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ABSTRACT

Metals (Cu, Zn, Hg) and metalloid (As)
concentrations were measured in Micropogonias
furnieri and Mugil platanus caught in three
areas along the Montevideo coastal zone during
winter 2010, spring 2010 and 2011. Compared
to previous studies conducted in the zone, both
species showed higher (for Cu), similar (for Zn)
or lower (for Hg) concentrations. The highest
Hg values were found in the M. furnieri of
Montevideo bay. There was no spatial variation
in Cu, Zn, and As concentrations in muscle,
likely due to the high mobility of both species.
However, the Cu content in the liver of M.
furnieri was higher in fish from the West zone.
Cu, Zn and As found in the liver of M. platanus
were much higher than in that of M. furnieri. A
functional relationship between muscle levels
of Zn and Hg and fish length of M. furnieri
indicates bioaccumulation of these metals.
According to the results, M. furnieri may be used
as a temporal bioindicator for Hg, but not as a
spatial bioindicator. Mercury levels were below
the maximum safety level based on international
standard values for human consumption.

Descriptors: Metals, Fish, Bioaccumulation, Estuary,
Human consumption, Rio de la Plata.
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ResumMmo

Foram estudadas as concentragdes de metais (Cu, Zn,
Hg) e metaloides (As) em exemplares de Micropogonias

furnieri e Mugil platanus coletados em trés locais ao lon-

go da costa de Montevidéu (Uruguai) durante o inverno
de 2010 e as primaveras de 2010 e 2011. Comparados
com estudos prévios realizados nessas areas, ambas as
espécies apresentaram concentragdes maiores (para Cu),
similares (para Zn) ou menores (para Hg). Os valores
mais elevados de Hg foram encontrados em M. furnieri
da baia de Montevidéu. Nao houve variagdo espacial na
concentragdo dos elementos Cu, Zn, and As, provavel-
mente devido a alta mobilidade de ambas as espécies.
No entanto, a concentragdo de Cu no figado de M. fur-
nieri foi maior nos peixes da area Oeste. Cu, Zn e As fo-
ram encontrados em M. platanus em valores mais eleva-
dos do que no figado de M. furnieri. A relagio funcional
entre os niveis de Zn e Hg no musculo e o comprimento
dos peixes em M. furnieri indica bioacumulagdo para
estes metais. De acordo com os resultados, M. furnieri
pode ser utilizado como bioindicador temporal para Hg,
mas nao como bioindicador espacial. Os niveis de Hg
registrados estiveram abaixo do nivel maximo de segu-
ranga com base nos valores do padrdo internacional para
0 consumo humano.

Descritores: Metais, Peixes, Bioacumulag¢io, Estudrio,
Consumo humano, Rio de la Plata.
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INTRODUCTION

Metals and metalloids are present in aquatic environments
and originate from both natural and anthropogenic sources.
Low concentrations of essential elements such as zinc
(Zn) and copper (Cu) play an important metabolic role in
aquatic organisms, while the non-essential mercury (Hg) and
arsenic (As) can be toxic at low concentration (LUOMA;
RAINBOW, 2011; WANG et al., 2010).

Metals and metalloids may bioaccumulate and
biomagnify in aquatic organisms (TAGLIAMONTE
et al., 2008; REJOMON et al., 2010). In fish, these
elements tend to accumulate in muscle, liver and gills;
thus these tissues are the most commonly used to measure
contaminant levels (REJOMON et al., 2010). However,
bioaccumulation varies with environmental parameters
and is also species dependent, (e.g. life history, age,
length and sex) (LOMBARDI et al., 2010; REJOMON
et al., 2010; WANG et al., 2010; QADIR; MALIK, 2011;
ABDOLAHPUR et al., 2013).

