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A B S T R A C T

The pollution of aquatic environments is a worldwide problem of difficult solution since these areas are used for
the disposal and dilution of anthropogenic wastes. This study evaluated the concentrations of Cd, Cu, Ni and Zn
in the gills, liver and muscle tissues of six economically important fish species from the Bahía Blanca estuary in
Argentina, a coastal environment that is under anthropogenic pressure.

Metal contents in 147 fish samples were determined by digestion and a subsequent analysis with an ICP OES.
The concentrations (μg/g, wet weight) of each metal in the fish tissues ranged from below the limit of detection
for the four metals to 5.2 in the case of Cd, 340 for Cu, 20 for Ni, and 101 for Zn. The results suggested that metal
burden in fishes varied with the species and metal elements, with Cd, Cu and Zn mean maximum accumulation
towards the liver tissue. Ni showed a high number of samples with concentrations below the limit of detection.

Among species, Cynoscion guatucupa was found to have the highest concentrations of Cu and Zn in the liver
tissues, whereas the gills and liver tissues of Mustelus schmitti showed the lowest levels of Ni and Zn. As regards
the human health risks, two samples of muscle tissue belonging to C. guatucupa reached to Cd levels that ex-
ceeded the permissible levels for human consumption. Moreover, the estimated daily intakes calculated suggest
that people would not experience significant health risks from the intake of individual metals through fish
consumption.

1. Introduction

Metal accumulation in coastal systems is a worldwide problem of
difficult solution since these environments are commonly used for
disposal and dilution of terrestrial wastes (Spencer et al., 2006), con-
tributing to the continuous deterioration of the environment. A great
range of metals can reach the coastal waters through river discharges,
urban, agricultural and industrial wastewaters (Azimi et al., 2005;
Waeles et al., 2007), underground water, atmospheric deposition, be-
tween others (Bai et al., 2015; Duarte and Caçador, 2012; Fu et al.,
2013; Pérez-López et al., 2011; Ye et al., 2012; Zhao et al., 2012). As
mixing in coastal zones is not always complete, the formation of hot
spots is often usual and found close to the anthropogenic discharges
(Malhadas, 2008; Viegas et al., 2009).

Global population growth is also of environmental concern since
this expansion leads to increases in the number of industries, con-
structions, factories and the land uses for agriculture and cattle, be-
tween others. Moreover, the rapid growth without a proper planning

brings about problems in the disposal of the increase garbage and waste
generated. In countries with coastal areas, around 80% of the people
live within 100 km of the coastline (Martínez et al., 2007; McGranahan
et al., 2006). In Argentina, the country where the studies were carried
out, 21 million people live near to coastal zones, representing 52.2% of
the total population (INDEC, 2010).

Pollution of aquatic environments by metals is considered a major
threat to organisms inhibiting those areas, including fish species.
Previous studies (e.g. Atchison et al., 1987; Wood, 2011) on the possible
consequences of metal exposure to fish in aquatic environments have
suggested that fish appear to undergo inhibitory effects and/or beha-
vioral changes, shifts in the appearance of the gills and a variety of
other effects, such as necrosis of the kidneys and fatty metamorphosis of
the liver (e.g. Bryan, 1971). Estuaries are known to offer physiologically
suitable physicochemical conditions, abundant prey resources and low
predation risk (Sardiña and Lopez Cazorla, 2005). Moreover, estuarine
ecosystems are essential to the renewal of fisheries resources, as they
serve not only as nursery grounds for fish species but also as adequate
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habitats for adults during the spawning period (Lopez Cazorla, 2000).
Thus, the protection of these essential fish habitats represents a crucial
issue for ecosystem management and conservation (Beck et al., 2001).

Metal accumulation in fish organs has been focused, in general, on
liver and gill tissues (Jaric et al., 2011). Active metabolic paths within
these tissues concentrate higher amounts of metals than those of others,
such as muscle tissues (Dural et al., 2007). The liver is the major site of
accumulation, biotransformation and/or excretion of contaminants in
fish (Triebskorn et al., 1997). The gills are the first organ exposed to
resuspended sediment particles and the main route of metal uptake
from water (Qadir and Malik, 2011). Nevertheless, metal content in the
dorsal muscle is usually analyzed due to its importance for human
consumption (Marcovecchio et al., 1991). As fishes are a major part of
the human diet, pollutants that are bioaccumulated by aquatic in-
habitants are subsequently transferred to humans through the food
chain (e.g. Jaric et al., 2011).

This study was performed in the Bahía Blanca estuary (BBE) in
Argentina, a coastal environment that is under anthropogenic pressure
(Botté et al., 2007). Metal studies in fishes from the BBE have scarce
previous published works, and are related mostly to the period
1985–1986 (Marcovecchio et al., 1988a, 1988b, 1991), even though
several other metal studies had been conducted in sediments, water,
and particulate matter (e.g. Botté et al., 2007, 2010; Fernández Severini
et al., 2009; La Colla et al., 2015).

