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Abstract:

The relationships between total mercury (Hg) concentration and stable nitrogen isotope ratio (3*°N)
were evaluated in Mullus barbatus barbatus and M. surmuletus from the Mediterranean Sea and M.
barbatus ponticus from the Black Sea. Mercury concentration in fish muscle was six times higher in
the two Mediterranean species than in the Black Sea one for similar sized animals. A positive
correlation between Hg concentration and 3N occurred in all species. Increase in Hg concentration
with 3"°N was high and similar in the two Mediterranean fishes and much lower in the Black Sea
species. Since this was neither related to trophic level difference between species nor to
methylmercury (MeHg) concentration differences between the north-western Mediterranean and the
Black Sea waters, we suggested that the higher primary production of the Black Sea induced a dilution
of MeHg concentration at the base of the food webs.
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1. Introduction

Heavy metal contamination of aquatic ecosystems is a serious problem for human health, as

marine fish are important commercial sources of proteins (Phillips, 1995). This is particularly
the case for mercury (Hg), which biomagnifies along food webs (Morel et al., 1998). The risk
of exposure to environmental contaminants for human beings requires an understanding of
the factors affecting mercury accumulation in fish (Clarckson, 1997). This problem is
particularly crucial for Mullidae, also known as red mullets, which are an important
commercial resource in the Mediterranean Sea (Suquet and Person-Le Ruyet, 2001). Total
catch of red mullets in the Mediterranean and Black Seas combined reached 37 171 tonnes
in 2005 (FAO, 2005).

Mercury uptake by fishes is a cumulative process resulting from bioaccumulation of the
metal with age and biomagnification through food webs. Both processes result in an
increasing Hg concentration with size and trophic level (e.g., Monteiro et al., 1991; Trudel
and Rasmussen, 2006). Methylmercury (MeHg) is the predominant form of Hg in fish muscle,
ranging from 80 % to 98% (Bloom, 1992; Joiris et al., 1999; Magalhaes et al., 2007). In the
muscle of M. barbatus barbatus (Capelli et al., 2004; Gonul and Kucuksezgin, 2007) and M.
surmuletus (Capelli et al., 2004), MeHg accounted for 90% of the total Hg content. Thus, the
analysis of total mercury in fish muscle gives a good proxy of the concentration of MeHg in
fish muscle with more accurate and economical analytical (Bloom, 1992). Mercury
accumulation in fish mainly results in a direct uptake from food that accounts for at least 85%
of the total uptake of MeHg in fish (Hall et al., 1997). The highly toxic MeHg is mainly
accumulated in fish muscle due to its affinity to protein (Harris et al., 2003; Amlund et al.,
2007). However, incorporation of Hg in fish muscle is a complex process that may vary
according to various biological factors (growth rate, sex, age of fish), ecological factors (food,
habitat) and environmental factors (Hg inputs, methylation rate, primary productivity) that
explains the variety of results obtained on different species (Trudel and Rasmussen, 2006;
Schwindt et al., 2008). Concentration of mercury in fish is affected by bioenergetic processes
and increases generally with size and age (Trudel and Rasmussen, 2006; Magalhaes et al.,
2007), but this is not the rule (Schwindt et al., 2008). It also increases with trophic level of the
fish, a process known as biomagnification. Stable nitrogen isotope ratio (5*°N) was used in
several studies to identify the trophic position of organisms and, thus, quantitatively assess
Hg biomagnification in food webs (e.g., Cabana and Rasmussen, 1994; Jarman et al., 1996;
Cai et al., 2007). Trophic level is a good predictor of Hg concentration in some fish, but not in
other species, where Hg is more significantly related to other parameters (Atwell et al.,
1998).