Bioaccumulation and biomagnification are a major con-
cern in commercially exploited fish species (BURGER;
GOCHFELD, 2005). Micropogonias furnieri (whitemouth
croaker) and Mugil platanus (mullet) are among the most abun-
dant fish species in the coastal zone of Montevideo, bordering
the Rio de la Plata (NION, 1997). The whitemouth croaker
is of high economic value since it is the principal resource
of coastal fisheries in Uruguay and Argentina, where in the
Montevideo coastal zone an important artisanal fishery is un-
dertaken (DEFEO et al., 2009). In this coastal area, the highest
pollution load is in Montevideo Bay, notably in the inner bay,
due to urban and industrial discharges, industrial activities, and
maritime traffic associated with the harbor. However, the west
and east of this area are only moderately polluted (MUNIZ et
al., 2004; 2011; BRUGNOLI et al., 2007).

Studies of metal contamination in fish from the
Montevideo coast are scarce. VIANA et al. (2005) have
found evidence of bioaccumulation of Hg and Zn in the
whitemouth croaker. Both M. furnieri and species of
the genus Mugil are considered potential bioindicator
species for metal contamination (VIANA et al., 2005;
MARCOVECCHIO, 2004; FRANCO; LEON, 2012).

The present study was conducted to update and
extend the observational records of Cu, Zn, Hg, and As
in muscle and liver of M. furnieri and M. platanus along
the Montevideo coastal zone. It also assesses their quality
for human consumption. The potential use of these fish
species as bioindicators of metal contamination in the area

is also considered.
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MATERIAL AND METHODS

STUDY AREA AND SAMPLING PROCEDURE

The Montevideo coastal zone has an extension of
approximately 50 km. Its major feature is the Montevideo bay,
where the principal Uruguayan harbor is located. A total of 75
specimens of Micropogonias furnieri (61) and Mugil platanus
(14) were obtained in winter 2010, spring 2010 and spring
2011 from the artisanal fishery at the landing sites of Santiago
Vazquez town (West zone), Montevideo Bay (MB) and Punta
Carretas, Buceo and Punta Gorda (East zone) (Figure 1).
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Figure 1. a) Geographical location of Uruguay and Montevideo city
b) Capture site along Montevideo coastal zone. W: West zone, M.B.:
Montevideo Bay, E: East zone.

The specimens were kept refrigerated at 4°C in a
cooler and transported to the laboratory for dissection
and analysis. Total length (cm) and weight (kg) of each
individual were recorded. Based on the protocol of
SERICANO and BESADA (2009), two samples from
axial muscle and the liver of each specimen were extracted
and frozen for further analysis.

ANALYTICAL TECHNIQUES

Cu, Zn and As were quantified in muscle and liver
using Energy Dispersive X-Ray Fluorescence (EDXRF)
in the Tecnogestion laboratory (MIEM). The quality
assurance system (ISO/IEC 17025) was used throughout
the process. The analytical procedure was checked using
standard reference materials (Table 1; IAEA-392; IAEA
- 336 and NIST 2976). Muscle samples were analyzed
individually but pools of 4-5 livers (3-4g) were prepared
to meet analytical requirements.



Table 1. Comparison between experimental results and
certified values (mg Kg' dry weight) of mussel tissue
NIST 2976

Element Certified value Measured value
Copper 4.02+0.33 44+04
Zinc 137+13 156 +15.0
Arsenic 13.3+1.8 13.3+2.0

Total Hg was quantified only in the muscle tissue by
Cold Vapor Atomic Absorption Spectroscopy (CVAAS) in
the Laboratory of Analysis of Fishery Products (DINARA,
MGAP). Each CVAAS sample of muscle tissue was frozen
and grounded until a homogeneous product was obtained
and analyzed for Hg content following HATCH; OTT
(1968; modified according to MENDEZ et al., 2001), after
validation and accreditation ISO/IEC 17025.

DATA ANALYSIS

Prior to performing the statistical analyses, values of
element concentrations lower than the limit of detection
(LOD pg g'! wet weight (W.W.): Cu: 0.40; Zn: 0.40; As:
0.80; Hg: 0.04) were replaced by half this value (LOD/2).
The element concentrations were expressed as mg g
W.W.