This coastal environment is inhabit by many economically im-
portant fish species (Colautti et al., 2010; Jaureguizar et al., 2006;
Lopez Cazorla, 2005; Lopez Cazorla et al., 2014) that are both locally
consumed and involved in international trades, mainly with Spain and
African countries. Thus, as the health risk evaluation of the ecosystem
exposed to environmental stress is of vital importance, the current study
focuses on report the concentrations of Cd, Cu, Ni and Zn in the gills,
liver and muscle tissues belonging to the fish species Brevoortia aurea,
Odontesthes argentinensis, Micropogonias furnieri, Cynoscion guatucupa,
Mustelus schmitti and Paralichthys orbignyanus. Altogether, it is expected
that the information reported here will be useful for long term of the
Bahía Blanca estuarine fish species.

Moreover, among the six fish species under analysis, O. argentinensis
and P. orbignyanus are commonly captured all along the year and
thought to be permanent inhabitants of the BBE waters (Lopez Cazorla,
2004, 2005; Valiñas et al., 2012). On the other hand, the juveniles of B.
aurea, M. furnieri, C. guatucupa and M. schmitti are the ones who inhabit
the BBE, whereas the adults live in the near-coastal zones and enter the
estuary during the spawning period (Lopez Cazorla, 1985, 1987, 1996,
2004). Thus, it is hypothesized that the metal concentrations could vary
according to the fish species and their migratory behavior.

This article is part of a series of studies dealing with the effects of
urban and industrial impact on the accumulation pattern of metals on
biotic and abiotic substrates (i.e. La Colla et al., 2015, 2017).

2. Materials and methods

2.1. Study area

The second largest estuary of Argentina (South America) is the
Bahía Blanca estuary (BBE) (Fig. 1), which is located on the southeast
coast of the country. It is a mesotidal system formed by a series of NW-
SE tidal channels, separated by flats and islands (Perillo and Piccolo,
1991), and with two important cities located on its northern margins,
Bahía Blanca (350,000 inhabitants) and Punta Alta (60,000 in-
habitants). Both cities have mean discharges of 75,000m3/day that
flows into the estuary (CTE, 2003), with an incomplete pre-treatment.

The BBE is a coastal system regularly exposed to metals, mainly as a
consequence of agricultural activities along with urban expansion and
anthropogenic waste discharges from the surrounding areas. Pollution
of this marine environment has progressively increased over the years
due to the economic and demographic development. Industries from a

petrochemical center are located in the harbor area (Limbozzi and
Leitào, 2008), probably generating large amounts of wastewater. One of
the most important deep-water port systems of Argentina is located also
on the northern coast of the BBE, contributing with the mobilization of
thousands of tons of sediment from deepening and maintenance activ-
ities on the navigation channels.

Previous research on the ichthyofauna of this coastal environment
of great economical as well as biological value identified ~30 fish
species (period 1979–1983) (Lopez Cazorla, 2004). The BBE is essential
to fish biology since several fish species inhabit its coasts during either
one or more stages of their life cycle. In line with this, extensive salt
marshes cover the intertidal zones of the estuary benefiting the devel-
opment of an adequate habitat for the growth of fish (Valiñas et al.,
2012).

2.2. Cleaning procedures

All material used during dissection and in laboratory analyses was
cleaned according to internationally recommended protocols (APHA-
AWWA-WPCF, 1998). The cleaning procedure involved washing the
material with non-ionic detergent, rinsing it three times with tap water
and afterwards another three times with deionized water. The material
was then soaked for 24 h in a diluted acid nitric solution (5% HNO3)
and finally rinsed three times with deionized water.

2.3. Sample collection and preparation

A total of 147 individuals belonging to the species B. aurea (n: 26),
O. argentinensis (n: 37), M. furnieri (n: 36), C. guatucupa (n: 17), M.
schmitti (n: 20) and P. orbignyanus (n: 11) were caught with nets by local
fishermen, from the middle-inner zone of the BBE (Fig. 1). After the
individuals were captured, fish samples were transported with ice to the
laboratory. For each individual were recorded body weight, in kg, and
body length, measured to the nearest cm. Dissection was then per-
formed in order to obtain tissue sub-samples from the gills, liver and
dorsal muscle. After that, samples were homogenized, put in poly-
ethylene bags and cooled at< 20 °C. The common and scientific names,
weight and length ranges of the sampled fish individuals are listed in
Table 1 for a better comprehension of the data analyzed.

Samples were collected consecutively in the years 2011, 2012 and
2013, during the spring season. The election of this season for sample
collection is based on previous data from the BBE regarding catches per
unit of effort. The spring season has the highest performance of catches
per unit of effort for specimens of M. schmitti, M. furnieri, and a good
performance in the case of P. orbignyanus and O. argentinensis (Lopez
Cazorla, 2004).

