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Mercury concentrations in the tissues of bottlenose 
dolphins (Tursiops truncatus) and striped dolphins 
(Stenella coeruloalba) stranded on the Croatian 
Adriatic coast
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ABSTRACT: The concentrations of total mercury in muscle (17 samples), liver (16 samples) and kidney tissues 
(16 samples) of both bottlenose (Tursiops truncatus) and striped dolphins (Stenella coeruloalba) were analyzed 
by cold vapour atomic absorption (AA) spectroscopy. The dolphins were found dead at different locations along 
the east Adriatic over a 10-year period starting in 1990. In this study, the magnitude of mercury contamination of 
dolphins which are indicators of contamination of the Adriatic as well as the Mediterranean Sea was determined. 
Our results represent the first investigation of heavy metal concentrations in dolphins sampled along the Croatian 
coast of the Adriatic Sea. Total mercury levels were high, ranging from 1.51 to 136.7 mg/kg in muscle, from 2.04 
to 143.1 in kidney and from 10.35 to 1 833 mg/kg in liver tissues (expressed as wet weight). These results were 
examined for differences based upon age and tissue type. A high correlation was observed between total mercury 
concentration and age, and adult dolphins (10 samples) contained statistically significant higher concentrations 
of mercury compared to juvenile (seven samples) dolphins. Mercury concentrations were generally the highest 
in liver tissue. The presence of high mercury levels in dolphins is attributed to natural as well as anthropogenic 
sources.
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Over the last two decades, a number of studies 
have been carried out on heavy metals in marine 
organisms and, more particularly, on the levels of 
mercury found in cetaceans. All of these studies 
point to the variability of mercury levels. Due to 
its lenghty persistence and high mobility in the 
marine ecosystem, mercury shows a high level of 
biomagnification in the upper levels of the food web 
(Leonzio et al., 1992; Augier et al., 1993; Storelli et 
al., 1998; Wagemann et al., 1998; Cardellicchio et 
al., 2002). Mercury can be accumulated by marine 
organisms through a variety of pathways, including 
respiration, adsorption and ingestion (Law, 1996). 
As marine mammals do not breathe with gills, their 
uptake of metals directly from water is assumed to 

be negligible, and the three main routes of uptake 
are across the placenta before birth, in milk during 
the suckling period and from ingested food in adults 
(Leonzio et al., 1992; Beck et al., 1997; Siebert et 
al., 1999; Storelli and Marcotrigiano, 2000; Zhou 
et al., 2001; Lahaye et al., 2007).

Bottlenose dolphins (Tursiops truncatus) can be 
found in all cold to tropical seas worldwide. Along 
with striped dolphins (Stenella coeruleoalba), they 
appear to be common in the Mediterranean Sea. 
These marine mammals, as inshore organisms, 
have been considered to be directly subjected to 
pollution because coastal areas are also the reposi-
tories for toxic agents and hazardous materials such 
as heavy metals and organochlorine compounds 
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from industrial, agricultural and urban sources 
(Storelli and Marcotrigiano, 2000). These assump-
tions, together with the consideration that dolphins 
are typical end-points in the biomagnification of 
persistent pollutants in the pelagic food chain, has 
led to many studies on the levels and effects of 
contaminants in marine mammals.

The objective of the present study was survey 
the level of total mercury concentration in mus-
cle, liver and kidney tissues of both bottlenose and 
striped dolphins sampled along the Croatian coast 
of Adriatic Sea in order to assess and compare them 
with results of extensive investigations of mercury 
levels in Mediterranean Sea areas. 

MATERIAL AND METHODS 

Animals

Seventeen stranded dolphins aged between less 
than one year and 23 years were collected be-
tween 1990 and 1999 at different locations from 
the Istria peninsula to Lastovo island and the city 
of Dubrovnik (Table 1). The coastal area of the 
Adriatic Sea where dolphins were found is depicted 
in Figure 1. 

Analysis

Liver, kidney and muscle samples for mercury 
analysis were collected during necropsies and 
stored at –20°C until processing. Total mercury 
was determined by cold vapor AAS and concentra-
tions were expressed as μg Hg/g of wet weight of 
tissue, according to the method of Hatch and Ott 
(1968) using a Coleman Mercury Analyser MAS 
50, Perkin Elmer. The accuracy of the method was 
checked using standard reference material (oyster 
tissue SRM – 1566a).

Statistics

All data were analyzed by Statgraphics 4.0 soft-
ware. The significance of mean differences was 
based on a P value of < 0.05.

