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a b s t r a c t

The research aims to determine the content of arsenic, mercury, cadmium and lead in 13 species
of marine fish marketed in Salvador, Bahia, northeastern Brazil and assess the risk to human health
associated with the consumption of these fish by using the Target Hazard Quotient (THQ) as a tool.
The levels of these metals in fish are of great interest to the public health due to the toxicity of
these elements and biomagnification in the food chain. The elements arsenic, cadmium and lead
were determined by inductively coupled plasma mass spectrometry (ICP-MS) and mercury by cold
vapor atomic absorption spectrometry (CVAAS). In general, intra and interspecific variations in arsenic
concentrations were observed (0.01 - 1.85 mg kg−1), cadmium (0.03 to 0.32 mg kg−1), lead (< 0.01
- 0.10 mg kg−1) and mercury (0.001 - 1.85 mg kg−1), with arsenic having the highest levels in the
vast majority of fish species, followed by mercury, cadmium and lead. THQ>1 value was observed only
for mercury in Seriola spp. and Mycteroperca intertitialis indicating a potential risk of consumption of
these species.

© 2021 Published by Elsevier B.V.
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1. Introduction

Fish play an essential role in human nutrition due to their
utritional qualities (Núñez et al., 2018; Antão-Geraldes et al.,
018). Fish meat is a source of high-quality proteins, vitamins
nd omega 3 polyunsaturated fatty acids, especially EPA and
HA, in addition to having low cholesterol levels (Olmedo et al.,
013; Vieira et al., 2011; Okyere et al., 2015). Its consumption is
ssociated with reduced cholesterol levels, decreased incidence of
ardiovascular disease, beneficial effects on the immune system
nd contribution to neurological development in children (Okyere
t al., 2015; Galuch et al., 2018). Over the years, high concen-
rations of trace metals and metalloids such as As, Hg, Pb and
d, have been discharged into the aquatic environment through
ffluents from urban centers, agriculture and industries (Arantes
t al., 2016; Bilandžić et al., 2011). High levels of these chemical
lements in the environment significantly influence water quality
Filippini et al., 2018) and are considered to be the most impor-
ant source of contamination in marine ecosystems (Ayotunde
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et al., 2012), due to the non-degradability of heavy metals and
their accumulative power in living organisms, especially in fish
(Okyere et al., 2015; Trevizani et al., 2019).

Fish is also one of the foods that mostly contribute to metal
intake by humans, as these compounds accumulate in fish tissues
and may reach toxic concentrations through trophic biomagnifi-
cation (Olmedo et al., 2013; Núñez et al., 2018). This is considered
potentially responsible for causing damage or reduction of central
and nervous functions, lower metabolic energy levels, problems
in the blood and vital organs and a series of other health risks
(Ayotunde et al., 2012; Bilandžić et al., 2011).

Understanding the dangers related to the accumulation of
potentially toxic metals in the human body, several countries
have developed ways to inspect the levels of these elements in
fish. In Brazil, the National Health Surveillance Agency (ANVISA)
is responsible for establishing the maximum permitted limits for
each contaminant contained in food items. Regarding the metals
and metalloids analyzed in this study, the maximum tolerable
limits (MTL), published in Resolution 42, dated August 29, 2013
(BRAZIL, 2013), are 1.00 mg kg−1 for arsenic; 0.30 mg kg−1 for
ead; 0.05 to 0.30 mg kg−1 for cadmium, depending on the
pecies (0.10 mg Kg−1 for Katsuwonus spp., Eugerres spp., Anguilla
pp., Mugil spp., Caranx spp., Scomberomorus spp., Sardinella spp.,
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Fig. 1. Study area. Location of the Municipality of Salvador in the State of Bahia, Brazil.
Table 1
Classification, habitat and dietary category of fish species purchased in markets in the city of Salvador/BA, Northeast, Brazil.
Vulgar name Family Scientific name Habitat Dietary category

Amberjack Carangidae Seriola spp. Demersal Carnivorous
Tuna fish Scombridae Thunnus spp. Pelagic Piscivorous
Catfish Ariidae Bagre spp. Demersal Benthic invertebrates
Lookdown Carangidae Selene vomer Coastal water Carnivorous
Dolphinfish Coryphaenidae Coryphaena hippurus Pelagic Fish and invertebrates
Acoupa weakfish Sciaenidae Cynoscion acoupa Demersal Fish and invertebrates
Grouper Serranidae Mycteroperca interstitialis Reef-associated Piscivorous
Whitemouth croaker Sciaenidae Micropogonias furnieri Neritic Invertebrates
Snook Centropomidae Centropomus undecimalis Neritic Piscivorous
Mullet Mugilidae Mugil curema Pelagic Planktivous
Flounder Paralichthyidae Paralichthys orbignyanus Coastal Lagoon Carnivorous
King mackerel Scombridae Scomberomorus cavala Pelagic Fish and invertebrates
Snapper fish Lutjanidae Lutjanus spp. Demersal Omnivorous
Thunnus spp. and Paralichthys spp.; 0.20 mg Kg−1 for Euthynnus
spp. and 0.30 mg kg−1 for Trichiurus spp.) and 0.50 mg kg−1

for mercury concerning non-carnivorous species, and 1.00 mg
kg−1 for carnivorous species (BRAZIL, 2013). Just as with other
regulatory agencies, the MTL defined by ANVISA is not sufficient
to evaluate and/or control the health risks associated with fish
consumption. Since the calculation does not consider the fre-
quency of exposure or the rate of ingestion of toxic elements, it
is necessary to use other ratios to better assess the problem. The
Target Hazard Quotient (THQ), developed by the United States
Environmental Protection Agency (USEPA, 1989), represents the
relationship between exposure to a certain toxin and the refer-
ence dose, and is often used as a parameter for the assessment of
risks related to fish consumption (Ramos-Miras et al., 2019).

The State of Sergipe, Brazil, has 163 km of coastline, with
more than 25 thousand ha of mangroves (Almeida and Barbieri,
2008), the largest nursery of olive turtle (Lepidochelys olivacea) in
Brazil (Oliveira et al., 2014), in addition to a representative fishing
production, about two thousand tons per year (Carvalho Filho,
2019). Areas of high environmental relevance to the coast of the
Northeast, Brazil. Monitoring the quality of the fish is important
in order to, over the years, generate a diagnosis of anthropic in-
fluences, such as, for example, the oil spill will last for years, with
immeasurable effects on the coral reefs and abundant swamp
areas in the regions which could damage coastal biodiversity,
generation of jobs and income mainly related to tourism and

fishing (Paula et al., 2018).

2

In this context, this study was developed in order to mea-
sure and qualify the concentrations of arsenic, cadmium, lead
and mercury in 13 marine fish species marketed in the city
of Salvador, Northeastern Brazil, based on the MTL, while also
analyzing the risks associated with fish consumption through the
THQ.

2. Material and methods

2.1. Sample collection and preservation

The 13 analyzed fish species were selected based on infor-
mation from the Fisheries and Aquaculture Statistical Bulletin
(BRAZIL, 2011), as well as their availability and frequency of
purchase by the population. Whole fish were identified according
to Menezes and Figueiredo (1985). For fish fillets, species identi-
fication was based on the conformation of myomers and myoses
in the muscles. The samples were randomly purchased from open
markets, fish markets and/or supermarkets in Salvador, Bahia,
northeastern Brazil (Fig. 1) in 2017, totaling 39 samples com-
prising three samples per species. The classification, habitat and
dietary categories of the assessed fish species are displayed in
Table 1.

The samples were processed at the Environmental Impact
Laboratory of the Embrapa Coastal Tablelands, Aracaju, Sergipe,
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Fig. 2. Relationship between metal concentration (present work) and trophic levels in fish. The trophic level for each species was determined using FishBase
information (http://www.fishbase.org/search.php).
Fig. 3. Total Target Hazard Quotient (TTHQ) for the concentrations of Cd, As, Pb and Hg in fish samples sold in the city of Salvador, Northeast, Brazil.
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razil. A mass of 100 to 150 g of the musculature of the fish’s lat-
rodorsal region and were frozen (-80 ◦C) for subsequent freeze-
rying (Liotop model L101). The samples were kept at low tem-
erature (-15 ◦C) until crushing and sieving through (250 µm
esh). To avoid contamination, all material was washed with 10%
v−1 nitric acid and rinsed with ultra-pure water (18.2 M� cm).
3

.2. Standard reagents and solutions

All solutions were prepared with analytical grade reagents and
ltra-pure water (18.2 M � cm) obtained from a Millipore Sim-
licity purifier (Molsheim, France). All materials used in sample
reparation and analysis were previously immersed in an HNO3

acid bath 10% v v−1 for 24h and rinsed with ultra-pure water

http://www.fishbase.org/search.php
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Table 2
Mean concentrations of metals (mg kg−1 w. w.) in 13 species of marine fish (n=3) commercialized in the city of Salvador/BA,
Northeast, Brazil.
Species Cd As Pb Hg

Amberjack Seriola spp. 0.08 ± 0.03
(0.04 – 0.11)

0.12 ± 0.001
(0.12 – 0.12)

0.10 ± 0.12
(0.01 – 0.19)

1.77 ± 0.08
(1.71 – 1.85)

Tuna fish Thunnus spp. 0.07 ± 0.01
(0.06 – 0.09)

0.89 ± 0.56
(0.49 – 1.09)

<0.01a 0.22 ± 0.02
(0.21 – 0.24)

Catfish Bagre spp. 0.07 ± 0.06
(0.10 – 0.01)

0.96 ± 0.13
(0.86 – 1.06)

<0.01a 0.19 ± 0.03
(0.16 – 0.22)

Lookdown Selene vomer 0.10 ± 0.04
(0.04 – 0.08)

1.16 ± 0.72
(0.41 – 1.85)

0.09 ± 0.03
(0.06 – 0.11)

0.12 ± 0.001
(0.12 – 0.12)

Dolphinfish Coryphaena
hippurus

0.07 ± 0.02
(0.03 – 0.10)

0.74 ± 0.62
(0.29 – 1.18)

0.02 ± 0.001
(0.02 – 0.03)

0.57 ± 0.13
(0.41 – 0.69)

Acoupa
weakfish

Cynoscion
acoupa

0.09 ± 0.01
(0.07 – 0.10)

0.84 ± 0.28
(0.54 – 1.12)

<0.01a 0.60 ± 0.19
(0.46 – 0.73)

Grouper Mycteroperca
interstitialis

0.08 ± 0.01
(0.07 – 0.08)

0.77 ± 0.28
(0.57 – 0.77)

<0.01a 1.72 ± 0.03
(1.70 – 1.74)

Whitemout
croaker

Micropogonias
furnieri

0.25 ± 0.07
(0.19 – 0.32)

0.29 ± 0.02
(0.28 – 0.31)

<0.01a 0.03 ± 0.001
(0.03 – 0.04)

Snook Centropomus
undecimalis

0.07 ± 0.02
(0.05 – 0.08)

1.23 ± 0.47
(0.89 – 1.56)

<0.01a 0.70 ± 0.01
(0.70 – 0.71)

Mullet Mugil curema 0.09 ± 0.02
0.07 – 0.11

0.20 ± 0.06
0.14 – 0.26

< 0.01 0.003 ± 0.001
(0.001 – 0.004)

Flounder Paralichthys
orbignyanus

0.11 ± 0.05
(0.05 – 0.15)

1.29 ± 0.29
(0.96 – 1.48)

< 0.01 0.01 ± 0.001
(0.01 – 0.02)

King mackerel Scomberomorus
cavala

0.08 ± 0.01
(0.07 – 0.08)

0.49 ± 0.07
(0.37 – 0.75)

< 0.01 0.24 ± 0.07
(0.19 – 0.29)

Snapper fish Lutjanus spp. 0.06 ± 0.01
(0.06 – 0.07)

0.44 ± 0.06
(0.39 – 0.48)

< 0.01 0.62 ± 0.17
(0.43 – 0.75)

Mean ± standard deviation; variation interval in parentheses.
a< 0.01 — less than the Lead detection limit.
2
n

(18.2 M� cm) (Souza et al., 2019a). For ICP-MS analysis, a 100 mg
L−1 (SpecSol®, Jacareí, Brazil) multi-element solution containing
As, Cd, Pb was used to prepare an intermediate solution at a
concentration of 500 µg L−1, which was then used to prepare the
calibration curve solutions in the concentration range of 0.25 up
to 50 µg L−1 (Souza et al., 2019b). For Hg analysis, a 1000 mg L−1

(SpecSol®, Jacareí, Brazil) stock solutions were used to prepare
the calibration standards.

