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ARTICLE INFO ABSTRACT

Keywords: Among all available species, fish are a powerful model for risk-benefit assessments to study the effects of contam-
Trace element inants on human health. Gilthead seabream (Sparus aurata, Linnaeus 1758) and european seabass (Dicentrarchus
Aquaculture labrax, Linnaeus 1758) are two species of great economic importance, representing very large production vol-
Fisheries

umes in the Mediterranean. The objective of this study is (1) to analyze the concentrations of Trace Elements
(TE) between wild and cultured seabream and seabass specimens, (2) to compare the determined concentrations
with other studies, and (3) to increase the data about the potential risks to human health. Our results point to
significant intra- and interspecies-specific differences between wild and cultured fish for several trace elements.
Several strong and moderate inter-elemental correlations in fish muscle were observed through correlation analy-
sis. In our study, the mean levels of trace elements were still below the standard safety values for fish intended
for human consumption. The same results were reached for all the parameters analyzed (international legal lim-
its, estimated weekly intake, provisional tolerable weekly intake, target hazard quotient, target cancer risk), with
trace element levels in fish below those that could pose a risk to human health. Consequently, these fish can be
considered safe for human consumption. A better understanding of the levels of trace elements in fish would also
better inform consumers about the potential risks of exposure to contaminants.

Marine pollution
Target cancer risk
Hazard quotient

anthropogenic origin in the marine environment has been recognized as

1. Introduction

In recent years, there has been an increase in global fish consump-
tion, mainly because human health benefits, such as the prevention
of cardiovascular and other diseases (Lei et al., 2013). Likewise, fish
are a good source of proteins and lipids of high biological value, with
long-chain polyunsaturated fatty acids, liposoluble vitamins, and essen-
tial elements (Erkan and Ozden, 2007; Mnari et al., 2012). At present,
approximately 44% of the fish consumed by humans comes from aqua-
culture, and this percentage is predicted to reach 52% by 2025 (FAO,
2016). In spite of these advantages, the accumulation of trace elements
in fish may pose a potential risk to human health (Medeiros et al.,
2012). For a long time, however, pollution by trace elements (TE) of
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a serious threat to marine ecosystems (Dural et al., 2007).

Trace elements in the marine environment are either of natural
origin (geochemical processes) or anthropogenic origin (e.g. agricul-
ture, transport, mining, metalworking and pharmaceutical products)
(Castritsi-Catharios et al., 2015).

In aquaculture, there may be additional sources of TE, such as cop-
per-based antifoulings used to retard the build-up of fouling organisms,
fish excreta, and/or fish pellets enriched with TE to meet their nutri-
tional requirements (Sapkota et al., 2008). These elements due to their
persistence, bioaccumulation and possible biomagnification in the food
web represent a significant threat to marine organisms (Demirak et al.,
2006; Uysal et al., 2009). Several factors can influence the bioaccumu-
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lation of TE in fish tissues, such as environmental conditions (tempera-
ture, salinity, pH etc.), biological variations (species, sex, size and age),
nourishment sources, and seasonal changes (Fallah et al., 2011).

The assimilation of TE by fish is carried out mainly by the ingestion
of suspended particles in the water, ingestion of food, ion exchange of
dissolved TE across lipophilic membranes (e.g., gills), and adsorption on
tissue and membrane surfaces (Alam et al., 2002b). Some TE are essen-
tial for life (e.g. selenium, copper, cobalt, molybdenum, manganese, and
zinc), with important nutritional functions that promote good health
status in both fish and humans (Vandermeersch et al., 2015). However,
other elements have no biological function (e.g. lead, cadmium, mer-
cury, arsenic, tin, vanadium, and aluminum), and their consumption can
cause adverse effects (e.g., renal dysfunction, lung disease, liver failure
and dysfunctions in the kidneys, chronic damage to the central and pe-
ripheral nervous system) (Dadar et al., 2016; Squadrone et al., 2016). As
they accumulate along the food chain, critical levels for human health
can be reached (Yi et al., 2011). Thus, there is a growing interest in
food safety with regard to the potential accumulation of these contami-
nants and its consequences (Lei et al., 2013). Fish represent an interest-
ing model for risk-benefit assessments of the nature and probability of
health effects in humans exposed to contaminants at present and in the
future (Di Bella et al., 2015).

Gilthead seabream (Sparus aurata, Linnaeus 1758) and european
seabass (Dicentrarchus labrax, Linnaeus 1758) are very important com-
mercial species and are the two most widely farmed marine species
in the Mediterranean Sea (Ferreira et al., 2010). Total fishery pro-
duction (for both species) was 15,104t in 2014, including a produc-
tion of 6703t for gilthead seabream and 8401t for european seabass.
Aquaculture production was 314,838t, out of which 158,389t were
seabream and 156,449t were seabass (FAO, 2017). Every year, between
400 and 600 million individual seabream and seabass are produced
(Arechavala-Lopez et al., 2013). In the Mediterranean, their production
has steadily increased in recent years, and these species are of great eco-
nomic importance for the region (Squadrone et al., 2016). However, this
intensive production in aquaculture generates many questions and con-
cerns about the quality of farmed fish compared to wild fish (Alasalvar
et al., 2002). For this reason, the assessment of differences in the qual-
ity of wild and farmed fish flesh is essential (Wang et al., 2014). It is
therefore necessary to monitor and control the dangerous levels of fish
contamination (Custddio et al., 2011).