The average, standard deviation and range of
concentrations of elements and fish length of M. furnieri
and M. platanus were calculated for each zone (West zone,
MB, and East zone) and seasons (winter 2010, spring 2010,
and spring 2011). A functional relationship between the
concentration of each metal and M. firnieri length was
calculated by fitting linear and exponential regressions.
The best regression model was selected by choosing the
highest coefficient of determination (r?). The Analysis of
Covariance (ANCOVA) was used to compare the metal
concentrations in M. fiurnieri muscle between sampling
zone and periods, adjusting for the effect of fish size. The
assumptions of normality and homoscedasticity were tested
using the Shapiro-Wilk and Levene tests, respectively. The
metal concentrations were transformed using the natural
logarithm (Ln) to reduce the heteroscedasticity effect in
statistical analyses. P-values lower than or equal to 0.05
were considered significant (ZAR, 1996).

RESULTS

Detectable levels of Cu, Zn and As were found in
muscle and liver tissues of both species. Values of these
elements were always much higher in liver than in muscle,
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sometimes by up to one order of magnitude. Mercury was
detected only in M. furnieri muscle. However, Hg was not
detectable in a high number of samples (n = 21), resulting in
high standard deviation of average results (Table 2 and 3).

Average Cu, Zn and As concentrations in muscle of
M. furnieri and M. platanus were similar along the coast
and during all seasons (Tables 2 and 3). On the other hand,
values of Hg found in muscle of M. furnieri showed the
highest values in Montevideo Bay (0.14 + 0.13 mg g
W.W.) (Table 2) and were lower in spring 2010 than in
winter 2010 and spring 2011 (Table 3).

With regard to the metal content in liver of M. furnieri,
the average concentrations of Cu and As were similar
across seasons, but Zn contents incresed from the lowest
value in spring 2010 (33.75 + 4.54 mg g' W.W.) to the
highest value in spring 2011 (44.48 £ 7.93 mg g' W.W.).
Average Cu content in liver of M. furnieri from the West
zone was higher than in the other zones (Table 2). For M.
platanus, levels of Cu, Zn and As found in the East zone
were much higher than those in liver of M. furnieri from
the same zone (Table 2); levels of As and Zn in liver of M.
platanus were higher in winter 2010 (14.81 +4.58 mg g'!
W.W. and 103.25 + 18.44 mg g' W.W. respectively) than
in spring 2011 (Table 3).

The regression analysis showed that for M. furnieri,
Zn and Hg contents in muscle were significantly
associated with total fish length (p < 0.05; Figure 2 a, b).
The functional relationships were fitted with linear (for
Zn) and exponential (for Hg) regressions (Figure 2 a, b).
The ANCOVA showed that Cu content in muscle of M.
furnieri was correlated with the season (p = 0.015) with
significant differences between spring 2010 and spring
2011. Zinc concentrations also varied by season (p =
0.035) and fish length (p = 0.0001), although significant
differences were observed only between winter 2010
and spring 2011. Arsenic contents showed no significant
differences. Mercury content was significantly correlated
with season and fish length (p = 0.0006), as well as with
capture site (p = 0.0004) (Table 2 and 3).

In all samples, average muscle concentrations of Hg
(M. furnieri) were below the maximum permitted levels
for human consumption (0.5 mg kg' W.W.; CODEX-
STAN 193-1995, 2010; MERCOSUR, 2011).

DISCUSSION

Concentrations of metal and metalloid compounds

measured in this study were either higher (Cu in muscle
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Table 2. Cu, Zn and As concentrations in muscle and liver, Hg concentrations in muscle of Micropogonias furnieri and
Mugil platanus samples from West and East zone and Montevideo Bay.

