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ABSTRACT 
 
In this investigation the Manganese levels in human whole saliva were determined using 
Neutron Activation Analysis (NAA) technique for the proposition of an indicative interval. 
The measurements were performed considering gender and lifestyle factors of Brazilian 
inhabitants (non-smokers, non-drinkers and no history of toxicological exposure). The results 
emphasize that the indicative interval is statistically different by gender. These data are useful 
for identifying or preventing some diseases in the Brazilian population. 
 
 

1. INTRODUCTION 
 
In the last years the use of saliva as a diagnostic fluid has increased. Investigations of organic 
and inorganic components, hormones and proteins have present significant progress for 
diagnostic [1,2]. Among the inorganic components Cl, K and Na are majority and responsible 
for maintaining the osmolarity of the saliva, while Ca, Mg, P and also Cl are responsible for 
maintaining the resistance of enamel to cavities. Investigations performed in saliva of 
periodontal patients indicate that abnormal concentration of Ca can act as an efficient 
indicator of periodontal diseases [3,4] while the increase of S levels can be associated with 
halitosis [5]. Some investigations also suggest that Mn can be used to investigate neurotoxic 
dysfunctions [6,7] and, although more researches are necessary to known about the 
absorption and retention of Manganese in the body, an investigation performed by Bouchard 
et al [8] offer strong support for this hypothesis.  
 
Another aspect to be considered is the viability of using the proposition of normal range for 
Mn in whole saliva as a biomarker of exposure for welding professionals. A study, performed 
by Wang et al. [9], showed that saliva Mn concentrations of these workers (welders) can be 
correlated with serum concentrations with the advantage of being at a higher concentration 
(Mn contents are concentrated in dry saliva ~ 200 times higher then in dry serum [10]). 
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Recently hair had also been used for human exposure to Mn but an investigation performed 
by Chen and Copes [11] point out the limitations of this biological material as a biomarker, 
mainly due the contamination. 
 
Considering that, saliva is less invasive to collect than blood and less prone to external 
contamination as hair, this biological material (whole saliva) can be a better biomarker for 
Mn, mainly to investigate some specific diseases. To visualize, in Fig. 1 are presented a 
comparison between mean values of elements concentration in whole saliva [4,5] and serum 
[10,12], which shows that most of the concentrations in whole saliva are higher than in 
serum.  
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Figure 1: Mean values of the elements concentration in whole saliva and serum.  
 
 
Considering the viability to optimize the use of saliva to diagnostic of some dysfunctions, 
recently we investigated majority elements in whole saliva [4] and now we intend to extend 
this investigation on to Mn concentration. We performed measurements using whole saliva 
because it represents better the complete oral environment when compared to saliva from 
individual glands [13]. Also, the quantity that can be collected is an advantage, since the 
average that human being can produce is approximately 0.4 mL/min [14]. 
 
In this investigation the Mn levels in human saliva were determined using Neutron Activation 
Analysis (NAA). The measurements were performed considering lifestyle factors (non-
smokers, non-drinkers and no history of toxicological exposure) and gender of Brazilian 
inhabitants. The proposition of indicative interval for manganese would greatly advance in 
the understanding of this metal’s toxicity effects.  
 

 

2. MATERIAL AND METHODS 
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The samples of non-stimulated whole saliva were collected from 74 healthy subjects (41 
women and 33 men), range from 24 to 55 years old healthy subjects. All participants were 
inhabitants of São Paulo city. The donors made a prior rinse with distilled water, before the 
collection started. The collection was performed at the same time of the day, near lunch time 
(at least with an interval of two hours fasting), spontaneously (without stimulation) directly in 
sterilized plastic containers in a dental office by a dentist. About 8-10 mL of saliva was 
collected from each donor. The fresh saliva was immediately frozen until to be used. For 
sample preparation, saliva was lyophilized (~200 - 220 mg) and transferred to a cylindrical 
polyethylene tube. INAA technique was used to determine the Mn content. Aliquots (50 -
100µL) of standard Mn solution (provided by Merck and Inorganic Ventures) were pipette 
onto Whatman N0 41 filter paper and dried for few minutes using an infrared lamp.  
 