2.4. Analytical procedure

A determination procedure was applied for metal analyses, based on
Canli and Atli (2003) and with further modifications (La Colla et al.,
2017). Muscle sub-sample portions of 0.6 ± 0.01 g (wet weight) and,
liver and gills sub-sample portions of 0.4 ± 0.01 g (wet weight) were
weighted. These tissue sub-samples were subjected to an acid pre-di-
gestion with 5ml of HNO3 (65%) for at least 3 h. Then, 1ml of HClO4

was added and the samples were put in a glycerin bath at 110 ± 10 °C
for 72 h or until the volume was reduced to< 1ml. The acidic extracts
were transferred to centrifuge tubes and 0.7% HNO3 was added up to
10ml of final dissolution. Metals were analyzed by means of a Perkin-
Elmer DV 1200 inductively coupled plasma-optical emission spectro-
metry (ICP OES). The following wavelength lines were used for the ICP
OES analyses: Cd 228.802 nm, Cu 327.393 nm, Ni 231.604 nm and Zn
206.200 nm.
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2.5. Health risk assessment

In order to assess health risks by consuming edible fishes, metal
values achieved in muscle tissues, using wet weight, were compared
with both national and international guidelines that establish metal
maximum allowable concentrations in fish muscles. The maximum
concentrations allowed by the Argentinean legislation, according to the
CAA (Resolutions 116/2012 and 356/2012, 2012) and SENASA
(Resolutions 4238/68, 2014), are (in μg/g): 1 for Cd, 10 for Cu, 150 for
Ni and 100 for Zn. The maximum values set by the international
guidelines, according to FAO/WHO (1983, 1989), are (in μg/g): 0.5 for
Cd, 30 for Cu and 30 for Zn. The European Commission (EC, 2006) has
maximum limits set only for Cd of 0.05 μg/g. No guidelines are estab-
lished for Ni accumulation in fish muscle.

The relevance of these data was also evaluated in terms of the po-
tential human health risks, comparing the metal concentrations found
with the estimated daily intake (EDI). The EDI for metals was de-
termined by the following equation (Li et al., 2015; Yi et al., 2017):

=
×EDI (C I)
B (1)

where C is the metal concentration in fish tissues obtained on bases of
wet weight (mg/kg wet weight), I is the average daily consumption of
fish in the local area (0.013 kg/day; FAO, 2016) and B represents the
average body weight (70 kg).

Fig. 1. Location map of sampling site in the Bahía Blanca estuary, Argentina. 1: Map of South America; 2: Map of the Bahía Blanca estuary; 3: Specific sampling site within the estuary,
indicated with the number 1.

Table 1
Characteristics of fish species obtained in the Bahía Blanca estuary. SD: standard deviation.

Common name Scientific name Mean body weight (kg)± SD Mean body length (cm)± SD

Brazilian menhaden Brevoortia aurea 0.34 ± 0.18 30 ±4.8

Silverside Odontesthes argentinensis 0.18 ± 0.096 28 ±4.6

White-mouth croaker Micropogonias furnieri 0.30 ± 0.24 27 ±9.1

Stripped weakfish Cynoscion guatucupa 0.50 ± 0.36 34 ±10

Narrownose smooth-hound Mustelus schmitti 0.38 ± 0.16 47 ±6.6

Flounder Paralichthys orbignyanus 0.22 ± 0.087 27 ±3.5

N.S. La Colla et al. Journal of Marine Systems 181 (2018) 53–62

55



2.6. Quality assurance and quality control

The potential presence of metals in chemicals used for digestion was
determined, thus blanks were used simultaneously in each batch of
analysis to authenticate the analytical quality. All analyses were done in
duplicate, and the uncertainty based on one relative standard deviation
of replicates was< 15%. The analytical method detection limit (MDL)
for each metal (μg/g) was: 0.11 for Cd, 1.4 for Cu, 0.04 for Ni and 0.28
for Zn. The analytical quality was tested against reference materials
(mussel tissue flour R.M. Nº6) provided by the National Institute for
Environmental Studies (NIES), from Tsukuba (Japan) as well as from
the United Nations Environment Programme (UNEP). The concentra-
tions found were within 90–115% of the certified values for the four
measured elements.

2.7. Statistical analyses

All statistical analyses were carried out using STATISTICA 7.0
(StatSoft, Inc.), following Zar (1996). The non parametric test Kruskal-
Wallis ANOVA was used throughout the results section as the data
analyzed did not meet the assumptions of the parametric statistics and
there were no possible transformations. The non parametric tests were
performed to assess differences in metal concentrations between tissues,
between fish species and between adults and juveniles of the same fish
species. Based on the results of these analyses, multiple comparisons
with the Kolmogorov-Smirnov test were then performed. The accumu-
lation behavior of metals in the gills, liver and muscle tissues according
to their fish length were examined in terms of the correlation coefficient
(r) with the Spearman correlation tests.

The acceptable level of statistical significance used in the study was
p < 0.05. Metal concentrations reported as below analytical MDL were
substituted by one half the MDL for statistical analyses (Jones and
Clarke, 2005) and no analyses were performed when 40% or more of
the concentrations of the metal evaluated were below the MDL (Federal
Register, 1984). Error values represent standard deviation. Graphics
were performed using software R in version 3.2.0 from the R-project
(Wickham, 2009).

3. Results and discussion

The concentrations of Cd, Cu, Ni and Zn were critically examined in
the different organs of the evaluated fish species. Average metal levels,
according to the metal, fish species, organ and period of sampling, are
shown in Fig. 2. Maximum and minimum values found for each metal in
the different tissues and for all the fish species are also displayed in
Table 2.

3.1. Cadmium

Cd is a non-essential element for organisms, except for its dis-
covered biological role in marine diatoms (Lane and Morel, 2000), and
has been demonstrated to be highly toxic to both wildlife and humans.
It is a deleterious contaminant in seafood and can be highly accumu-
lated by marine organisms (Pan and Wang, 2012).

