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� Platichthys flesus muscle, liver and gills were analysed for PCBs and HCB.
� P. flesus was analysed along its lifespan, liver presented the highest concentration.
� P. flesus HCB concentration increased in the 3 tissues along the species lifespan.
� P. flesus PCB concentration decreased in the 3 tissues along the species lifespan.
� P. flesus is considered safe for human intake, regarding PCBs and HCB.
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a b s t r a c t

Polychlorinated biphenyls (PCBs) and hexachlorobenzene (HCB) are organic contaminants that tend to
accumulate in fish. Estuaries are exposed to high anthropogenic activities, therefore tending to accumu-
late more contaminants than the adjacent coastal waters. Platichthys flesus, a fish with high economic
value, was analysed for PCBs and HCB along its different age groups, in liver, gills, gonads and muscle.
Younger fishes were caught in the estuary, whereas older fishes were caught in the adjacent coastal
waters and acquired at Figueira da Foz Regional Office of Docapesca-Portos e Lotas, SA. Both contami-
nants concentrations follow the pattern: liver > gills > muscle. Hepatosomatic index had the lowest
values in younger fishes and the highest values in older fishes. Condition factor values remain stable with
age. Younger fishes had higher PCBs concentrations than the older fishes. In opposition HCB was only
detected in fish from 3+ to 5+ and its concentration tended to increase with age. Overall P. flesus is
considered safe for human intake.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Organochlorine contaminants are very persistent in the envi-
ronment. These contaminants tend to accumulate in organisms,
due to their lipophilic characteristics, resistance to chemical and
metabolic degradation. Human exposure occurs mainly from
environmental contamination of food products (Ulbrich and
Stahlmann, 2004). Hexachlorobenzene (HCB) was widely used as
a fungicide. It was banned globally, due to its persistence in the
environment. In the European Union was banned in 1978, in
Australia in 1972 and in USA in 1984 (Barber et al., 2005). Never-
theless, HCB is still present in the environment as an unintended
by-product in chemical processes, incomplete combustion and an
impurity in pesticides (Barber et al., 2005). Polychlorinated
biphenyls (PCBs) are synthetic organic chemicals, which tend to
accumulate in organisms, due to their lipophilic properties (Eichin-
ger et al., 2010). PCBs were introduced in the environment in the
1920s, and due to its high persistence in the environment were
banned in many countries in 1970s (Bodiguel et al., 2009).

Aquatic ecosystems act as sinks for many organic and inorganic
pollutants, resulting from anthropogenic activities. Estuaries are
exposed to these activities through urban and industrial develop-
ment and intensive agriculture (Vasconcelos et al., 2007). Estuaries
can accumulate higher quantities of organic contaminants than the
adjacent coastal waters, since they can accumulate higher quanti-
ties of nutrients and organic material. In general, open coastal hab-
itats are less contaminated, due to their high energy climate and
more remote settings (Parnell et al., 2008).

Fish species are very important for the aquatic food webs and
human intake. For this reason fishes are widely used to evaluate
the aquatic ecosystems health. The European flounder (Platichthys
flesus; Pisces, Pleuronectidea) is a demersal fish, with a wide distri-
bution (from Norway to Portugal, Mediterranean, Baltic, North
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Table 1
Medium size (cm) and medium weight (g) variation according to age (years), standard
deviation between brackets.

Age (years) Size (cm) Weight (g)