Samples and standards were irradiated in a pneumatic station in the nuclear reactor (IEA-R1, 
3.5-4.5MW, pool type) at IPEN, with a thermal neutron flux ranged from 3.21⋅1012 to 
6.60⋅1012 n cm-2 s-1. To determine the Mn concentration each sample and standard were 
irradiated for 240s. After a decay time of 600s, a gamma counting of 1800s was used to 
determine 56Mn (T1/2~2h, Eγ = 846keV and 1810keV). The accuracy of the standard was 
checked by Mn determination in the NIST 1577c. The measurements of the neutron induced 
activity of the sample and standard were carried out using an ORTEC GEM-60195 detector 
and an ORTEC 671 amplifier coupled to a MCA ORTEC 919E connected to a PC. The Mn 
concentration was performed using in-house software [15]. 
 
 

3. RESULTS AND DISCUSSION 
 
The accuracy evaluation by Z-score for NIST 1577c standard reference material indicates the 
adequacy of the method is satisfactory. The determined Mn concentration (Mean Value) in 
whole saliva samples are presented in Table 1. All the data were obtained analyzing replicate 
samples. The standard deviation (±1SD), median, mode, minimum and maximum values and 
the indicative interval (for a confidence interval of 95%) are also presented. We also 
investigated the filter paper and some impurities (Al, Ca, Cl, Mg and Na) were identified but 
they do not interfere. This investigation was also performed in the plastic cylinder and the Ca 
and Mg impurities were identified, however they do not interfere. 
 
The significance of differences between genders was assessed by Student’s t-test. The level of 
statistical significance was taken as value of p <0.05. In Fig. 2 a comparison is shown 
between non-stimulated human whole saliva for both genders. In Fig. 3, the Mn concentration 
is shown as function of gender and age. According to the Student’s t-test for women (<50 
years) the indicative interval is statistically different (p< 0.05).  
 
 

Table 1: Mn saliva concentrations of the Brazilian inhabitants 
 

Mn, µgL-1 All  Men  Women 

Mean Value 25 35 19 
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±1 SD 16 18 12 

Indicative 
Interval <63 <78 <56 

Median 21 34 17 

Mode 10 34 10 

Minimum 

value 
9 19 9 

Maximum 

value 
65 65 44 
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Figure 2: Mean values of the elements concentration in whole saliva 
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Figure 3: Proportions (%) of Mn concentration in whole saliva in function of gender 

and age 
 
 
The data obtained can provide a scientific basis for biomedical research of some oral 
environment such as the regulatory mechanism of salivary secretion, which involving both 
volume and concentration of inorganic constituents. Recently, Mn in saliva was investigated 
in patient with Cystic Fribosis and the results suggest an increase when compared with the 
control group [16].  

The Manganese also participates of several functions in body: acts in the skeletal growth and 
development; it is essential for glucose utilization; participates in the lipid synthesis and in 
the cholesterol metabolism and is also involved in thyroid hormone synthesis. Moreover, this 
element is a cofactor for a number of important enzyme functions (such as: cholinesterase, 
mitochondrial and several phosphates) and its metabolism is similar to that of iron: while the 
absorption in the small intestines process is slow its absorption rate is very high (~40%) [17]. 
Inadequate manganese intake (deficiency) has been linked to myasthenia gravis (loss of 
muscle strength) resulting in weak tendons and ligaments; it is also associated with possible 
cause of diabetes [18] while its toxicity (excess) interferes with the absorption of dietary iron, 
i.e., long-term exposure to excess levels may result in iron-deficiency anemia. Manganese 
overload is generally due to industrial pollution (industrial workers of battery manufacturing 
and welding professionals are at higher risk) as well as individuals undergoing inadequate 
supplementation [19]. 
 
Nowadays, laboratory diagnosis for Mn evaluation has been performed in serum. The present 
data can be useful to perform clinical practices using saliva. So, we intend to improve the 
statistical data for Mn in whole saliva, for all age groups, and then investigate the possible 
correlations with serum concentrations. 
 

4. CONCLUSIONS  
 
The results from the present investigation give an indicative interval for Manganese in saliva. 
The availability of accurate reference values for Manganese in human whole saliva represents 
an important indicator of the health status. The cost/benefit relation can be optimized by 
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making the diagnostic in whole saliva more competitive than blood (serum) analyses for 
some specific diseases. 
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