The liver tissues were highlighted as those with the highest mean Cd
concentrations for all the species under evaluation (Fig. 2) and with the
maximum total values (Table 2). Concentration ranges were be-
tween<0.11 μg/g and maximums (all in wet weight) of: 1.9 μg/g for B.
aurea, 0.84 μg/g for O. argentinensis, 5.2 μg/g for M. furnieri, 2.6 μg/g
for C. guatucupa, 3.5 μg/g for M. schmitti and 0.27 μg/g for P. or-
bignyanus. With regards to Cd concentrations in the gills and muscle
tissues of the six fish species under analyses, values found were con-
trastingly lower than in the liver tissues, achieving concentrations
below the MDL in> 40% of the samples.

Length was significantly correlated with Cd values in the liver tis-
sues (Fig. 3), even though the correlations showed some differences

between fish species and dates of sampling. Throughout the sampling
date 2013, the only period that analyzed both juveniles and adults ofM.
furnieri and M. schmitti, length was significantly correlated with Cd
values in the liver tissues of both fish species (r= 0.72 and r= 0.69,
respectively). The same sampling date also showed higher Cd con-
centrations in the gill tissues of juveniles of M. schmitti compared to
adults (p < 0.05). In the case of B. aurea, length was significantly re-
lated to Cd values in the liver tissues during the sampling date 2013
(r= 0.87). As for O. argentinensis, in 2011, the year with the widest
range of size classes analyzed, length was positively correlated with Cd
values in the liver tissues (r=0.70). On the contrary, neither C. gua-
tucupa nor P. orbignyanus showed correlations between Cd values and
length.

3.2. Copper

Copper is an essential element required for different enzymes of
living organisms but can be toxic at high concentrations. It is a common
component in anti-biofouling paints which are applied on the surfaces
of ships and in offshore engineering (Pan and Wang, 2012), thus Cu is
usually monitored in aquatic environments.

The liver tissues exhibited the highest mean contents of Cu and the
maximum values (Fig. 2 and Table 2). Concentration ranges varied
between< 1.4 μg/g and maximums for each species: 7.4 μg/g for B.
aurea, 31 μg/g for O. argentinensis, 15 μg/g for M. furnieri, 340 μg/g for
C. guatucupa, 5.0 μg/g for M. schmitti and 18 μg/g for P. orbignyanus. Cu
concentrations in the gills and muscle tissues of each of the species
evaluated (with the exception of P. orbignyanus) were below the MDL
in> 40% of the samples. Differences were found within size classes of
many fish species under evaluation. In the case of M. furnieri, maximum
concentrations of Cu were achieved in the liver tissues of juveniles from
the sampling date 2013, in comparison to values found for adults
(p < 0.05). This aforementioned sampling date, as previously stated,
was the only one that included the use of tissues from both juveniles
and adults. On the contrary, Cu values found in the liver tissues of
adults of C. guatucupa from the sampling period 2011 showed higher
contents than those registered in juveniles samples (p < 0.05), ana-
lyzing both juveniles and adults with size classes ranging between 15
and 40 cm.

Also, for M. schmitti and P. orbignyanus, positive correlations be-
tween metals were achieved. The correlations were achieved between
Cu and Zn in the liver tissues (r= 0.68) of M. schmitti and between Cu
and Ni (r= 0.94) in the gill tissues of P. orbignyanus.

Cu concentrations in fish tissues evaluated in the present study are
in concordance with the same metal values found in the dissolved and
particulate seawater fractions in the BBE and during the same sampling
period (La Colla et al., 2015). Cu dissolved concentrations were above
the permissible levels and particulate concentrations remained higher
than previous values found in the BBE many times. Thus, it is not
unusual to find that Cu has the highest second concentrations below Zn,
and specifically in liver tissues, having the liver an important role in
contaminant storage (Evans et al., 1993).

3.3. Nickel

Nickel is an essential element at low concentrations for many or-
ganisms but is toxic at higher concentrations (Authman et al., 2015). It
is present in soil, water, air, and in the biosphere. It is emitted into the
environment from both natural and man-made sources. Ni is released
during nickel mining and by industries and also released by oil-burning
power plants, coal-burning power plants and trash incinerators, be-
tween others (Al-Attar, 2007). Once released to the environment, Ni
forms complexes with many ligands, making it more mobile than most
metals.

Ni distribution among fish species was less pronounced compared to
the previous metals (Fig. 2). For instance, O. argentinensis, C. guatucupa
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and M. schmitti showed no significant Ni variations between gills and
liver (p > 0.05) and concentrations in the muscle tissues were not
compared statistically due to the high number of values below the MDL
(over 40%). Maximum concentrations found were 20 μg/g in the muscle
tissues of O. argentinensis, and 1.6 and 1.2 μg/g in the gill tissues of C.
guatucupa and M. schmitti, respectively. For the entire period under
analyses, positive correlations were found between Ni and Zn in the
liver tissues of M. schmitti (r= 0.81).

