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ABSTRACT 

Selenium is an element which participates in antioxidant enzymes. A medium and long term lack of such element is 
associated, mainly, with heart disease, joint and bone structure problems and thyroid activity. Selenium contents in 
blood reflect its ingestion and food content variation. It depends on soil characteristics, such as pH and selenium pres- 
ence. There are few studies concerning selenium levels in food and blood in Brazil. Therefore, the objective of this re- 
search was to determine selenium content in a blood donor group in Rio de Janeiro state, conducted from December 
2008 to March 2009. From the donated blood to Regional Blood Center of Campos dos Goytacazes, 4.0 mL were sub- 
mitted to selenium analysis through atomic absorption spectrometry of hydride generation and organic matter oxidation 
wet basis with nitric and perchloric acid. Selenium content varied from 75 ± 16 ng·g–1 for females and 70 ± 21 ng·g–1 
for males. There was no significant difference among selenium contents in blood from donors of different gender, age 
and residence. Seventy four percent of donors had selenium content in blood below 70 ng·mL–1, the lowest level for 
maximum selenoproteins production, according to the Nutritional Prevention Cancer. 
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1. Introduction 

In human beings selenium deficiency is associated with 
heart diseases, joint and bone structure problems. Two 
endemic diseases associated with selenium deficiency were 
described in different regions in China where soils lack 
this element: Keshan disease, cardiomyopathy which affe- 
cts women and children; and Kashin Bech, osteoarthritis 
which affects teenagers. Apart from those, selenium de- 
ficiency has been related to losses in anti-inflammatory, 
immunologic system and antioxidant activities [1], besides 
coronary diseases in adults, the main cause of death in the 
world. One study conducted in New Zealand with patients 
with Myocardial Infarction presented low Selenium lev- 
els: 82.8 and 87.9 ng·mL–1 in men, and 82.1 and 88.5 
ng·mL–1 in women, respectively. This study proved that 
low Selenium content in blood is a risk factor for Myo- 
cardial Infarction, as smoking habits [2]. 

Selenium also plays an important role in controlling 
thyroid metabolism. Iodothyronine deiodinases promotes 
conversion of Thyroxine (T4) to active Thyronine (T3), a 
selenoprotein. Therefore, people with lower Selenium lev- 
els are more vulnerable to diseases such as hypothyroid- 
ism [3]. 

One benefit of selenium is related to selenoproteins 

antioxidant activities, marked by glutathione peroxidase. 
This enzyme tranfers a hydrogen atom from a protonade 
sulphydryl group (-SH) to the peroxide to be deactivated, 
removing oxygen reactive substances (toxic peroxides) 
which, under aerobic conditions, is formed during growth 
and in metabolism [4] Oxidative stress and increase in 
oxygen reactive substances are strongly associated with 
central nervous system pathologies, such as cerebral vas- 
cular accident, Alzheimer, Parkinson and epilepsy. Due 
to the high lipid content and less antioxidant enzymes in 
the brain, it is the most vulnerable tissue to deleterious 
effects from oxidative stress [5]. 

Selenium levels in blood correlates to its ingestion. Its 
dosage can be made in the entire or parts of the blood. 
Serum levels reflect a recent daily ingestion while in 
erythrocytes reflect accumulate levels over 120 days be- 
fore [6]. The ingestion of a balanced diet meets daily 
needs. Food Agricultural Organization and World Health 
Organization established daily selenium ingestion equiva- 
lent to 26 μg/day for women and 34 μg/day for men, both 
adults. According to studies conducted in a few countries 
[7] selenium content found in blood ranged from 39.5 
ng·mL–1 to 197.5 ng·mL–1. Based on the searches by 
Hill et al. [8] and Duffield et al. [9], the Nutritional Pre- 
vention of Cancer Study Group recommends that the 
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selenium content in blood is between 70 and 90 ng·mL–1 
for optimal activity of selenoproteins [10]. 

Selenium content in food varies according to soil char- 
acteristics. There are soils with less and more selenium. 
In base soils, selenium is more available to plants. In Bra- 
zil, previous studies concerning selenium content in food 
indicated low content [11]. Therefore, it is important to 
detect eventual selenium deficiencies in the population. 

Blood donation was done by individuals who had passed 
through a strict investigation concerning transmitted dis- 
eases, anemia, blood pressure etc., so as to form a popula- 
tion with no contagious or failing diseases. Based on the 
fact that these donors spontaneously donate blood, sele- 
nium blood analysis can be a complementary test and its 
result may reflect deficiency of the population which the 
donor is part of. 

The Reginal Blood Center in Campos dos Goytacazes 
is located in the north of Rio de Janeiro State, Southeast 
of Brazil, and receives blood donations from residents of 
14 cities in the north and northwest of Rio de Janeiro State 
(Campos dos Goytacazes, São Fidélis, São Francisco do 
Itabapoana, Cambuci, Bom Jesus do Itabapoan, Itaperuna, 
Italva, São João da Barra, Aperibé, Itaocara, Porciúncula, 
Cardoso Moreira, Miracema and Natividade), and it is 
the only hemocentro in the region. The objective of this 
research was to quantify selenium content in a group of 
blood donors in the Regional Blood Center in Campos dos 
Goytacazes, Rio de Janeiro, southeast region of Brazil. 