The aim of this study is to examine the concentration of 19 trace el-
ements (Ag, Al, As, Ba, Bi, Cd, Cr, Cu, Fe, Li, Mn, Mo, Pb, Sb, Se, Sn,
U, V, and Zn) found in wild and farmed S. aurata and D. labrax col-
lected from the Mediterranean Sea around Corsica. The study consisted
of: (1) an analysis of the concentrations of trace elements in wild and
cultured seabream and seabass specimens, (2) a comparison of the con-
centrations determined with those reported in other areas and with re-
spect to international food safety regulations, and (3) enrichment of the
data available on the potential risks to human health associated with the
consumption of marine fish.

2. Material and methods
2.1. Sample collection

One-hundred and twenty fish [seabass (n=60) and seabream
(n =60)] have been studied from different origins (wild and farmed)
ranging from 26 to 60cm total length (TL). Fish collection was car-
ried out from populations located off the Corsican coast (Northwest-
ern Mediterranean). The sampling was conducted from October to De-
cember 2016. Various fish farms located along the Corsican coast pro-
vided the cultured specimens. The anonymity of the farms sampled is
preserved, according to the wishes of the fish farmers. Catches of wild
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specimens were made by fishermen using nets mainly in the Biguglia
and Urbino lagoons and were transported directly to the laboratory. The
method of slaughter was immersion in ice-cold water (hypothermia) for
both wild and farmed fish. The analyzes were performed on the muscles
of the fish.

2.2. Trace element analysis

According to the method described by (Gobert et al., 2017; Richir
and Gobert, 2014), samples (approximately 200mg) were mineralized
in Teflon digestion vessels, in a closed microwave digestion labstation
(Ethos D, Milestone Inc. Sorisole, Italy), using 2ml of nitric acid (HNO;,
60%) and 1ml of hydrogen peroxide (H,O, 30%) as reagents (supra-
pur grade, Merck, Darmstadt, Germany). Analyses of 19 trace elements
(Ag, Al, As, Ba, Bi, Cd, Cr, Cu, Fe, Li, Mn, Mo, Pb, Sb, Se, Sn, U, V,
Zn) was conducted using inductively coupled plasma mass spectrom-
etry using dynamic reaction cell technology (ICP-MS ELAN DRC II,
PerkinElmer ®, Wellesley, United States). Analytical quality control was
ensured using Certified Reference Materials (CRM), DORM-4: Fish pro-
tein and NIST 2976: Muscle tissue. Analysis of the CRM revealed a high
level of agreement between the certified values for all TE (global mean
recovery was 94+12%). No certified values were reported for Ba, Bi,
and Sb. For each TE, detection limit (LD) and quantification limit (LQ)
were calculated, depending on their specific blank distribution (Currie,
1999). The detection limits in mg.kg~! dry weight were: Ag = 0.0011;
Al =0.0690; As =0.0036; Ba = 0.0008; Bi =0.0013; Cd = 0.0018;
Cr =0.0041; Cu = 0.0047; Fe =0.1162; Li =0.0018; Mn = 0.0010;
Mo = 0.0014; Pb = 0.0037; Sb= 0.0024; Se = 0.0822; Sn = 0.0029; U
=0.0001; V =0.0009; Zn = 0.0208. We converted our dry weight to
wet weight data (using a conversion factor of 4) in order to compare
with previously published studies (e.g. Anan et al., 2005). Our results
are expressed in milligrams of element per kilogram of body wet weight
(mg.kg~! ww).

2.3. Data analysis

During data statistical treatment, for the samples with values below
their analytical limit of detection (LD), half of the respective LD was
substituted. Normality and homogeneity of variances were tested using
Kolmogorov-Smirnov and Levene tests respectively. To better meet the
assumptions of standard parametric statistical tests, to reduce the effect
of outliers skewing the data distribution, and to bring elemental concen-
trations within the same range, the data were natural-log transformed
(Gobert et al., 2017). To explore the differences in concentrations ob-
tained from TE analysis, a multivariate analysis of variance (MANOVA)
method was applied: species (2 levels: seabass/seabream) and fish origin
(4 levels: farmed and wild for each species). To identify the influence of
the factor on the response variables, when the MANOVA tests showed
a significant effect, posteriori univariate ANOVA and post-hoc Tukey's
honestly significant difference (HSD) tests were performed. To highlight
the major TE differences between fish species and origins, the principal
component analysis (PCA) was performed with TE concentrations as de-
pendent variables. In addition, to investigate the relationship between
the trace element levels (inter-element correlations) and the biological
data (length), Pearson rank correlation tests were performed.

For example, high correlation between two TE implies that these
two elements may share similar pollution sources or analogous trans-
formation and migration processes in certain circumstances (Ragi et
al., 2017). To determine the significance and strength of each relation-
ship, the correlation coefficient (r) was calculated together with p-val-
ues. A significant difference was considered a p-value less than 0.05.
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Analyses were performed using XLSTAT software (Addinsoft, Paris,
France).