2.3. Sample digestion

For sample As, Cd, Hg and Pb extraction about 0.5 g of freeze-
dried muscle (dry weight) were mixed with 10 mL of HNO3 (7.0
mol L−1) and 2.0 mL of H2O2 (30% v v−1) in reaction teflon
flask, according to methodology adapted from Jarić et al. (2011).
Subsequently, the samples were taken to a closed microwave-
assisted digestion system (Anton Paar, model Multiwave 3000),
with maximum power of 1400 W and the steps described in Silva
et al. (2019). After cooling to room temperature, the digested
samples were brought to the volume of 100 mL with ultra-pure
water (18.2 M� cm) and stocked at 4 oC until analysis.

For mercury analysis, 15 mL of a 1:1 v v−1 solution
(H2SO4:HNO3) was added to a cold finger reactor and heated at
60 ◦C for 2h in a sand bath, for 0.5 g of sample. After cooling, 3 ml
of H2O2 30% w w−1 were added., 15 mL of KMnO4 5% w v−1 and
52 mL of ultra-pure water and the digested samples were brought
to the volume of 85 mL. The excess oxidant was then neutralized
with 12% w v−1 hydroxylamine hydrochloride A 5 mL aliquot of
the digested sample, added with 1 mL of SnCl2 (20% w v−1), was
used for analysis of total mercury. (Hatch and Ott, 1968; Hight

and Cheng, 2006).

4

2.4. Chemical analysis and quality assurance

A inductively coupled plasma spectrometer mass (ICP-MS,
Thermo, Germany) was used for the quantitative determination
of 75As, 111Cd and 208Pb. The instrumental parameters of the ICP-
MS were as follows: radiofrequency power of 1.3 kW, plasma gas
flow of 13 L min−1, auxiliary gas flow of 0.7 L min−1, nebulizer gas
flow of 0.87 L min−1, peak jump scan mode, dwell time of 10 ms
and number of readings per repetition equal to three. Reagent
blanks were also processed in the same way and read for each
batch of 10 samples. For the analyses, stable isotopes 72Ge, 103Rh
and 205Tl were added, as internal standards, at a concentration
of 50 µg L−1 to both calibration curves and samples solutions.
Total mercury was determined on a cold vapor atomic absorption
spectrometer (CVAAS, with Zeeman correction, Russia).

The analytical trueness evaluation was performed using the
certified reference material DORM-3 (fish protein certified refer-
ence material for trace metals — NRCC) based on the recovery
values of the analytes.

2.5. Risk assessment

Mean concentrations of arsenic, cadmium, lead, and mercury
were used for the estimation of the Target Hazard Quotient (THQ).
The formula THQ = [(EFxEDxFIRxC)/(RFDxBWxET )]x10−3 was
proposed by the USEPA (1989), where EF is exposure frequency
(365 days year −1); ED is exposure duration (70 years), equivalent
to the average human-life estimate; FIR is food intake rate (fish =

36 g person−1day−1, as suggested by USEPA (1989); C is the metal
concentration in the fish (µg g−1); RFD is the oral reference dose
(As = 0.3 × 10−3 µg g−1 day−1, Cd = 1 x 10−3 µg g−1 day−1, Pb
= 4 x 10−3 µg g−1 day−1, Hg 0.5 × 10−3 µg g−1 day−1) (Storelli,
008); BW is the mean adult body weight (70 kg) and ET is the
oncancerous exposure time (365 days year−1 x ED).
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Table 3
THQ values for fish consumption, for cadmium, arsenic, lead, and mercury, in
Salvador, Brazil.
Species Cadmium Arsenica Lead Mercury

Seriola spp. 0.04 0.01 0.01 1.82

Thunnus spp. 0.04 0.05 0.0 0.23

Bagre spp. 0.04 0.05 0.0 0.2

Selene vomer 0.05 0.06 0.01 0.12

Coryphaena hippurus 0.04 0.04 0.0 0.59

Cynoscion acoupa 0.05 0.04 0.0 0.62

Mycteroperca interstitialis 0.04 0.04 0.0 1.77

Micropogonias furnieri 0.13 0.01 0.0 0.03

Centropomus undecimalis 0.04 0.06 0.0 0.72

Mugil curema 0.05 0.01 0.0 0.0

Paralichthys orbignyanus 0.06 0.07 0.0 0.01

Scomberomorus cavala 0.04 0.03 0.0 0.25

Lutjanus spp. 0.03 0.02 0.0 0.64

Values above 1.00 indicate risk.
aThe inorganic arsenic content constitutes 3% of the total As in fish, according
to (Copat et al., 2018); FSA, 2014 and (Sirot et al., 2009).

Whereas the fish preparation process for human consumption
oes not change the concentration or contaminant toxicity, and
ral ingestion is the same as the dose absorbed by the human
ody (USEPA, 1989). It is inferred that when the calculated THQ
s <1 does not have appreciable risk for the pollutant and when
HQ is >1 there is an imminent risk of continuing to consume fish
Storelli, 2008).

. Results and discussion

The quality of the obtained results was confirmed by the
ORM-3 analysis. The results were expressed as means ± 95%
onfidence interval (n = 3). The limits of detection (LOD) and
imit of quantification (LOQ) were determined, 10 blank solutions
ere prepared and analyzed, from the parameters of the analyt-

cal curves. The LOQ values obtained for ICP-MS were 0.09 µg
−1 for As, 0.03 µg g−1 for Cd and 0.02 µg g−1 for Pb. When

CVAAS was employed, the LOQ for Hg determination was 3 µg
g−1. The agreement with the certified values ranged from 89%
As) to 103% (Hg) (Silva et al., 2019). The precision was expressed
s relative standard deviation (RSD%, n = 3), which was better
han 10% (Thompson et al., 2002). The values showed satisfactory
recision and accuracy for the applied method (Costa et al., 2013).
he metal concentrations in the fish samples are given in mg kg−1

n a wet basis (Table 2) for comparison with values published on
he same basis by the Brazilian Legislation.

.1. Cadmium

The cadmium concentration range varied from 0.03 to 0.32
g kg−1, with the lowest value found in Coryphaena hippurus
nd the greatest in M. furnieri. The species Thunnus spp. (0.07
0.01 mg kg−1), M. curema (0.09 ±0.02 mg kg−1) and S. cavala

0.08 ±0.01 mg kg−1), for which the established MTL is of 0.1 mg
kg−1, defined by ANVISA, showed average concentrations below
the maximum tolerable. The other species (ten species) exceeded
the maximum tolerable limit (MTL> 0.05 mg kg−1, defined by
ANVISA). Silva et al. (2019) also reported cadmium concentrations
above the MTL for Bagre spp. and M. curema (0.19 mg kg−1).

The mean levels of Cd for all the fish in this study was of
.09 ± 0.04 mg kg−1, similar to those obtained in other stud-
es, of 0.09 ± 0.01 mg kg−1 in the Adriatic Sea (Storelli and
5

Barone, 2013); 0.09 ± 0.02 mg kg−1 for fish marketed in An-
dalusia, Spain (Olmedo et al., 2013), 0.08 ± 0.02 mg kg−1 for
commercialized fished in Aracaju, Northeastern Brazil (Silva et al.,
2019) and 0.07 ± 0.05 mg kg−1 for those marketed in south-
ern Italy (Barone et al., 2015). Lower levels, 0.003 ± 0.003 mg
kg−1 of cadmium compared to the values detected herein were
reported off the coast of Tuscany, Italy (Bonsignore et al., 2018),
of 0.006 ± 0.003 mg kg−1 in the Persian Gulf (Keshavarzi et al.,
2018), 0.004 ± 0.002 mg kg−1 in Kelantan, Malaysia (Salam et al.,
2019), 0.009 ± 0.004 mg kg−1 in the Black Sea off Bulgaria
(Makedonski et al., 2017), 0.024 ± 0.010 mg kg−1 in Galicia, Spain
(Núñez et al., 2018) and 0.023 ± 0.015 mg kg−1 in the South
China Sea (Gu et al., 2017). On the other hand,Elnabris et al.
(2013) determined cadmium concentrations below the detection
limit of 0.002 mg kg−1 in five of six evaluated species. The ana-
lyzed fish reached higher cadmium concentrations than in most
of the presented studies. However, high levels, of 0.13 ± 0.03
mg kg−1, were reported by Basim and Khoshnood (2016) in
the Caspian Sea, Iran, who attributed the result to unmanaged
transport activities, river runoff, untreated sewage discharge by
coastal settlements, and dumping of toxic and industrial wastes
at sea.

In relation to S. cavalla, the levels of 0.08 ±0.01 mg kg−1 were
higher when compared to those detected in other assessments for
fish belonging to the Scombridae family, as follows: Scombero-
morus spp. 0.0038 ± 0.0048 mg kg−1 from Bogota, Colombia
López-Barrera and Barragán-Gonzalez, 2016), Scomber japonicus
.01 ± 0.01 mg kg−1 from the coast of Almería, Spain (Ramos-
iras et al., 2019) and 0.007 ± 0.003 mg kg−1 from Eastern
entral Atlantic Ocean (Vieira et al., 2011), Scomber scombrus

0.003 ± 0.003 mg kg−1 from the Gulf of Catania, Italy (Copat
et al., 2018), 0.001 ± 0.001 mg kg−1 from the Mediterranean
coast off Spain (Olmedo et al., 2013) and 0.03 ±0.01 mg kg−1

from the Central Adriatic Sea (Perugini et al., 2014). Likewise,
M. curema 0.09 ± 0.02 mg kg−1 obtained from the commerce of
Salvador, Bahia, Brazil contained Cd concentrations higher than
0.009 ± 0.004 mg kg−1 found in samples of the same species
commercialized in São Paulo, SP, Brazil, (Morgano et al., 2011).
However, comparisons of concentrations between fish species
obtained from commerce are difficult, because the geographic
origins of the fish are unknown (Burger and Gochfeld, 2005).