Several early papers demonstrated elevated Hg concentrations in the Mediterranean fishes
compared to the same species from other parts of the world (e.g., Bernhard and Renzoni,
1977). Aston and Fowler (1985) reviewed the main hypotheses that may explain these
observations, from the bioavailability of mercury in waters to the specificities of the
Mediterranean food web structures. However, they failed to reach a clear conclusion and
suggested that more data were needed to resolve these issues. Since, new results have
been obtained from coastal (Barghigiani and De Ranieri, 1992; Corsi et al., 2002; Gonul and
Kucuksezgin, 2007; Keskin et al., 2007) and deep water (Storelli et al., 2002; Cossa and
Coquery, 2005) Mediterranean fishes. However, most studies provide Hg concentration in
fish muscle without any explanation on the mechanisms involved, and fail to explain
geographic differences. We addressed here this question in the case of Mullus species from
the Gulf of Lions (NW Mediterranean) and the Romanian coast (Black Sea), since the
ecology of these animals (Bautista-Vega et al., 2008; Banaru, 2008) and the methylmercury
concentrations in these waters (Lamborg et al., 2008; Cossa et al., in press) were recently
documented. Bautista-Vega et al. (2008) demonstrate that the trophic level of individuals
increases with size in Mullus b. barbatus Linnaeus, 1758 and not in M. surmuletus Linnaeus,
1758 in the Gulf of Lions (NW Mediterranean). Such a difference is related to differences in
diet composition and trophic level of preys, which increases with fish size in M. b. barbatus



but not in M. surmuletus. Are such differences reflected in Hg accumulation in these two
species? The study of M. b. ponticus Espipov, 1927 collected on the Romanian coast (NW
Black Sea) afforded the opportunity to compare Hg content in Mediterranean and Black Sea
closely related fish species. The specific objectives of the present study was therefore to
analyse the variations of Hg concentration in the muscle of the three red mullet species in
relationship with their sex, size, age and 5N, and look for difference in environmental
conditions that may account for geographic differences in their Hg content.

2. Material and Methods

2.1. Study areas and fish sampling

Mullus b. barbatus and M. surmuletus were collected in the Gulf of Lions (NW
Mediterranean, 42°15- 43°35’ N, 3°00’- 6°00" E) by trawling between 20 and 90 m depth,
and M. b. ponticus was collected on the Romanian coast (NW Black Sea, 45°12’- 43°44'N,
29°40’- 28°35’E) by trawling between 10 and 30 m depth in May 2004 (Fig. 1). This last sub-
species is the only red mullet present in the Black Sea. Sampling in Romania was performed
with fishermen who trawl in shallower fishing grounds due to the wide continental shelf
extending in this region. Total length (TL cm), mass (g) and sex of individuals were recorded,
digestive tract removed and fixed in 5 % buffered formalin, and dorsal white muscle collected
and kept frozen at -20°C before freeze-drying for stable isotope and mercury content
analyses. Number, sex, size and age of fish individuals analysed were indicated on Table 1.
Age was estimated according to the growth equations established by Bougis (1952) and
Refiones et al. (1995) for these fish species in the NW Mediterranean. Red mullets are
benthic feeders that prey on polychaetes, crustaceans and molluscs (Aguire and Sanchez,
2005; Bautista-Vega et al., 2008).

2.2. Mercury analysis

Measurements of total Hg in fish tissue were performed using the automated atomic
absorption spectrophotometer by ALTEC (Model AMA-254). The total mercury determination
procedure consists of the following automatic sequences: (1) an ashing (550°C) of the freeze
dried sample allowing the elemental mercury volatilisation from the sample, (2) the evolved
elemental mercury amalgamation on a gold trap, (3) an atomic absorption
spectrophotometric measurement of the Hg collected following the heating of the gold trap
(800°C). With a 20 mg sample the detection limit and the reproducibility were 0.007 pg.g-1
and 7 % respectively. The accuracy of the technique was assessed every ten samples using
various certified reference materials (CRM) from the National Research Council of Canada
and the International Atomic Energy Agency (IAEA). These CRM were fish muscle tissues
(DORM-1 and DORM-2) chosen according to the Hg concentration level of the samples
analysed. The measured values were always within the confidence limits given for the CRM
(Table 2). Mercury concentration was expressed as total Hg dry weight concentration in fish
muscle (ug.g-1 dw).