2.4. Human risk assessment analysis

2.4.1. Metal pollution index (MPI)

The Metal Pollution Index (MPI) method was used to compare the
overall TE contents in the different fish studied. This index was ob-
tained by calculating the geometrical mean of concentrations of all the
TE (Usero et al., 1997).

MPI=(C; xCyx Cyx. .. xC)'/"

where C, are the mean concentrations of trace element (n) in the exam-
ined tissue (mg kg~! dry weight).

2.4.2. Estimated intake

Risk of TE intake (weekly) was estimated by calculating the respec-
tive levels found in fish, for a person weighing 70 kg and with a con-
sumption rate of 427 g weekly (defined for European population) (FAO,
2016). The estimated intake was determined using the following equa-
tion:

Estimated Weekly Intake : EWI = (C,, = IR,)/BW

C,, represents the TE concentration in fish (ugkg~1), IR,, the weekly in-
gestion rate (kg), and BW the body weight (kg).

To assess public health risks, weekly fish intakes were compared
with the Provisional Tolerable Weekly Intake (PTWI) recommended by
the Joint FAO/WHO Expert Committee on Food Additives (FAO/WHO,
2011). The amount of contaminants that can be ingested over a lifetime
can be estimated using this index which indicates appropriate and safe
levels of exposure (Chamannejadian et al., 2013). Regulatory guidelines
have been established by the European Food Safety Authority (EFSA) in
which the PTWI of Cd and Pb is 7 and 25 pgkg ~! week ~1, respectively.
Furthermore, PTWI values were calculated for specific TE (As, Cr, Cu,
Fe, Zn) and compared to regulatory limits.

2.4.3. Target Hazard Quotients (THQ) and Target cancer Risk (TR)

Based on the Target Hazard Quotient (THQ), non-carcinogenic
health risks attributable to fish consumption were assessed (USEPA,
1989; Yi et al., 2011). The THQ is the ratio between exposure and ref-
erence doses (Reference Dose or RfD). A ratio lower than 1 indicates
no obvious risk (Chien et al., 2002). Conversely, an exposed population
will be subject to health risks if the dose is equal to or higher than the
RfD (Amirah et al., 2013). A THQ value below 1 indicates that the level
of daily exposure is unlikely to cause any adverse effects during a per-
son's lifetime, although it also indicates potential non-carcinogenic ef-
fects (Jovi¢ and Stankovié, 2014). In this study, total THQ was also as-
sessed since humans are often exposed to more than one pollutant and
can suffer combined or synergistic effects (Alamdar et al., 2017). The
total THQ was calculated as the sum of the THQ values of the individual
trace elements.

Regarding carcinogenic effects (inorganic As), risk is expressed by
the model used for estimating carcinogenic Target Risk (TR) (USEPA,
2010; Vieira et al., 2011). The USEPA has provided a cancer slope fac-
tor only for inorganic arsenic, which is why As is the sole element eval-
uated in this study (Saha et al., 2016). The risk assessment of As was
calculated only for its potentially toxic, inorganic form, which was esti-
mated to be 10% of the total (Onsanit et al., 2010). Carcinogenic risks
are estimated as the incremental probability of an individual develop-
ing cancer over their lifetime as a result of exposure to a potential risk

Ecotoxicology and Environmental Safety xxx (2018) xxx-xxx

factor (Ahmed et al., 2016). Acceptable lifetime cancer risk levels range

from 10~ “ (indicating a probability of a 1 in 10,000 chance of an in-

dividual developing cancer) to 10~ ¢ (indicating a probability of a 1

in 0001000,000 chance of an individual developing cancer). There are

four TR categories: TR <107° = low; 10~ to 10~ = moderate; 102

to 10! = high; and > 10! = very high (Javed and Usmani, 2016).
The models for estimating THQ, TTHQ and TR are:

THQ = (EFrx ED,,; X IR; X C)/(RfD x BW x AT)

TTHQ = THQ (TE 1)
+THQ (TE 2)+THQ (TE n)

TR = (EFr X ED,,; X IR; X C x CPSo)/ (BW x AT)

Where EFr is exposure frequency (365 days/year); ED, is the expo-
sure duration (70 years, average lifetime); IR, is the food ingestion rate
(33.4 x 1073 kg per day per person for the world); C is the TE concen-
tration in fish (mgkg~™'); RfD is the oral reference dose (mg/kg/ day)
(Nadal et al., 2008; Storelli, 2008); BW is the average adult body weight
(70kg); and AT is the average exposure time for non-carcinogens (365
days per year x ED, assuming 70 years). CPSo is the oral carcinogenic
slope factor from the Integrated Risk Information System (USEPA, 2010)
database: 1.5 (mg/kg/day)~! for As.

3. Results

Table 1 provides a summary of the mean concentrations of the 19
TE in the muscle of wild and cultured European seabass and Gilthead
seabream.