Cadmium is introduced into the environment through natural
(volcanic emissions and weathering of rocks) and anthropogenic
processes such as the burning of fossil fuels, the incineration of
domestic and industrial waste and the use of certain fertilizers
containing this element. Cadmium can be absorbed by fish by
passive diffusion in the aquatic environment through the gills
and/or through the ingestion of the first links in the food chain,
i.e. microorganisms and plankton (EFSA, 2009). In muscle tissue,
cadmium is bound to proteins and displays the ability to bioac-
cumulate due to its very slow elimination rate. It is a highly
toxic metal that can be concentrated in the human body for long
periods of time. In addition to being classified as a carcinogen, its
accumulation is related to impaired renal function, reproductive
capacity, liver dysfunction and nervous system (Ullah et al., 2017;
Zhong et al., 2018; Rodríguez et al., 2015). The biologic half-life of
cadmium in the kidney is estimated up to 38 years and the half-
life of cadmium in the liver is up 19 years (ATSDR, 2008). Despite
the cadmium content of most species assessed herein being above
the MTL set by Brazilian legislation, the THQ, which takes into
account daily doses and frequency of ingestion, displayed results
of less than 1, configuring no health risk associated with the
consumption of these species (Table 3). Corroborating this study,
Vieira et al. (2011), also applying the THQ tool in fish sold in the
city of Porto, Portugal, reported the absence of adverse effects on
human health due to fish cadmium content. Silva et al. (2019)
reported 0.03 ≤ THQ ≤ 0.05, for commercial fish in Aracaju,
Northeastern Brazil, also configuring no associated health risk.
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3.2. Arsenic

The lowest and highest As concentrations were 0.01 mg kg−1

n Mugil curema and 1.85 mg kg−1 in Selene vomer, respectively.
Similar results were observed for commercial fish in Aracaju,
Northeastern Brazil, ranging from 0.07 mg kg−1 (Cynoscion spp.)
to 2.03 mg kg−1 (R. canadum) (Silva et al., 2019). The average
concentration of arsenic in the studied species was of 0.72 ± 0.39
mg kg−1, similar to the value of 0.73 ± 0.05 mg kg−1 reported by
Makedonski et al. (2017) in fish from the Black Sea off Bulgaria,
0.76 ± 0.78 mg kg−1 reported by Raknuzzaman et al. (2016) in
fish from Bhola, Bangladesh, and 0.69 ± 0.31 mg kg−1 reported
by Silva et al. (2019) in fish from Aracaju, Northeastern Brazil.

The levels of arsenic found in the predatory species Selene
vomer, Centropomus undecimalis and Paralichthys orbignyanus ex-
ceeded the maximum value determined by the Brazilian legisla-
tion of 1.0 mg kg−1, while Thunnus spp., Bagre spp. and Cynoscion
acoupa contained concentrations close to the established limit.
These high levels may be related to the habitat characteristics
(Morgano et al., 2011; Silva et al., 2019) and the carnivorous
diet of these species, increasing As concentrations the food chain
(Silva et al., 2019); Rodríguez, Ríos & Botero, 2015).

The results were not very variable when compared to the ar-
senic values reported as ranging from 0.01 to 70.9 mg kg−1 in fish
from coastal waters in the eastern Adriatic Sea (Bilandžić et al.,
2011). High arsenic levels concentrations were detected in fish
from the Central Adriatic Sea, with an average of 49.30 ±10.60 mg
kg−1 for demersal species and 33.03 ±2.27 mg kg−1 for pelagics
(Perugini et al., 2014). In the Mediterranean Sea, Diplodus annu-
laris, a benthic predator, contained high levels of 10.82 ± 0.02
mg kg−1 (dw), probably related to a continuous discharge of
metals from industrial activity in the study region (Zohra and
Habib, 2016). On the other hand, lower levels (0.18 ± 0.18 mg
kg−1) were observed in fish samples sold in the central market of
Granada, Spain (Olmedo et al., 2013).

In the present study, M. curema contained arsenic levels of
0.20 ±0.01 mg kg−1 below those detected in Mugil cephalus
from Rosignano, Italy, of 0.42 ±0.03 mg kg−1 (Bonsignore et al.,
2018) and above 0.1 ±0.1 mg kg−1 reported for the Black Sea off
Bulgaria (Makedonski et al., 2017).

The arsenic concentrations observed in Scomberomorus cavalla
(0.49 ± 0.07 mg kg−1) were lower in comparison to Scomber
scombrus (2.507 ± 0.748 mg kg−1) from the Gulf of Catania and
Scomber japonicus (0.9384 ± 0.177 mg kg−1) from the Atlantic
Ocean, in northeastern Portugal (Copat et al., 2018). Higher values
were recorded for Micropogonias furnieri (0.73 ± 0.34 mg kg−1)
and Bagre spp. (8.9 ± 11.3 mg kg−1) in another Brazilian region,
in coastal waters off Rio de Janeiro (Gao et al., 2018).

Arsenic is widespread in the aquatic environment due to both
natural processes, such as volcanic activities and rock weathering,
and anthropogenic activities, especially mining and burning fossil
fuels (Kumari et al., 2017; Peshut et al., 2008), the use of pesti-
cides, herbicides and fungicides containing arsenic (Bosch et al.,
2016) and copper smelting and glass making (Castro-González
and Méndez-Armenta, 2008). This metalloid can be found in fish
in different chemical forms, which differ according to their state
of oxidation and toxicity (Peshut et al., 2008; Muñoz et al., 2000).
Organic arsenic species are present in greater amounts, above
90%, as arsenobetaine, and are considered non-toxic (Lin et al.,
2005), while the inorganic arsenic forms As V and As III, are toxic
and the main forms responsible for causing risks to human health,
such as cardiovascular, liver, kidney and hematological diseases.
Moreover, there is evidence of the relationship between arsenic
concentrations in the body and the development of cancer (Gao
et al., 2018; Muñoz et al., 2000).

Due to the variability of arsenic chemical forms and toxicity,

the determination of total arsenic levels is not sufficient to assess

6

the negative effects of inorganic arsenic on humans (Peshut et al.,
2008; Li and Wang, 2019), so a distinction between toxic and
non-toxic fractions is required (Gao et al., 2018). To this end, the
literature estimates that inorganic arsenic represents about 10%
of total arsenic in marine fish (Lin et al., 2005). However, the
United Kingdom Food Standards Agency (FSA), as well as more
recent studies, identify inorganic arsenic as about 3% of the total
Copat et al., 2018; EFSA, 2014; Sirot et al., 2009. The THQ data for
inorganic arsenic (Inorg. As) was calculated based on the latter
information. The calculated THQ values in this study are shown
in Table 3.

The THQ range of inorganic arsenic varied from 0.01 to 0.07
and none of the species in this study represents consumer risks,
since the THQInorg.As was lower than 1. The highest THQInorg.As
values, despite being below the risk estimate, were found for the
carnivorous species P. orbignayanus (0.07), S. vomer and C. un-
decimalis, at 0.06. In commercial fish from Aracaju, Northeastern
Brazil, the THQ ranged from 0.03 to 0.26, higher than the values
found in the present study (Silva et al., 2019). Average THQAs
levels greater than 1 have been reported in the literature, of 1.37
by Vieira et al. (2011) and of 2.77 by Zohra and Habib (2016) in
carnivorous species, demonstrating a trend of increasing arsenic
concentrations along the food chain.

3.3. Lead

Lead concentrations in the analyzed fish species were above
0.01 mg kg−1 for only three species. The highest average con-
centration, of 0.10 ±0.12 mg kg−1, was detected in Seriola spp.,
followed by S. vomer, at 0.09 ±0.03 mg kg−1, and Coryphaena
hippurus, at 0.02 ±0.03 mg kg−1. All levels were below that
established by the Brazilian legislation of 0.30 mg kg−1 (BRAZIL,
2013). Concentrations below the lead limit of detection have also
been reported in other studies, i.e. for Trachurus trachurus (Aydin
and Tokalioğlu, 2015); Storelli et al. 2008), Sparus aurata (Aydin
and Tokalioğlu, 2015; Elnabris et al., 2013), Thunnus spp. (Núñez,
García, Alonso & Melgar, 2018) and Scorpaena porcus (Bonsignore
et al., 2018).

The average lead content for all the fish in this study of
0.07 ± 0.04 mg kg−1 was higher than that reported in the liter-
ature for fish, of 0.05 ± 0.01 mg kg−1 in fish from the Black Sea,
Bulgaria (Makedonski et al., 2017), 0.01 ± 0.02 mg kg−1 in fish
from Granada, Spain (Olmedo et al., 2013), 0.04 ± 0.01 mg kg−1

in fish from the Central Adriatic Sea, Italy (Perugini et al., 2014),
0.031 ± 0.012 mg kg−1, Bogota, Colombia (López-Barrera and
Barragán-Gonzalez, 2016), 0.006 ± 0.005 mg kg−1 in fish from the
Northwest Mediterranean Sea (Marengo et al., 2018), 0.05 ± 0.06
mg kg−1 in fish from Alaska (Burger et al., 2014); and 0.09 ± 0.07
mg kg−1 in fish from Aracaju, Northeastern Brazil (Silva et al.,
2019). On the other hand, the range of variation in lead levels
from 0.01 to 0.19 mg kg−1 was smaller than that recorded from
0.01 to 0.55 mg kg−1, in the Caspian Sea, in Iran (Basim and
Khoshnood, 2016), 0.03 to 0.25 mg kg−1, in the Adriatic Sea
(Storelli & Barone et al. 2013) and < 0.02 to 2.92 mg kg−1 in
ão Paulo, Brazil (Morgano et al., 2011).
Alina et al. (2012), when investigating species from the

alacca Strait, identified Pb levels higher than those reported
erein for fish of the same family, of 0.015 ± 0.007 mg kg−1

Epinephelus sexfasciotus), 0.26 ± 0.04 mg kg−1 (Lutjanus mal-
baricus), 0.025 ± 0.021 mg kg−1 (Scomberamorus mucalatus) and
.09 ± 0.08 mg kg−1 (Rastrelliger kanagurta). Similarly, Elnabris
t al. (2013) determined amounts of 0.552 ±0.479 mg kg−1 in
. furnieri and 0.172 ±0.092 mg kg−1 in M. curema, in fish from

he Gaza Strip, Palestine, much higher than those reported in this
tudy for the same species, with lead content of less than 0.01
g kg−1.
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Only Seriola spp. and S. vomer presented lead THQ values
f some significance, equal to 0.01, while the other assessed
pecies contained concentrations below the limit of detection
f < 0.01 mg kg−1, although it is suggested that none of the
nalyzed species represents consumer risks. Lead THQ values are
imilar to those reported by Basim and Khoshnood (2016), of 0.01,
eshavarzi et al. (2018), of 0.035 and Zhong et al. (2018), of 0.032.
he THQ values were higher than those reported by Copat et al.
2018), of 0.0031, Vieira et al. (2011), of 0.003 and Marengo et al.
2018), of 0.0015, and lower than those observed by Pal and Maiti
2019), of 1.61 and Ullah et al. (2017), of 0.1223. Results similar
o the present study were reported by Watanabe et al. (2003),
lthough other risk indicators were used, and indicated that lead
ffers no appreciable risk to fish consumers.
Lead is naturally found in rocks and soils, where erosion and

eaching contribute to its entry into the aquatic environment.
t is widely used in battery, paint and glass production and
ecycling industry, and combustion of lead-added gasoline in the
ast was considered the predominant source of this metal to the
tmosphere (Storch et al., 2003). Atmospheric deposition is the
ain entry route of lead into the oceans. The divalent form Pb II

s absorbed by the gills, enters fish bloodstream and accumulates
n tissues, especially in muscle, with fish consumption being an
mportant route of exposure in humans (Nussey et al., 2000).