2.3. Stable isotope analysis

To evaluate the trophic position of individuals / stable nitrogen isotope ratio (5'°N) was
analysed on dorsal white muscle. Freeze-dried samples were ground into a fine powder
using a mortar and pestle and 1 mg in tin capsule was analyzed. >N/*N ratios were
determined by continuous-flow isotope-ratio mass spectrometry. The spectrometer was a
Europa Scientific ANCA-NT 20-20 Stable Isotope Analyser with ANCA-NT Solid/Liquid
Preparation Module, with an analytical precision (SD, n=5) of 0.2 %o estimated from standards
analysed along with the samples. Internal working standards were 1 mg leucine prepared by



freeze drying 50 ul of a 20 mg mL™ stock solution into tin capsules, and calibrated against
IAEA standards N1 and N2. Delta notation was used as following:

oX (%0) = [(Rsample / Rstandard)']-] X 103

where X is N, and R the ratio *>N/**N. The standard reference material was atmospheric N,
for nitrogen.

2.4. Data analysis

Differences in mean 5'°N and mean total Hg concentration between fish species were
tested using ANCOVA to eliminate the influence of fish size on data. Pearson linear
regressions were conducted for exploring the relationships between &N and total Hg
concentration with fish size and age, as well as between "N and total Hg concentration, in
each of the three species studied. Relationships with weight were not tested as weight is a
more variable parameter than length (Storelli et al., 2002). Differences in slope and elevation
were tested by appropriate t-test.

3. Results

3.1. Mean stable nitrogen isotope ratio and mercury content

No difference in 8"°N value or total Hg content with sex were observed in M. b. barbatus (p
= 0.236 and 0.265 respectively), M. surmuletus (p = 0.570 and 0.451 respectively) and M. b.
ponticus (p = 0.472 and 0.616 respectively) for a given fish length. However, individuals
larger than 21 cm TL in both M. b. barbatus and M. surmuletus were all females. Thus, all
individuals were analysed together and sex was not further taken into consideration. No
significant difference in mean 5'°N was observed between M. b. barbatus and M. surmuletus,
the two NW Mediterranean fish species, whereas a significantly higher 8N value was
recorded in the Black Sea species, M. b. ponticus (ANCOVA: F = 517.20, p < 0.001) (Table
1). Total mercury concentration was significantly lower in M. b. ponticus, whereas higher and
similar Hg concentrations were recorded in the two Mediterranean species (ANCOVA: F =
10.08, p < 0.001). The mean Hg content in the Black Sea red mullet was six times lower than
that observed in the two Mediterranean species. However, the mean size and age of M. b.
ponticus individuals analysed were lower than those of M. b. barbatus and M. surmuletus
(Table 1). Total Hg concentration by 2 cm size classes in the three fish species studied
indicated that Hg content was always significantly lower in the Black Sea species than in the
Mediterranean ones at similar size (Fig. 2). Mercury mean concentration was from four times
lower in fish smaller than 10 cm to six times lower in 12-14 cm fish in M. b. ponticus than in
the two other species. No difference in Hg content between M. b. barbatus and M.
surmuletus was observed for fish smaller than 20 cm TL, whereas the difference was highly
significant for fish larger than 22 cm TL, with higher Hg values in M. b. barbatus (Fig. 2).
Thus, at similar size Black Sea red mullets contained lower concentrations of total Hg than
Mediterranean species, and large M. surmuletus presented lower Hg concentrations than
large M. b. barbatus in the Gulf of Lions.