The MANOVA results showed significant differences (p“0.001) in
trace element accumulation patterns, mostly between the two species (S.
aurata/D. labrax) and their origins (wild/cultured). These results point
to significant intra- and interspecies-specific differences between wild
and cultured fish for several trace elements (Table 1). The comparison
between wild and cultured S. aurata by the post hoc analysis (Tukey's
multiple comparisons) revealed that there were significantly higher
(p < 0.05) concentrations of As, Se, and Bi as well as significantly lower
(p < 0.05) concentrations of Ag, Cu, and Zn in wild seabream. For D.
labrax, As, Li, Sb, and Sn concentrations in cultured fish were signifi-
cantly higher than in wild fish. In contrast, Ag, Bi, and Se concentrations
were significantly higher in wild fish than in cultured fish (Table 1).
Comparing TE concentrations between the two species showed signifi-
cant differences. For example, Li and Mo in the cultured S. aurata were
significantly higher (p < 0.05) than those in the wild D. labrax. On the
other hand, Ag, Al, and Bi concentrations for wild S. aurata populations
were lower than the mean levels for cultured D. labrax. In the present
study, no significant differences in the concentrations of Ba, Fe, Mn, or
U were found between any populations (P > 0.05).

Score plots from the PCA show the major trends in the observations
and reveals variables with a significant loading. The first two princi-
pal components (PC1 and PC2) account for 26% and 14% of the over-
all variation of the data respectively (Fig. 1). The first principal compo-
nent (PC1) based on the loading factors indicated an association with
Al Ba, Cr, Li, Mn, U, and V. The second component had a significant
factor loading for As, Bi, Cu, Pb, and Sb. The samples presenting sim-
ilar chemical characteristics are located in the same area of the score
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Table 1
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Mean ( + standard deviation; SD) trace element concentrations (mg kg~ 'ww) in the muscle of wild and cultured mediterranean European seabass and Gilthead seabream.

D. labrax W

D. labrax C

Element S. aurata W S. aurata C

Ag 0.001 (+0.001)? 0.001 (+0.001)"
Al 0.456 (+0.098)>P 0.410 (+0.099)"
As 5.489 (+0.565)* 2.739 (+0.572)°
Ba 0.013 (+0.002)? 0.027 (+0.008)?
Bi 0.001 (+0.001)? 0.001 (+0.001)"
cd 0.002 (+0.001)? 0.004 (+0.002)>>
Cr 0.020 (+0.002) 0.014 (+0.002)>>
Cu 0.200 (+0.016)? 0.497 (+0.137)"
Fe 2.171 (+0.129) 2.475 (+£0.272)?
Li 0.010 (+0.001)>P 0.017 (+0.002)?
Mn 0.142 (£0.020)* 0.247 (+0.062)*
Mo 0.002 (+0.001)>P 0.002 (+0.001)?
Pb 0.006 (+0.001)? 0.013 (+0.009)"
Sb 0.035 (+0.006)? 0.024 (+0.003)?
Se 0.228 (+0.011)? 0.190 (+0.010)"
Sn 0.002 (+0.001)? 0.004 (+0.002)*
U 0.001 (+0.001)? 0.001 (+0.001)?
\% 0.001 (+0.001)? 0.001 (+0.001)>>
Zn 3.551 (+0.202) 4.345 (+0.280)"

0.001 (+0.001)®
0.646 (+0.119)
1.030 (+0.198)¢
0.013 (+0.001)
0.003 (+0.001)¢
0.001 (0.001)®
0.020 (+0.003)*P
0.330 (+0.043)®
3.115 (+0.331)
0.011 (+0.001)®
0.136 (+0.010)?
0.001 (+0.001)®
0.003 (+0.001)>¢
0.234 (+0.060)°
0.307 (+0.011)¢
0.040 (+0.008)®
0.001 (+0.001)?
0.001 (+0.001)>P
4.221 (+0.165)®

0.001 (+0.001)?
0.972 (+0.393)*
1.955 (+0.236)"
0.029 (+0.011)2
0.001 (+0.001)°
0.002 (+£0.001)>>
0.011 (+0.001)°
0.440 (+0.034)°
2.468 (+0.184)?
0.013 (+0.001)?
0.173 (£0.018)*
0.001 (+0.001)"
0.003 (+0.001)¢
0.429 (+0.083)¢
0.150 (+0.006)¢
0.056 (+0.003)°
0.001 (+0.001)?
0.001 (+0.001)"
3.819 (+0.122)>P

abed Dissimilar letters denote significant differences between groups (p<0.05).

PC2 (14 %)

& SW
x5C
ADW
moC

PC1 (26%)

Fig. 1. Principal component analysis using trace elements as variables of wild and cultured seabass and seabream caught in Corsica. SW= S. aurata Wild; SC= S. aurata Cultured;

DW = D.labrax Wild; DC= D.labrax Cultured.

plot. As can be seen, the two species are clearly separated (S. aurata vs
D. labrax).