0+ 12.85 (1.50) 20.17 (6.27)
1+ 17.38 (1.68) 51.63 (5,86)
2+ 24.01 (2.24) 150.35 (41.46)
3+ 27.33 (0.55) 226.65 (32.05)
4+ 29.85 (1.90) 336.76 (103.81)
5+ 33.53 (0.96) 427.63 (54.54)
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White and Black seas) (Morais et al., 2011), being present in both
coastal waters and estuarine ecosystems (Vasconcelos et al.,
2008). This species is among the most important components of
estuarine fish assemblages in temperate latitudes (Franco et al.,
2008; Martinho et al., 2010). P. flesus was chosen for this study
due to its easy sampling and high ecological and economic rele-
vance. Furthermore, PCBs and HCB exposure to humans occurs
mainly by environmental contamination of food products (Ulbrich
and Stahlmann, 2004), highlighting the importance of knowing if
the consumed fish is appropriated for human intake and if fish size
is relevant for risks associated with consumption. P. flesus is a
widely studied species regarding PCBs (Goerke and Weber, 2001;
Ferreira et al., 2004), but HCB was rarely addressed (Kleinkauf
et al., 2004). Regarding PCBs some studies were performed in wild
animals (Ferreira et al., 2004), but many studies were performed in
laboratory (Grinwis et al., 2000; Goerke and Weber, 2001).
Although, no studies of accumulation of these contaminants along
the species different age groups were performed so far. The aim of
this work was to study the bioaccumulation along the different age
groups of PCBs and HCB in P. flesus from the Mondego estuary and
adjacent coastal area. P. flesus contamination was measure in four
different organs, muscle, liver, gonads and gills, along the species
different age groups. So, some questions can be posed: Do HCB
and PCBs bioaccumulate along the species different age groups?;
Are these patterns similar?; Are there differences in the concentra-
tion of the different tissues?; Does the contamination present in
the Mondego estuary and adjacent coastal waters pose a risk for
P. flesus general health? Does the intake of P. flesus represent a risk
for human health?
2. Materials and methods

2.1. Study site

The Mondego estuary is a small estuary (8.6 km2), located in the
western coast of Portugal (40�080N, 8�500W) (Fig. 1). It compro-
mises two arms, the north and the south arm, separated about
7 km from shore, joining again near the mouth of the estuary.
The two arms have distinct hydrological characteristics. The north
arm is deeper with 5–10 m at high tide and 1–3 m tidal range,
being dredged frequently to maintain its depth, since is the main
navigation channel. The south arm is shallower with 2–4 m depth
during high tide and 1–3 m tidal range. The south arm is largely sil-
ted up in the upstream areas causing the water to flow mainly
through the north arm. The water circulation in the south arm is
mainly dependent on tides and on a small freshwater input from
the Pranto River, which is controlled by a sluice, according to the
water needs of the rice fields of the Mondego agricultural valley.
Fig. 1. Mondego estuary sampling sites location.
2.2. Fish sampling and laboratory work

P. flesus analysed was aged from 0+ to 5+ (Table 1), by scale
analysis. Younger fishes (0+ to 2+) were caught in the Mondego
estuary, in November and December 2009. Fishing took place dur-
ing the night and during high tide at 3 sampling stations (M, N and
S) (Fig. 1). During the fishing was used a 2 m beam trawl, with
5 mm stretched mesh size in the cod end. Each survey consisted
of three five-minute hauls at each sampling station. Older fishes
(3+ to 5+) were acquired, in February and March 2010, at Figueira
da Foz Regional Office of Docapesca-Portos e Lotas, SA, the institu-
tion in charge of the first fish sales along the Portuguese mainland.

All fishes were taken into the laboratory, where they were mea-
sured (cm), and weighted (g), before collecting the muscles, livers,
gonads and gills. Sex was determined by visualization of the go-
nads, which were only removed from females. Three individual
samples from each tissue and age were stored and analysed for
PCBs and HCB, given a total of 74 samples analysed. The samples
were freeze-dried, homogenized and stored in freezer (�20 �C), un-
til analytical procedure. Due to the lack of mass, in juvenile sam-
ples (0+) were used composite samples for analysis, ranging from
3 to 23 individuals depending on the necessary mass.
2.3. PCBs and HCB analysis