3.2. Difference in N and Hg relationships between species

Both 8'°N and total Hg concentration were significantly related to size and age in M. b.
barbatus, whereas these relationships were not significant in both M. surmuletus and M. b.
ponticus (Table 3). However, significant positive correlations between total Hg and 8*°N were
evidenced in the three red mullets, even if explaining a low percentage of data variability (5
to 11%) (Table 3). These results implied that trophic level, indicated by 8N values, was a



better predictor of total mercury concentration than size and age in M. surmuletus and M. b.
ponticus, whereas all factors were significant in M. b. barbatus. The increase in Hg
concentration with '°N was similar in the two Mediterranean species and higher than in the
Black Sea species (Fig. 3). The equations of the regression of Hg (y) versus 5°N (x) were y
=-1.592 + 0.257x for M. b. barbatus, y = -1.528 + 0.233x for M. surmuletus and y = —0.135
+ 0.020x for M. b. ponticus. Slopes and elevations of linear regressions did not differ
between M. b. barbatus and M. surmuletus (t = 0.081, p > 0.05 and t = 0.013, p > 0.05
respectively), but were significantly higher than the slope and elevation observed for M. b.
ponticus (t = 1.975, p < 0.001 and t = 6.528, p < 0.001 respectively).

4. Discussion

In the present study, the relative role of sex, size, trophic position and geographical origin
on Hg concentration in red mullets was analysed. We argued here that the Hg in preys and
differences in the productivity between the north-western Mediterranean and the Black Sea
governed Hg concentrations in fish tissue.

4.1. Differences in Hg concentration between red mullets, a consequence of the
feeding regime

Higher mercury concentration is often observed in slow growing fishes compared to fast
growing fishes (Monteiro et al.,1991). Depending on the relative growth rates, higher Hg
concentration can be found in males or females. In spite of a difference in growth with sex in
red mullets, males growing slowly than females (Refiones et al., 1995), no difference in Hg
content with sex was observed in the three species studied, as also observed for other
marine fishes (Magalh&es et al., 2007). An increase in Hg with size is reported in many, but
not all, marine (Joiris et al., 1999; Cai et al., 2007; Magalh&es et al., 2007) and freshwater
fish species (Schwindt et al., 2008). No significant relationship between Hg concentration
and size and age was observed in M. surmuletus and M. b. ponticus, at least within the
range of fish size and age studied, whereas Hg bioaccumulation was observed with the
individual trophic level estimated with stable nitrogen isotope ratio. In M. b. barbatus, 5'°N,
size and age covaried suggesting that a combination of the three parameters caused the
observed Hg accumulation. A positive relationship between Hg and fish size is also observed
in M. b. barbatus from Italian (Corsi et al., 2002) and Turkish waters (Gonul and
Kucuksezgin, 2007).

In many studies Hg concentration increases also with °N within and between species
(Jarman et al., 1996). The positive correlation between Hg concentration and trophic position
(8™N) of individuals observed in the three red mullets studied indicated the importance of
prey trophic level in the mercury content of these species. As the main route for Hg uptake in
fish is food (Hall et al., 1997), it is important to know precisely the feeding ecology of species
to understand the patterns observed in Hg concentration. Diet of red mullets analysed in this
study has been described previously for the Mediterranean (Bautista-Vega et al., 2008) and
Black Sea species (Banaru, 2008) that allowed explaining interspecific difference in trophic
position and Hg concentration. The significant increase in 8°N with size in M. b. barbatus is
explained by an increase in large polychaete and shrimp consumption and a decrease in
small crustacean use (Bautista-Vega et al., 2008). In contrast, the absence of relationship
between "N and size in M. surmuletus is related to a more homogeneous diet with size and
the ingestion of smaller prey. Thus, the difference of size-related increase in °N between
these two red mullets is linked to difference in trophic level of their main prey, as M. b.
barbatus feeds on invertebrates of increasing trophic level when growing, and not M.
surmuletus (Bautista-Vega et al. 2008). M. b. ponticus feeds mainly on small crustaceans
and, to a lesser extent, on bivalves and polychaetes, and no change in 8N of its diet with
size is observed (Banaru, 2008). Hg concentration of prey is probably the primary



