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ABSTRACT 
Background: The society of South Kalimantan has high rate of tooth decay. The high rate of tooth decay in South 

Kalimantan is caused by environmental factors, namely water sources originating from peat swamp. Swamp water 

has acidic pH can make tooth demineralization or releasing minerals in tooth. One of the minerals that can be 

demineralized by swamp water is copper ions (Cu
2+

) and selenium ions (Se
4+

). The released minerals in tooth makes 

tooth enamel slowly dissolve and make tooth more susceptible to caries. Objective: to analyze the effect of tooth 

immersion on peat swamp water on releasing copper and selenium ions. Methods: This research used a laboratory 

experimental study with eighteen specimens of extracted human maxillary premolar teeth. The specimens were 

divided into 2 treatment groups ie tap (PDAM) water and peat swamp water immersion, and 1 control group ie 

artificial saliva immersion. Tooth immersion is conducted for 7 days. The Measurement of copper and selenium ions 

release using a UV-Vis spectrophotometer. Data were statistically tested using One Way Anova. Result: The mean 

value of released copper ions in artificial saliva (3.8 ± 0.51 ppm), tap water (3.72 ± 1.02 ppm) and peat swamp 

water (3.37 ± 0.97 ppm) showed there were no significant differences among all immersion groups. Meanwhile, the 

mean value of released selenium ions in artificial saliva (7.61 ± 2.34 ppm), tap water (2.4 ± 0.62 ppm) and peat 

swamp water (0.85 ± 0,38 ppm) showed there were significant differences among all immersion groups on the 

release of selenium ions, subsequenty test using Post hoc Dunnett's T3 showed p=0.0001 (p<0.05). Conclusion: 

There is no effect of tooth immersion in peat swamp water on the release of copper ions however there is an effect on 

the release of selenium ions. 
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INTRODUCTION 

 

 One of the most common dental and oral 

diseases in Indonesian are caries.
1
 The DMF-T index 

in Indonesia is 4.6. The province of South Kalimantan 

has a DMF-T index of 7.2, which is greater than the 

DMF-T index in Indonesia. This indicates that the 

level of tooth decay in South Kalimantan is very 

high.
2
 Based on RISKESDAS 2018, the people of 

South Kalimantan have dental and mouth problems 

above the average, which is almost 60%. The high rate 

of tooth decay in South Kalimantan is caused by 

environmental factors, particularly water sources 

originating from peat swamp land.
2,3

 

 The distribution of peat swamps in South 

Kalimantan is quite extensive, 106,271 ha. This 

condition causes many people in South Kalimantan to 

still use water sourced from peat swamps for daily 

needs such as gargling and brushing their teeth.
2
 Peat 

swamp water or peat water is water that is widespread 

in swamp and lowland areas especially in Sumatra and 

Kalimantan, which has a low pH characteristic (3-5) 

or a high acidity level. Peat water has high organic 

content and high color intensity. Peat water also has a 

low content of macro elements such as Ca, P, Mg and 

K and low micro elements such as Cu, Se Mn, Zn and 

B. The high level of acidity of peat water is caused by 

the large amount of organic content ie humic acid, 

fulvic acid and humin.
4.5

 Acidic condition in peat 
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water have a role in the process of tooth decay, the use 

of acidic water for gargling or toothbrushes can cause 

a decrease in surface hardness of tooth enamel or tooth 

demineralization.
5,7 

 
Tooth demineralization is the process of 

releasing minerals contained in the tooth.
7
 Tooth have 

four constituent tissues, there are enamel, dentine, 

cementum and pulp. Enamel and dentine are 

composed of inorganic materials in the form of 

minerals, organic material and water. The most 

contained minerals contained in enamel and dentine 

are calcium (Ca
2+

) and phosphate (PO4
3-

), therefore it 

will form a hydroxyapatite crystal (Ca10(PO4)6(OH)2).
7
 

Besides, there are also another contained minerals in 

tooth such as Mg
2+

, Zn
2+

, Cu
2+

 and Se
4+

.
5 

 Acidic condition are able to demineralize the 

minerals contained in enamel and dentine.
8
 The acid 

can be sourced from water consumed or derived from 

bacteria. Demineralization occurs when the pH of the 

solution on the enamel surface is below 5.5.
5.7

 