In the case of B. aurea, the highest contents of Ni were found in the

gill tissues (p < 0.05), with concentrations ranging between<MDL
and 1.8 μg/g. Also, a positive correlation was found between Ni and Zn
(r= 0.68) in the liver tissues (p < 0.01). Throughout the sampling
date 2013, length was negatively correlated with Ni values in the gill
tissues (r=−0.86) (Fig. 3b).

For M. furnieri, Ni values were highest in the liver tissues
(p < 0.0001) with values ranging from<MDL to 1.5 μg/g. Positive
correlations were also found between Ni and Zn in the gill tissues
(r= 0.66).

In the case of P. orbignyanus, the present study revealed similar le-
vels in the liver, gills and muscle tissues (p > 0.05), with maximum
values registered in gills (3.8 μg/g).

Ni concentrations in fish tissues evaluated in the present study are in
concordance with the same metal values found in the dissolved and
particulate seawater fractions in the BBE and during the same sampling
period (La Colla, 2016). Ni concentrations in both seawater fractions
were below the limits of detection in>90% of the samples agreeing
with the low concentration found in fish tissues.

3.4. Zinc

Zn is the second most abundant trace element after Fe and is
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Fig. 2. Mean concentration and standard deviation of metals (expressed in μg/g) in the gills, liver and muscle tissues of the six fish species. The period under analysis for each mean value
is taken into account, and the mean value of the entire period of analysis is highlighted in black bars. Panel 1 display Cd values, panel 2 Cu values, panel 3 Ni values and panel 4 Zn values.
n.s.: no sample; *: metal concentration below the method detection limit (<MDL).

Table 2
Maximum and minimum metal concentrations, corresponding to all sampling data and
fish species. Data is grouped together according to the tissue of analysis.

Metal element Gill tissues Liver tissues Muscle tissues

Min.
(μg/g)

Max.
(μg/g)

Min.
(μg/g)

Max.
(μg/g)

Min.
(μg/g)

Max.
(μg/g)

Cd <0.11 0.25 < 0.11 5.2 < 0.11 0.71
Cu <1.4 5.7 < 1.4 340 <1.4 8.6
Ni < 0.04 3.8 < 0.04 1.6 < 0.04 20
Zn 5.2 49 4.5 101 <0.28 18
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essential for metabolic processes in living organisms (Pan and Wang,
2012). It has a tendency to accumulate in the fatty tissues of aquatic
organisms, including fish, and is known to affect their reproductive
physiology (Rahman et al., 2012).

For B. aurea, M. schmitti and P. orbignyanus, the present study re-
vealed similar mean Zn levels in the liver and gill tissues, and both
higher than those from the muscle tissues (p < 0.001, p < 0.001 and
p < 0.05, respectively) (Fig. 2). Concentrations showed maximum
values of 100 and 40 μg/g for the liver and gill tissues of B. aurea, of
13 μg/g in the liver tissues of M. schmitti and a highest concentration of
49 μg/g in the gills of P. orbignyanus. Maximum values for the overall Zn
concentrations are displayed in Table 2.

For the species O. argentinensis, M. furnieri and C. guatucupa, the
highest mean Zn levels were found in liver tissues (p < 0.001,
p < 0.0001 and p < 0.01, respectively) (Fig. 2), with values ranging
from<0.28 to 65 μg/g, 48 μg/g and 78 μg/g respectively.

The species also achieved differences between size classes. M. fur-
nieri registered, in 2011, maximum concentrations of Zn in the liver and
muscle tissues of juveniles when compared to adults (p < 0.01). Also,
in M. furnieri metal correlations were found between Ni and Zn in the
gill tissues (r= 0.66), and length was positively correlated with Zn
values in the muscle tissues (r= 0.75) (Fig. 3g).

On the contrary, maximum mean values of Zn in the liver tissues of
adults of C. guatucupa were achieved when compared to juveniles
(p < 0.05). Muscle samples of C. guatucupa also registered higher Zn

values in tissues of juveniles in comparison with data registered from
adults (p < 0.05).

Length was negatively correlated with Zn values (Fig. 3), even
though the correlations showed some differences between species and
dates of sampling. Throughout the sampling date 2013, decreases in Zn
values in the gill tissues with increases in the length were found in B.
aurea (r=−0.86) (Fig. 3a). For P. orbignyanus, length was negatively
correlated with Zn values in the muscle tissues (r=−0.65) (Fig. 3h).

3.5. The role of fish tissues in metal distribution

This study showed that the highest mean concentrations of metals
were recorded in the gills and liver tissues (p < 0.05), whereas the
lowest values were found in the muscle tissues. Such pattern had al-
ready been observed in a number of other studies, covering a wide
spectrum of fish species (e.g. Dural et al., 2007; Karadede et al., 2004;
Yilmaz et al., 2010).

