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Studies in several countries have warned on the contamination of fish by heavy metals, especially
Pangasius hypophthalmus, farmed in the Mekong river, Vietnam, one of the most polluted rivers
in the world, and exported to all countries. Current paper quantifies the concentrations of heavy
metals in samples of frozen panga fillets. Risk to human health associated to the consumption of
fillets was calculated according to heavy metal levels. Two batches of panga from Vietnam were
acquired, each batch was ground and homogenized, a single sample of fillets was prepared and
analyses were performed from the sample. Panga samples in current analysis did not contain any
detectable rates for contaminants Cd, Cr, Ni and Hg, with rates below detection limit. Al and Zn
were detected in the two samples. Zn rates were below limits permitted by Brazilian legislation.
Risk Index (RI) for consumption of panga fillets was below 1.0 for the studied metals, except Al
When fish consumption at 0.030 kg / day for sporadic consuming adults was used as a reference,
the RI of Al varied between 2,557 (1st batch of steaks) and 3,928 (2nd batch of steaks). In the
case of fish consumption at 0.142 kg / day by habitual consuming adults, such as fishermen and
riverine people, RI ranged between 12,103 (1st batch of steaks) and 18,595 (2nd batch of steaks),
with adverse effects on human health. Results reinforce the relevance of greater monitoring of
imported fish and the risk of human exposure to heavy metals.

Copyright © 2019, Gisele Silva Costa Duarte et al. This is an open access article distributed under the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
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INTRODUCTION

involving toxic chemical compound (Ikem, 2005). The
concentration of heavy metals in eatable fish species has been

Since fish is one of the most important foods consumed by recently focused upon and studied since food is the main

humans, assessment of its quality is paramount. Due to
concern on food safety, zoonoses, bacteria-caused diseases, the
accumulation of heavy metals should be taken into account
when fish is included in human diet (Pavanelli et al., 2015).
Pb, Cu, Hg and Cd may be underscored as the most relevant
metals related to human health (Chen et al., 2007; Bhouri et
al., 2010; Elnimir 2011). Since biomagnification of metals
throughout the trophic chain mainly occurs by ingestion of
fish, the panga may contain toxic elements such as arsenic
(As), lead (Pb), mercury (Hg), cadmium (Cd) and chromium
(Cr). These elements may have originated from pollution
sources of surface waters caused by discharges of industrial
effluents, depositions from the atmosphere and accidents

vector of contaminants in humans (Castro-Gonzeza et al.,
2008; Guimaraes et al., 2016; Molognoni et al., 2016). In fact,
there is evidence that industrial and domestic effluents,
released into streams and rivers which receive production
systems for aquaculture, pollute water bodies. It is the case of
the Mekong Delta in Vietnam where potentially toxic elements
to the biota have been frequently detected, with the consequent
contamination of fish in fish farms or otherwise and of people
that consume them (Hoang 2010; Berg, 2007). Several studies
in different countries have pointed out contamination by heavy
metals in several fish species, with special reference to
Pangasius hypophthalmus (Elnimir 2011; Morgano et al.,
2011; Popa et al., 2012; Trojnar et al., 2015; Ullah et al.,
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2017; Daset al., 2017). Farmed in the Mekong River, perhaps
one of the most polluted rivers in the world according to
several scientific journals (Chea et al., 2016; Le Trinh, 2017),
the panga has been targeted for its highly questionable quality
and origin, causing serious risks to consumers due to its high
rate of heavy metals and other chemical products that
accumulate in its muscles (Popa et al., 2012; Ullah et al.,
2017; Rodriguez et al., 2018). Pangasius hypophthalmus
(panga), a catfish imported from Vietnam, is widely consumed
in Brazil. The species has been highly underscored in the
media due to its low commercialization costs and to
misleading advertisements by which it is sold as the much
more expensive flounder (Carvalho et al., 2015).Imported
panga from Vietnam has risen from 3,280 to 54,700 tons
between 2009 and 2013 (Scorvo Filho, 2014).Since Pangasius
hypophthalmus is already being farmed in Brazilian
experimental research stations, it is prudent and necessary to
assess specimens from Vietnam for eventual comparisons
between the panga produced in Brazil and the imported one. It
is also highly relevant to define whether fish sold on the
Brazilian market have the quality expected of the product. This
is especially urgent since several schools have introduced the
species in their lunch diet for students, due to low costs.
Extractive fishing in the Mekong River has been lately
compounded by the development of fish farming by Chinese in
healthier environments, even though there are still doubts on
the origin of imported panga, whether they come from fish
farms, extractive sources or both. There is still great health risk
associated with the consumption of the species which must be
thoroughly investigated to detect any danger for human health
(Begum et al., 2005; Molognoni et al., 2016; Guimaraes et al.,
2015). Scanty information is available in Brazil on heavy
metals in panga. The few extant publications deal with
bacteriological analyses and chemical quality (Guimaraes et
al., 2015; Molognoni et al., 2016). Current assay evaluates
concentrations of Al, Cd, Pb, Cr, Hg, Ni and Zn in samples of
Vietnamese frozen panga (P. hypophthalmus) fillets for
possible contamination by heavy metals. Risk to human health
associated with the consumption of panga fillet may be
calculated by evaluating the amounts of metals present.