Continuous acid condition can make enamel dissolve 

slowly and make cavity in the tooth.
5
 the tooth that 

have been demineralized by acids are more susceptible 

to erosion and difficult to repair. The tooth that have 

been demineralized by acid are also more susceptible 

to caries.
7
 

 One of mineral that can be released when the 

tooth are exposed to acid are copper ions (Cu
2+

). 

Copper ions have a very important role in the process 

of demineralization and remineralization of teeth. 

Copper ions can reduce the solubility of enamel in an 

acidic environment by making a protective layer in the 

form of copper phosphate (Cu3(PO4)2), which prevents 

demineralization by stabilizing hydroxyapatite crystals 

on the enamel surface thereby make enamel resistant 

to erosion and caries. Copper ions are also able to 

become cariostatic agents by inhibiting the 

development and metabolism of bacteria.
9
 Aside from 

copper ions, other minerals that can be released when 

the teeth are exposed to acids are selenium ions (Se
4+

). 

The presence of selenium ions in tooth can increase 

the susceptibility of teeth to caries.
10

  

 Peat water is thought to cause more release of 

copper ions and less selenium ions than teeth. Based 

on the background above, there has not been any study 

regarding the effect of tooth immersed in peat water 

on the release of copper and selenium ions, thus such 

study should be conducted. 

METHODS AND MATERIALS 

 This study received ethical clearance issued by 

the Ethical Committee, Faculty of Dentistry, Lambung 

Mangkurat University No. 129/KEPKG 

FKGULM/EC/2019. The method used in this study 

was true experimental with post test only with control 

group design which was divided into 3 groups. The 

tooth specimens were collected using simple random 

sampling. The first group acted as control group, 

which involved teeth immersed in artificial saliva. The 

second group involved teeth immersed in water from 

Water Utilities (PDAM) and the third group involved 

teeth immersed in peat water. 

 

Tooth Specimen Preparation 

 The teeth used in this study were the maxillary 

left or right, first or second human premolars that were 

already extracted. The teeth were free from caries, 

fracture, or chipping. The number of teeth in each 

group was 6. Firstly, the teeth were placed in the oven 

for 2 days using laboratory oven at 100
o
C. Afterwards, 

the teeth were cut between the crown and the root, i.e. 

in the CEJ (cementoenamel junction). The next step 

was to cut the crown into two equal pieces, crosswise 

between buccal and palatal side. One of the crown 

parts was taken for immersion according to treatment 

group and the other part was tested for copper and 

selenium ion levels. The dentin and pulp parts of the 

teeth were stained with nail polish with the intention 

to protect from immersion to prevent any effect on test 

results. 

 

Immersion Procedure 

 After layering the dentin and pulp using nail 

polish, then the crowns were immersed for 7 days 

according to treatment group. Each group was 

immersed in 50 ml of liquid. 

 

Pulverization Procedure 

 The immersed crowns were then pulverized 

using metal mortar and pestle. The crowns were 

pulverized until smooth and homogenous. 

 

Specimen Preparation Procedure 

 Specimen preparation procedure began by 

mixing pulverized crowns with 50 ml bidistilled 

water. Afterwards, 5 ml of thick HNO3 then added and 

heated on electric heater until the volume reduced to 

15-20 ml. If the destruction is not yet completed and 

the solution is not clear, then another 5 ml of thick 

HNO3 was added than reheated. 