The liver is often considered to be a good monitor of water metal
pollution since it is the organ in which the main metabolic activities are
developed, such as storage, redistribution, detoxification and/or
transformation. Meanwhile, the gills are the uptake site of dissolved
ions where metal concentrations increase, especially at the beginning of
exposure, before the metal enters into other parts of the organism
(Dural et al., 2007). For these reasons, the liver and gill tissues of fish
are normally recommended as good indicators of anthropogenic

Fig. 3. Correlations between fish length and metal concentrations in gills, liver and muscle tissues, according to the period of analysis and the fish species. Metal concentrations are
expressed in μg/g. Panels (a) and (b) establish correlations between gill tissues and fish length; Panel (c), (d), (e) and (f) establish correlations between liver tissues and fish length; Panels
(g) and (h) establish correlations between muscle tissues and fish length.
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impacts on the marine ecosystems.
Cd, Cu and Zn mean distribution towards the liver tissues could be

linked to the role that the hepatic tissue performs in the metabolism of
metals. The liver is important for being the organ in which the main
metabolic activities are developed (Evans et al., 1993). Metals are
transported from other tissues into the hepatic one for the subsequent
storage and/or elimination by the induction of metallothioneins, pro-
teins involved in the binding of metals, or through the attachment on
insoluble fractions (Klavercamp et al., 1984). Its synthesis is induced by
the presence of high concentrations of metals such as Cd or Cu, being
these proteins more selective for Cu in comparison to Cd or Zn (Salem
et al., 2014). Also, these proteins act as metal deposits, by satisfying
when needed different enzymatic and metabolic processes (Amiard
et al., 2006).

The accumulation of metals in the liver could be based on the
greater tendency of the elements to react with the oxygen carboxylate,
amino group, nitrogen and/or sulphur of the mercapto group in the
metallothionein proteins with their highest concentration in the liver
(Al-yousuf et al., 2000). Moreover, the high concentration of non-es-
sential metals such as Cd in the liver tissues might be due to the ability
of Cd to displace the natural association of the metallothioneins to es-
sential metals (Amiard et al., 2006), especially when the concentration
of these types of metals is increased. Most of the fish species analyzed,
except for C. guatucupa and P. orbignyanus, showed the ability to
bioaccumulate Cd in liver tissues, as it is shown in other publications
(e.g. Amiard et al., 2006). It is possible then to correlate Cd levels with
the age of fishes (Eisler, 2010).

Ni levels showed no accumulation pattern towards any tissue,
mostly due to the high number of samples with concentrations below
the MDL. As for the detectable values found, the gills exhibited as the
main site for the accumulation of this element.

3.6. Influence of fish species and their migratory behavior on tissue
accumulation

Mean concentrations of both essential and non-essential metals in
the gills, liver and muscle tissues of fish species showed great varia-
tions. Statistical comparisons revealed that metal levels were sig-
nificantly different in each tissue and between different fish species.
Also, according to their migratory behavior, a distinction is needed
between samples belonging to fish species that are permanent in-
habitants of the BBE and those species that inhabit both estuarine areas
and the open sea.

In the sampling date 2013 as well as in the complete sampling
period, the liver tissues of C. guatucupa achieved higher mean con-
centrations of Cu and Zn, compared to the values obtained in all the
other fish species under analysis (p < 0.01 for all comparisons). As
regards metal bioaccumulation, adults of C. guatucupa can be high-
lighted as good indicators of Cu and Zn levels in the liver tissues.

Due to the observed migration of juveniles of C. guatucupa out of the
estuary (Lopez Cazorla, 1987, 2000), and taking into account the range
of fish sizes analyzed during the study period, metal concentrations
registered in tissues of C. guatucupa could implicate processes of metal
accumulation from both the BBE and the coastal region nearby.

Possible differences in the ability of fish species such as C. guatucupa
to bioaccumulate might arise as a consequence of studying juveniles
and/or adults from the specific species. Metal concentrations in living
organisms are related to their feeding habits (Al-yousuf et al., 2000).
Also, the ratio area/volume and their growth are within the common
factors responsible, at least in part, for the differences in the bioaccu-
mulation processes (Bobori and Economidis, 1996).

Metal bioaccumulation in tissues is an outcome of the complex in-
teraction of all the above-mentioned parameters. Metal accumulation is
also sex-specific and can be correlated with weight and age, even
though these relationships are not always straight (Has-Schön et al.,
2015). The metal concentration-size correlations depend on several

factors, such as (i) the specific metabolism of the metal in the fish and
the tissue type considered; (ii) the competition between the opposing
effects of ageing and tissue growth and (iii) the availability of the metal
in the environment (Evans et al., 1993). Some studies have suggested
that adult fishes might have better mechanisms for metal bioregulation,
and juveniles might have higher metabolic rates, thus promoting higher
metal accumulation rates in juveniles compare to adults (Canli and Atli,
2003; Cossa et al., 1992; De Wet et al., 1994). Nevertheless, other
published literature stated that the excretion rate of Zn, Cu and Cd
could be very slow with an accumulation rate greater than the rate of
tissue growth during much of the lifetime (Al-yousuf et al., 2000).

In C. guatucupa, a detailed analysis of changes in the diet during the
ontogeny of the species has been already described (Lopez Cazorla,
1996, 2005). They feed on crustaceans on its early stages, while the diet
shifts to pelagic fishes in adulthood. These changes in diet might in-
fluence metal accumulation in fish tissues. Moreover, previous data
from the BBE detected biomagnification processes for elements such as
Cd and Cu, with the transference of these metals from particulate ma-
terial towards mesozooplankton (Fernández Severini et al., 2009).