MATERIALS AND METHODS

Samples

Twenty-five samples of frozen fillets of Pangasius
hypophthalmus, weighing 3.2 kg, from two different batches,
were bought in a supermarket network in Maringa, Brazil, in
December 2017 and March 2018. Package label showed that
the fish were imported from Vietnam. The frozen fillets were
analyzed in the Bioagri Ambiental laboratory, specialized in
biological analyses, following assay reports 368328/2017-0
and 47676/2018-0. Each panga fillet lot, ground and
homogenized, became a single fillet sample. Metals were
analyzed from the sample produced. Samples were prepared
in ICP-MS by digestion with nitric acid and hydrogen peroxide
at temperatures ranging between 70°C and 120°C. Metal
counts were done in triplicate by Inductively Coupled Plasma
Mass Spectrometry.

Estimating risks to human health

Human health risks were determined according to
requirements by the US Environmental Protection Agency

(NAS, 1991; USEPA, 2009). So that the exposure level
resulting from the consumption of heavy metal in any eatable
tissue of fish (muscles) may be calculated, the equation for a
daily mean dose (DMD=mean daily ingestion of a specific
heavy metal throughout a life time) may be estimated by:

DMD (mg/kg/d) = (C*TI*FE*DE)/(PC*TV)

where: C is the mean concentration of heavy metals in fish
eatable tissues (mg/kg); TI is the mean ingestion rate (0.030
kg/day for sporadic adult consumers of fish and 0.142 kg/day
for habitual adult consumers of fish); FE is exposure frequency
(365 days/year); DE is the duration of exposure throughout a
life span (70 years); PC is body weight (70 kg for normal
adults); TV is mean life time (70 years x 365 days/year). Risk
evaluation was measured by calculating the Risk Index (RI)
which is the index of non-development of cancer due to the
effects on health by heavy metals in food. It may be expressed
as the ratio between DMD and DRf (reference dose given by
mouth) of the specific heavy metal, according to the equation:

RI = IMD/ DRf, where, DRf is the heavy metal reference dose
given by mouth (mg/kg/day), based on the highest ingestion
rate of a determined metal for a human adult with a mean body
weight of 70 kg. Oral DRf for Hg, Zn, Al, Ni, Cd, Cr and Pb is
that suggested by FAO and WHO (WHO, 2008; USEPA,
2009). RI rates <1.0 show no susceptibility of developing
cancer. However, if the concentration of a specific heavy metal
exceeds its oral DRf and, thus, RI is >1.0, it may be presumed
that negative health effects will ensue.

RESULTS

Table 1 shows results from analyses of Vietnam-
importedpanga fillet samples, bought between December 2017
and March 2018. RI rates for the consumption of Pangasius
hypophthalmus fillets imported from Vietnam were below 1.0
for the metal under analysis, with the exception of Aluminum
(Table 1). When reference was the consumption of 0.030
kg/day of fish by sporadic adult consumers, the RI of
Aluminum ranged between 2.557 (1st lot of fillets) and 3.928
(2nd lot of fillets); in the case of consumption of 0.142 kg/day
of fish by habitual adult consumers, such as fishermen and
riverine people, RI ranged between 12.103 (1* lot of fillets)
and 18.595 (2™lot of fillets) with negative health risk (Table
2).