 

Copper Ion Level Analysis 

 Copper ions were determined using UV-Vis 

T80+ spectrophotometry (PG Instruments, United 

Kingdom) according to redox reaction between 

methylene (C16H18CIN3S) and ascorbic acid (C6H8O6) 

catalyzed by copper (II) with maximum wavelength of 

666 nm. The prepared solution was diluted with citric 

acid (C6H8O7) and disodium phosphate (Na2HPO4). 
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Afterwards, ascorbic acid and methylene blue were 

added, thus the liquid turned to blue and inserted into 

UV-Vis T80+ spectrophotometer cuvette for copper 

ion level analysis. The analysis was replicated two 

times. 

 

Selenium Ion Level Analysis 

 Selenium ions were determined using UV-Vis 

T80+ spectrophotometry (PG Instruments, United 

Kingdom) based on the reaction between selenium and 

potassium iodite (KIO2) in acid. This will create a 

complex with starch and a maximum wavelength of 

570 nm. The prepared solution was added with NaOH 

and EDTA and centrifuged. The next step included 

addition of potassium iodite and starch to the solution, 

thus changed its color to yellow. Then, the solution 

was poured into UV-Vis T80+ spectrophotometer 

cuvette for selenium ion level analysis. The analysis 

was replicated two times. 

 The obtained data were evaluated statistically 

using SPSS 25.0. Data normality was tested using 

Shapiro-Wilk and homogeneity test using Levene’s 

test. Parametric analysis was performed using One 

Way ANOVA with confidence interval of 95% (α = 

0.05), followed by Post-hoc Dunnett’s T3 to determine 

the significance value. 

RESULTS 

 The result of copper and selenium ion release 

was obtained from the mean difference between 

treated and non-treated crown parts. The results of 

average release of copper and selenium ions can be 

seen in Figure 1 and 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The Mean Value and Standard Deviation of 

Released Copper Ions  

Figure 1 shows that the highest mean value of released 

copper ions is from the artificial saliva immersion 

group (3.8 ± 0.51 ppm), followed by the tap water 

immersion group (3.72 ± 1.02) and lastly from the 

peat water immersion group (3.37 ± 0.97 ppm). 

 

Figure 2. The Mean value and Standard deviation of 

Released Selenium Ions 

Figure 2 show that the highest mean value of released 

selenium ions is from the artificial saliva immersion 

group (7.61 ± 2.34 ppm), followed by the tap water 

immersion group (2.4 + 0.62 ppm), and lastly from the 

peat water immersion group (0.85 ± 0.38 ppm).  The 

results of Post hoc Dunnett’s T3 test shows a 

significant difference (p<0.05) between each 

immersion group, which can be seen in Table 1. 

 

Table 1. The Results of Dunnet’s T3 Test on Released 

Selenium Ions 

 Artificial 

Saliva 
Tap Water Peat Water 

Artificial 

Saliva 
- 0,006* 0,002* 

Tap Water - - 0,002* 

Peat Water - - - 

* = significant difference (p<0.05) 
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According to Table 1, there is a significant difference 

between the artificial saliva immersion group and the 

tap water immersion group. The artifical saliva 

immersion group and the peat water immersion group 

also have a significant difference. The significant 

difference also can be seen between the tap water 

immersion group and the peat water immersion group. 

 Figure 3. pH of Solution 

Figure 3 shows that the pH of each immersion solution 

group is 8.64 for artifical saliva, 6.5 for tap water and 

3.2 for peat water. 

 
Figure 4. Copper Ions Content and Selenium Ions Content 
(ppm) in Each Immersion Solutions 

Figure 4 shows that artifical saliva solution does not 

contain copper and selenium ions. Tap water contains 

6.2 ppm copper ions and 6.56 ppm selenium ions. Peat 

water contains 7.8 ppm copper ions and 10.14 ppm 

selenium ions.  

   

DISCUSSION 

 There are several factors that prevent 

demineralization in teeth. One of the factors that 

affects tooth demineralization is solution acidity or H
+
 

content in a solution. When H
+
 contacted 

hydroxyapatite crystals, then H
+
 will create a bond 

with phosphate ions (PO4
3-

) on hydroxyapatite 

crystals, thus forming H2PO4
-
 or phosphoric acid.