For the analysis was used 3 g of muscles, 1 g of liver, 1.5 g of go-
nads and 2 g of gills. The samples were extracted by sonication
(Branson 3510) with a n-hexane:acetone (1:1) mixture. The extract
was decanted and the process repeated three times. The extract
volume was reduced by solvent evaporation using a rotavapor.
10% of the extract was used for gravimetric determination of lipid
content. The remaining 90% of the sample was reduced by solvent
evaporation under a gentle stream of nitrogen. Afterwards a clean-
up procedure was performed and lipids present in the remaining
sample were removed with sulphuric acid (97%). Afterwards, the
lipid-free extract passed through a multilayered column packed
with florisil (Supelclean� Florisil) and anhydrous sodium sulphate,
for muscle and gills, and acid silic and florisil (Supelclean� Florisil),
for liver, and PCBs and HCB eluted with hexane. Samples were
dried, under a gentle stream of nitrogen. A known mixture of PCBs
congeners (CB 34, 62, 119, 131 and 173) and HCB-13C were used as
internal standards (Ayris et al., 1997), added to the dried extracts,
and diluted with iso-octane to a final volume 200 lL. Samples were
analysed on a gas chromatograph equipped with a MDN-12 silica
capillary column (30 m; 0.25 mm i.d.; 0.25 lm film thickness)
coupled to a mass spectrometry detector (GCMS-QP5050A, Shima-
dzu) using electron impact ionization and selected ion monitoring
(SIM) acquisition. Helium was employed as the carrier gas, and
samples were injected (1 lL) in splitless mode with column tem-
perature at 40 �C and held for 2 min, then programmed to ramp
15 �C min�1 to 180 �C, and held for 1 min, 8 �C min�1 to 300 �C
and held for 15 min (injector temperature = 280 �C; interface tem-
perature = 300 �C). HCB content was given in ng g�1, lipid weight,
and the total PCBs content (ng g�1, lipid weight) was based on
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the summed concentrations of 6 ecological indicators, considered
by the European Union to assess marine pollution (

P
6PCB 28, 52,

101, 138, 153, and 180), and CB 118 (
P

tPCBs).
For quality assurance and quality control of the HCB and PCBs

quantification method, contamination was evaluated by blank con-
trols and results were always below detection limit. The recoveries
of the analytical method for the analysed PCB congeners and for
HCB were tested by analysis of spike samples and results ranged
between 71% and 106%. Reproducibility was calculated on replicate
analysis giving an overall variability of 4–20%. The detection limits
for individual PCBs and for HCB ranged between 0.1 and 1.0 ng g�1.
B

C

2.4. Data analysis

For the
P

tPCBs concentrations a potential tendency line was per-
formed for each tissue along the species different age groups,
obtaining the R2 values.

In order to detect differences among the lipid percentage for
each tissue a Tukey test (SigmaPlot 11.0) was also performed.

To detect differences in HCB concentration in the different tis-
sues a Kruskal–Wallis one-way analysis of variance on ranks was
performed (SigmaPlot 11.0 software). An All Pairwise Multiple
Comparison, Dunn’s method, was performed to detect differences
between each tissue. Log transformation was applied to the data.
A linear regression was performed on each tissue to detect differ-
ent patterns in HCB concentration along the different age groups.

A one-way ANOVA (SigmaPlot 11.0) was performed in the PCBs
congeners for each age in order to detect differences between the
different tissues for each congener. No transformation was applied
to the data, since all value had a normal distribution.

A decrease in fish general health can affect the normal physiol-
ogy. Therefore, the Hepatosomatic Index (HSI) was calculated from
the liver weight of the fish in relation to its body weight, using the
equation:

HSI ¼ Liver Weight
Total Body Weight

� 100

The condition factor (CF) was calculated from the weight of the
fish in relation to its length, and serves as an indicator of growth,
nutritional state and energy content of the fish. The CF was calcu-
lated using the equation:

CF ¼ Total Body Weight

ðBody LengthÞ3
� 100

A 5% significance level was used for all the analysis.
Fig. 2.
P

tPCB muscle concentration (ng g�1, lipid wt.), with standard deviation, in
the estuarine and marine environment, for muscle (A), liver (B) and gills (C).

Table 2
Hepatosomatic index, condition factor and lipid (%), in muscle, liver, gills and gonads
according to age.