Lead is considered a non-essential element, accumulating in
eeth, bones, liver, kidney, spleen, and other vital organs such
s the lungs and brain, and able to cross the blood–brain bar-
ier and the placenta, displaying the potential to cause many
armful effects, such as neurotoxicity, nephrotoxicity and damage
o the hematological and cardiovascular systems (García-Lestón
t al., 2010). Lead poisoning symptoms include headache, irri-
ability, abdominal pain and several nervous system symptoms
Castro-González and Méndez-Armenta, 2008).

.4. Mercury

The highest and lowest mercury concentrations were, respec-
ively, 1.85 mg kg−1 in Seriola spp. and 0.001 mg kg−1 in M.
curema. The general mean Hg concentration was 0.52 ± 0.59
mg kg−1, with levels decreasing in the following order: Seriola
spp. > M. interstitialis > C. undecimalis > Lutjanus spp.
> C. acoupa > C. hippurus > S. cavalla > Thunnus spp.
> Bagre spp. > S. vomer > M. furnieri > Paralichthys
orbignyanus > M. curema. This order is especially influenced by
dietary fish habits, since carnivorous fish contain greater Hg levels
than herbivores, planktivores and omnivores, as mercury tends to
accumulate along the food chain (Ahmad et al., 2015; Bentley and
Soebandrio, 2017).

In M. curema, a non-carnivorous species, the levels ranged
from 0.001 to 0.004 mg kg−1, with an average of 0.003 ±0.001mg
kg−1, well below the maximum limit allowed by the Brazilian
legislation of 0.50 mg kg−1 (BRAZIL, 2013). However, Hg contents
in Seriola spp. (1.71 to 1.85 mg kg−1) and M. interstitialis (1.70 to
1.74 mg kg−1) were above the MTL of 1.0 mg kg−1 specific for car-
nivorous fish (BRAZIL, 2013). In another study, Silva et al. (2019)
found mercury concentrations ranging from 0.005 mg kg−1 (M.
curema) to 1.440 mg kg−1 (C. undecimalis) in fish marketed in
Aracaju, Northeastearn Brazil, with an average concentration for
planktivorous fish of 0.03 ± 0.01 mg kg−1 and for the predator
group, of 0.71 ± 0.07 mg kg−1 (Silva et al., 2019).

The average Hg content of 0.52 ± 0.59 mg kg−1 observed in
the present study is in agreement with those reported in other
studies, of 0.51 ± 0.39 mg kg−1 in fish from the Mediterranean
Sea, Italy (Storelli et al. 2008), 0.57 ± 1.24 mg kg−1 in fish from
the Aleutian Island, Alaska (Burger et al., 2014) and in fish from
two regions off the Pacific Coast of Mexico, of 0.55 ± 0.34 mg
7

kg−1, Gulf of California and 0.60 ± 0.31 mg kg−1 and Baja Califor-
nia (Cruz-Acevedo et al., 2019). The latter study associates the Hg
concentrations determined in these areas to metals and organic
compounds transported by the Colorado River; urban settlements
and mining located around the coast, and marine currents, which
transport high amounts of this element. In the Persian Gulf, the
average concentrations, considered high, were of 4.10 ± 1.90 mg
kg−1 (Keshavarzi et al., 2018) and 3.15 ± 1.98 mg kg−1 (Fard et al.,
2015), resulting from high amounts of contaminants present in
urban and agricultural effluents around the area.

High Hg levels in Epinephelus itajara samples collected off
the coast of Florida, of 1.12 ± 0.23 mg kg−1, were reported
by Malinowski (2019). The Mycoteroperca interstitialis samples
assessed herein, which belong to the same family as E. itajara,
also contained high Hg levels, of 1.72 ± 0.03 mg kg−1. These
fish, despite belonging to a medium trophic level, contain Hg
traces equivalent to those found in top predators, indicating that
these values may be correlated not only to dietary habits, but also
to large sizes and longevity, both typical of the aforementioned
species (Malinowski, 2019).

Regarding habitat, the pelagic species evaluated in this study
contained an average Hg content of 0.26 ±0.23 mg kg−1 below
the levels reported by Perugini et al. (2014), of 0.37 ± 0.01 mg
kg−1 in samples from the Central Adriatic Sea, Italy, 0.58 ± 0.60
mg kg−1 in fish from North Pacific, Hawaii (Kaneko and Ralston,
2007), and 0.51 ± 0.84 mg kg−1 in fish from Augusta Bay, Italy
(Bonsignore et al., 2018), the latter area contaminated by the
discharge of the largest petrochemical plant in Europe. On the
other hand, low levels, 0.07 ± 0.00 mg kg−1, have been indicated
by Anual et al. (2018) in fish from the western peninsula of
Malaysia, 0.002 ± 0.001 mg kg−1, Malacca strait (Alina et al.,
2012) and 0.05 ± 0.03 mg kg−1 in samples from San Francisco
Bay, California (Greenfield and Jahn, 2010).

Concerning the demersal fish in this study, the average level
of 0.55 ± 0.64 mg kg−1 was similar to the value of 0.53 ± 0.07
mg kg−1 reported by Perugini et al. (2014), less than 0.72 ± 0.66
mg kg−1 reported by Bonsignore et al. (2018), and higher than
the other studies, of 0.12 ± 0.07 mg kg−1 (Anual et al., 2018)
and 0.004 ± 0.002 mg kg−1 (Alina et al., 2012). Based on these
data, a general trend of increasing Hg concentration with depth
is noted (Bonsignore et al., 2018), where bottom fish (demersals)
are more exposed to contamination sources, since they live in
direct contact with sediments, unlike pelagics that inhabit upper
areas (Storelli, 2008; Anual et al., 2018).

Natural Hg contributions to the environment include volcanic
activity and forest fires, while the most significant anthropogenic
activities comprise mining, burning fossil fuels and the smelting
of Pb, Cu and Zn (Boening, 2000). Mercury contamination is
much more serious than other metals, due to its high ability
to dissipate via the atmosphere, considered one of the main
Hg dispersal routes into the environment (Travnikov and Rya-
boshapko, 2002), leading to transport to remote areas across the
planet. Several mercury forms occur naturally, with metallic mer-
cury, mercury sulfide, mercury chloride and methylmercury being
more common (Acquavita and Bettoso, 2018). Some natural pro-
cesses, termed methylation and mediated by bacteria, can trans-
form inorganic mercury into organic forms, with methylmercury
(MeHg) as the most important, which can biomagnify along the
trophic chain (Malvandi and Alahabadi, 2019). In carnivorous
fish, MeHg, represents about 90% of total mercury content (Li
and Wang, 2019; Malinowski, 2019) and considered the main
chemical species in terms of toxic human health effects (Jewett
and Duffy, 2007). Mercury accumulation in solution by single-
celled organisms and phytoplankton is mainly affected by passive
diffusion of neutral forms and the active transport of ionized
forms across cell membranes (Moye et al., 2002). Phytoplankton
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bioaccumulation is the initial transferal process of this metal
along the aquatic food chain (Silva et al., 2019). In successive
links, dietary habits are a decisive component in Hg content
amplification mechanisms in animal tissues. Fish consumption is
the main Hg absorption route by humans (Anual et al., 2018;
Bonsignore et al., 2018). Human exposure to this element can
cause neurological, gastrointestinal, renal, dermatological, cardio-
vascular and immune disorders, and lead to issues concerning
fetal formation (Ahmad et al., 2015; Jewett and Duffy, 2007; Zahir
et al., 2005).

The trophic level indicates the position of an organism in
he food web based in the diversity of prey items analysis in
he stomachs, for fishes this value generally ranges from 2.0
Herbivores/Planktivore) to 4.7 (Carnivore/ Piscivore top preda-
ors) (Pauly et al., 2021; FAO, 2008–2021). Although many factors
nfluence concentrations of metals in fishes, it can be observed a
trong non-linear correlation between biomagnification and trophic
osition (Buck et al., 2019). The tendency showed in the present
ork (Fig. 2) corroborates with other studies in literature, the
ighest concentrations of metals occurring in species of higher
rophic level, so the metal content of herbivorous fish is generally
ower than that of carnivorous and piscivore such like tunas and
ackerel (Salazar-Camacho et al., 2020; Miao et al., 2020; Storelli
t al., 2020).
The relation demonstrated in Fig. 2 is important to evaluate

he risk and benefits of fish consumption, mainly because humans
ave a preference for large-sized fishes which have trophic levels
igher than 4 resulting in more exposure to toxic metals (high-
ighting mercury and arsenic) (Pauly et al., 2021; Storelli et al.,
020).
The average THQHg of all 13 listed species was 0.522, among

hich only two species, Seriola spp. (1.88) and M. interstitialis
1.77) presented THQ > 1, representing potential human health
isk. Silva et al. (2019) reported THQHg in fish marketed in Ara-
aju, Northeastern Brazil ranging from 0.00 to 1.28, with values
bove 1 representing health risks.

.5. Total target hazard quotient

Despite the individual concentration of some metals in a given
ish species not leading to human health hazards, when these
ontaminants are present in the same samples and are con-
umed together, their sum may lead to synergistic effects and
otential consumer risks. In order to assess this effect, the to-
al Target Hazard Quotient (TTHQ), which comprises the sim-
le sum of the THQ of each metal is calculated, as TTHQ =

HQ As+THQ Cd+THQ Pb+THQHg, proposed by Chien et al. (2002).
ith this, the highest and lowest TTHQ values in the present

tudy were 1.88 in Thunnus spp. and 0.06 in M. curema, respec-
ively.