The relationship between fish length and mean TE concentrations
and the inter-element relationships has been studied. TE and the to-
tal length of cultured D. labrax showed no significant correlation (p
> 0.05). Significant correlations between TE and total length were
found in the other three groups (wild/cultured S. aurata and wild D.
labrax) (Data in brief). Significant negative correlations were found
between length and concentrations for Cu (p < 0.05) in wild S. au-
rata; for V (p < 0.05), Mn (p < 0.05), Zn (p < 0.05), and Li (p < 0.01)
in cultured S.

aurata; and Se (p < 0.05), U (p < 0.05), Fe (p < 0.05), Mo (p < 0.05),
and Al (p < 0.01) in wild D. labrax. In contrast, positive correlations
with body size were found for As (p < 0.01) in cultured S. aurata, as
well as for Sn (p < 0.05) and Sb (p < 0.01) in wild D. labrax. Several
strong and moderate inter-elemental correlations in fish muscle were
observed through correlation analysis. For example, a strong correlation
(p < 0.001) exists between the element pairs Pb-Cu, Mn-U, and Zn-Li
in wild S. aurata; Ag-Bi, Pb-Mo, Cd-Pb, and U-Ba in cultured S. aurata;
Al-Mo and Sb-Sn in wild D. Labrax; and Al-Ba, Pb-V, and Cu-Fe in cul-
tured D. Labrax.
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The maximum levels set by international agencies for TE were used
to assess the human risk associated with fish consumption. These lev-
els were 95, 0.3, 1, 20, 10.2, 0.3, 2, 250, and 50 mgkg~! for Ba, Cd,
Cr, Cu, Fe, Pb, Se, Sn, and Zn respectively (E.U, 2008; MAFF, 2000;
WHO, 2014). In our study, the mean levels of TE were still below the
standard safety values for fish intended for human consumption. Con-
cerning mean values for As, no comparison can be made since a legal
limit does not exist for this element (Vieira et al., 2011). Metal pol-
lution index (MPI) for each group was calculated and the values ob-
tained showed a reasonably small range. Wild seabass showed higher
values of MPI (0.189) than both farmed fish. Wild seabream showed the
lowest metal pollution index (0.148). MPI values ranged from 0.148 to
0.189 mgkg 1.

The estimated weekly intake (EWI) values are presented in Table
2 and compared to recommended Provisional Tolerable Weekly Intake
(PTWI). The results from Table 2 suggest that the EWI of As, Cd, Cr, Cu
Fe, Pb, and Zn by a 70 kg adult consuming 427 g of fish/week were all
below the limit set by European regulations.

The THQ and TTHQ values of TE by consuming fish for an indi-
vidual adult are shown in Table 3. The results show that the mean
THQ and TTHQ values for cultured S. aurata and wild/cultured D.
labrax are lower than 1. However, the THQ and TTHQ values for As
are higher than 1 wild in S. aurata. Adverse effects on human health
can be caused by inorganic arsenic as it contributes 91% of the TTHQ.
The carcinogenic risk (TR), derived from the intake of As, was calcu-
lated since inorganic As is classified as a carcinogen. In the present
study, the TR of inorganic As (calculated as the worst scenario: 10% of
the total determined As) (Table 3) exceeded the cancer risk benchmark

Table 2

The comparison between recommended values (PTWI) and the estimated weekly intakes
(EWI) for wild and cultured seabass and seabream caught in Corsica. PTWI for 70 kg adult
person in ug/week/70 kg body weight. EWL. in ng/week/70 kg body weight.

S. S. D. D.

aurata aurata labrax labrax
Element PTWI w C w C

EWI EWI EWI EWI
As 1050 3.34 1.67 0.62 1.18
Cd 490 0.01 0.03 0.01 0.01
Cr 44,590 0.04 0.08 0.02 0.02
Cu 245,000 0.12 0.09 0.12 0.07
Fe 392,000 1.22 3.04 2.02 2.69
Pb 1750 13.25 15.10 19.00 15.06
Zn 490,000 21.66 26.50 25.75 23.30

Table 3
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(10~°) the benchmark most often used by the USEPA as the lower end
of the range of acceptable risk (Vieira et al., 2011).

4. Discussion

This study was carried out to assess the risk to human health asso-
ciated with the consumption of cultured versus wild fish. TE concen-
trations between fish species and origins (wild vs cultured) show sig-
nificant differences. Physiological parameters may explain these results.
The particularities identified in each species in the accumulation pattern
of TE may be attributed to the functional difference of the respective
membrane permeability, enzyme systems, and differences in metabolic
activities of each fish (Omar et al., 2014). Moreover, this may be related
to the differences in ecological needs, food source, habitat, type/level
and time of exposure to pollution, environmental conditions, swimming
behaviors, and growth rates of the organism (M. Alam et al., 2002a;
Canli and Atli, 2003; Ricart et al., 2010).