11
 

Other factors that affected the release of ions in 

hydroxyapatite crystals include the formation of 

chelate complex between acid and minerals in 

hydroxyapatites. Carboxylic acid with COOH group 

will dissociated in the solution, thus forming H
+
 that 

bonds with H2O to form H3O
+
 and the remaining 

COO
-
 will create a chelation with calcium ions (Ca

2+
). 

H
+
 ions in the solution will attack hydroxyapatite 

crystals, contrary to two COO
-
 anions that formed will 

create a bond with three calcium ions in 

hydroxyapatite, forming chelation and pull the 

calcium ion out of hydroxyapatite crystals. The 

stronger the bond, the higher the calcium ions pulled 

out from hydroxyapatite, followed by the release of 

other ions.
7
 

 Theoretically, acidic water or water with low 

pH causes the release of ions such as copper contained 

in teeth. However, there are several things that make 

these ions, especially copper, more resistant to 

demineralization from acid attack or environmental 

changes. One of the factors that may cause 

insignificant difference between immersion groups 

and prevent the release of copper ions was due to 

higher charge density in copper ions compared to 

calcium ions in hydroxyapatite crystal, thus made it 

stronger to acid attack.
12,13

 Copper ions in 

hydroxyapatite crystals were formed by adsorption 

process that occurs between hydroxyapatites and 

copper ions. Copper will be adsorbed by 

hydroxyapatite by substituting calcium ions with few 

copper ions through diffusion process on 

hydroxyapatite crystal lattice, thus forming a reaction 

as follows: 

 

Ca10(PO4)6(OH)2 + xCu
2+

       (Ca10-x)Cux(PO4)6(OH)2 

+ xCa
2+

 

  

 In above substitution reaction, the substitution 

between calcium and copper occurred because the size 

of ion radius between both ions were almost equal, in 

which calcium ions with 0.099 nm and copper ions 

with smaller radius of 0.072 nm. Even though the 

radius of copper ion was smaller that may aid in 

demineralization, copper ion had higher charge 

density, thus more stable on the hydroxyapatite 

crystals, thus making it resistant to 

demineralization.
12,13

 

 Other factor that may affect copper ions is that 

the copper ions contained in teeth created a protective 

layer in the form of copper (II) phosphate (Cu3(PO4)2) 

on the enamel surface, thus making the enamel more 

resistant to environmental changes, especially acidic 

environment.
9
 

 The results of this study showed that copper 

ion release on peat water group was less than 

immersion in artificial saliva and tap water. This may 

be caused by adsorption reaction between 

hydroxyapatites and free copper ions in the solution.
14 
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Copper ions can only be maximally adsorbed by 

hydroxyapatites on pH 7.9, while above that, the 

adsorption process is minimal, or even none.
15

 Acidic 

pH (3.2) on peat water caused a more effective 

adsorption process of copper ions by hydroxyapatite 

crystals compared to artificial saliva (pH 8.64) and tap 

water (pH 6.5).
16

 

 Higher copper ion content in peat water (7.8 

ppm) compared to tap water (6.2 ppm) also caused 

higher adsorption of copper ions in peat water 

compared to tap water. Copper ions contained in tap 

water became a factor that caused less copper ion 

release compared to artificial saliva with no copper 

ion content.
13,17

 

 Similar to copper, selenium ions were also less 

released in peat water. This may be due to pKa of peat 

water that was not as low as its pH. The term pKa 

describes acid strength. Peat water, mostly contained 

humic substances, only had 4.96 pKa, thus ions in 

hydroxyapatite crystals, especially selenium, is not 

released much even though peat water had pH of 

3.2.
7,18

 This was supported by the many content of 

organic substances in peat water. It is known that 

selenium ions contained in hydroxyapatite is obtained 

from adsorption process that occurs in hydroxyapatite 

crystal by substituting between selenium ions and 

phosphor (P
5+

) which can be seen in the reaction as 

follows: 

 