Age Hepatosomatic
index

Condition
factor

Lipids (%)

Muscle Liver Gills Gonads

0+ 0.48 1.18 0.87 18.16
1+ 0.26 1.03 1.01 15.97 3.26
2+ 0.98 1.03 20.69 8.46
3+ 1.07 1.11 2.21 19.28 9.87
4+ 1.66 1.25 2.70 19.97 11.92 1.41
5+ 1.54 1.13 2.79 24.11 13.56 4.15
3. Results

3.1. PCBs concentrations along P. flesus different age groups

PCBs concentrations were measured along P. flesus different age
groups. Muscle samples presented the lowest concentrations, rang-
ing from 28 to 553 ng g�1, lipid wt. (Fig. 2), whereas liver presented
the highest concentrations ranging from 75 to 5548 ng g�1, lipid
wt. (Fig. 2). Gills concentrations ranged from 79 to 587 ng g�1, lipid
wt. (Fig. 2). For all tissues PCBs concentrations decreased with age
(R2 = 0.95, for muscle; R2 = 0.98, for liver; R2 = 0.99, for gills)
(Fig. 2). Gonads concentration was measured in ages 4+ and 5+,
being 70 ng g�1 and 23 ng g�1, lipid wt., respectively.

Liver presented the highest lipid content, with 16–24%, muscle
presented the lowest lipid content, with 0.87–2.8% (Table 2). Gills
tended to increase their lipid content with age, varying from 3.3%
to 14% (Table 2). Statistical differences were found in the lipid con-
tent amongst the 3 tissues (p < 0.001).



Table 3
HCB concentration (ng g�1, lipid wt.) according to age.

3+ 4+ 5+

Muscle 2.16 2.75 3.43
Gills 6.22 6.45 8.42
Liver 5.90 7.96 9.13

A

B
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3.2. HCB concentration along P. flesus different age groups

HCB concentration was not detected in juvenile individuals,
from the Mondego estuary. On the other hand, HCB concentration
was detected in individuals older than 3+, from Figueira da Foz Re-
gional Office of Docapesca-Portos e Lotas, SA (Table 3). The liver
presented the highest concentration, whereas the muscle had the
lowest (Table 3). HCB concentration tended to increase with age
for muscle, liver and gills (R2 = 0.998; R2 = 0.9753; R2 = 0.829,
respectively).

A Kruskal–Wallis one-way analysis of variance on ranks was
performed to detect differences among the three tissues. Dunn’s
method detected significant differences between liver and muscle,
and between gills and muscle (post hoc test, p < 0.05). No signifi-
cant differences were found between liver and gills (post hoc test,
p > 0.05).
C

3.3. PCB congeners’ pattern

All PCB congeners tended to decrease their concentration with
age (Fig. 3). Less chlorinated congeners presented lower concentra-
tion than higher chlorinated congeners, PCB 138 and 153 presented
the highest concentration (Fig. 3).

Liver presented higher individual congeners’ concentration
among the three tissues. The congeners’ concentrations in the tis-
sues follow the pattern: liver > gills > muscle.

A one-way ANOVA was performed to detect differences in each
tissue for each congener. High chlorinated congeners (PCB 118,
138, 153 and 180) presented significant differences between the
three tissues, for each age.
3.4. Physiological conditions of P. flesus along its different age groups

HSI and the CF can give valuable information about the fish gen-
eral health, and can be influenced by environmental contaminants.
HSI values were measured for each age. Lower values were associ-
ated with younger individuals and higher PCBs concentration.
Estuarine individuals, ages 0+ and 1+, presented lower HSI values
than marine individuals, ages 2+ to 5+ (Table 2). The CF was mea-
sured for each age, and the values did not vary along the species
different age groups, ranging from 1.03 to 1.25 (Table 2), and no
significant differences were found in the condition factor along
the species different age groups (p = 0.564).
Fig. 3. PCB congener analysis in the muscle (A), liver (B) and gills (C).
4. Discussion

4.1. PCBs contaminations along P. flesus different age groups

Estuaries are sinks for many chemical contaminants due to their
proximity to urbanized areas (Gravato et al., 2010). P. flesus is a
marine estuarine-dependent species, using estuaries as a nursery
ground. Younger individuals, age 0+, tend to move to the upstream
areas, where the salinity values are lower. As they mature (age 1+),
they move towards the downstream areas of the estuary. At age 2+,
mature individuals move to the adjacent coastal waters, where
they will continue their lifecycle. After spawning, P. flesus larvae
move again to the upstream areas of the estuary, completing the
lifecycle (Fig. 4).