determinant of Hg loading in fishes, as concluded by Magalhées et al. (2007). They relate a
positive relationship of Hg concentration in fish muscle to Hg concentration in their diet
around the Azorean Islands. Our results were consistent with the idea that the feeding of
large M. b. barbatus on polychaetes was the reason why they accumulated more mercury in
their muscle tissue than M. surmuletus which feed more on small crustaceans. In spite of the
lack of Hg measurements in the preys, this hypothesis was strongly supported by numerous
literature data, which show that a progressive increase in Hg concentrations is usually found
in organisms at different levels of the marine food web (e.g., Boudou and Ribeyre, 1997). For
example Bargagli et al. (1998) found systematically higher Hg concentration in polychaetes
than in plankton in a study of an Antarctic marine ecosystem. Complementary studies on Hg
content in prey invertebrates are thus needed to better apprehend the route of Hg
accumulation in fishes from the Mediterranean and Black seas.

Variability in Hg concentration in the three red mullets studied was high, as also observed
for M. b. barbatus in the Adriatic Sea (Corsi et al., 2002). Data were particularly scattered
within large size classes and high trophic levels. An increase in variability in Hg concentration
with trophic position seems to be frequent and was also noticed by Atwell et al. (1998) in an
Arctic marine food web.

4.2. Geographical differences in Hg concentration in the red mullets, a consequence
of “biodilution”

A literature review indicates that the highest Hg concentration recorded in red mullets in the
Mediterranean area is observed in the Adriatic and Marmara seas, and the lowest in the
Black Sea (Table 4). Thus, Hg concentration in one fish species seems to differ highly at a
regional scale. Are these differences due to differences in fish trophic position, or in Hg
bioavailability in the environment (i.e., concentration level, chemical species abundance,
uptake efficiency by phytoplankton)?

A mean trophic level of 3.4 is calculated for similar size classes in M. surmuletus in the Gulf
of Lions (Bautista-Vega et al., 2008) and M. b. ponticus on the Romanian coast (Banaru,
2008) in spite of different 8°N values. Such a result is due to a higher 8°N value of
phytoplankton in the Black Sea (7.85 %o = 1.96 %., Banaru et al., 2007) than in the
Mediterranean (4.45 %. = 0.78 %o, Bautista-Vega et al., 2008). Since these red mullets
presented similar trophic levels, this parameter cannot account for the regional difference
observed in Hg accumulation.

Recent papers on mercury distribution in seawaters of the Mediterranean and the Black
Sea (Lamborg et al., 2008; Cossa et al., in press) bring information about mercury species
abundance in both the Gulf of Lions and the Back Sea (Table 5). Albeit higher total mercury
concentrations are recorded in the Black Sea compared to the Gulf of Lions, the
biomagnified mercury species, the MeHg, presents similar concentration within the first
hundred metres, the water layer where the red mullets are living and feeding. However, the
methylmercury concentration in phytoplankton is the result of both MeHg uptake rate and
phytoplankton growth. Uptake, which is partially governed by MeHg concentration in water
(Mason et al. 1996; Pickhardt and Fisher, 2007), will result in various MeHg concentration in
plankton depending the rate of building cellular material; indeed a high primary production
induces a biomass dilution phenomenon (Pickhardt et al., 2002). Joiris et al. (1995) observed
a significant negative correlation between Hg concentration and particulate organic carbon
concentration in the particulate matter of the European Arctic Seas. Their results testify from
a biomass dilution phenomenon with lower contaminant concentration in highly productive
waters. As the mean annual primary production recorded on the Romanian coasts
(Humborg, 1997) is higher than that observed in the Gulf of Lions (Bosc et al., 2004) (Table
5), one could expect a lower Hg concentration in Black Sea than in Mediterranean
phytoplankton, and subsequently a lower Hg accumulation along food webs. Thus, the lower
Hg concentration recorded in the Black Sea red mullet compared to the Mediterranean
species is explained most likely by the higher primary production in the Black Sea. We
arrived with a similar interpretation as Outridge et al. (2008) who conclude that the



concentration of bioavailable Hg in seawater is incapable to satisfactorily explaining Hg
variations in marine biota. They hypothesise that the rate of biological uptake and trophic
transfer are the key regulators of bioaccumulation and biomagnification in marine organisms.
Thus, the biodilution at the base of the food web is more than probably the reason of the
lower Hg concentration in the red mullet muscle tissue from the Black Sea compared to
those of the north-western Mediterranean.