Our results for seabass and seabream (wild and cultured) were ei-
ther in the same order of magnitude or in the low range of contamina-
tion concentrations by TE, compared to those reported in the literature
for the Mediterranean Sea (Alasalvar et al., 2002; Castritsi-Catharios et
al., 2015; Custédio et al., 2011; Erkan and Ozden, 2007; Ferreira et al.,
2010; Lourenco et al., 2012; Ozden and Erkan, 2008; Squadrone et al.,
2016; Tiirkmen et al., 2010; Yabanli et al., 2012; Yildiz, 2008). The MPI
contamination index was used which allows the evaluation of variations
in TE between species and their origins. For the monitoring of TE pollu-
tion in food, the MPI can be used as a reliable and accurate method (Giri
and Singh, 2017). The MPI is used to assess the degree of tissue cont-
amination: the higher the index, the greater the contamination (Usero
et al., 1997). In order to compare the localities according to the same
bases, we calculated the MPI using TE values based on our study and
previous works. Compared with previously published papers, the MPI
values obtained were lower than the values of seabream and seabass in
other localities in the Mediterranean Sea (Fig. 2). Thus the MPI of the
fish in our study is lower than that of Italian, Greek, or Spanish fish (see
Table 4). For both species, our study showed that TE levels were gen-
erally higher in wild specimens than in cultured ones. These higher TE
concentrations in wild seabass and seabream as compared to farmed fish
have been found in a number of previous studies (Alasalvar et al., 2002;
Ro7zi¢ et al., 2014). These results can be attributed to differences in diet
or habitat type for the same species (Minganti et al., 2010a; Orban et
al., 2002; Percin et al., 2011; Yildiz, 2008); however, the main route of
TE accumulation in fish has been shown to be food (Wang and Rainbow,
2008).

Target Hazard Quotient (THQ), Total THQ and Target cancer Risk (TR) from consumption by adults of wild and cultured seabass and seabream caught in Corsica.

Element RfD THQ TR
S. aurata W S. aurata C D. labrax W D. labrax C S. aurata W S. aurata C D. labrax W D. labrax C
Ag 0.005 0.001 0.001 0.001 0.001
As 0.001 1.594 0.795 0.299 0.568 7.175E-04 3.581E-04 1.347E-04 2.556E-04
Ccd 0.001 0.001 0.004 0.001 0.002
Cr 0.003 0.005 0.004 0.005 0.003
Cu 0.040 0.004 0.010 0.007 0.009
Fe 0.700 0.002 0.003 0.003 0.003
Mn 0.140 0.001 0.001 0.001 0.001
Pb 0.003 0.001 0.003 0.001 0.001
Se 0.005 0.039 0.033 0.053 0.026
Sn 0.600 0.001 0.001 0.001 0.001
\% 0.001 0.001 0.001 0.001 0.001
Zn 0.300 0.103 0.126 0.122 0.111
TTHQ 1.756 0.983 0.496 0.726
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Wild seabass

Fig. 2. Map showing TE contamination based on the MPI values from various geographical locations (Alasalvar et al., 2002; Canli and Atli, 2003; Carpene et al., 1998; Castritsi-Catharios
et al., 2015; Dural et al., 2007, 2006; Ferreira et al., 2010; Kalantzi et al., 2016; Lourengo et al., 2012; Minganti et al., 2010; Schnitzler et al., 2011; Squadrone et al., 2016; Tiirkmen et
al., 2010; Uysal et al., 2008; Vicente-Martorell et al., 2009; Yabanli et al., 2012; Yildiz, 2008). Bar graph represents 3 scales levels: small bar graph = fisrt quartile, medium graph =second

quartile, large graph = third quartile.

Several factors can influence the bioavailability of TE from ingested
food, such as: the nature of the food, the effectiveness of food assimi-
lation, and the ingestion rate (Wong et al., 2001). Adult wild seabass
and seabream are mainly carnivorous, capturing invertebrates, shrimps,
crabs, mollusks, squids, and small fish, all of which have higher TE con-
centrations (Ferreira et al., 2010). In contrast, farmed fish usually have
a shorter food chain as they are fed with fish pellets (Onsanit et al.,
2010). Our results suggest that different aquaculture practices (e.g. lo-
cation, organic and conventional aquaculture, composition of pellets)
and other factors may influence TE accumulation patterns in our species
(e.g. genetics, age, and physiological state) (Schenone et al., 2014). In
short, the higher concentrations found in wild fish can be explained by
three factors: (i) higher elemental concentrations in the natural environ-
ment of the wild stocks, (ii) the fact that muscle of cultured fish is likely
richer in lipids which have a lower affinity for TE than the non-lipid
compartments, and (iii) that wild fish are more active and thus express
more protein contents (proximate composition) which has a high affin-
ity for TE (Carpene et al., 1998; Fuentes et al., 2010). To a lesser extent,
the concentrations of certain elements (e.g. Bi, Cu, Zn, Se) were higher
in cultured individuals than in wild individuals.

One possible explanation is that, in addition to the natural presence
of TE in the environment, additional sources of TE (e.g fish diets en-
riched with various essential elements as zinc, iron, manganese, and
copper) (Lorentzen et al., 1998) may be added for nutritional purposes
(Arechavala-Lopez et al., 2013). Thus, the higher TE concentrations ob-
served in cultured fish for both species may be due to the release of TE
from uneaten fish food, fish excreta, and antifouling chemicals used to
prevent the development of fouling organisms in the nets (Basaran et al.,
2010). Likewise, the habitats around the cages and, more specifically,
the sediments can be enriched with these TE (Grigorakis and Rigos,
2011).