As for P. orbignyanus, this species registered the average maximum
levels of Cu in gill tissues when compared to the rest of the species
analyzed during the sampling period (p < 0.001), even though the
values themselves were rather low. Average values of Ni and Zn in the
gill tissues of P. orbignyanus from the sampling period (exclusively
2011) also exhibited maximum mean concentrations in comparison
with the other fish species, but no statistical differences were achieved.

The size classes of P. orbignyanus analyzed during the sampling
period belong to individuals of one to two years old and with maximum
lengths of 30 cm. In the Bahía Blanca estuary, this species reaches al-
most seven years old with lengths of approximately 80 cm (Lopez
Cazorla, 2005). Thus, the small range and quantity of samples analyzed
probably influenced the ability of select P. orbignyanus as a bioindicator
of metal levels in the BBE.

For P. orbignyanus, the negative bioaccumulation pattern found
between Zn values in the muscle tissues and the length could be a
consequence of the observed changes in the diet according to changes
with age (Lopez Cazorla, 2005; Lopez Cazorla and Forte, 2005). Also,
metal bioaccumulation is dependent on the series of parameters dis-
cussed in the above paragraph for C. guatucupa (e.g. feeding habits,
growth). It is important to highlight that P. orbignyanus inhabits per-
manently the BBE (Lopez Cazorla, 2004, 2005) and consequently metal
concentrations registered in its tissues reflect more accurately metal
concentration in the studied estuarine environment.

M. schmitti was the fish species that registered the minimum mean
concentrations of Ni and Zn in the gills and liver tissues when compared
to the rest of the fish species analyzed during the study period. The
majority of the samples comprised juvenile individuals, with size
classes that give no certainty whether the individuals had already mi-
grated out of the estuary and returned or still are exclusive inhabitants
of the estuarine area. According to Lopez Cazorla (1987), M. schmitti
remains inside the BBE until a total length of 50 cm and lengths found
in this study ranged from 31 to 57 cm.

Many studies had suggested that fishes with a benthonic feeding
behavior, due to the current contact with sediments and, more speci-
fically, resuspended sediments, should be more often exposed to metals
existing in the aquatic environment (e.g. Velusamy et al., 2014).
Nevertheless, in this study as well as in other researches (i.e. El-Moselhy
et al., 2014), non-significant differences were found between pelagic
and benthonic species with regards to metal accumulation. One possible
explanation for the lack of differences could be the fact that the BBE is
very turbid and shallow estuary (mean depth 10m), with variations in
the water levels during the tidal cycle and with semidiurnal tidal waves.
Thus, exposition to sediments could be not so different. Nevertheless,
maximum mean metal levels in the gill tissues of P. orbignyanus were
found, as well as correlations between the gills and length, being those
indications that further information and studies are necessary.
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Precisely, the gills act as a good bioindicator of metal concentrations
from both metals from the water column as well as from resuspended
sediments.

M. furnieri reached the highest mean levels of some metals in
comparison toM. schmitti, achieving higher Ni concentration in the gills
from the sampling date 2013 (p < 0.05) and maximum Zn levels in the
liver tissues from the sampling dates 2012 and 2013 (p < 0.05). Both
M. furnieri and M. schmitti showed over the sampling period a majority
of juvenile samples.

From the results it gives the impression that Zn levels in tissues ofM.
furnieri showed inconsistent results, demonstrating a bioaccumulation
pattern while showing higher concentrations in the muscle tissues of
juveniles compared to those of adults. These results could be explained
by the scarce number of adults analyzed during the study period and so,
the bioaccumulation pattern observed could be only a result of the in-
creases in the size of individuals within the juvenile classes.

As for B. aurea, this species registered the average maximum levels
of Zn in the gills and liver tissues from the sampling date 2012
(p < 0.05) when compared to M. schmitti. On account of the migratory
behavior of the species (Lopez Cazorla, 1985), and since most of the
samples analyzed were adults, the results achieved might implicate
processes of metal accumulation from both the BBE as well as from the
coastal region nearby.

O. argentinensis showed the highest mean Zn concentrations in the
liver tissues during the study period compared to the rest of the metal
elements in its tissues (p < 0.05). Exclusively in the sampling dates
2012 and 2013, mean Zn levels in the three tissues under analyses
showed higher values than those from M. furnieri and M. schmitti
(p < 0.001). Similar to P. orbignyanus, O. argentinensis inhabits per-
manently the BBE (Valiñas et al., 2012), thus metal concentrations re-
gistered in its tissues reflect more accurately metal concentrations from
this estuarine environment.

3.7. Human health risk assessment

Contrasted to liver and gills metal concentrations, values found in
the muscle tissues were the lowest. The muscle is not an active tissue for
metal transformation and/or accumulation (Uysal et al., 2008).
Nevertheless, the importance of evaluating metal concentrations in fish
muscle from impacted aquatic environments relies on possible threats
to public health due to its consumption (Marcovecchio et al., 1991).