Only two species presented total Target Hazard Quotient val-
es greater than 1, in M. interstitialis (1.85) and Thunnus spp.,
entioned previously (Fig. 3). Not surprisingly, these fish pre-
ented THQHg values greater than 1, contributing significantly to
he high Target Hazard Quotient value. In a study carried out on
ish commercialized in Aracaju, Northeastern Brazil, amberjack,
olphinfish and snook fish all displayed a TTHQ > 1, presenting
otential risks to human health (Silva et al., 2019).
In general, intra and interspecific variations were observed

oncerning arsenic, cadmium, lead and mercury concentrations in
he fish evaluated herein. As pointed out by Burger and Gochfeld
2005), the comparison and interpretation of elemental levels
etween different fish species obtained through the purchase of
arketed fish, as in the case of this research, becomes difficult,
s the geographical origins of the fish are unknown, although
onsumers are indeed exposed to certain contaminants when
hey buy fish.
8

. Conclusions

Arsenic was present in the highest levels in most fish species
ssessed herein, followed by mercury, cadmium and lead. Aver-
ge arsenic levels above the MTL were detected in S. vomer, C.

undedimalis and P. orbignyanus, while average mercury concentra-
tions above the MTL were found in Seriola spp. andM. interstilialis.
It is paramount that the legislation stipulate maximum inorganic
arsenic limits in different fish species.

With regard to cadmium, only three species, Thunnus spp., M.
curema and S. cavala, presented average levels below the specific
MTL. In the case of lead, the concentrations found in the evaluated
fish do not represent consumer health risks.

Only mercury presented a THQ > 1, in Seriola spp. and M.
interstitialis, which were also the only species with a TTHQ greater
than 1. Therefore, it is important to assess the consumption
of these species, given the potential risk they pose to human
health. In general, although some specimens exceed the MTL and
considering the THQ and TTHQ values, the consumption of eleven
of the thirteen studied fish do not suggest imminent risks to
human health.

The assessment of potential consumption risks associated with
levels of potentially toxic metals in fish are essential in order
for health and sanitary surveillance bodies to develop guidelines
and warnings for the general population on the safe consumption
of the target species, particularly for vulnerable groups, such as
pregnant or lactating women and children.

CRediT authorship contribution statement

Carlos A. da Silva: Responsible for acquiring the resource for
the research, Participated in the entire methodological process
for the construction of the paper. Carlos A.B. Garcia: Responsible
for supporting the analyzes, Revising the manuscript. Hortên-
cia L.P. de Santana: Collaborated in every experimental part.
Gabriela C. de Pontes: Collaborated in every experimental part.
Julio C. Wasserman: Responsible for supporting the analyzes,
Revising the manuscript. Silvânio S.L. da Costa: Responsible for
supporting the analyzes, Revising the manuscript, Ensuring that
the descriptions are accurate and agreed by all authors.

Declaration of competing interest

The authors declare that they have no known competing finan-
cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Funding

This study was supported by the Brazilian Council of Scientific
and Technological Development [grant number 481925/2013-
9], the Foundation Carlos Chagas Filho for the Support to the
Research of the State of Rio de Janeiro, Brazil, through a Junior
Research Scholarship to GCdP [grant number 216606] and the
Brazilian Council of Scientific and Technological Development,
through a research fellowship to JCW [grant number 306714/2013
2].

References

Acquavita, A., Bettoso, N., 2018. Mercury and selenium in the grass goby
Zosterisessor ophiocephalus (Pisces: Gobiidae) from a mercury contaminated
Mediterranean lagoon. Mar. Pollut. Bull. 135, 75–82. http://dx.doi.org/10.1016/
j.marpolbul.2018.07.009.

http://dx.doi.org/10.1016/j.marpolbul.2018.07.009
http://dx.doi.org/10.1016/j.marpolbul.2018.07.009
http://dx.doi.org/10.1016/j.marpolbul.2018.07.009


C.A. da Silva, C.A.B. Garcia, H.L.P. de Santana et al. Regional Studies in Marine Science 43 (2021) 101716

A

A

A

A

A

A

A

A

B

B

B

B

B

B

B

B

B

B

B

C

C

C

Ahmad, N.I., Noh, M.F.M., Mahiyuddin, W.R.W., Jaafar, H., Ishak, I.,
Azmi, W.N.F.W., et al., 2015. Mercury levels of marine fish commonly
consumed in Peninsular Malaysia. Environ. Sci. Pollut. Res. 22, 3672–3686.
http://dx.doi.org/10.1007/s11356-014-3538-8.

lina, M., Azrina, A., Yunus, A.S.M., Zakiuddin, S.M., Effendi, H.M.I., Muham-
mad, R.R., et al., 2012. Heavy metals (mercury, arsenic, cadmium, plumbum)
in selected marine fish and shellfish along the Straits of Malacca. Int. Food
Res. J. 19, 135–140.

lmeida, B.J.M., Barbieri, E., 2008. Biodiversidade das aves do manguezal da 13
de julho em Aracaju, Sergipe. O Mundo Saúde 32, 317–328. http://dx.doi.
org/10.15343/0104-7809.2008323317328.

ntão-Geraldes, A.M., Hungulo, S.R., Pereira, E., Teixeira, A., Teixeira, A., Ro-
drigues, S., 2018. Body composition and sensory quality of wild and farmed
brown-trout (Salmo trutta) and of farmed rainbow-trout (Oncorhynchus
mykiss). Ciên. Rural 1–7. http://dx.doi.org/10.1590/0103-8478cr20180190.

nual, Z.F., Maher, W., Krikowa, F., Hakim, L., Ahmad, N.I., Foster, S., 2018.
Mercury and risk assessment from consumption of crustaceans, cephalopods
and fish from West Peninsular Malaysia. Microchem. J. 140, 214–221. http:
//dx.doi.org/10.1016/j.microc.2018.04.024.

rantes, F.P., Savassi, L.A., Santos, H.B., Gomes, M.V.T., Bazzoli, N., 2016. Bioac-
cumulation of mercury, cadmium, zinc, chromium, and lead in muscle, liver,
and spleen tissues of a large commercially valuable catfish species from
Brazil. Anais Acad. Bras. Ciênc. 88, 137–147. http://dx.doi.org/10.1590/0001-
3765201620140434.

TSDR, Curry, V.J., Doyle, J., Fowler, B.J., Gehle, K., Hall, S.L., Hatcher, M.,
2008. Agency for toxic substances and disease registry case studies in
environmental medicine (CSEM) cadmium toxicity. pp. 3–63.

ydin, D., Tokalioğlu, Ş, 2015. Trace metals in tissues of the six most common
fish species in the Black Sea, Turkey. Food Addit. Contam: Part B Surveill. 8,
25–31. http://dx.doi.org/10.1080/19393010.2014.949873.

yotunde, E.O., Offem, B.O., Ada, F.B., 2012. Heavy metal profile of water,
sediment and freshwater cat fish, Chrysichthys nigrodigitatus (Siluriformes:
Bagridae), of Cross River, Nigeria. Rev. Biol. Trop. 60, 1289–1301.

arone, G., Storelli, A., Garofalo, R., Busco, V.P., Quaglia, N.C., Centrone, G.,
Storelli, M.M., 2015. Assessment of mercury and cadmium via seafood
consumption in Italy: estimated dietary intake (EWI) and target hazard
quotient (THQ). Food Addit. Contam. Part A 32, 1277–1286. http://dx.doi.
org/10.1080/19440049.2015.1055594.

asim, Y., Khoshnood, Z., 2016. Target hazard quotient evaluation of cadmium
and lead in fish from Caspian Sea. Toxicol. Ind. Health 32, 215–220. http:
//dx.doi.org/10.1177/0748233713498451.

entley, K., Soebandrio, A., 2017. Arsenic and mercury concentrations in marine
fish sourced from local fishermen and fish markets in mine-impacted
communities in Ratatotok Sub-district, North Sulawesi, Indonesia. Mar.
Pollut. Bull. 120, 75–81. http://dx.doi.org/10.1016/j.marpolbul.2017.04.058,
Disponível em.

ilandžić, N., Dokić, M., Sedak, M., 2011. Metal content determination in four
fish species from the Adriatic Sea. Food Chem. 124, 1005–1010. http://dx.
doi.org/10.1016/j.foodchem.2010.07.060.

onsignore, M., Manta, D.S., Mirto, S., Quinci, E.M., Ape, F., Moltalto, V., et al.,
2018. Bioaccumulation of heavy metals in fish, crustaceans, molluscs and
echinoderms from the Tuscany coast. Ecotoxicol. Environ. Saf. 162, 554–562.
http://dx.doi.org/10.1016/j.ecoenv.2018.07.044.

osch, A.C., O’neill, B., Sigge, G.O., Kerwathb, S.E., Hoffman, L.C., 2016. Heavy
metals in marine fish meat and consumer health: a review. J. Sci. Food Agric.
96, 32–48. http://dx.doi.org/10.1002/jsfa.7360.

RAZIL, Agência Nacional de Vigilância Sanitária (ANVISA), 2013. Limites máxi-
mos de contaminantes inorgânicos em alimentos, No. 168. Diário Oficial da
República do Brasil, Brasília, DF, ago.

RAZIL. Ministério da Pesca e Aquicultura. Boletim estatístico da pesca e aquicul-
tura, 2011. Disponível em: http://www.icmbio.gov.br/cepsul/images/stories/
biblioteca/download/estatistica/est_2011_bol__bra.pdf. (Acesso em: 25 out.
2018).

uck, D.G., Evers, D.C., Adams, E., DiGangi, J., Beeler, B., Samánek, J., et al., 2019. A
global-scale assessment of fish mercury concentrations and the identification
of biological hotspots. Sci. Total Environ. 687, 956–966.

urger, J., Gochfeld, M., 2005. Heavy metals in commercial fish in New Jersey.
Environ. Res. 99, 403–412. http://dx.doi.org/10.1016/j.envres.2005.02.001.

urger, J., Gochfeld, M., Jeitner, C., Pittfield, T., Donio, M., 2014. Heavy metals
in fish from the aleutians: Interspecific and locational differences. Environ.
Res. 131, 119–130. http://dx.doi.org/10.1016/j.envres.2014.02.016.

arvalho Filho, J., 2019. Os números da aquicultura brasileira em 2018. Panaroma
Aqüicul. 29, 58–63.

astro-González, M.I., Méndez-Armenta, M., 2008. Heavy metals: implications
associated to fish consumption. Environ. Toxicol. Pharmacol. 26, 263–271.
http://dx.doi.org/10.1016/j.etap.2008.06.001.

hien, L.C., Hung, T.C., Choang, K.Y., Yen, C.Y., Meng, P.J., Shien, M.J., Han, B.C.,
2002. Daily intake of TBT, Cu, Zn, Cd and As for fishermen in Taiwan. Sci.
Total. Environ. 285 (1–3), 177–185. http://dx.doi.org/10.1016/s0048-9697(01)
00916-0.
9

Copat, C., Grasso, A., Fiore, M., Cristaldi, A., Zucarello, P., Signnorelli, S.S., et al.,
2018. Trace elements in seafood from the Mediterranean sea: An exposure
risk assessment. Food Chem. Toxicol. 115, 13–19. http://dx.doi.org/10.1016/
j.fct.2018.03.001.

Costa, S.S.L., Pereira, A.C.L., Passos, E.A., Alves, J.P.H., Garcia, C.A.B., Araujo, R.G.O.,
2013. Multivariate optimization of an analytical method for the analysisof
dog and cat foods by ICP OES. Talanta 108, 157–164. http://dx.doi.org/10.
1016/j.talanta.2013.03.002.

