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Abstract.  The consumption of fish is usually considered the main route of contamination of mercury in 
humans. In a climate change scenario implying ocean acidification, mercury methylation is expected to 
increase leading to bioaccumulation increments in the food chain, affecting mainly coastal populations. 
In this study, mercury accumulation and fish consumption was evaluated considering mercury 
concentrations in human scalp hair in relation to fish consumption habits in adolescents (16 to 21 years old) 
from two coastal areas: Angra do Heroísmo and Aveiro (respectively a city in the Azores islands, and a 
mainland portuguese coastal city), presenting similar mercury levels in the surrounding coastal 
environments (0.1-0.3 µg g-1 in surface fine sediments) in spite of the mercury source (being from natural 
causes in the first site and anthropogenic in the second). 
Total mercury (THg) determination was performed by atomic absorption spectrometry with the Advanced 
Mercury Analyzer (AMA-254, LECO), and the analytical quality of the procedure was checked using 
reference materials TORT-2.The surveyed young populations showed similar fish consumption habits (0 to 
6 meals in a week schedule) and revealed mercury concentrations in scalp hair ranging from 0.79 to 1.82µg 
g-1. In spite of being young population consumers, results show a pattern of increased mercury 
concentration with increasing fish consumption habits. 
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Introduction 

 
Mercury (Hg) is a ubiquitous and persistent trace 

metal in environment, making it one of the most 
hazardous elements, especially in the marine 
environments (Hajeb et al. 2008, Palma et al. 2009, Freire 
et al. 2010, Raimundo et al. 2010).  

In the environment mercury is released from natural 
processes (eg. volcanic activity) and anthropogenic 
sources (eg. industrial processes) (Agusa et al. 2005, 
Freire et al. 2010). The intense geotectonic activity, that 
includes volcanic eruptions, geothermal vents, and 
degassing from the earth`s crust, is described as an 
important  natural source of Hg (Amaral et al. 2006, 
Amaral et al. 2008, Hajeb et al. 2008, Palma et al. 2009). 
A part of the emitted components (in particular, Hg, S, 
trace elements, and others) is a priori considered juvenile 
products. 

The majority of Hg released into the marine 
environment is inorganic but can be converted to the 
organic mercury by aerobic and anaerobic bacteria 
(Cizdziel and Gerstenberger 2004, Raimundo et al. 2010).  

Mercury uptake by marine organisms is a cumulative 
process resulting of bioaccumulation and 
biomagnifications through the food webs. The 

biomagnification of mercury along the food chain has as 
last target humans, representing a serious problem for 
human health (Dolbec et al. 2001, Agusa et al. 2005, 
Harmelin-Vivien et al. 2009. Humans can accumulate 
mercury from amalgam fillings, thermometers and 
cosmetics products, but the main source of mercury 
exposure for human population is through consumption of 
seafood, fish and other marine animals (Holsbeek et al. 
1996, Al-Majed and Preston 2000, Olivero et al. 2002, 
Díez et al. 2008, Freire et al. 2010).  

The scalp hair has been used in many studies as a 
bioindicator of mercury exposure for humans populations 
(Dolbec et al. 2001, Freire et al. 2010). The hair grows 
approximately 1cm each month and the mercury 
penetrates into the hair follicles and becomes stable 
providing the history of expose, therefore the levels 
closest to the scalp reflects the most recent exposure. 
(Dolbec et al. 2001, Agusa et al. 2007, Díez et al. 2008, 
Freire et al. 2010) There are several reasons to used hair 
as an indicator for mercury exposure: (1) it is easy to 
collect in a non-invasive manner (2) it captures temporal 
exposure history as Hg is incorporated into growing hair 
(3) it does not require special facilities for transport or 
storage (Vladimír 1995, Cizdziel and Gerstenberger 
2004).  
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The aim of this study was to evaluate the influence 
of fish consumption on THg levels of young consumers, 
selecting two different coastal populations inhabiting 
areas affected by dissimilar mercury sources. 

In the Azores the major industry is scarce which 
means that there is not a significant industrial discharge 
into the environment of this metal as happens in the 
mainland. Instead, Azores archipelago (of volcanic origin) 
has active zones (hydrothermal activity), which makes the 
likely source of mercury found in its coastal areas being 
from natural processes (Andersen and Depledge 1997, 
Afonso et al. 2007).  

Materials and Methods 

Sampling sites 
The choices of the cities of Aveiro and Angra do 
Heroísmo were based on their different mercury source, 
geographical localization and socioeconomic 
characteristics. Aveiro city is located in the Portuguese 
mainland, and characterized mainly by industrial 
activities with a significant number of potential focuses of 
environmental pollutants that include one chlor-alkali 
plant. In spite of showing confined hot spots of mercury 
contamination inside a coastal lagoon (Abreu et al., 2000), 
Aveiro open sea coastal waters have relatively low 
mercury concentration (<0.3µg g-1 in surface fine 
sediments, Pereira et al., 2009). On the other side, Angra 
do Heroísmo is a small city located in Terceira Island on 
the Azores archipelago, where industrial activity is scarce, 
and fishery and agriculture are the main economic 
activities.  