Cu Zn As Hg

Muscle Liver Muscle Liver Muscle Liver Muscle
West Zone
Micropogonias furnieri
Length (47.5 + 4.3) (47.5+43)
N 12 (67%) 4(100%) 12 (100%) 4(100%) 12(92%)  4(100%) 12 (25%)
f&g:ﬁnfg%")n 040£0.17 2650£7.54 356+0.84  40.79+£601 182+1.16 255£0.22 0.05+0.04
Range <0.40-0.65 21.00-37.62 2.58-5.27 36.96-49.65 <0.80-4.09 2.24-2.76 <0.04-0.14
Montevideo Bay
Micropogonias furnieri
(the;gti 10.8) “7.2+112)
N 22 (64%) 6 (100%) 22 (100%) 6 (100%) 22(68%)  6(100%) 19 (53%)
f&g:ﬁnfg%")n 036£0.15 1630£6.09 3.62+072 4317926 126+081 1.88=0.50 0.1420.13
Range <0.40-0.62 10.44-27.59 1.93-4.94 28.76-53.79 <0.80-3.08 0.95-2.32 <0.04-0.48
Mugil platanus
Length (44.0)
N 1 (100) 1 (100) 1 (100) 1(100) 1(100) 1(100) 1(0)
Mean value 0.6 487.6 32 96.2 1.26 19.77 <0.02
Range - - - - - - -
East Zone
Micropogonias furnieri
Length (47.2 + 8.9) (46.8 £9.1)
N 27 (63%) 12 (100%) 27 (100%) 12(100%)  27(67%)  12(100%)  25(32%)
(Cl\‘/’lzzinfgg’)“ 040£0.18 19.17+9.03 367035 4261886 145124 271£0.79 0.060.05
Range <0.40-0.80 6.30-43.21 2.90-4.26 30.51-53.97 <0.80-5.43 1.61-4.05 <0.04-0.19
Mugil platanus
Length (45.6 + 10.2)
N 13 (77%) 6 (100%) 13 (100%) 6 (100%) 13 (69%) 6 (100%) 13 (0%)
(Cl\‘/’l‘;;z“fgg’)“ 0.63 +0.33 4576;;; 481063 9396+3559 1.13+£0.56 801446  <0.04
Range <0.40-1.90  20.36-773.75 4.05-5.76 60.96-142.89  <0.80-1.94  3.76-13.93 -

Notes: Mean concentrations in g g W.W.; mean value of total length in cm. N: total number of individuals analyzed; the percentages (%) of
specimens with concentrations greater than the limit of detection (LOD) are presented in brackets. LOD: Cu: 0.40; Zn: 0.40; As: 0.80; Hg: 0.04.

and liver from both species), similar (Zn in muscle from
both species) or lower (Hg in muscle from both species)
than those reported by VIANA et al. (2005) (Table 4).
This study is the first record of As content in muscle
tissues of these species for the area and also represents
a temporal update in the data for the Montevideo coastal
zone. The results obtained in this study showed similar
concentrations to those given by the other studies from the
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region, being within the range of values reported (Table
4). However, it is very important to highlight that the
samples used in these studies are not standardized. They
adopted different sampling methods and periods, with
variations in the number of samples and sizes of the fish
analysed. Because of these differences, it is important to
be cautious when comparing different studies and drawing

conclusions.
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Table 3. Cu, Zn and As concentrations in muscle and liver, and Hg concentrations in muscle of Micropogonias furnieri and
Mugil platanus samples in winter, spring 2010 and spring 2011.

