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INTRODUCTION 
 

Anthropogenic activity has favored the presence of persistent 
pollutants in the marine environment and their bioaccumulation 
and biomagnification in the trophic chain, and especially mercury 
(Hg) in tuna [1]. Its species, highly appreciated culinary, contain 
selenium (Se), a nutrient highly valued for its protective effect 
against the toxicity of Hg [2]. Selenium is necessary for the 
functioning of selenozymes, which prevent oxidative damage, 
caused by Hg, to the nervous system. Food from the sea, as 
opposed to freshwater, usually have beneficial ratios Se/Hg>1. 

The results (Table 1) show that Se always exceeded Hg in the samples 
of tuna analyzed, observing an adequate relationship that can prevent 
the adverse effects of mercury on the synthesis of selenoenzymes [2]. 
Even due to differences in bioavailability between Se and Hg, and to 
technological or culinary processing of tuna, the final Se/Hg ratios that 
the consumer absorbs increase [6]. These data were in agreement with 
the scientific literature consulted [2, 6, 7].  

OBJECTIVES 
 

Due to the high consumption in Spain of tuna preparations [3], the 
purposes of the present study are:  
- To analyze the content of Hg and Se in the different tuna 
presentations available in Galicia (NW Spain), and 
- To assess consumer safety according to the calculated HBVSe 
value. 

MATERIAL AND METHODS 
 

In Galicia, 110 samples of tuna were purchased, marketed 10 fresh 
(Thunnus albacares) and 100 technologically processed (90 
canned and 10 glass). The species of canned samples were: T. 
albacares (36) and Thunnus alalunga (54). They were treated by 
digestion in acid medium (HNO3-H2O2) in a Milestone ETHOS 20 
laboratory microwave station, in a closed system, combining 
pressures and high temperatures. The contents of Hg and Se were 
determined by Mass Spectrometry with Inductively Coupled 
Plasma (ICP-MS).  
The quality control of the analytical method was carried out, 
determining the limit of detection, the precision and the accuracy 
(recovery). The reference material used was: BCR® - 185R Bovine 
Liver. European Commission. Joint Research Centre. Institute for 
Reference Materials and Measurements. 
The concentrations, expressed in ppm, were transformed into 
moles (µmol/kg) to calculate the means of their molar ratios Se/Hg.  

To estimate the relation of Se regarding Hg levels, the HBVSe were 
calculated according to Ralston et al. [4], and the following formula 
was applied for its determination: 

 HBVSe = ([Se−Hg]/Se) x (Se+Hg) 
Positive results would indicate that Se were in sufficient quantity in 
tuna to avoid the deleterious effects of the Hg present in tuna. 

In the statistical analysis, the SPSS 22.0 and R-3.2.4 programs 
were used. 

RESULTS AND DISCUSSION 
 

In fresh and processed tuna, mean concentrations were 1.24 ppm 
and 1.17 ppm for Se, and 0.765 ppm and 0.306 ppm for Hg, 
respectively. 
The Hg levels (Fig. 1) did not exceed the limit established by 
Regulation (EC) No 629/2008 [5]. 
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Figure 1.  Mean concentrations of Hg in fresh and processed tuna samples. 

Table 1. Molar concentrations, mean Se/Hg ratios and  HBVSe by type of tuna samples. 

 
Sample types 

 
N 

 
µmol Se/kg 

 
µmol Hg/kg 

 
Ratio Se/Hg 

 

 
HBVSe 

 
Canned 

 
90 

 
14.15 ± 3.84 

 
1.52 ± 0.71 

 
11.47 ± 6.59 

 
13.95 ± 3.82 

 
T. albacares 

 
36 

 
16.17 ± 4.86 

 
1.32 ± 0.85 

 
16.15 ± 7.98 

 
16.05 ± 4.77 

 
T. alalunga 

 
54 

 
12.80 ± 2.12 

 
1.65 ± 0.57 

 
8.34 ± 2.44 

 
12.56 ± 2.12 

 
Fresh 

 
10 

 
15.65 ± 8.54 

 
3.81 ± 1.28 

 
4.50 ± 2.54 

 

 
14.53 ± 8.76 

 
 
Processed 

 
100 

 
14.84 ± 4.68 

 
1.52 ± 0.74 

 
11.87 ± 6.60 

 

 
14.65 ± 4.65 

 

The HBVSe, according to other previous studies, showed positive 
values: 14.53 and 14.65 in fresh and processed tuna, respectively. 
Since this criterion considers, conservatively, that all the content of Hg 
sequesters the same moles of Se, the positive values of this study 
mean that tuna contribute to improve the Se status in the consumer, 
and the scale of the positive values proportionately reflects the excess 
of selenium available to maintain the activity of the selenoenzymes. 

Crossing the results of this study with data from the Agencia 
Española de Consumo, Seguridad Alimentaria y Nutrición 
(AECOSAN) on tuna consumption in Spain, the Estimated Daily 
Intake (EDI) of Se (Table 2), via tuna, would cover a substantial part 
of the Adequate Intake (AI) proposed by EFSA.  

Table 2. Percentage of Adequate Intake for Se provided by tuna to the Spanish diet at 
different ages and this percentage after subtract Hg molar amounts. 

Age (years) AI µg/day % AI Se % AI Se-Hg 

1  15 27.06 23.72 

3  15 33.81 29.12 

6  20 25.36 21.84 

12  55 17.35 14.85 

Adults 70 16.84 14.57 

CONCLUSION 
 

Tuna can be considered a relevant source of Se in the Spanish diet 
and the positive HBVSe show a protective surplus of Se against Hg 
toxicity. 
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