Cruz-Acevedo, E., Betancourt-Lozano, M., Arizmendi-Rodríguez, D.I., Aguirre-
Villaseñor, H., Aguilera-Márquez, D., García-Hernández, J., 2019. Mercury
bioaccumulation patterns in deep-sea fishes as indicators of pollution sce-
narios in the northern Pacific of Mexico. Deep-Sea Res. I: Oceanogr. Res. Pap.
144, 52–62. http://dx.doi.org/10.1016/j.dsr.2019.01.002.

EFSA - European Food Safety Authority, 2009. Scientific opinion of the Panel on
Contaminants in the Food Chain on a request fromthe European Commission
on cadmium in food. EFSA J. 980, 1–139.

Elnabris, K.J., Muzyed, S.K., El-Ashgar, N.M., 2013. Heavy metal concentrations in
some commercially important fishes and their contribution to heavy metals
exposure in palestinian people of Gaza Strip (Palestine). J. Assoc. Arab Univ.
Basic Appl. Sci. 13, 44–51. http://dx.doi.org/10.1016/j.jaubas.2012.06.001.

FAO, 2008–2021. Lesser antilles pelagic ecosystem (LAPE) project - web site.
Trophic levels. In: FI Institutional Websites. FAO Fisheries Division, Rome,
[online]. Updated 28 November 2008. [Cited 1 February 2021]. http://www.
fao.org/fishery/.

Fard, N.J.H., Ravanbakhsh, M., Ramezani, Z., Ahmadi, M., Angali, K.A., Javid, A.Z.,
2015. Determination of mercury and vanadium concentration in Johnius
belangerii (C) fish in Musa estuary in Persian Gulf. Mar. Pollut. Bull. 97,
499–505. http://dx.doi.org/10.1016/j.marpolbul.2015.05.036.

Filippini, T., Malavolti, M., Cilloni, S., Wise, L.A., Violi, F., Malagoli, C., Vinceti, M.,
et al., 2018. Intake of arsenic and mercury from fish and seafood in a
Northern Italy community. Food Chem. Toxicol. 116, 20–26. http://dx.doi.
org/10.1016/j.fct.2018.04.010.

Galuch, M.B., Carbonera, F., Magon, T.F.S., da Silveira, R., dos Santos, P.D.S.,
Pizzo, J.S., et al., 2018. Quality assessment of omega-3 supplements available
in the Brazilian market. J. Braz. Chem. Soc. 29, 631–638. http://dx.doi.org/
10.21577/0103-5053.20170177.

Gao, Y., Baisch, P., Mirlean, N., da Silva Junior, F.M.R., Larebeke, N.V., Baeyens, W.,
et al., 2018. Arsenic speciation in fish and shellfish from the North Sea
(Southern bight) and Açu Port area (Brazil) and health risks related to
seafood consumption. Chemosphere 191, 89–96. http://dx.doi.org/10.1016/
j.chemosphere.2017.10.031.

García-Lestón, J., Méndez, J., Pásaro, E., Laffon, B., 2010. Genotoxic effects of
lead: an updated review. Environ. Int. 36, 623–636. http://dx.doi.org/10.1016/
j.envint.2010.04.011.

Greenfield, B.K., Jahn, A., 2010. Mercury in San Francisco Bay forage fish. Environ.
Pollut. 158, 2716–2724. http://dx.doi.org/10.1016/j.envpol.2010.04.011.

Gu, Y.G., Lin, Q., Huang, H.H., Wang, L.G., Ning, J.J., Du, F.Y., 2017. Heavy metals in
fish tissues/stomach contents in four marine wild commercially valuable fish
species from the western continental shelf of South China Sea. Mar. Pollut.
Bull. 114, 1125–1129. http://dx.doi.org/10.1016/j.marpolbul.2016.10.040.

Hatch, W.R., Ott, W.L., 1968. Determination of submicrogram quantities of mer-
cury by atomic absorption spectrophotometry. Anal. Chem. 40, 2085–2087.
http://dx.doi.org/10.1021/ac50158a025.

Hight, S.C., Cheng, J., 2006. Determination of methylmercury and estimation
of total mercury in seafood using high performance liquid chromatography
(HPLC) and inductively coupled plasma-mass spectrometry (ICP-MS): Method
development and validation. Anal. Chim. Acta 567, 160–172. http://dx.doi.
org/10.1016/j.aca.2006.03.048.

Jarić, I., išnjić Jeftić, Ž., Cvijanović, G., Gačić, Z., Jovanović, L., Skorić, S.,
Lenhardt, M., 2011. Determination of differential heavy metal and trace
element accumulation in liver, gills, intestine and muscle of sterlet (Acipenser
ruthenus) from the Danube River in Serbia by ICP-OES. Microchem. J. 98, 77–81.
http://dx.doi.org/10.1016/j.microc.2010.11.008.

Jewett, S.C., Duffy, L.K., 2007. Mercury in fishes of Alaska, with emphasis on
subsistence species. Sci. Total Environ. 387, 3–27. http://dx.doi.org/10.1016/
j.scitotenv.2007.07.034.

Kaneko, J.J., Ralston, N.V.C., 2007. Selenium and mercury in pelagic fish in
the central North Pacific near Hawaii. Biol. Trace Elem. Res. 119, 242–254.
http://dx.doi.org/10.1007/s12011-007-8004-8.

Keshavarzi, B., Hassanaghaei, M., Moore, F., Mehr, M.R., Soltanian, S.,
Sorooshian, A., et al., 2018. Heavy metal contamination and health risk
assessment in three commercial fish species in the Persian Gulf. Mar. Pollut.
Bull. 129, 245–252. http://dx.doi.org/10.1016/j.marpolbul.2018.02.032.

Kumari, B., Kumar, V., Sinha, A.K., Ahsan, J., Ghosh, A.K., et al., 2017. Toxicology
of arsenic in fish and aquatic systems. Environ. Chem. Lett. 15, 43–64.
http://dx.doi.org/10.1007/s10311-016-0588-9.

Li, W., Wang, W.X., 2019. Inter-species differences of total mercury and
methylmercury in farmed fish in Southern China: Does feed matter? Sci.
Total Environ. 651, 1857–1866. http://dx.doi.org/10.1016/j.scitotenv.2018.10.
095.

http://dx.doi.org/10.1007/s11356-014-3538-8
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb3
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb3
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb3
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb3
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb3
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb3
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb3
http://dx.doi.org/10.15343/0104-7809.2008323317328
http://dx.doi.org/10.15343/0104-7809.2008323317328
http://dx.doi.org/10.15343/0104-7809.2008323317328
http://dx.doi.org/10.1590/0103-8478cr20180190
http://dx.doi.org/10.1016/j.microc.2018.04.024
http://dx.doi.org/10.1016/j.microc.2018.04.024
http://dx.doi.org/10.1016/j.microc.2018.04.024
http://dx.doi.org/10.1590/0001-3765201620140434
http://dx.doi.org/10.1590/0001-3765201620140434
http://dx.doi.org/10.1590/0001-3765201620140434
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb8
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb8
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb8
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb8
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb8
http://dx.doi.org/10.1080/19393010.2014.949873
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb10
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb10
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb10
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb10
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb10
http://dx.doi.org/10.1080/19440049.2015.1055594
http://dx.doi.org/10.1080/19440049.2015.1055594
http://dx.doi.org/10.1080/19440049.2015.1055594
http://dx.doi.org/10.1177/0748233713498451
http://dx.doi.org/10.1177/0748233713498451
http://dx.doi.org/10.1177/0748233713498451
http://dx.doi.org/10.1016/j.marpolbul.2017.04.058
http://dx.doi.org/10.1016/j.foodchem.2010.07.060
http://dx.doi.org/10.1016/j.foodchem.2010.07.060
http://dx.doi.org/10.1016/j.foodchem.2010.07.060
http://dx.doi.org/10.1016/j.ecoenv.2018.07.044
http://dx.doi.org/10.1002/jsfa.7360
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb17
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb17
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb17
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb17
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb17
http://www.icmbio.gov.br/cepsul/images/stories/biblioteca/download/estatistica/est_2011_bol__bra.pdf
http://www.icmbio.gov.br/cepsul/images/stories/biblioteca/download/estatistica/est_2011_bol__bra.pdf
http://www.icmbio.gov.br/cepsul/images/stories/biblioteca/download/estatistica/est_2011_bol__bra.pdf
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb19
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb19
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb19
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb19
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb19
http://dx.doi.org/10.1016/j.envres.2005.02.001
http://dx.doi.org/10.1016/j.envres.2014.02.016
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb22
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb22
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb22
http://dx.doi.org/10.1016/j.etap.2008.06.001
http://dx.doi.org/10.1016/s0048-9697(01)00916-0
http://dx.doi.org/10.1016/s0048-9697(01)00916-0
http://dx.doi.org/10.1016/s0048-9697(01)00916-0
http://dx.doi.org/10.1016/j.fct.2018.03.001
http://dx.doi.org/10.1016/j.fct.2018.03.001
http://dx.doi.org/10.1016/j.fct.2018.03.001
http://dx.doi.org/10.1016/j.talanta.2013.03.002
http://dx.doi.org/10.1016/j.talanta.2013.03.002
http://dx.doi.org/10.1016/j.talanta.2013.03.002
http://dx.doi.org/10.1016/j.dsr.2019.01.002
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb28
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb28
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb28
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb28
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb28
http://dx.doi.org/10.1016/j.jaubas.2012.06.001
http://www.fao.org/fishery/
http://www.fao.org/fishery/
http://www.fao.org/fishery/
http://dx.doi.org/10.1016/j.marpolbul.2015.05.036
http://dx.doi.org/10.1016/j.fct.2018.04.010
http://dx.doi.org/10.1016/j.fct.2018.04.010
http://dx.doi.org/10.1016/j.fct.2018.04.010
http://dx.doi.org/10.21577/0103-5053.20170177
http://dx.doi.org/10.21577/0103-5053.20170177
http://dx.doi.org/10.21577/0103-5053.20170177
http://dx.doi.org/10.1016/j.chemosphere.2017.10.031
http://dx.doi.org/10.1016/j.chemosphere.2017.10.031
http://dx.doi.org/10.1016/j.chemosphere.2017.10.031
http://dx.doi.org/10.1016/j.envint.2010.04.011
http://dx.doi.org/10.1016/j.envint.2010.04.011
http://dx.doi.org/10.1016/j.envint.2010.04.011
http://dx.doi.org/10.1016/j.envpol.2010.04.011
http://dx.doi.org/10.1016/j.marpolbul.2016.10.040
http://dx.doi.org/10.1021/ac50158a025
http://dx.doi.org/10.1016/j.aca.2006.03.048
http://dx.doi.org/10.1016/j.aca.2006.03.048
http://dx.doi.org/10.1016/j.aca.2006.03.048
http://dx.doi.org/10.1016/j.microc.2010.11.008
http://dx.doi.org/10.1016/j.scitotenv.2007.07.034
http://dx.doi.org/10.1016/j.scitotenv.2007.07.034
http://dx.doi.org/10.1016/j.scitotenv.2007.07.034
http://dx.doi.org/10.1007/s12011-007-8004-8
http://dx.doi.org/10.1016/j.marpolbul.2018.02.032
http://dx.doi.org/10.1007/s10311-016-0588-9
http://dx.doi.org/10.1016/j.scitotenv.2018.10.095
http://dx.doi.org/10.1016/j.scitotenv.2018.10.095
http://dx.doi.org/10.1016/j.scitotenv.2018.10.095


C.A. da Silva, C.A.B. Garcia, H.L.P. de Santana et al. Regional Studies in Marine Science 43 (2021) 101716

L

M

M

M

M

M

M

M

M

M

N

N

O

O

O

P

P

P

P

P

Lin, M.C., Lin, H.Y., Cheng, H.H., Chen, Y.C., Liao, C.M., Shao, K.T., 2005. Risk
assessment of arsenic exposure from consumption of cultured milkfish,
Chanos chanos (Forsskål), from the arsenic-contaminated area in southwest-
ern Taiwan. Bull. Environ. Contam. Toxicol. 75, 637–644. http://dx.doi.org/
10.1007/s00128-005-0800-2.