Cu Zn As Hg

Muscle Liver Muscle Liver Muscle Liver Muscle
Winter 2010
Micropogonias furnieri
Length (46.0 + 5.8) (46.3+5.5)
N 18 (72%) 4(100%) 18 (100%) 4 (100%) 18(61%)  4(100%) 14 (36%)
f&g:ﬁnfg%")n 040+0.18  1697+3.56  338+048 38.56+7.57 134+125 2324132 0.10+0.13
Range <040-0.83  13.57-21.00  1.93-3.86  28.80-47.20  <0.80-4.09  0.95-4.05 <0.04-0.39
Mugil platanus
Length (50.5 + 3.5)
N 6 (100%) 3 (100%) 6 (100%) 3 (100%) 6(100%) 3 (100%) 6 (0%)
fh‘/’[‘e‘:z“fgtl‘)")“ 0.72+0.09 45803+ 114.66 4.47+0.87 103.25+1844 1454024 ]jilgi <0.04
Range 0.60-0.86  331.47-555.00  3.20-5.76  89.36-124.17  1.18-1.80  10.74-19.77 -
Spring 2010
Micropogonias furnieri
Length (42.3 + 6.4) (41.7+6.2)
N 18 (89%) 2 (100%) 18(100%) 2 (100%) 18(94%)  2(100%) 17 (7%)
(Cl\‘/’[‘;:“fgg’)n 0474012  2340+133  341+0.66 3375+454 1.92+1.17 2.52+034 0.04+0.01
Range <040-0.58 22462434 258527  30.54-36.96  <0.80-543 228276  <0.04-0.08
Spring 2011
Micropogonias furnieri
Length (51.2 +£10.3)
N 25 (40%) 16 (100%)  25(100%) 16 (100%) 25(72%)  16(100%) 25 (60%)
(Cl\‘/’lzzinfgg’)“ 032£0.16  1995+970  3.96+050 44484793 120+0.80 248+0.61 0.11+0.10
Range <040-0.65  630-4321 290-494  3051-53.97  <0.80-3.82  1.61-4.00  <0.04-0.48
Mugil platanus
Length (41.7 + 11.5)
N 8 (63%) 4 (100%) 8 (100%) 4(100%) 8 (50%) 4 (100%) 8 (0%)
(Cl\‘/’l‘;;z“fgg’)“ 055+ 041 50846+337.22 482+0.64 87.55+3747 099+0.60 584+3.58  <0.04
Range <040-129 203677375  4.05-5.61  60.96-142.88  <0.80-1.94  3.76-11.19 -

As expected, all elements showed higher concentra-
tions in liver tissues than in muscle, due to the metabolic
role of the liver as a major storage site, as well as in regu-
lating and detoxifying (MACEDA-VEIGA et al., 2012;
ABDOLAHPUR et al., 2013).

The absence of spatial variability of Cu, Zn and As,
notably in muscle tissues, may be attributed to the mobility
of both species (JAUREGUIZAR et al., 2008). The highest
levels of As in liver of M. platanus and Hg in muscle of

M. furnieri, however, were measured in specimens from

Montevideo Bay, which is the most contaminated site in the
study zone (DANULAT et al., 2002; MUNIZ et al., 2011).
Despite these findings, caution must still be exercised,
given that the As in liver of M. platanus was only found
in one specimen. More studies on environmental pollution
and bioavailability of contaminants must be carried out
before causal relationships can be determined.

The amount of contaminants in fish tissue will depend
on the element levels in the environment, species’ life

history, trophic level, metabolism, contaminant type,
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Figure 2. Functional relationship between zinc (a) and mercury (b) concentrations (ug g"' W.W.) in muscle and total length (cm) of Micropogonias

furnieri.

and exposure time (QADIR; MALIK, 2011; MACEDA-
VEIGA et al., 2012). M. furnieri is a demersal fish, a
generalist-opportunist carnivore that reproduces and
grows in the estuary (MENDOZA-CARRANZA,;
VIERA, 2008). M. platanus is a bentho-pelagic species;
an iliophagus that spends part of its life in estuarine
environments and then migrates to the ocean during the
spawning season (FISCHER et al., 2011). Because Cu,
Zn, As and Hg tend to accumulate in sediments (CHENG
et al., 2013) both M. furnieri and M. platanus will be
exposed by virtue of their benthic habitat and feeding
habits, and may be prone to biomagnification and
bioaccumulation processes.