DISCUSSION

Panga samples analyzed for Al, Zn and Pb revealed the
presence of these elements, with 3.58 mg.kg-! for Al in the first
sample and 5.5 mg.kg-! in the second sample; 17.3 mg.kg-! for
Zn in the first sample and 9.02 mg.kg-' in the second sample;
0.166 mg.kg-' for Pb in the first sample; Pb was not detected
in the second sample. Although present in the samples
analyzed, Zn and Pb had lower rates than those permitted in
Brazilian and International legislation (FAO/WHO, 1984).In
the case of Al, concentrations were above those allowed by
international legislation, or rather, 1.0 mg.kg-! (FAO/WHO,
2007) Zn and Pb concentrations in panga fillets did not present
any health risk for humans. Moreover, panga fillet samples did
not show any traces of the heavy metals Cadmium, Chromium,
Nickel (<0.05 mg.kg-') and Hg (<0.025 mg.kg-'). They were
below the method’s detection limits.
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Table 1. Results by Inductively Coupled Plasma Mass Spectrometry (ICP-MS) to determine metals in 25 samples of Pangasius
hypophthalmus fillets imported from Vietnam. Results (mg.kg-')

Metals LQ
Aluminum  0.05
Cadmium  0.05
Chromium  0.05
Lead 0.05
Mercury 0.025
Nickel 0.05
Zinc 0.05

1st lot 2nd lot
3.58 5.50
<0.05 <0.05
<0.05 <0.05
0.166 <0.05
<0.025 <0.025
<0.05 <0.05
17.3 9.02

Quantity Limits (LQ): 0.05 mg.kg-1 (Aluminum), 0.05 mg.kg-1 (Cadmium), 0.05 mg.kg- (Chromium), 0.05 mg.kg-1(Lead), 0.025 mg kg-1 (Mercury), 0.05 mg

kg-1 (Nickel) e 0.05 mg kg-1 (Zinc).

Table 2. Concentration of heavy metals in Pangasius hypophthalmus fillets imported from Vietnam, DRf (dose of heavy metal by
mouth) and RI (risk index of negative health effects) rates

Heavy metals Mean concentration in muscles (mg.kgl) RfD (mg/ﬁ/d) RI — sporadic adult consumers RI — habitual adult consumers
Hg <0.025 0.0003 <0.036 <0.169

Zn 9.02 -17.30 0.2600 0.014 -0.028 0.070 - 0.135

Al 3.58-5.50 0.0006 2.557-3.928 12.103 — 18.595

Ni <0.05 0.0090 <0.002 <0.011

Cd <0.05 0.0010 <0.021 <0.101

Cr <0.05 0.0006 <0.035 <0.169

Pb 0.05 - 0.166 0.0036 0.006 - 0.019 0.028 - 0.094

The inorganic elements Cu and Zn are necessary for the
physiological regulation of vertebrates (Hogstrand et al.,
1991), even though they may bio-accumulate and reach more
toxic levels.28 In fact, they may contaminate human beings
and cause lung diseases, gastroenteritis, fever, vomits,
deficiency in muscle coordination and dehydration (Rietzleret
al., 2001). The concentration of heavy metals in imported P.
hypophthalmus on the Brazilian market has still to be assessed.
Guimaraes et al. (2015)evaluated the parameters of chemical
quality in Vietnamese fish fillets of the same species and
determined its pH, ammonia, biogenic amino acids, Hg,
malondialdehyde and polyphosphate. Further, Molognoni ef al.
(2016) assessed As, Cd, Pb, Cu and Cr levels in Vietnam-
imported panga fillets and reported that 80% of the 20 samples
under analysis had Cd levels above the maximum
concentration allowed. The authors also registered that Cr
concentrations were below detection limits, corroborating
results in current study. Further, Molognoni et al. (2016)
detected low Cu concentrations, ranging between 0.0127 and
0.0366 mg.kg-'. However, the panga is capable of gradually
accumulating Cr and Cu after experimental exposure to high
concentrations of the elements (Fauziah et al., 2013). Although
Cu is an essential trace element for the organism, its
accumulation in the blood causes pain in the muscles and
joints, learning disorder, depression and fatigue. Moreover,
accumulation of Cu in the liver causes irreversible brain and
hepatic alterations (Baierle et al., 2010). According to Brasil
(2013), Resolution 42 of the Anvisa, maximum limit for
contaminating elements in raw fish, frozen or refrigerated, for
Zn is 30 mg.kg-!;for Pb is 0.30 mg.kg-!;for Cd is 0.05 mg.kg-
for Cr is 0.10 mg.kg-'; for Ni is 5.0 mg.kg-' and for As is
1.00 mgkg-'. In the case of Al, no reference rates for
maximum concentrations in fish are extant in Brazilian
legislation. However, international legislation put the limit 1.0
mg.kg-! for Al (FAO/WHO, 2007). Excess of Al in the human
body may cause toxic effects, such as hypochromic and
microcyte anemia, a risk factor for Alzheimer’s disease, and
acute neurotoxicity. Further, gait and speech disturbances may
occur, coupled to hearing and visual hallucinations and bone
diseases (Barreto et al., 2011). If all the metals analyzed in
current study were below the established limits for human
consumption, the calculation for RI for sporadic and habitual
adult consumers is high in the case of Al