RESULTS

The results are presented in two tables. In 
Table 1. the species of dolphins, location and year 
of stranding, sex and age in years, individual mer-
cury concentrations (µg/g w.w.) in liver, kidney and 

Figure 1. Locations along the Croatian 
Adriatic Coast where dolphins were 
found
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muscle tissues of bottlenose and striped dolphins 
sampled between 1990 and 1999 along the Eastern 
Adriatic Sea are shown. Descriptive statistics of 
mercury concentrations (μg/g w.w.) in liver, kidney 
and muscle tissues are also presented. The large 
standard deviation of the means reflects the wide 
range of mercury contamination. The highest total 
Hg concentrations were found in liver with values 
ranging between 10.35 and 1 833.8 (median 87.73) 
μg/g. In muscle tissue total Hg concentrations were 
much lower with values ranging from 1.51 to 136.7 
(median 5.73) μg/g. Hg values in kidney ranged 
from 2.04 to 143.1 (median 10.99) μg/g wet weight 

tissues (Table 1).
Table 2 displays the median values of total mer-

cury concentrations in all tissues of adult (n = 10; 

age > 6 years) and juvenile (n = 7; age < 6 years) 
dolphins.

Statistically significant differences (P < 0.05) are 
observed only between muscle tissues of adult and 
juvenile dolphins (Figure 2)

Table 1. Mercury concentrations (µg/g w.w.) in liver (L), kidney (K) and muscle (M) tissues of bottlenose (Tt) and 
striped (Sc) dolphins sampled between 1990 and 1999 along the Eastern Adriatic Sea and descriptive statistics of 
mercury concentrations in tissues of dolphins

Species Location and year of stranding Sex Age 
 (years)

Hg

L K M

Tt W of penninsula Istra, 1990 F 4 – 5.78 3.63

Tt Rovinj,1990 F < 1 29.31 3.45 3.05

Tt Rovinj, 1992 M 7 58.50 9.01 5.73

Tt island Lošinj, 1993 M 3–4 33.05 8.21 3.53

Tt island Lastovo, 1994 M < 1 10.35 2.04 1.69

Tt Rovinj, 1994 F 6 23.48 6.52 1.51

Tt Medulin, 1994 F 6 330.38 143.13 8.06

Tt Šibenik, 1995 M 9 198.06 17.11 19.14

Tt Banjole, 1996 F 5 29.71 8.44 3.54

Tt Rovinj, 1996 M 12 116.97 6.75 9.29

Tt Pirovac, 1997 F 21 469.40 12.98 92.54

Tt Rogoznica, 1998 M 3 53.89 13.20 3.41

Tt Dubrovnik, 1999 M 11 908.40 60.53 90.61

Tt Nin, 1999 F 23 916.70 98.57 136.70

Sc island Krk, 1999 F 5 37.05 – 2.38

Sc Skradin (river Krka), 1999 M 11 332.90 27.67 32.26

Tt Split (bay Žnjan), 1999 M 16 1 833.80 35.09 57.90

N 16 16 17

Median 87.73 10.99 5.73

Mean ± SD 336.40 ± 498.16 28.65 ± 39.76 27.94 ± 41.23

Min–Max 10.35–1833.8 2.04–143.1 1.51–136.7

Table 2. Median values of total mercury concentrations 
in tissues of adult (n = 10; > 6 years) and juvenile (n = 7; 
< 6 years) dolphins

Hg (µg/g w.w.)

Muscle Liver Kidney

Adult 25.7* 331.6 22.39

Juvenile 3.42 31.38 6.99

*P < 0.05
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DISCUSSION 

Cetaceans from the Mediterranean Sea have very 
high mercury burdens (Andre et al., 1991; Augier 
et al., 1993; Cardellicchio et al., 2000; Lahaye et 
al., 2006) and a maximal mercury concentration 
of about 13 000 µg/g dry weight (about 4 250 µg/g 
wet weight) has been reported in the liver of one 
bottlenose dolphin captured in the Thyrrhenian 
Sea (Leonzio et al., 1992) probably due to the natu-
ral mercury deposits in the Mediterranean basin 
(Andre et al., 1991).

Both biotic (species, sex, age, diet, metabolism) 
and abiotic factors (contamination gradients and 
physico-chemical parameters of the aquatic en-
vironment) affect metal accumulation in marine 
organisms (Storelli et al., 2005). In order to fully 
understand the impact of contamination of ma-
rine organisms, many factors have to be studied 
in detail. With regard to the abiotic factors, the 
contamination gradient for the Mediterranean Sea 
is the most important, as it is generally believed 
to harbour higher mercury concentrations than 
other seas or oceans due to numerous deposits of 
mercury ores and metallic mercury in surrounding 
countries. The most important biotic parameter 
to be considered is the age of the animals, since 
mercury potentially accumulates throughout life. 
Other factors such as growth features, gender and 
reproductive status and/or health aspects may also 
be important. Feeding preference is probably the 
key factor controlling Hg levels because upper-level 
predators are mainly exposed to metals through 
their food (Aguilar et al., 1999). Considering the 
high mobility of cetaceans, the levels of mercury 
concentrations in their tissues reflect the general 

contamination of the broad and poorly defined area 
in which the cetaceans live.

