia and pangas from the
Patuakhali ponds. If applying similar assumptions as in the Introduction
section, consumption of 100 g fresh tilapia or pangas from the ponds
leads to intake of 5% (tilapia) and 1.3% (pangas) of the daily recommend-
ed, tolerable intake of inorganic As. Since most arsenic in freshwater fish
appears to occur as organic complexes, rather than as the more toxic in-
organic arsenic (Ruttens et al., 2012; Schoof et al., 1999), consumption of
fish from the ponds appears safe.

An attempt to improve the water quality in the Patuakhali ponds by
sand filtration or addition of probiotic microorganisms did not change
the content of any elements in the fish (t-test; p N0.05; data not
shown). Similarly, depuration of the fish for 12 to 48 h in groundwater
had no effect on the content of the elements. However, it should be
mentioned that the studied number of fish in these manipulations is
nds in the Patuakhali region, Bangladesh.Mean values (μg g−1 dw)±1 standard deviation
0.006 (***; dark grey shading) or p b 0.09 (*; light grey shading).
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Table 2
Content of potentially toxic elements in fish from aquaculture ponds in Bangladesh and India. Mean values (μg g−1 dw) with or without ±1 standard variation, or measured ranges are
given. Whole fish were analyzed, except for pangas (Adhikari et al., 2009).

Element As Cr Cu Fe Mn Mg Pb Sr Zn

Species
Tilapia species from Lake Dhanmondi, Bangladesha 4.8–6.1 71–134 17.2–19.6 2060–2200 1.97–2.70 52–64
Pangasb

Muscle 0.22 0.44 0.11 0.14 0.50
Liver 1.22 0.64 0.39 0.56 1.36
Kidney 0.63 0.68 0.24 0.83 0.64

Six fish species from Buriganga River, Bangladeshc 6.28 ± 0.71 4.80 ± 0.77 9.96 ± 1.54
Ten fish species from Bangshi River, Bangladeshd 3.55 (2.0–6.2) 1.12

(0.47–2.07)
22.80
(8.3–43.2)

23.8
(9.4–51.2)

4.65
(1.8–10.3)

169
(42.8–418)

Ten freshwater fish from auctions in central Bangladeshe 1.48–23.3 31.8–296 4.76–71.6 1208–2646 0.29–10.1 22.4–67.3 33.0–286
Late fish from canal in Kachua Upazillaf 20–40

a Begum et al. (2005). Species of Tilapia nilotica collected in the wastewater-impacted Lake Dhanmondi in central Dhaka, Bangladesh.
b Adhikari et al. (2009). Fish collected in Kolleru Lake, India. Agriculture- and industry-impacted lake.
c Ahmad et al. (2010). Buriganga River, Bangladesh. wastewater-impacted river near Dhaka.
d Rahman et al. (2012). Bangshi River, Bangladesh. Industry-impacted river (especially from garment industry) near Dhaka.
e Sharif et al. (1993). Fish collected at auctions in Soari Ghat, Dhaka; Gumti, Comilla, and Turag, Tong. in central Bangladesh.
f Das et al. (2004). Lata fish (Ophicephalus punctatus) collected in canal in Kachua Upazilla, western Bangladesh.
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small (1 to 3 fish) and that a larger number of analyzed fish may have
led to a different result.

Many rivers in Bangladesh, especially in and around major cities,
receive increasing amounts of toxic waste from industries, causing con-
tamination offish and otherwildlife (Ahmad et al., 2010). An alternative
to catching of fish in these rivers is breeding of fish in aquaculture
ponds. In this first study of As, Pb and other elements in pangas and ti-
lapia from small ponds in the southern agricultural region, the content
of potentially toxic elements was well below levels that may threaten
food safety.
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