ópez-Barrera, E.A., Barragán-Gonzalez, R.G., 2016. Metals and metalloid in eight
fish species consumed by citizens of Bogota D.C. Colombia, and potential risk
to humans. J. Toxicol. Environ. Health A 79, 232–243. http://dx.doi.org/10.
1080/15287394.2016.1149130.

akedonski, L., Peycheva, K., Stancheva, M., 2017. Determination of heavy metals
in selected black sea fish species. Food Control 72, 313–318. http://dx.doi.
org/10.1016/j.foodcont.2015.08.024.

alinowski, C.R., 2019. High mercury concentrations in Atlantic Goliath Grouper:
Spatial analysis of a vulnerable species. Mar. Pollut. Bull. 143, 81–91. http:
//dx.doi.org/10.1016/j.marpolbul.2019.04.006.

alvandi, H., Alahabadi, A., 2019. Evaluation of potential human health risk due
to the exposure to mercury via fish consumption of Alosa spp. from the
southern Caspian Sea. Mar. Pollut. Bull. 143, 66–71. http://dx.doi.org/10.1016/
j.marpolbul.2019.04.042.

arengo, M., Durieux, E.D.H., Ternengo, S., Lejeune, P., Degrange, E., et al., 2018.
Comparison of elemental composition in two wild and cultured marine fish
and potential risks to human health. Ecotoxicol. Environ. Saf. 158, 204–212.
http://dx.doi.org/10.1016/j.ecoenv.2018.04.034.

enezes, N.A., Figueiredo, J.L., 1985. Manual de peixes marinhos do sudeste do
Brasil: Vol. V, teleostei. Museu de Zoologia da Universidade de São Paulo,
São Paulo, p. 105.

iao, X., Hao, Y., Tang, X., Xie, Z., Liu, L., Luo, S., et al., 2020. Analysis and
health risk assessment of toxic and essential elements of the wild fish caught
by anglers in liuzhou as a large industrial city of China. Chemosphere 243,
125337.

organo, M.A., de Oliveira, A.P.F., Rabonato, L.C., Milani, R.F., Vasconcellos, J.P.,
Martins, C.N., et al., 2011. Avaliação de contaminantes inorgânicos ( As , Cd
, Cr , Hg e Pb ) em espécies de peixes Inorganic contaminants ( As , Cd , Cr
, Hg and Pb ) in fish species. Rev. Inst. Adolfo. Lutz. 70, 497–506.

oye, A.H., Miles, C.J., Phlips, E.J., Sargent, B., Merritt, K.K., 2002. Kinetics
and uptake mechanisms for monomethylmercury between freshwater algae
and water. Environ. Sci. Technol. 36, 3550–3555. http://dx.doi.org/10.1021/
es011421z.

uñoz, O., Devesa, V., Suñer, M.A., Vélez, D., Montoro, R., Urieta, I., et al., 2000.
Total and inorganic arsenic in fresh and processed fish products. J. Agricult.
Food Chem. 48, 4369–4376. http://dx.doi.org/10.1021/jf000282.

úñez, R., García, M.A., Alonso, J., Melgar, M.J., 2018. Arsenic, cadmium and
lead in fresh and processed tuna marketed in Galicia (NW Spain): Risk
assessment of dietary exposure. Sci. Total Environ. 627, 322–331. http:
//dx.doi.org/10.1016/j.scitotenv.2018.01.253.

ussey, G., Vuren, J.H.J.V., Du Preez, H.H., 2000. Bioaccumulation of chromium,
manganese, nickel and lead in the tissues of the moggel, Labeoum bratus
(Cyprinidae), from Witbank Dam, Mpumalanga. Water SA 26, 269–284.

kyere, H., Voegborlo, R.B., Agorku, S.E., 2015. Human exposure to mercury,
lead and cadmium through consumption of canned mackerel, tuna, pilchard
and sardine. Food Chem. 179, 331–335. http://dx.doi.org/10.1016/j.foodchem.
2015.01.038.

liveira, E.V.S., Lima, J.F., Silva, T.C., Landim, M.F., 2014. Checklist of the flora
of the Restingas of Sergipe State, Northeast Brazil. Check List 10, 529–549.
http://dx.doi.org/10.15560/10.3.529.

lmedo, P., Pla, A., Hernández, A.F., Barbier, F., Ayouni, L., Gil, F., 2013. Determi-
nation of toxic elements (mercury, cadmium, lead, tin and arsenic) in fish
and shellfish samples. Risk assessment for the consumers. Environ. Int. 59,
63–72. http://dx.doi.org/10.1016/j.envint.2013.05.005.

al, D., Maiti, S.K., 2019. Evaluation of potential human health risks from toxic
metals via consumption of cultured fish species labeo rohita: A case study
from an urban aquaculture pond. Expos. Health 11, 33–46. http://dx.doi.org/
10.1007/s10653-018-0097-9.

aula, Y.C., Schiavetti, A., Sampaio, C.L.S., Calderon, E., 2018. The effects of
fish feeding by visitors on reef fish in a Marine Protected Area open to
tourism. Biota Neotropica 18, 1–9. http://dx.doi.org/10.1590/1676-0611-BN-
2017-0339.

auly, Daniel, Froese, Rainer, Palomares, Maria Lourdes, 2021. FishBase: A draft
guide to learning and teaching ichthyology using the FishBase information
system. https://www.fishbase.se/fish_on_line.htm#Contributing_to_FishBase.
(Accessed 01 Februery 2021).

erugini, M., Visciano, P., Manera, M., Zaccaroni, A., Olivieri, V., Amorena, M.,
2014. Heavy metal (As, Cd, Hg, Pb, Cu, Zn, Se) concentrations in muscle and
bone of four commercial fish caught in the central Adriatic sea, Italy. Environ.
Monit. Assess. 186, 2205–2213. http://dx.doi.org/10.1007/s10661-013-3530-
7.

eshut, P.J., Morrison, R.J., Brooks, B.A., 2008. Arsenic speciation in marine
fish and shellfish from American Samoa. Chemosphere 71, 484–492. http:

//dx.doi.org/10.1016/j.chemosphere.2007.10.014.

10
Raknuzzaman, M., Ahmed, M.K., Islam, M.S., Habibullah-Al-Mamum, M., Toku-
mura, M., Sekine, M., Masunaga, S., 2016. Trace metal contamination in
commercial fish and crustaceans collected from coastal area of Bangladesh
and health risk assessment. Environ. Sci. Pollut. Res. 23, 17298–17310. http:
//dx.doi.org/10.1007/s11356-016-6918-4.

Ramos-Miras, J.J., Sanchez-Muros, M.J., Morote, E., Torrijos, M., Gil, C., Zamani-
Ahmadmahmoodi, R., Martin, J.A.R., 2019. Potentially toxic elements in
commonly consumed fish species from the western Mediterranean Sea
(Almería Bay): Bioaccumulation in liver and muscle tissues in relation to
biometric parameters. Sci. Total Environ. 671, 280–287. http://dx.doi.org/10.
1016/j.scitotenv.2019.03.359.

Rodríguez, J.Z., Ríos, S.E.G., Botero, C.M.R., 2015. Content of Hg, Cd, Pb and as
in fish species: a review. Rev. Vitae 22, 148–159. http://dx.doi.org/10.17533/
udea.vitae.v22n2a09.

Salam, M.A., Paul, S.C., Noor, S.N.B.M., Siddiqa, S.A., Aka, T.D., et al., 2019.
Contamination profile of heavy metals in marine fish and shellfish. Glob.
J. Environ. Sci. Manag. 5, 225–236. http://dx.doi.org/10.22034/gjesm.2019.02.
08.

Salazar-Camacho, C., Salas-Moreno, M., Paternina-Uribe, R., Marrugo-Negrete, J.,
Díez, S., 2020. Mercury species in fish from a tropical river highly impacted
by gold mining at the Colombian Pacific region. Chemosphere 264, 128478.

Silva, C.A., Santos, S.O., Garcia, C.A.B., Pontes, G.C., Wasserman, J.C., 2019. Metals
and arsenic in marine fish commercialized in the NE Brazil: Risk to human
health. Hum. Ecol. Risk Assess.: Int. J. 26, 695–712. http://dx.doi.org/10.1080/
10807039.2018.1529552.

Sirot, V., Guérin, T., Volatier, J.L., Leblanc, J.C., 2009. Dietary exposure and
biomarkers of arsenic in consumers of fish and shellfish from France. Sci.
Total Environ. 407, 1875–1885. http://dx.doi.org/10.1016/j.scitotenv.2008.11.
050.

Souza, S.O., Costa, S.S.L., Brum, B.C.T., Santos, S.H., Garcia, C.A.B., Araujo, R.G.O.,
2019a. Determination of nutrients in sugarcane juice using slurry sampling
and detection by ICP OES. Food Chem. 273, 57–63. http://dx.doi.org/10.1016/
j.foodchem.2018.03.060.

Souza, S.O., Pereira, T.R.S., Ávila, D.V.L., Paixão, L.B., Soares, S.A.R., Queiroz, A.F.S.,
Pessoa, A.G.G., Korn, M.G.A., Maranhão, T.A., Araujo, R.G.O., 2019b. Opti-
mization of sample preparation procedures for evaluation of the mineral
composition of fish feeds using ICP-based methods. Food Chem. 273,
106–114. http://dx.doi.org/10.1016/j.foodchem.2018.01.178.

Storch, H.V., Costa-Cabral, M., Hagner, C., Feser, F., Pacyna, J., Pacyna, E., Kolb, S.,
2003. Four decades of gasoline lead emissions and control policies in Europe:
a retrospective assessment. Sci. Total. Environ. 311 (1–3), 151–176. http:
//dx.doi.org/10.1016/S0048-9697(03)00051-2.

Storelli, M.M., 2008. Potential human health risks from metals (hg, cd, and pb)
and polychlorinated biphenyls (PCBs) via seafood consumption: Estimation
of target hazard quotients (THQs) and toxic equivalents (TEQs). Food Chem.
Toxicol. 46, 2782–2788. http://dx.doi.org/10.1016/j.fct.2008.05.011.