Ingestion limits by WHO are based on the maximum limit of a
specific metal that one may ingest so that no significant risk of
health deleterious effects may occur. However, body weight
and amount of fish ingested per day are important. Limits
suggested by legislation were calculated for a person weighing
approximately 60 kg, who ingests approximately 250 g of fish
per week. However, in the case of sensitive groups of people
(children, breast-fed children and breast-feeding women), the
ingestion of metals should be low due to risks to children’s
neurological system and developing fetuses. On the other
hand, studies on risks by contaminants and benefits provided
by the consumption of fatty acids Omega 3 have demonstrated
that benefits exceed risks implied (Mozaffarian et al., 2006;
Mahaffey ef al., 2011).Frequency of consumption and size of
the fish portion are relevant to balance benefits and risks in the
regular consumption of fish (Domingo, 2007). According to
Brasil (2013), levels of inorganic contaminants in food should
be the lowest possible and all available technology should be
employed to avoid the contamination, commercialization or
consumption of a specific type of food. Although Zn and Pb
occurred in the samples, their rates were below limits
permitted by Brazilian legislation, and thus, concentration
would not put health to risk when fish is ingested. Several
international studies have been published on variations of
metal contamination levels among fish species (Legorburu et
al., 1988; Begum et al., 2005; Velcheva 2006; Priprem et al.,
2007). Srivastava et al. (2014) evaluated Cu, Pb, Ni, Cd, Cr
and Zn levels in the muscles of P. hypophthalmus available on
the fish market in Utter Pradesh, India. They compared results
with metal accumulation in the same species bred on the local
farms. Results by Srivastava et al. (2014) demonstrated that
farmed fish were safer for consumption than fish sold on the
market since cancer risks in the latter were higher. Moreover,
Pb, Cd, Cr and Znconcentrations were greater than the limit
imposed by WHO (2007)in market fish when compared to
farmed ones. Studies by Grudpan et al. (2016) also assessed
contamination by Cd, Cr, Cu, Pb, Mn and Zn in the liver,
kidney and muscle of the catfish Helicophagus leptorhynchus
from the Mun River, the large affluent of the Mekong River in
Thailand. The authors reported that Zn had the greatest
concentration level in all samples, or rather, two or three times
the level permitted for the element in eatable fish (FAO, 1983
and FDA, 2011). Further, Mortuza et al. (2015) analyzed
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several fish species harvested in Bangladesh and discovered
that mean metal concentrations in fish muscles varied
according to a decreasing order: Zn> Fe> As> Cu> Sr> Mn>
Cr> Se>Ni> Co> Pb> Mo> Cd> Sb> Be. Results corroborated
those in current study for highest Zn concentration rates in
frozen fillets of P. hypophthalmus. Concentrations of Ni and
Cr in panga fillets were below detection levels, contrastingly to
results by Kulawik et al. (2016) who reported significant
differences in Ni concentration in panga and a greater amount
of Crwhen compared to elements in the Nile tilapia. Although
Cr is an essential trace element, it may be toxic due to
oxidation. Cr VI 1is the most dangerous since it is
cancerigenous. It is produced by industrial processes and
affects the human immunological system (Gomes et al., 2005).

The Hg element in the samples under analysis was below
detection limits. However, results differ from those by Reham
(2011) who investigated heavy metal rates in panga and
sardine fillets on different fish markets in Qalyubia and
Gharbia, Egypt. Hg rates were higher in the panga than in
sardines, with limits beyond the 0.50 mg.kg-! recommended by
the Egyptian Organization for Standardization and Quality
Control (EOS, 2005). Excessive Ni in the organism has toxic
effects and generally causes gastrointestinal pain, apathy,
diarrhea, fever, insomnia and nauseas. It is also toxic and
cancerigenous to humans (Gonzalez, 2016). Hg in the samples
was below detection limit, different from results by Amin
(2011) who analyzed heavy metal rates in frozen panga and
sardine fillets from different fish markets in the provinces of
Qalyubia and Gharbia, Egypt. Hg rates were higher in panga
than in sardines, exceeding limit (0.50 mg.kg-!) recommended
by (EOS, 2005).When Guimaraes et al. (2015) investigated
safety aspects based on several chemical quality parameters of
P. hypophthalmus fillet from Vietnam, they reported that 50%
of samples featured Hg rates higher than limits (0.51-1.31
mg.kg-') recommended by (FAO, 2007).Moreover, Ferrantelli
et al.(2012)evaluated Hg rates in panga and cod fillets
commercialized in Sicily, Italy, and detected mercury in all
samples analyzed. Further, Hg levels in panga (0.41+0.08
mg.kg-') were higher than those in cod (0.11+ 0.004 mg.kg-'),
with statistically significant differences at p<0.001. The
presence of Hg in low concentrations may cause chronic
intoxication, bronchitis, lung edema, excessive salivation,
kidney lesions, trembling, convulsions, bellyache, vomits,
diarrhea, hallucinations, irritability, memory loss, mental
confusion, abnormal reflexes, coma and even death (Zavariz et
al., 1993). Molognoni et al. (2016) assessed As, Cd, Pb, Cu
and Cr rates in panga fillets from the provinces of Dong Thap
and Can Tho, Vietnam, and exported to Brazil. Although they
did not detect As, Cr, Cu and Pb in the samples, Cd did not
comply with legal levels. Once more, the importance of
monitoring imported panga quality should be underscored.