Hair collection and analytical procedure 
Hair samples were collected from donors by a single 

cutting from the occipital region using a clean stainless 
steel scissor. Human scalp hair samples were collected 
from young people aged 16 – 21 years, of two different 
sites Aveiro (n=49) and Terceira Island (n=36). During 
collection of the hair samples, each individual was asked 
to complete a questionnaire detailing age, gender, body 
weight, height, smoking habits and frequency of fish 
consumption. 

The hair samples were then kept in clean microtubes 
of 2ml, identified appropriately and transported to the 
laboratory. 

Mercury was quantified by atomic absorption 
spectrometry with the Advanced Mercury Analyzer 
(AMA-254, LECO). The analytical quality of the 
procedure was checked using reference materials such as 
TORT-2 (Lobster Hepatopancreas Reference Material for 
Trace Metals, National Research Council of Canada).  

Statistical analysis 
For the statistical analysis outliers have been 

removed. The data normality of mercury concentration 
was examined through Shapiro-Wilk test. The test showed 
the mercury concentration not normally distributed. 
Therefore, we used non-parametric statistical methods, 
Wilcoxon Rank sum test and the Kruskal–Wallis test to 
compare the mean of mercury concentration among the 
categories (local, age, gender, smoking habits and fish 
consumption). Spearman correlation coefficients were 
used to test the correlation between variables. Statistical
analyses were realized using SPSS (version 15.0). 
Statistical significance was defined as p<0.05. 

Results and Discussion 

In this study the overall mean of the mercury 
concentration found in the hair samples was 0.79±0.04 µg 
g-1 and the maximum value found was 1.82 µg g-1 (Fig. 1). 
These values being in the range 1-2 µg g-1.are considered 
standard by the World Health Organization (WHO).  

The comparison of the two populations in relation to 
fish consumption rate, sampling site, age, gender and 
smoking habits is summarized in Table I.  

Table 1. Hair mercury levels according to age, gender, smoking 
habits, fish consumption and fish meals per week. 

The average of mercury hair concentration was 
0.86±0.05 μg g-1 in the Mainland and 0.69±0.05 μg g-1 in 
Terceira Island suggesting higher mercury levels in 
mainland compared to data from Terceira Island. 
According the U.S EPA`s references of dose (RfD) 
corresponds to approximately 1 μg g-1 of total mercury in 
hair (USEPA 1997), in this study 18.4% of the population 
in Terceira island and 23.7% in the Mainland, exceed this 
safety standard 
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Fig. 1. Distribution of hair mercury by fish consumption in both stations. 

Considering all volunteers (n=85), the mean of 
mercury level for gender in females (0.80±0.05 µg g-1)
was relatively higher than in males (0.77±0.06 µg g-1). 
Evaluating separately each sampling site, the pattern 
found in Terceira Island are in accordance with, Agusa et 
al. (2005) and Hajeb et al. (2008) females exhibits a 
higher level (0.72±0.07 µg g-1) in hair than males 
(0.66±0.08 µg g-1). Instead, in the Mainland the levels 
found in males (0.87±0.09 µg g-1) were higher than 
females (0.85±0.07 µg g-1) according to the Saeki et al. 
(1996), and Yasutake et al. (2003). Overall mercury 
concentrations in hair scalp show significant differences 
(p<0.05) between sampling sites, indicating possible 
differences due to the site specificity, indicating a 
bioconcentration process increasing (by a factor of 4 in 
both sites) the T-Hg levels from the abiotic compartment. 

A statistically significant difference (p<0.05) was 
obtained comparing hair mercury levels between “not 
eating” and “eating fish” groups, and among “eating fish” 
sub-groups  but only in the Terceira Island populations. 
No statistically significant difference (p>0.05) was found 
in hair mercury concentrations among the Aveiro “no 
eating”, “fish eating” groups, nor among “eating” 
sub-groups with diverse fish consumption rates, although 
overall data (independently from site) indicates a 
statistical differences (p<0.05) in both analysis. 

Considering the age factor, in spite of the narrow age 
range considered (16 to 21 years), a positive correlation 
(p<0.05) between age and T-Hg in hair was found on each 
population and when correlating overall data, revealing 
mercury bioaccumulation processes in adolescents, a 
crucial phase of human life development. 

Conclusion 

Fish consumption was a significant source of 
mercury accumulation in the two coastal populations; in
spite of being young population consumers. Overall 
results show a pattern of increased mercury concentration 

with increasing age and fish consumption habits. 
Mercury level in this study did not exceed NOAEL 

of WHO. The levels remains relatively low and risk alert 
of the mercury exposure should not be considered. 
Ongoing studies will increase the number of sample 
providing more reliable conclusions. 
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