In this study, M. furnieri showed the highest levels of
Hg and As in muscle tissue, and a significant functional
relationship between Zn and Hg concentrations and total
length were found. Because of the feeding behavior of
whitemouth croaker, these results suggest some degree
of biomagnification for these elements, a phenomenon
already observed with Hg in a previous study in the area
(VIANA et al., 2005) and in other aquatic ecosystems
(KEHRIG et al., 2007). Mercury biomagnification
and bioaccumulation in fish depend mostly on the
fish’s position in the food web and its feeding habits
(DSIKOWITZKY et al., 2013). However, As showed
contradictory results in the literature in terms of the
(DSIKOWITZKY et al,
2013). Finally, the functional relationship found with

biomagnification process

Zn and Hg indicates bioaccumulation in M. furnieri
for these elements. This relationship, however, was
not observed with Cu. The highest levels of Cu were
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found in spring 2010 when the fish were the smallest in
size. This bioaccumulation behaviour could be due to
different reproductive status, since M. furnieri breeds in
spring (JAUREGUIZAR et al., 2008) and the specimens
studied were of mixed immature and mature stages. The
reproductive status can affect the concentration of metals
in the liver (MONSEFRAD et al.,, 2012). Although
VIANA et al. (2005) found similar relationships for
M. furnieri in this region, it has not been possible to
determine the reason for these results (MONSEFRAD et
al., 2012; DSIKOWITZKY et al., 2013). More studies
of the biomagnification and bioaccumulation processes
of metals and metalloids are necessary, considering the
importance of both species for the ecosystem and the
fisheries.

Aquatic organisms can be used as bioindicators
because vital functions or chemical composition can
change in the environment on spatial or temporal scales.
This provides a measure of exposure and susceptibility
to different pollutants. Good bioindicators are usually
non-migratory species which are more likely to reflect
the characteristics of the aquatic environment with
higher accuracy (RODRIGUEZ et al., 2009). In the
present study, it was found that M. furnieri accumulates
contaminants in its tissue. Given that it is a highly
mobile species, the source of the contaminants cannot
be determined. This species, however, has been cited
as a bioindicator in other regions (MARCOVECCHIO,
2004). The fish caught along the Montevideo coastal
zone showed no differences in the levels of metals and
metalloid. As such, whether this species can be used as



Corrales et al.: Metals in two fishes species of Rio de la Plata

Table 4. Total length and mean values (+ SD) of metals (Cu, Zn, Hg) reported in regionals studies.

Micropogonias furnieri

Location (tissue, season) Total Length (cm) N Cu Zn Hg Reference
Samborombon Bay, Argentina (muscle) 20.5+4.86 0.11 +0.04 Marcovecchio, 2004
Samborombon Bay, Argentina (liver) 443+6.20 0.13+£0.04 Marcovecchio, 2004
Uruguayan coastal zone, Uruguay (muscle) a <0.18 3.06 0.11 Viana et al., 2005
Uruguayan coastal zone, Uruguay (liver) a 11.75 37.25 0.19 Viana et al., 2005
Guanabara Bay, Brazil (muscle) 46.2 (35.0-57.7) 22 0.6+0.3 32+0.5 03+0.2 Kehrig etal., 2007
Cananéia-Iguape, Brazil (muscle) 46.1 £2.5(41.4-50.7) 11 0.236+£0.111 Curcho et al., 2009
Patos Lagoon, Brazil (muscle) (48-50)(fork) 2 0.0534 Kiitter et al., 2009
Guanabara Bay, Brazil (muscle, winter) +40.0 7 0.252+0.214 Bisietal., 2012
Guanabara Bay, Brazil (muscle, summer) +40.0 7 0.111 +£0.046 Bisietal., 2012
Sepetiba Bay, Brazil (muscle, winter) +40.0 7 0.1076 £ 0.134 Bisietal, 2012
Sepetiba Bay, Brazil (muscle, summer) +40.0 5 0.135+0.099 Bisietal., 2012
Ilha Grande Bay, Brazil (muscle, winter) +40.0 10 0.264 +0.096 Bisietal., 2012
Ilha Grande Bay, Brazil (muscle, summer) +40.0 7 0.2261 £0.126 Bisi etal., 2012
Montevideo, Uruguay (muscle, winter 10) 46.0 + 5.8(38.0-62.0) 18 0.40+0.18 3.38+0.48 0.10+0.13 This study
Montevideo, Uruguay (muscle, spring 10) 42.3 £ 6.4(34.0-52.5) 18 0.47+0.12 3.41+£0.66 0.04 £0.01 This study
Montevideo, Uruguay (muscle, spring 11) 51.2+10.3 (28.5-63.0) 25 0.32+0.16 3.96 +0.50 0.11+0.10 This study
Montevideo, Uruguay (liver, winter 10) 46.0 + 5.8(38.0-62.0) 4 16.97 +3.56 38.56 £ 7.57 This study
Montevideo, Uruguay (liver, spring 10) 42.3 +£6.4(34.0-52.5) 2 2340+ 1.33 33.75+4.54 This study
Montevideo, Uruguay (liver, spring 11) 51.2+10.3(28.5-63.0) 16 19.95+9.70 44.48+7.93 This study
Mugil spp.