Trojnar et al. (2015) compared Cd, Zn, Mn and Ni
concentrations in fillets from four fish species on the Polish
market, namely, Nile tilapia, panga imported from Asian fish
farms, Alaska pollock and rainbow trout, and reported greater
Cd levels in the muscles of panga and tilapia. Current results
corroborate those by Molognoni ef al. (2016) who did not
report any detectible traces for As, Cr, Cu and Ni. Results
differed in the case of Pb (0.166 mg.kg-') found in the sample,
even though rates were within Brazilian and international level
ranges. The main clinical effects from Pb exposure are
gastrointestinal, renal, reproductive, hematological,
neurological and carcinogenic diseases (Schifer et al. 2005).

Studies on the rates and bioaccumulation of metals in P.
hipophthalmus from fish farms in Bangladesh by Das et al.
(2017) revealed that Cu concentration was higher than all
international standards, with Pb and Cr slightly higher than
established parameters. They also reported that concentration
of metals in fish muscles indicated a certain bioaccumulation
degree. Results corroborate those in current assay with regard
to Pb in panga. Although they are within the limits allowed by
Brazilian legislation. Costa et al. (2001) evaluated Aland
Hglevels in Colossoma macropomum (known as tambaqui in
Brazil) from the cold waters of the igarapes of Parauapebas PA
Brazil. Al rates reached 213.27+98.68 mg.kg-!, above legal
limits. In current assay, Al rates for the frozen panga samples
were (3.58 mg.kg-'; 5.50 mg.kg-'). However, reference rates
for Al are not extant for maximum concentrations in fish
according to Brazilian legislation, contrastingly, international
legislation (FAO/WHO, 2007) marked the limit of 1 mg.kg'of
Al for human consumption. Aluminum is a more abundant
metal and ranks third on the Earth surface (Exley, 2003).
However, the geochemical cycle of aluminum became a
biogeochemical cycle due to human activities, indirectly (e.g.
the acidification of water basins by anthropic acid deposits) or
directly (e.g. extraction of aluminum from its inert minerals)
(Hachez-Leroy, 2013). As remarked above, the Mekong river,
from where the samples in current studies originated, is a
highly polluted river and its fish may be thereby also
contaminated. It should be underscored that, the detection of
heavy metals in the samples is a warning for health authorities.
Further studies must be undertaken with more diversified
samples, or rather, with a greater number of samples, different
trademarks and from different supermarkets). Contamination
by heavy metals in species reared in fish farms should be
regularly monitored against possible risks in human health.
Public policies should also be defined to protect populations
from ingesting contaminated products.

Conclusion

Data reveal that, although Pangasius hypophthalmus is highly
consumed by Brazilian people, samples commercialized in a
supermarket network in Maringa, Brazil, contained Pb and Zn
within rates permitted by Brazilian and international limits,
with the exception of Al which presented above-permitted
levels and high values of risk index for human consumption.
However, it should be underscored that ANVISA always
warns that inorganic elements in food should be at the lowest
levels possible. Public health care and environmental concerns
with regard to the consumption of fish should be in the
limelight. Data reinforce the importance of more effective
monitoring with regard to imported fish prior to
commercialization to better evaluate contamination risk by
heavy metals resulting from the accumulation or
bioaccumulation of metals especially in regions where fish is
daily consumed. Further in-depth investigation on the matter is
required not only on Pangasius hypophthalmus but on all fish
species consumed by humans.
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they have no conflicts of interest.
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