2. Materials and Methods 

Blood sampling was conducted in the Regional Blood Cen- 
ter in Campos dos Goytacazes, RJ, in November and 
December 2008, from 200 donors. The Blood Center 
conducted 20 blood samplings a day. Donated blood was 
transferred to two 4 mL vials with anticoagulant and trans- 
ported to the analysis laboratory in thermal boxes with ice. 

Each donor was aware of the objective of our research 
and signed an awareness and agreement contract allowing 
blood sample to be analyzed based on selenium content. 

The materials used for selenium determination (becker, 
pipette, test tube, among others) passed through the clean- 
ing stage with immersion in 5% v/v Nitric solution for 24 
hours, finalizing with deionized water rising. 

Blood aliquots, in duplicate, were transferred to a 125 
mL Erlenmeyer and weighed. The weigh was done based 
on blood viscosity, because volumetric transference would 
result in high error. Results were expressed in blood vol- 
ume converting mass to volume using blood density of 
1.051 g·mL–1. Analytical standard reagents were added 
as follows: 15 mL of concentrated Nitric acid, 2 mL of 
30% Hydrogen Peroxide and 1 mL of concentrated Per- 
chloric acid for organic matter oxidation and temperature 
increase until 150˚C. Perchloric acid was added in the of 

digestion process and digestion was considered to be done 
once white vapor was emitted and volume reached 1.0 
mL. After this stage, samples were taken to lighter heat- 
ing, 70˚C for 30 minutes, adding 1.0 mL of 37% HCl for 
Se+6 reduction to Se+4, the latter being the state in which 
atomic absorption spectrometry with hydride generation 
is conducted. Digested samples were diluted in deionized 
water and brought to final volume of 15 mL [11]. 

For Selenium detection an atomic absorption spectro- 
photometer—AAS (GBC Avanta, model 3000) with air 
flame—acetylene connect to hydride generator—was used. 
AAS conditions were as follow: hollow cathode light bulb 
of 10 mA, wave length of 196 nm, gap of 2.0 nm and 
adjusted flame of acetylene flow of 2 L·min–1 and air flow 
of 6 L·min–1. Standard curve was prepared from a 1000 
mg·L–1 store solution from 1 until 50 µg·L–1 of Selenium. 

The method efficiency was verified by intern standardi- 
zation, with sample digestion without addition and addi- 
tion of increasing and known quantities of Selenium, 
obtaining 90% and 103% restoration.  

Statistical analysis encompassed GLM (Generalized 
Linear Mode) and average comparison by LSMEANS 
procedures, at 5% probability, using SAS—Statistical 
Analysis System. Selenium content in donor’s blood of 
the complete group was correlated to variables such as 
age, gender and residence. 

3. Results 

Selenium content in donor’s blood in Regional Blood 
Center in Campos dos Goytacazes, Rio de Janeiro, Brazil 
ranged from 31 ng·mL–1 to 126 ng·mL–1, average ± 
standard deviation 75 ± 16 ng·mL–1, for females, and 
from 11 ng·mL–1 to 158 ng·mL–1, average ± standard 
deviation 70 ± 21 ng·mL–1, for males, as shown in Table 
1. There was no significant difference among Selenium 
blood content among sex, age and residence, in which 
80% of donors were male. 

4. Discussion 

Although there seems to be differences between the lev- 
els of selenium in the blood of donors from groups of 
different sexes and ages, between 18 and 25 years old 
and between 56 - 65 years old, these differences were not 
significant (Table 1). Probably it happened due to the 
presence, in each of these groups, of an individual with 
very high and very low selenium levels in the blood, 
contributing to the increase the average in a group and 
decreasing on the other. 

This result agrees with a research conducted in Belgium 
[6] which revealed selenium blood concentration equal to 
79.7 ng·mL–1, ranging from 55 to 117.4 ng·mL–1, with no 
significant difference between gender. However, in a 
research conducted in Canada [12] there was difference  
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Table 1. Selenium content detected in donors’ blood (ng·mL–1) at the blood center in Campos dos Goytacazes, RJ, Brazil. 

Female Male 
Age (years) Number of  

individuals 
Average1 ± SD2 Range 

Number of  
individuals 

Average1 ± SD2 Range 
Total of individuals

18 - 25 6 72 ± 21 42 - 116 32 81 ± 21 31 - 116 38 

26 - 35 10 70 ± 19 31 - 105 62 68 ± 23 11 - 126 72 

36 - 45 12 76 ± 23 52 - 116 44 72 ± 24 47 - 158 56 

46 - 55 10 75 ± 19 31 - 126 18 68 ± 23 37 - 126 28 

56 - 65 3 84 ± 20 72 - 95 3 63 ± 19 52 - 84 6 

Total 41 75 ± 16  159 70 ± 21  200 

1Average in ng·mL–1; 2Standard Deviation. There was no significant difference between gender and age at 5% probability by GLM and LSMEANS procedures. 

 
between Selenium levels in men and women blood, 137 
ng·mL–1 and 127.2 ng·mL–1, respectively. 