4.3. Risk consequences

The higher concentration of Hg in Mediterranean organisms compared to other seas was
reported for different species. Monteiro et al. (1991) observed a higher Hg concentration in
Mediterranean scorpionfish Helicolenus dactylopterus than in the Azorean individuals.
Difference in Hg content in fish is also noted between different Mediterranean regions for red
mullets (Table 4) and sardines (Joiris et al., 1999). Mullidae have been used for monitoring
potential toxicological risk associated to edible fish in a number of studies around the
Mediterranean (Storelli et al., 2003; Capelli et al., 2004; and others). The regulatory limit of
the European Union for mercury concentration in demersal fishes is 0.5 pg.g™ wet weight
(EU, 2001). In our study, such level was exceeded only in M. b. barbatus larger than 22 cm
TL, whereas no indication of size could be indicated in M. surmuletus because Hg
concentration was not size dependent in this last species. However, large M. surmuletus
contain generally lower Hg concentration than large M. b. barbatus.

The results of the present study point out that fish biology, food webs structure and
environmental conditions knowledge are all important for understanding the dynamics of Hg
accumulation in commercial fish species. These findings partly answer to the “mercury
enigma” in Mediterranean waters pointed out thirty years ago (Aston and Fowler, 1985).
However, the study of MeHg uptake by phytoplankton and its transfer through the various
components of trophic webs is a challenging issue for better understanding its
bioaccumulation and biomagnification processes in marine fishes.
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Tables

Table 1

Sampling location, number (No) and age (year) of fish analysed in the three red mullet species studied, with mean (+ SD) fish total length (TL
cm), 8°N (%o) and total Hg content (ug.g™ dry weight). Minimal and maximal values (min-max) were indicated into brackets. M = number of
males, F = number of females.

Species Location No. (M/F) Age (yr)  (min-|TL (cm) (min-max) 3N (%o) (Min-max) Hg (pg.g* dw) (min-
max) max)

Mullus barbatus | NW 132 (50/82) |0.6-6.0 148+36 (85245 |1052 + 1.10 (7.45 |1.11+1.15(0.02-8.92)
Mullus Mediterranean 85 (30/55) |0.5-6.2 16.6 + 4.6 (9.6-31.0) |14.37) 0.92 + 1.06 (0.001-6.06)
surmuletus NW 91 (55/36) |0.5-1.5 10.4+ 1.6 (7.3-14.8) |10.52 + 1.00 (8.68-|0.16+0.05 (0.09-0.33)
Mullus b. | Mediterranean 13.67)
ponticus NW Black Sea 1465 £ 0.76 (12.76-

16.32)

Table 2

Accuracy testing of the Hg determinations using Certified Reference Materials. Averages and confidence intervals at 95 % for the certified and
found values (ug g* dw). DORM-1 and DORM-2 are fish tissues.

DORM-1 DORM-2
Certified values 0.798 £ 0.074 4.36 +0.26
Found values 0.854 + 0.013 4.41 +0.08
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Table 3

Results of Pearson linear correlations (R) performed on 8'°N (%.) and total Hg content (ug.g™ dw) versus total length (TL cm) and age (yr) in

mullid species. ns = not significant.