Juvenile stages (from the estuarine system) presented higher
P

tPCBs concentration than the mature stages (from the adjacent
coastal waters). Class 0+ presented the highest concentration. This
class is located in the most upstream areas of the estuary near the
Mondego agricultural valley. Mature fishes presented lower con-
centration, since the marine environment is less contaminated,



Fig. 4. P. flesus lifecycle in the Mondego estuary and the
P

tPCB concentration, for liver, gills and muscle.
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due to their remote setting (Parnell et al., 2008) (Fig. 4).
P

tPCBs con-
centration decreased with P. flesus different age groups. This can
also be associated to an increase in metabolic activity and growth
dilution (Pastor et al., 1996). Growth dilution can be defined as
biomass-specific concentration of pollutants diminishes by accu-
mulation of new biomass (Pickhardt et al., 2002). Growth dilution
was observed in other species, such as in the Northern pike (Esox
lucius), for mercury contamination (Verta, 1990). The migration
pattern of P. flesus from a more contaminated to a less contami-
nated environment and growth dilution may not be the only
factors associated to its decontamination.

The high concentration from class 0+ can be attributed to many
factors, such as gonadal pre-contamination, contaminating the
recently hatched P. flesus. Since, reproduction can be used as a dep-
uration system, also observed in other species, such as largemouth
bass (Micropterus salmoides) (Rypel et al., 2007) or sea bass
(Dicentrarchus labrax) (Loizeau et al., 2001), furthermore, class 0+
inhabits at the more upstream areas of the estuary near the Mond-
ego rice fields, which can be a possible contamination source of the
estuarine system.

Liver presented higher
P

tPCBs concentration than gills or mus-
cles. The liver is the main organ for PCB storage (Bodiguel et al.,
2009), and had higher lipid content. PCBs are very lipophilic and
are more prone to accumulate in liver. Nevertheless, gills are asso-
ciated with higher concentration, as well. Gills can accumulate
PCBs by bioconcentration, since they are in direct contact with
the surrounding environment (Björk and Gilek, 1997) presenting
a large surface area per gram. Moreover, gills are continually trans-
ferring organic pollutants from both water and suspended particles
into its surface (Yang et al., 2007). Muscle low contamination can
be attributed to its low lipid content. Gonads contamination can
be attributed to its lipid content and a dislocation of the contami-
nation from the muscle to the gonads. According to Bodiguel et al.
(2009), muscle is the major contributor for gonadal contamination.

4.2. PCB congeners in P. flesus

PCB congeners’ concentration in P. flesus decreased with age for
all tissues. Congeners can be eliminated by excretion and/or by
biotransformation (Eichinger et al., 2010), and are only excreted
after they are metabolized (Goerke and Weber, 2001).

The congeners that more contributed to the differences in con-
centration among the three tissues were the high chlorinated
congeners, PCB 118, 138, 153 and 180. These differences can be ex-
plained by the fact that high chlorinated congeners are more
slowly degraded metabolically (Wu et al., 2008) and have higher
accumulative properties, therefore are more persistent in the envi-
ronment and in the biological tissues (Bodin et al., 2008).
4.3. HCB along P. flesus different age groups

HCB has a long-half life in water and sediment and therefore is
extremely persistent in the environment (Barber et al., 2005). HCB
can be transported for great distances in the atmosphere before re-
moval, deposition or degradation (Barber et al., 2005).

The muscle presented lower HCB concentration, whereas the
liver and gills presented the highest concentration. The liver is
the main organ for contaminants storage and presented high lipid
content. Gills higher concentration could be due to its larger sur-
face and by the continuously transfer of organic pollutants from
both water and suspended particles onto its surface (bioconcentra-
tion) (Björk and Gilek, 1997; Yang et al., 2007).

In P. flesus different age groups was observed an increase in HCB
concentration. HCB residues were only detected at age class 3+, 4+
and 5+. P. flesus from the present study presented lower concentra-
tion than P. flesus found in the Baltic Sea (Szlinder-Richert et al.,
2008). Estuaries are known to have higher HCB concentration than
the adjacent open waters nearby (Barber et al., 2005). So it is pos-
sible to assume that generally P. flesus contamination was derived
from the estuaries rather than the sea. According to Vasconcelos
et al. (2008) the Douro estuary (located 80 km north) had higher
contribution (53.3%) for the fish stock caught in the coastal area
of Figueira da Foz, while the Mondego estuary only contributed
with 23%. HCB contamination detected in older P. flesus could be
due to a contamination already present in fishes from the Douro
estuary (Ferreira et al., 2004).