According to the Nutritional Prevention of Cancer Study 
Group, plasma concentration of 70 - 90 ng·mL–1 guaran- 
tees appropriate selenoproteins performance, such as glu- 
tathione peroxidase and selenoprotein P [10]. However, 
there are authors who suggest higher values, in accordance 
to studies conducted with blood plasma to investigate 
selenoprotein performance in antioxidant activity [13]. They 
argue the optimum selenium level is 100 ng·mL–1. The 
average Selenium content of donors from North/North- 
west Rio de Janeiro was 70 ng·mL–1, which is below both 
references. In addition, only 26% donors presented Sele- 
nium content above 70 ng·mL–1 and only 10% presented 
average content above 100 ng·mL–1. Consequently, 74% 
of the population may have a failing antioxidant and 
vulnerable system to diseases development due to sele- 
nium sub-clinical deficiency, such as coronary diseases, 
Alzheimer and some tumor types. This is due to a lack of 
Selenium in diets, either by food ingestion with low Se- 
lenium content or by insufficient ingestion of food with 
high Selenium content.  

On the other hand, in a research to detect Selenium in 
plasma and its influence in prostate cancer in Europe, aver- 
age selenium content was 70 µg·mL–1 [14], in accordance 
to those found in donor’s blood in the Regional Blood 
Center in Campos dos Goytacazes, Brazil. A study for 
evaluating selenium in human serum in Switzerland, clas- 
sified contents into three categories: low level, between 
50 and 60 ng·mL–1; intermediary level, between 60 and 
100 ng·mL–1; and high level, above 100 - 120 ng·mL–1 
[15]. As a result, selenium status of Swiss was normal to 
high. Using the same classification, blood donors’ status 
from the Blood Center in Campos dos Goytacazes was 
intermediary and low. 

Another study conducted in São Paulo, Brazil, with 46 
individuals from 23 to 69 years old, detected Selenium 
average content of 73 ng·mL–1 [16], similar to the con- 
tent found in this research, a fact justified by the similar 
diet habits. In addition, researchers evaluated selenium 
content in the blood of 236 residents of communities close 

to Tapajós, in the Amazon Region, Brazil, ranging from 
142 to 2029 ng·mL–1, with an average of 284 ng·mL–1 
[17]. This high concentration is due to specific diet habits 
from the population under study, based on high fish and 
Brazilian nuts ingestion, food containing high Selenium 
content.  

The main dietary sources of selenium in Brazil are ani- 
mal products, mainly fish. In vegetable origin foods, only 
those derived from wheat and those grown in some re- 
gions of the Amazon, such as Brazil nuts, have high lev- 
els of selenium. For example, the selenium content in 
fruits and vegetables is between 0 and 1 μg/100g. Thu 
[11], it is presumed that individuals who participated in 
this research consume small amounts of animal foods. 

The difference of Selenium content among residents 
from different regions is due to Selenium content varia- 
tion and distinct diet habits. Location, weather character- 
istics, such as annual rainfall, soil pH, type of cultivated 
plants, loss by food cooking are factors which lead to 
different selenium contents in food [18]. 

In a study conducted in China, the average Selenium 
content detected in plasma was 380% higher (98 ng·g–1 
versus 20.4 ng·g–1) in women who lived in areas with 
soils with appropriate Selenium levels. The average Sele- 
nium content in breast milk from these women was 82% 
higher (14 ng·g–1 versus 7.7 ng·g–1 ) than breast milk from 
those who lived in areas with a lack of Selenium [19]. 

Considering that Selenium levels in blood is directly 
associated with diet, the results of this study indicate that 
donors are consuming fewer sources of selenium or in- 
sufficient amounts of food which contains it. As these 
donors are a sample of the population from the North and 
Northwest of Rio de Janeiro, it is possible to conclude that 
a high percentage of the population also has insufficient 
Selenium content in blood for the maximum selenopro- 
teins performance, which makes them more vulnerable to 
sub-clinical deficiencies of this microelement, such as heart 
problems and problems originated from biomolecules oxi- 
dation by peroxides and other oxygen reactive substances. 

Some strategies have been used to increase Selenium 
consumption by population from countries with a lack of 
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Selenium in their soils, such as: individual supplementa- 
tion, food addition, supplementation of cattle diet, fertili- 
zation and cultivation of plants capable of storing Sele- 
nium. Supplementation, using organic forms (selenium 
associated to yeast, selenoproteins and Selenium in food) 
has higher absorption by the organism once compared to 
inorganic forms (Selenite and Selenate), increasing sele- 
nium levels in blood [20]. 

Nutrition educational activities for guidance on the role, 
food sources and consumption levels of Selenium contrib- 
ute for increasing its consumption. The work was con- 
tinued with the identification of food sources of selenium 
in the Region and nutritional counseling for this popula- 
tion group. 

Since blood donors are healthy subjects and, between 
them, 74% had blood levels of selenium below those rec- 
ommended for the perfect functioning of the organism, 
can conclude that this impairment reaches a significant 
portion of population of this region, being a public health 
problem that must be solved. 
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