Samborombon Bay, Argentina (muscle)* 48.8+3.99 0.40 +0.06 Marcovecchio, 2004
Samborombon Bay, Argentina (liver)* 52.0+4.14 0.53+0.11 Marcovecchio, 2004
Uruguayan coastal zone, Uruguay (muscle)** a <0.25 4.83 0.06 Viana et al., 2005
Uruguayan coastal zone, Uruguay (liver)** a 147.9 64.2 0.21 Viana et al., 2005
Guanabara Bay, Brazil (muscle)* 41.1 (37.0-50.0) 22 04+0.2 38+1.3 0.02 +£0.004 Kebhrig et al., 2007
Cananéia-Iguape, Brazil (muscle)** 54.4+5.1(43.2-60.0) 14 0.0083 £0.0056  Curcho etal., 2009
Patos Lagoon, Brazil (muscle)** (31-50) (fork) 4 0.0124 Kiitter et al., 2009
Guanabara Bay, Brazil (muscle, summer)* 5 0.0121 £ 0.0036 Bisietal., 2012
Ilha Grande Bay, Brazil (muscle)* b (52.0-62.0) 15 0.00415+0.0036  Seixasetal., 2013
Guanabara Bay, Brazil (muscle)* b (36.0-50.0) 19 0.0181 +0.00415 Seixas etal., 2013
Montevideo, Uruguay (muscle, winter 10)** 50.5 + 3.5 (44.0-54.0) 6 0.72 +0.09 4.47 +0.87 <0.04 This study
Montevideo, Uruguay (muscle, spring 11)** 43.4 + 11.45 (30.0-58.0) 8 0.55+041 4.82+0.64 <0.04 This study
Montevideo, Uruguay (liver, winter 10)** 50.5 + 3.5 (44.0-54.0) 3 458.03 £ 114.66  103.25+18.44 This study
Montevideo, Uruguay (liver, spring 11)** 43.4 + 11.45 (30.0-58.0) 4 50846+33722  87.55+37.47 This study

Notes: Mean concentrations in pg g' W.W. N: total number of individuals analyzed. For As no data found in the above references except in the
present study. * Mugil liza, ** Mugil platanus. a Concentrations expressed in dry weight were converted to W.W. using the factors estimated
in this study (wet wt./dry wt.) of 0.18 and 0.25 for muscle and liver of M. furnieri, and of 0.23 and 0.30 for muscle and liver of M. platanus; b
Concentrations expressed in dry weight were converted to W.W. using the factor of 0.25 used by SEIXAS et al., 2013.

a spatial bioindicator remains an open question. Future
assessments of environmental quality for this region
should consider fish species with territorial behavior.
Despite these findings, the importance of M. furnieri as a
temporal bioindicator should still be considered. The Hg
concentrations in this present study showed a reduction
compared to those found by VIANA et al. (2005). These
results do, however, support M. furnieri as a bioindicator

for temporal variation of Hg along the Montevideo
coastal zone.

Because the concentrations of Hg in muscle were
consistently lower than the safety values (CODEX-STAN
193-1995, 2010; MERCOSUR, 2011), it can be concluded
that, for this metal, the consumption of M. furnieri in
the Montevideo coastal zone is not hazardous for human
health.
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