HCB contamination in P. flesus increased along the species dif-
ferent age groups, whereas PCBs concentration decreased. PCBs
are metabolized primarily in the liver by the enzyme cytochrome
P450 (Ferreira et al., 2004). In fishes this enzyme increases sub-
stantially after an exposure to organic contaminants (Collier
et al., 1998). Although, this enzyme is important for PCBs detoxifi-
cation, HCB is not an inductor of cytochrome P450 (Mundy et al.,
2012). So, the differences in the contaminants accumulation along
P. flesus different age groups can be due to differences in detoxifi-
cation processes. HCB detoxification may not be a process as effi-
cient as PCB detoxification (Ministério da Agricultura, 2012).
4.4. P. flesus physiological conditions

HSI and the CF can give valuable information about the fish gen-
eral health, and are influenced by chemical contamination
(Güngördü et al., 2012). A decrease in the general health of P. flesus
can affect their normal physiology and induce adverse changes. HSI
and the CF can give important information on the physiological
state of the fish. P. flesus general health can be indicative of their



Table 4
PCBs concentration (ng g�1, wet wt.) in P. flesus different
age groups, standard deviation between brackets.

Age Concentration (ng g�1, wet wt.)

1 1.42 (±0.2)
2 0.84 (±0.41)
3
4 0.84 (±0.33)
5 0.85 (±0.16)
6 0.62 (±0.36)
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reproductive potential and the fitness of their offspring (Kleinkauf
et al., 2004).

Regarding HSI, there is some discrepancy in the literature con-
cerning the interpretation of the decrease or increase in HSI values
in fish (Güngördü et al., 2012). Some authors pointed out that
exposure to pollutants may cause liver dysfunction capable of
interfering with normal development, increasing HSI values
(Kleinkauf et al., 2004). Though, exposure to PAHs or heavy metals
results in a decrease of HSI values (Yang and Baumann, 2006).
Accordingly, our results show lower values of HSI with higher con-
centration of PCBs. But, these results may be interpreted with cau-
tion, because multiple factors, other than contaminants, can cause
changes in the liver size (Yang and Baumann, 2006). Among these
factors can be included sampling season, nutrition or disease (Yang
and Baumann, 2006). HCB was only detected in mature individuals,
therefore did not interfere in HSI of younger fish. Moreover, despite
the opposite tendencies observed in PCBs and HCB the overall con-
centrations found were low. Accordingly HCB and PCBs contamina-
tion at these levels may not be the main influence in HSI values.

Multiple factors can influence the CF, such as food availability,
parasites and chemical contamination (Güngördü et al., 2012). In
the Mondego estuary and adjacent coastal water the CF is similar
at all ages, and it is, also, similar to those found by Kleinkauf
et al. (2004), also for P. flesus. The relationship of weight and length
remain constant throughout P. flesus different age groups, and the
condition factor also remains constant along the species different
age groups. Therefore, PCBs and HCB contamination, at these lev-
els, does not seem to affect the CF.

4.5. P. flesus economical value and human intake

P. flesus is a commercial species, with great economic impor-
tance being consumed in many countries such as United Kingdom,
France, Spain, Greece or Portugal. P. flesus reproduce in offshore
waters and use estuaries as nursery areas or temporary habitats
(alternative to coastal areas), because it increases their chances
of survival (Martinho et al., 2010). According to FAO fishery statis-
tics, in 2010 around 20000 tons of fish were captured. A higher
number than the captured fish in the year 2000, where only
16000 tons (www.fao.org). In Portugal, between the years 2009
and 2010 the estimated captured was 110 and 122.7 tons respec-
tively (www.dgrm.min-agricultura.pt). P. flesus is a high commer-
cial species, so the average prices for P. flesus in 2009 and 2010
ranged between 2.96 and 3.10 € kg�1, for the first fish sale. The
average price for P. flesus for the public sale was around 10 € kg�1,
a much higher value than the first fish sale. Figueira da Foz Regio-
nal Office of Docapescas-Portos e Lotas, SA provided 10.6 tons of
captured fish to the mainland, with an average commercial value
of 2.91 € kg�1, for the first fish sale. The Mondego estuary contrib-
uted with 2.47 tons (www.dgrm.min-agricultura.pt).