In terms of contaminants, fish quality may be influenced by site-spe-
cific environmental characteristics in addition to diet. The habitat may
explain the differences in concentrations found, which are higher in
the tissues of wild specimens than in cultured ones (Piez-Osuna and
Tron-Mayen, 1996). Similarly, these differences could be due to differ-

ent TE bioavailability in environments of variable salinity (lagoon vs
sea) rather than an actual exposure to higher TE concentrations
(Paez-Osuna and Tron-Mayen, 1996). Most wild fish were collected from
a lagoon environment (Urbino and Biguglia), while the farmed fish were
collected from an open marine bay (Munaron et al., 2013; Orsoni and
Munaron, 2010). In the lagoon system, one of the major pathways of
entry for TE could be erosion of natural deposits and/or domestic dis-
charges into the river (Richir and Gobert, 2016). Besides urban efflu-
ents, agricultural activities on the banks and upstream could be an addi-
tional source of these TE (Luy et al., 2012). Soil enrichment through the
use of fertilizers and pesticides containing toxic TE may also eventually
end up in the river by runoff and erosion following rainfall (Bhowmik et
al., 2015; Eqani et al., 2013).

Likewise, it has been shown that in this region there is a natural
enrichment linked to the local mineralogical and geochemical context
(Lafabrie et al., 2013; Pérez-Tribouillier et al., 2015; Shumilin et al.,
2001). Considering the above, it is likely that wild and farmed fish are
exposed to waters of different qualities.

Another objective of this work was to study the relationship between
TE concentrations in fish and their length. In most cases, fish sizes and
TE levels showed negative relationships. The difference in metabolic
activity between younger and older fish may partly explain the nega-
tive relationship observed in our study. Young individuals tend to have
higher metabolic activity than older ones (depuration of TE) (Storelli et
al., 2007). The negative relationships between TE levels and fish size
were generally supported in the literature (Burger et al., 2007; Gobert
et al., 2017; Henry et al., 2004; Widianarko et al., 2000).

A positive relationship was identified between Cd, Cr, Cu, PB, and
Zn and fish size which may be due to environmental transport and/or
anthropogenic contributions

(Custodio et al., 2011). This could indicate that these TE (Cd, Cr,
Cu, Pb and Zn) come from similar sources of pollution related to the
study area, e.g. agricultural and domestic sewage discharge (Yi et al.,
2011). The maximum levels recommended by international agencies
for TE were used to assess the risk to humans associated with fish
consumption (MAFF, 2000; USEPA, 2010; WHO, 2014). Whatever the
case, the concentrations in TEs (Ba, Cd, Cr, Cu, Fe, Pb, Se, Sn, Zn) in
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Table 4
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Calculated Metal Pollution Index (MPI) based on previous works from wild and cultured seabass and seabream worldwide.

Country Station Species Origin MPI References
Belgium Scheldt Seabass Wwild 0.77 (Schnitzler et al., 2011)
France Charente Seabass wild 0.64
Gironde Seabass wild 0.61
Loire Seabass wild 0.67
Seine Seabass Wwild 0.63
Biguglia/Urbino Seabass wild 0.18 Our study
Corsica Seabass Cultured 0.18
Biguglia/Urbino Seabream Wild 0.14
Corsica Seabream Cultured 0.18
Greece Volos Seabream Cultured 0.46 (Castritsi-Catharios et al., 2015)
Seabass Cultured 1.87
AEG1 Seabass Cultured 1.10 (Kalantzi et al., 2016)
AEG2 Seabass Cultured 0.59
ION1 Seabass Cultured 1.36
ION2 Seabass Cultured 1.06
AEG1 Seabream Cultured 0.96
AEG2 Seabream Cultured 1.04
ION2 Seabream Cultured 1.72
Aegean Sea Seabass Wwild 1.50 (Alasalvar et al., 2002)
Greek farm Seabass Cultured 1.73
Italy Venice Seabream wild 5.84 (Carpene et al., 1998)
Seabream Cultured 4.71
Genova Seabream wild 0.78 (Minganti et al., 2010b)
Cavi di Lavagna Seabream Cultured 0.47
Porto Venere Seabass Cultured 0.27 (Squadrone et al., 2016)
Portugal Porto Seabass wild 0.17 (Ferreira et al., 2010)
Ria Formosa Seabass Cultured 0.11
Lisbon Seabass Cultured 2.38 (Lourenco et al., 2012)
Seabream Cultured 2.21
Spain Ria de Huelva Seabream wild 2.11 (Vicente-Martorell et al., 2009)
Turkey Karatas Seabream Wwild 3.95 (Canli and Atli, 2003)
Camlik lagoon Seabream wild 3.41 (Dural et al., 2006)
Seabass wild 4.44
Tuzla lagoon Seabream wild 1.96 (Dural et al., 2007)
Seabass wild 1.44
Yelkoma Lagoon Seabream wild 4.80 (Tiirkmen et al., 2010)
Seabass wild 2.28
Beymelek Lagoon Seabream Wwild 7.93 (Uysal et al., 2008)
izmir Seabream wild 0.10 (Yabanli et al., 2012)
Seabass wild 0.13
Aegean Sea Seabream wild 0.80 (Yildiz, 2008)
Seabream Cultured 1.03
Seabass wild 0.67
Seabass Cultured 1.12

both species were below the permissible safety limits for human con-
sumption.