Storelli, M.M., Barone, G., 2013. Toxic metals (Hg, Pb, and Cd) in commercially
important demersal fish from mediterranean sea: Contamination levels and
dietary exposure assessment. J. Food Sci. 78, 362–366. http://dx.doi.org/10.
1111/j.1750-3841.2012.02976.x.

Storelli, A., Barone, G., Dambrosio, A., Garofalo, R., Busco, A., Storelli, M.M.,
2020. Occurrence of trace metals in fish from south Italy: assessment risk
to consumer’s health. J. Food Compos. Anal. 90, 103487.

Thompson, M., Ellison, S.L.R., Wood, R., 2002. Harmonized guidelines for single-
laboratory validation of methods of analysis. Pure Appl. Chem. 74, 835–855.
http://dx.doi.org/10.1351/pac200274050835.

Travnikov, O., Ryaboshapko, A., 2002. Modelling of mercury hemispheric
transport and depositions. MSC-E Technical Report 6/2002, Meteorological
Synthesizing Centre-East, pp. 1–67.

Trevizani, T.H., Domit, C., Vedolin, M.C., Angeli, J.L.F., Figueira, R.C.L., 2019.
Assessment of metal contamination in fish from estuaries of southern and
southeastern Brazil. Environ. Monit. Assess. 191, 1–16. http://dx.doi.org/10.
1007/s10661-019-7477-1.

Ullah, A.K.M.A., Maksud, M.A., Khan, S.R., Lutfa, L.N., Quraishi, S.B., 2017. Dietary
intake of heavy metals from eight highly consumed species of cultured fish
and possible human health risk implications in Bangladesh. Toxicol. Rep. 4,
574–579. http://dx.doi.org/10.1016/j.toxrep.2017.10.002.

USEPA. United States Environmental Protection Agency, 1989. Assessing Human
Health Risks from Chemically Contaminated, Fish and Shellfish: A Guidance
Manual. US EPA Office of Marine and Estuarine Protection, Washington, DC,
p. 174.

Vieira, C., Morais, S., Ramos, S., Delerue-Matos, C., Oliveira, M.B.P.P., 2011.
Mercury, cadmium, lead and arsenic levels in three pelagic fish species from
the Atlantic ocean: Intra- and inter-specific variability and human health
risks for consumption. Food Chem. Toxicol. 49, 923–932. http://dx.doi.org/

10.1016/j.fct.2010.12.016.

http://dx.doi.org/10.1007/s00128-005-0800-2
http://dx.doi.org/10.1007/s00128-005-0800-2
http://dx.doi.org/10.1007/s00128-005-0800-2
http://dx.doi.org/10.1080/15287394.2016.1149130
http://dx.doi.org/10.1080/15287394.2016.1149130
http://dx.doi.org/10.1080/15287394.2016.1149130
http://dx.doi.org/10.1016/j.foodcont.2015.08.024
http://dx.doi.org/10.1016/j.foodcont.2015.08.024
http://dx.doi.org/10.1016/j.foodcont.2015.08.024
http://dx.doi.org/10.1016/j.marpolbul.2019.04.006
http://dx.doi.org/10.1016/j.marpolbul.2019.04.006
http://dx.doi.org/10.1016/j.marpolbul.2019.04.006
http://dx.doi.org/10.1016/j.marpolbul.2019.04.042
http://dx.doi.org/10.1016/j.marpolbul.2019.04.042
http://dx.doi.org/10.1016/j.marpolbul.2019.04.042
http://dx.doi.org/10.1016/j.ecoenv.2018.04.034
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb52
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb52
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb52
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb52
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb52
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb53
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb53
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb53
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb53
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb53
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb53
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb53
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb54
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb54
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb54
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb54
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb54
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb54
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb54
http://dx.doi.org/10.1021/es011421z
http://dx.doi.org/10.1021/es011421z
http://dx.doi.org/10.1021/es011421z
http://dx.doi.org/10.1021/jf000282
http://dx.doi.org/10.1016/j.scitotenv.2018.01.253
http://dx.doi.org/10.1016/j.scitotenv.2018.01.253
http://dx.doi.org/10.1016/j.scitotenv.2018.01.253
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb58
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb58
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb58
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb58
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb58
http://dx.doi.org/10.1016/j.foodchem.2015.01.038
http://dx.doi.org/10.1016/j.foodchem.2015.01.038
http://dx.doi.org/10.1016/j.foodchem.2015.01.038
http://dx.doi.org/10.15560/10.3.529
http://dx.doi.org/10.1016/j.envint.2013.05.005
http://dx.doi.org/10.1007/s10653-018-0097-9
http://dx.doi.org/10.1007/s10653-018-0097-9
http://dx.doi.org/10.1007/s10653-018-0097-9
http://dx.doi.org/10.1590/1676-0611-BN-2017-0339
http://dx.doi.org/10.1590/1676-0611-BN-2017-0339
http://dx.doi.org/10.1590/1676-0611-BN-2017-0339
https://www.fishbase.se/fish_on_line.htm#Contributing_to_FishBase
http://dx.doi.org/10.1007/s10661-013-3530-7
http://dx.doi.org/10.1007/s10661-013-3530-7
http://dx.doi.org/10.1007/s10661-013-3530-7
http://dx.doi.org/10.1016/j.chemosphere.2007.10.014
http://dx.doi.org/10.1016/j.chemosphere.2007.10.014
http://dx.doi.org/10.1016/j.chemosphere.2007.10.014
http://dx.doi.org/10.1007/s11356-016-6918-4
http://dx.doi.org/10.1007/s11356-016-6918-4
http://dx.doi.org/10.1007/s11356-016-6918-4
http://dx.doi.org/10.1016/j.scitotenv.2019.03.359
http://dx.doi.org/10.1016/j.scitotenv.2019.03.359
http://dx.doi.org/10.1016/j.scitotenv.2019.03.359
http://dx.doi.org/10.17533/udea.vitae.v22n2a09
http://dx.doi.org/10.17533/udea.vitae.v22n2a09
http://dx.doi.org/10.17533/udea.vitae.v22n2a09
http://dx.doi.org/10.22034/gjesm.2019.02.08
http://dx.doi.org/10.22034/gjesm.2019.02.08
http://dx.doi.org/10.22034/gjesm.2019.02.08
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb71
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb71
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb71
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb71
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb71
http://dx.doi.org/10.1080/10807039.2018.1529552
http://dx.doi.org/10.1080/10807039.2018.1529552
http://dx.doi.org/10.1080/10807039.2018.1529552
http://dx.doi.org/10.1016/j.scitotenv.2008.11.050
http://dx.doi.org/10.1016/j.scitotenv.2008.11.050
http://dx.doi.org/10.1016/j.scitotenv.2008.11.050
http://dx.doi.org/10.1016/j.foodchem.2018.03.060
http://dx.doi.org/10.1016/j.foodchem.2018.03.060
http://dx.doi.org/10.1016/j.foodchem.2018.03.060
http://dx.doi.org/10.1016/j.foodchem.2018.01.178
http://dx.doi.org/10.1016/S0048-9697(03)00051-2
http://dx.doi.org/10.1016/S0048-9697(03)00051-2
http://dx.doi.org/10.1016/S0048-9697(03)00051-2
http://dx.doi.org/10.1016/j.fct.2008.05.011
http://dx.doi.org/10.1111/j.1750-3841.2012.02976.x
http://dx.doi.org/10.1111/j.1750-3841.2012.02976.x
http://dx.doi.org/10.1111/j.1750-3841.2012.02976.x
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb79
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb79
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb79
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb79
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb79
http://dx.doi.org/10.1351/pac200274050835
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb81
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb81
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb81
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb81
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb81
http://dx.doi.org/10.1007/s10661-019-7477-1
http://dx.doi.org/10.1007/s10661-019-7477-1
http://dx.doi.org/10.1007/s10661-019-7477-1
http://dx.doi.org/10.1016/j.toxrep.2017.10.002
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb84
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb84
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb84
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb84
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb84
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb84
http://refhub.elsevier.com/S2352-4855(21)00108-0/sb84
http://dx.doi.org/10.1016/j.fct.2010.12.016
http://dx.doi.org/10.1016/j.fct.2010.12.016
http://dx.doi.org/10.1016/j.fct.2010.12.016


C.A. da Silva, C.A.B. Garcia, H.L.P. de Santana et al. Regional Studies in Marine Science 43 (2021) 101716

Z

Watanabe, K.H., Desimone, F.W., Thiyagarajah, A., Hartley, W.R., Hindrichs, A.E.,
2003. Fish tissue quality in the lower mississippi river and health risks from
fish consumption. Sci. Total Environ. 302, 109–126. http://dx.doi.org/10.1016/
s0048-9697(02)00396-0.

ahir, F., Rizwi, S.J., Haq, S.K., Khan, R.H., 2005. Low dose mercury toxicity and
human health. Environ. Toxicol. Pharmacol. 20, 351–360. http://dx.doi.org/
10.1016/j.etap.2005.03.007.
11
Zhong, W., Zhang, Y., Wu, Z., Yang, R., Chen, X., et al., 2018. Health risk
assessment of heavy metals in freshwater fish in the central and eastern
North China. Ecotoxicol. Environ. Saf. 157, 343–349. http://dx.doi.org/10.
1016/j.ecoenv.2018.03.048.

Zohra, B.S., Habib, A., 2016. Assessment of heavy metal contamination levels
and toxicity in sediments and fishes from the Mediterranean Sea (southern
coast of Sfax, Tunisia). Environ. Sci. Pollut. Res. 23, 13954–13963. http:
//dx.doi.org/10.1007/s11356-016-6534-3.

http://dx.doi.org/10.1016/s0048-9697(02)00396-0
http://dx.doi.org/10.1016/s0048-9697(02)00396-0
http://dx.doi.org/10.1016/s0048-9697(02)00396-0
http://dx.doi.org/10.1016/j.etap.2005.03.007
http://dx.doi.org/10.1016/j.etap.2005.03.007
http://dx.doi.org/10.1016/j.etap.2005.03.007
http://dx.doi.org/10.1016/j.ecoenv.2018.03.048
http://dx.doi.org/10.1016/j.ecoenv.2018.03.048
http://dx.doi.org/10.1016/j.ecoenv.2018.03.048
http://dx.doi.org/10.1007/s11356-016-6534-3
http://dx.doi.org/10.1007/s11356-016-6534-3
http://dx.doi.org/10.1007/s11356-016-6534-3

	Metal and metalloid concentrations in marine fish marketed in Salvador, BA, northeastern Brazil, and associated human health risks
	Introduction
	Material and methods
	Sample collection and preservation 
	Standard reagents and solutions 
	Sample digestion 
	Chemical analysis and quality assurance 
	Risk assessment 

	Results and discussion
	Cadmium 
	Arsenic 
	Lead 
	Mercury 
	Total target hazard quotient 

	Conclusions
	CRediT authorship contribution statement
	Declaration of competing interest
	
	References