Although Cu, Ni and Zn are essential elements and thus necessary
for human health, exposure to high levels might result in adverse ef-
fects. For instance, high doses of Cu could result in liver and kidney
damage, anemia, immunotoxicity and developmental toxicity, between
others (ATSDR, 2004). Ni has been linked with immunotoxicity and
hepatotoxicity (Squadrone et al., 2016), whereas chronic high Zn intake
might result in severe neurological diseases, attributable also to copper
deficiency (Hedera et al., 2009). Cd is a non-essential element and has
been associated with nephrotoxicity, osteoporosis, neurotoxicity, car-
cinogenicity and genotoxicity, teratogenicity, and adverse effects on the
endocrine and reproductive systems (EFSA, 2009).

In order to assess health risks by consuming edible fishes, metal
values in muscle tissues, were compared with both national and inter-
national guidelines (Materials and method section). The Argentinean

food legislation (CAA and SENASA) and international guidelines (FAO/
WHO, EC), establishes the maximum content of some metals in fish
muscle tissues above which, human consumption is not allowed. As
regards these guidelines, Cd, Cu and Zn concentrations in the muscle
tissues were in almost all cases considerably lower than the maximum
levels established. Only an 11% of muscle tissues samples from C.
guatucupa reached to Cd levels above the established upper limits (0.11
and 0.71 μg Cd/g).

Comparing metal concentrations found in muscle tissues in this
study with existing data from previous surveys by Marcovecchio et al.
(1988a, 1988b, 1991) (Zn: 17 ± 5.6 μg/g for Mustelus schmitti,
13 ± 4.7 μg/g for Brevoortia aurea, 24 ± 1.7 μg/g for Cynoscion
striatus, 27 ± 4.8 μg/g for Paralichthys brasiliensis, 34 ± 6.4 μg/g for
Micropogonias furnieri), showed that values from this previous study
achieved higher Zn concentrations. As regards Cd values, all mean data
from this study was lower than those previously recorded: Cd:
0.14 ± 0.50 μg/g for Mustelus schmitti (Marcovecchio et al., 1991),
0.030 ± 0.01 μg/g for Brevoortia aurea, 0.090 ± 0.06 μg/g for Para-
lichthys brasiliensis, 0.34 ± 0.25 μg/g for Micropogonias furnieri
(Marcovecchio et al., 1988a). The exception was achieved for Cd in C.
guatucupa, with higher in the present study (Cd: 0.060 ± 0.04 μg/g for
Cynoscion striatus (Marcovecchio et al., 1988a)).

The dose of a metal that is obtained by fish consumption depends
not only on the concentration of the specific metal in fish, but also on
the quantity of the fish intake. Thus, the EDI of fish was calculated
according to the Eq. (1) and showed that the EDIs for all the four metals
were lower than the oral reference dose (RfD) for each metal (Table 3).
Considering normal consumption habits, these results suggest that
people would not experience significant health risks from the intake of
individual metals through fish consumption. Although EDIs were not
high, special care should be taken for some people consuming larger
quantities of fish.

4. Conclusion

This study provides updated information on Cd, Cu, Ni and Zn
concentrations in tissues of six fish species from the Bahía Blanca es-
tuary, an Argentinian coastal environment that is under anthropogenic
pressure. Metal concentrations in the different fish tissues and species,
and their bioaccumulation rates showed great variations. The highest
concentrations of metals were recorded in the gills and liver, opposite
to the lowest values found in the muscle tissues. Cd, Cu and Zn max-
imum distribution towards the liver tissues could be linked to the role
that the hepatic tissue has in their metabolism, as the liver is the organ
in which the main metabolic activities are developed.

Because Zn is an essential metal element and fishes are known to
have a high threshold level for Zn, is not unusual to find it to be the
most abundant metal in the fish samples of the present study. Positive
correlations were also found between the liver tissues of the majority of
the fish species and the Cd concentrations.

As regards the species under analysis, C. guatucupa stood up as a
good accumulator of Cu and Zn concentrations in its liver tissues and
also reached to Cd levels in the muscle tissues that exceeded the per-
missible levels for human consumption. As hypothesized, the use of the
resident species O. argentinensis and P. orbignyanus could be an ad-
vantage when analyzing the data obtained. Both positive and negative
correlations were found between fish tissues and metal concentrations,
and also there were differences achieved in metal values between ju-
veniles and adults of the same fish species. Thus, the use of fish species
with the entire life cycle within the estuarine area should reassure that
these results are an outcome of the complex interaction of the biological
parameters and not the result of the influences from the coastal en-
vironment close to the Bahia Blanca estuary.

The concentration of the metals in the muscle tissues of the studied
species were considerably lower, in most cases, than the maximum le-
vels set by the laws and also showed adequate EDIs values as regards

Table 3
Estimated daily intake for individual metals from fish consumption. EDI: estimated daily
intake; RfD: oral reference dose. All the units of concentrations are based on the wet
weight.

Metal Cd Cu Ni Zn

RfD (mg/kg/day) 0.0010 0.040 0.040 0.30
Mean metal value (mg/kg) 0.064 0.82 0.17 4.9
EDI (mg/kg/day) 0.000012 0.00015 0.000032 0.00091
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human health risks. Consequently, muscle fish tissues were fit for
human consumption in this region as well as in the countries involved
in the international trades. Nevertheless, regular monitoring of metal
concentrations still should be conducted in the future, as potential
danger might appear, depending on the domestic wastewaters and
agricultural/industrial activities taking place in an aquatic environment
that is in continuous development.
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