In the present study, complementary outcomes for human health risk
assessment were obtained from several different approaches. Since the
EWI values for the fish examined were far below the values established
by various authorities (PTWI), it may be concluded that the consump-
tion of these species does not pose a problem for human health (WHO,
2014). The EWI values of our study are consistent with the values given
by previous studies (Ikem and Egiebor, 2005; Tiirkmen et al., 2010).

Carcinogenic TE can cause both carcinogenic (C) and noncarcino-
genic (NC) effects in organisms, while NC TE only lead to noncarcino-
genic effects (Varol et al., 2017).

Specific indices have been developed for noncarcinogenic and car-
cinogenic TE to assess possible human health risk from fish consump-
tion (THQ, TTHQ, TR) (Copat et al., 2013). In the present study, Ar-
senic in wild S. aurata had the highest THQ value (1.5945). As such,
consumption of these contaminated fish may cause adverse effects with
long-term exposure. Thus, many biochemical processes can be disrupted
by prolonged exposure to dangerous levels of TE, leading to cardio-
vascular, nervous system, kidney, skin and bone diseases (Giri and

Singh, 2017; Richir and Gobert, 2016). However, it must be kept in
mind that THQ is a very conservative/restrictive standard and a relative
index for assessing risks to human health (Wang et al., 2005). In reality,
a THQ> 1 may not actually result in people experiencing adverse health
effects (Yi et al., 2011). The risk level to develop chronic systemic ef-
fects is zero; for the other three groups, the estimated THQs were less
than 1. Similarly the TTHQ were also less than 1 (except for S. aurata)
as shown in the results. The estimation of the carcinogenic risk of inor-
ganic arsenic was carried out by calculating the target cancer risk (TR)
(USEPA, 2010).

Arsenic in marine organisms exists in two forms: organic and in-
organic  (arsenobetaine, arsenocholine, and organoarsenicals)
(Raknuzzaman et al., 2016). Inorganic arsenic is considered the most
toxic form (Sharma et al., 2014). As a conservative approach, it is es-
timated that the inorganic form represents 10% of the total arsenic
(Francesconi, 2010). Many possible anthropogenic sources are respon-
sible for inorganic arsenic found in the environment (e.g. herbicides,
pesticides, fungicides, copperlead smelters, and glass manufactures)
(Castro-Gonzélez and Méndez-Armenta, 2008). The high levels of inor-
ganic As found in fish from the Biguglia and Urbino lagoons can be ex-
plained by the leaching out of natural minerals. These ponds receive
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runoff from agricultural areas and flows from local rivers (Foata et al.,
2009; Galgani et al., 2006).

The maximum limit for the acceptable risk of developing cancer has
been set at 10~* according to international agencies (USEPA, 2010). A
moderate cancer risk (TR“10~%) was detected in this study for the ex-
posed population, as the TRs for all species were above the risk thresh-
old. The risk associated with the carcinogenic effects of the target TE is
expressed as the excess probability of contracting cancer over a lifetime
of 70 years (Liang et al., 2011). Over long periods, continued consump-
tion of these fish may represent a potential risk to the health of con-
sumers. Like THQ, the estimated TR is a conservative value and does not
represent a specific estimate of the expected cancers (Javed and Usmani,
2016). Rather, it is an upper limit of the probability that individuals
may contract cancer at some time in their lifetimes following exposure
to that toxicant (DOH, 2007).

All values for the cancer risk assessment with inorganic arsenic were
greater than 10~ 4, indicating a moderate risk of cancer due to fish con-
sumption. However, the worst case scenario (that inorganic arsenic ac-
counted for 10% of the total arsenic) was tested. The best case scenario,
as other studies have shown, is that inorganic arsenic in fish may rep-
resent only 2% of the total arsenic (Kalantzi et al., 2013). This method
was previously used by Kalantzi et al., 2016. If these percentages are
taken into account, the estimated carcinogenic risk of arsenic would still
be above the limits (10~%) for wild S. aurata. The acceptable cumulative
cancer risk for all the potentially carcinogenic contaminants was not ex-
ceeded by the TR values for the three other groups. Our results agree
with those of other studies on fish, which found a higher risk due to ar-
senic (Ahmad et al., 2010; Alamdar et al., 2017; Kalantzi et al., 2016;
Vieira et al., 2011).

In conclusion, the same results were reached for all the parameters
analyzed (international legal limits, EWI, PTWI, THQ, TTHQ and TR),
with TE levels in fish below those that could pose a risk for human
health. Consequently, these fish can be considered safe for human con-
sumption. The possible carcinogenic risks due to As must be taken into
consideration especially in wild S. aurata which should be eaten in mod-
eration. However, people should continue to consume fish and benefit
from their positive health effects. The comparison between wild and cul-
tured fish showed that TE concentrations were generally higher in wild
specimens. However, our results showed relatively low contamination
levels compared to other studies in the Mediterranean. This study signif-
icantly contributes to the database on contaminants available for these
species. To prevent further degradation of the environment and to as-
sess human exposure to contaminants, regular monitoring of TE levels
in fish is required in the future. A better understanding of the levels of
TE in fish would also better inform consumers about the potential risks
of exposure to contaminants (Tepe, 2009).
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