P. flesus is a highly exploited commercial species, but can be
particularly vulnerable to chronic and accidental pollution, due
their benthic lifestyle and to the fact that nurseries are located in
estuarine areas (Eichinger et al., 2010). Recently, the European Un-
ion has recommended a tolerance limit of 75 ng g�1 (wet wt.), for
fish muscle and fish products, for the sum of the 6 ecological indi-
cators (28, 52, 101, 138, 153 and 180), (Commission Regulation
(EU) No. 1259/2011). P. flesus concentration from the fish market
is around 0.75 ng g�1 (wet wt.), representing the adult fish. The
concentrations of the P. flesus from the Mondego estuary are be-
tween 1.42 and 0.26 ng g�1 (Table 4). All values are much lower
than the one established by the European Union. Therefore, fish
from the Figueira da Foz Regional Office of Docapescas-Portos e
Lotas, SA, representing the adult fish, and the Mondego estuary,
representing the juvenile fish, can be considered safe for human
intake, regarding PCBs.
Also regarding PCBs, the limit of the daily intake was set in
10 ng kg�1 bw d�1 (WHO, 2003). The weekly consumed fish for
the Portuguese population is around 1250 g (Lourenço et al.,
2006) representing one of the highest consumption rates of fish
per capita in the world (www.fao.org). Since the Portuguese aver-
age body weight is around 65 kg and the used concentration was
1.46 ng g�1 (wet wt.) the Portuguese daily intake is around
4 ng kg�1 bw d�1, which is lower than the limit set by (WHO,
1997). The values estimated in the present work are lower to the
ones estimated in Germany (11.2 ng kg�1 bw d�1) (Fromme et al.,
2009) and in Italy (11.2 ng kg�1 bw d�1) (Fattore et al., 2008), and
closer the ones estimated in France (5.42 ng kg�1 bw d�1) (Sirot
et al., 2012).

HCB values estimated in the present work (2.2–3.4 ng g�1, lipid
wt.) are lower than those found in previous studies, such as
Falandysz et al. (2004), with 6–27 ng g�1 (lipid wt.) in perch, or
by Wang et al. (2010), with 11–37 ng g�1 (dry wt.) in carp.
Although, no limit was set for HCB intake in fish, the fish daily in-
take can be considered. The daily intake of HCB by the Portuguese
population, with a concentration of 0.09 ng g�1 (wet wt.) is around
0.25 ng kg�1 bw d�1. According to the US Department of Health
and Human Services for non-cancer effects the daily intake limit
is 170 ng kg�1 bw d�1 and for neoplastic effects the limit is
160 ng kg�1 bw d�1 (WHO, 1997). The daily intake levels regarding
HCB of the Portuguese population are lower, than values found in
Spain (2.4 ng kg�1 bw d�1) (Falcó et al., 2004), Finland
(24.2 ng kg�1 bw d�1) (Moilanen et al., 1986) or Netherlands
(14.3 ng kg�1 bw d�1) (Greve, 1986).
5. Conclusions

PCBs and HCB were measure in P. flesus from the Mondego estu-
ary and adjacent coastal waters, along the species different age
groups, in liver, gills and muscle. PCBs concentrations decrease
along the species different age groups, for all tissues. Liver and gills
presented a higher concentration than muscle. HCB residues were
not detected in juvenile fishes (estuarine environment), but was
detected in the mature fishes (marine environment), with a ten-
dency to increase its concentration along the different age groups.
Liver and gills presented higher concentration than muscle.

Human exposure to such contaminants occurs mainly by envi-
ronmental contamination of food products. Regarding PCBs, the
concentration is below the 75 ng g�1 (wet wt.), moreover PCBs dai-
ly intake is below the limit establish by (WHO, 1997). Regarding
HCB the daily intake is also below the US Department of Health
and Human Services tolerance limit. Therefore, P. flesus can be con-
sidered safe for human intake.
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