A wide range of mercury concentrations was ob-
served in our analyzed samples: from 1.51 (muscle 
sample) to 1 833.8 (liver sample) μg Hg/g wet weight. 
The highest concentration of mercury was found in 
the liver of an adult male dolphin (16 years) from 
the Znjan bay near the city of Split, and the lowest 
concentration of mercury in liver was seen in a 
young male dolphin (< 1 year) stranded on Lastovo 
island. These findings confirm the well-known re-
lationship between mercury accumulation and age, 
and such an increase of Hg concentrations with age 
has previously been demonstrated in several ceta-
cean species (Honda et al., 1983; Paludan-Muller et 
al., 1993; Caurant et al., 1994; Monaci et al., 1998; 
Meador et al., 1999; Agusa et al., 2008; Capelli et al., 
2008). Moreover, age has been described to be the 
major factor affecting hepatic Hg concentrations in 
bottlenose and striped dolphins from Atlantic and 
Mediterranean waters (Lahaye et al., 2006).

The high mercury levels found in liver, kidney 
and muscle tissues of the animals studied in this 
work are in general agreement with the results of 
other studies on the contamination of these top 
Mediterranean predators. The study of Andre et 
al. (1991) on the total mercury concentrations of 
dolphins from the French Mediterranean coast 
reported a highest concentration in liver of about 
1 500 mg Hg/kg wet weight and is of the same order 
of magnitude as our assessment of a maximal value 
of 1 833.8 mg/kg wet weight in dolphins from the 
Eastern Adriatic coast. The highest concentration 
of total mercury in the muscles of dolphins from 
the French coast was 80 mg/kg wet weight, while 
a concentration of 136.7 mg Hg/kg wet weight was 
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in all tissues of adult (n = 10; 
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found in the muscle of a 23 year old dolphin in 
our study. Hg levels in dolphins stranded in Apulia 
(Cardellicchio et al., 2000, 2002), on the Corsician 
coast (Frodello et al., 2000), on the Mediterranean 
coast of Israel (Roditi-Elasar et al., 2003), on Spanish 
and Italian Mediterranean coasts (Monaci et al., 
1998) are lower than those found in our study and 
dolphins from the French Mediterranean, Ligurian 
Sea and Northern Tyrrhenian coasts (Leonzio et al., 
1992; Augier et al., 1993; Capelli et al., 2000, 2008). 
The mean values of total mercury concentrations 
in liver samples (336.4 µg/g) in this study are in 
accordance with the observations of Storelli et al. 
(1998) and Storelli and Marcotrigiano (2000) who 
examined striped and bottlenose dolphins from 
Apulian coasts (South Adriatic Sea) and found 
277.4 and 393.4 µgHg/g w.w. of liver.

With regard to the tissue type examined in our work, 
median mercury values increased in the order: muscle 
< kidney < liver. This is in agreement with all pub-
lished reports dealing with mercury accumulation in 
marine mammals. Wagemann and Muir (1984) have 
considered the limit of Hg tolerance for the mammal's 
liver to be in the range of 100–400 μg/g wet weight. 
The concentrations presented in Table 1 fall within 
this range. Such high levels of mercury without overt 
evidence of deleterious effects can occur due to ef-
ficient Hg detoxification. The dolphin accumulates 
Hg mainly as methyl mercury (HgMe) through the 
diet; a methyl mercury biological half-life of about 
1 000 days has been estimated for striped dolphins 
by Itano and Kawai (1981). A proportion of less than 
10% of HgMe in the liver of adult specimens confirms 
a demethylation process in the liver. Demethylation 
is probably activated when HgMe concentrations ex-
ceed a threshold value (Palmisano et al., 1995). It has 
been proposed that at high HgMe concentrations the 
liver accumulates Se, which is involved in the detoxifi-
cation process. Koeman et al. (1973) found the molar 
ratio of Hg'/Se (Hg' = Hgtot − HgMe) in the liver of 
dolphins to be approximately 1. Such observations 
led to the hypothesis that the final product of HgMe 
demethylation could be HgSe (tiemannite), a form in 
which Hg is immobilized and prevented from exerting 
cytotoxic effects (Nigro and Leonzio, 1996; Lahaye 
et al., 2007). Concerning mercury concentrations in 
the muscle, due to its proportion in the total mass 
of the individual, it is not surprising that this tissue 
also generally contains moderate concentrations of 
mercury.

In conclusion, our results represent the first 
investigation of total mercury concentrations in 

dolphins sampled along the Croatian coast of the 
Adriatic Sea, and are mostly comparable with 
the results of extensive investigations of mercu-
ry levels in the Mediterranean Sea area: on the 
French coast, Corsician coast, Spanish and Italian 
Mediterranean coasts, Ligurian Sea and Northern 
Tyrrhenian coasts, Mediterranean coast of Israel, 
and especially the Italian coast of the Adriatic Sea 
(Apulia). We hope that our results contribute to 
the long-term database of contaminants in marine 
mammals and assist the further ecotoxicological 
investigation of Adriatic Sea.
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