5N vs TL Hg vs TL 5N vs Age Hg vs Age Hg vs 8N
Mullus barbatus R =0.47, p <0.001 R =0.59, p<0.001 R =0.45, p <0.001 R =0.68, p <0.001 R =0.25, p=0.003
Mullus surmuletus R =015 p=0.176|R =0.01, p =0918/R =0.16, p = 0.133|R =-0.02, p = 0.869|R=0.22, p=0.042
Mullus b. ponticus ns ns ns ns R =0.33, p=0.002

R =0.03, p=0.766|R =-0.06, p=0.540|R =0.04, p = 0.696|R =-0.03, p =0.771

ns ns ns ns

Table 4

Mean (£ SD) total Hg concentration in Mullus b. barbatus, M b. ponticus and M. surmuletus muscle in the Mediterranean and adjacent waters.
Concentrations were expressed as ug.g™ wet weight (ww). Dry weight to wet weight conversion for the present study data was done using the
equation: Hgwet weight = HYdry weight * 0.22 (Magalhédes et al., 2007). Min-Max = minimum and maximum values. n.a. = data not available.

Locations

Mean + SD (Hg pg.g™ ww)

Min-Max (Hg ug.g™ ww)

Reference

Mullus barbatus barbatus
NW Mediterranean (Gulf of Lions)
NW Mediterranean (Ligurian sea)
South Adriatic and lonian Sea
lonian Sea
Adriatic Sea
Aegean Sea (Izmir Bay)
Aegean Sea (Izmir Bay)
Marmara Sea

Mullus barbatus ponticus
Black Sea (Romanian coast)

Mullus surmuletus
NW Mediterranean (Gulf of Lions)
NW Mediterranean (Ligurian sea)
SE Mediterranean (Egypt)

0.244 + 0.253
0.200 + 0.042
0.221 £0.175
0.400 £ 0.420
0.490 + 0.540
0.155 +0.117
0.063 £ 0.051
0.434 +0.013

0.035+0.011

0.202 £ 0.233
0.210 + 0.066
0.600

0.004-1.962
0.030-0.910
0.033-0.625
<0.001-1.500
0.080-1.740
0.027-0.399
0.004-0.158
n.a.

0.021-0.072

<0.001-1.212
0.040-0.930
0.466-3.229

Present study

Capelli et al. 2004

Corsi et al. 2002

Storelli et al. 2005

Storelli et al. 2005
Kucuksezgin et al. 2002
Gonul and Kucuksezgin 2007
Keskin et al. 2007

Present study

Present study
Capelli et al. 2004
El-Sharnouby et al. 1986
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Table 5

Primary production and mercury species in the north-western Mediterranean (Gulf of Lions) and the north-western Black Sea (Romanian coast).
Mean total Hg and methylmercury were quantified in shallow seawater (0-100 m depth). min-max = minimum and maximum values.
References : [1] Bosc et al. 2004, [2] Cossa et al. in press, [3] Humborg 1997, [4] Lamborg et al. (2008)

NW Mediterranean NW Black Sea
Primary production (gC m?yr?) (mean + SD) (min-max) | 193 + 11 (73-401) 445 + 365 (73-1606) !
Total Hg (ng L) (mean + SD) (min-max) 0.26 + 0.03 (0.22-0.32) & 0.73 + 0.43 (0.36-2.80) 1
Methylmercury (ng L) (mean + SD) (min-max) 0.023 + 0.021 (<0.004-0.050) 0.021 + 0.019 (0.007-0.069)
Methylmercury /Total Hg (%) 8.8 + 7.3 (1.6-19.0) ¥ 3.0 +1.6 (0.8-5.9) ¥
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Figures

Fig. 1. Location of sampling sites in NW Mediterranean (1 = Gulf of Lions) and NW Black Sea
(2 = Romanian coast)
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Fig. 2. Mean Hg concentration (ug.g* dw) in Mullus barbatus, M. surmuletus and M. b.
ponticus with total fish length by 2 cm-size classes. Difference between mean concentration
in M. b. barbatus and M. surmuletus in each size class was indicated above bars: ** =
significant at p<0.01, * = significant at p<0.05, ns = not significant. Mean concentrations in M.
b. ponticus were always significantly lower than in the two other species at p<0.001. The
additional dashed line indicated the EU criteria for Hg concentration.
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