Ca10(PO4)6(OH)2+0,25SeO4
2-

Ca9,75(PO4)5,75(SeO4)0,25(OH)1,75 

 Smaller radius of selenium ions, i.e. 0.035 nm, 

compared to phosphor ions with 0.05 nm causes 

selenium ions to be more unstable, thus more easily 

demineralized by acid attack.
12

 However, the organic 

substances in peat water can stabilized the bond with 

selenium ions contained in hydroxyapatite crystals, 

thus made it difficult to demineralized by acid.
19

 

 The result showed that there was a significant 

difference between immersion in artificial saliva and 

tap water and peat water. This may occur due to 

adsorption reaction of selenium ions in the form of 

selenate (SeO4
2-

) by hydroxyapatite crystals in the 

enamel with the mechanism of bond complex 

formation on the surface of hydroxyapatites. The 

surface of hydroxyapatite crystals becomes positive in 

acidic solution, thus increasing the adsorption capacity 

of selenium through ligand exchange. Adsorption 

reaction of selenium ions can only occur under pH 

7.86, whilst above it, the adsorption reaction is second 

to none.
20

 

 Hydroxyapatite crystals have positive charge in 

pH under 7.86, thus enabling the crystal to adsorb 

selenium ions in the form of free selenate with 

negative charge in acidic solution, especially peat 

water. Contrary to solution condition with pH above 

7.86 or alkaline, selenium ion adsorption by 

hydroxyapatite crystals decreased sharply due to 

adsorption competition between selenate and OH
-
 ions 

found in abundance in alkaline solution, whereas 

selenate and OH
-
 ions both have negative charge. The 

pH of artificial saliva was 8.64, while pH of tap water 

was 6.5 and peat water was 3.2. This fact causes less 

and even no adsorption reaction of selenium ions by 

hydroxyapatite crystals in artificial saliva compared to 

tap and peat water.
20,21

 Other theory also stated that 

selenium ion adsorption only occur on pH under 6.5, 

which means that there are more selenium ion 

adsorption in peat water compared to tap water and the 

difference between both groups was significant.
20

 

 Other factor that causes differences between 

treatment groups was different selenium ion content 

between the two groups. Selenium ion content in peat 

water (10.14 ppm) was more than tap water (6.56 

ppm), thus produced more adsorption by 

hydroxyapatite crystals in peat water immersion. 

Artificial saliva does not have selenium ions, which 

means that adsorption by hydroxyapatite crystals 

cannot occur compared to the other 2 groups.
17,22

 

 Theoretically, selenium ions in teeth can 

increase tooth vulnerability to demineralization 

process. However, peat water with a lot of organic 

substances that can stabilized the bond between 

selenium ions and hydroxyapatite crystals, thus may 

decrease demineralization process.
19,23

 This was 

contradictive with demineralization process caused by 

caries. Selenium ion content in teeth can increase 

demineralization process caused by caries because 

there is no organic substance in caries, thus selenium 

ion is more vulnerable to demineralization.
24

 Selenium 

ion is also known to decrease fluoride uptake in 

hydroxyapatite crystals.
25

 

 The results of this study showed that copper 

ions in teeth was not affected by peat water, thus 

copper ion release is not the factor of high teeth 

damage in South Kalimantan. Contrary to copper ions, 

only a few amounts of selenium ions released were 

affected by peat water. This showed that selenium ions 

were found in abundance in the teeth of the population 

of South Kalimantan, thus contributed to high factor 

of teeth damage in South Kalimantan. In conclusion, 

there was no effect of teeth immersed in peat water on 

copper ion release, but there was an effect on selenium 

ion release. 

REFERENCES 

1. Septishelya PF, Nahzi MYI, Dewi N. Kadar 

Kelarutan Fluor Glass Ionomer Cement Setelah 

Perendaman Air Sungai dan Akuades. Majalah 

Kedokteran Gigi Indonesia. 2016. 2(2): 96-98-5 



120  Dentino (Jur. Ked. Gigi), Vol V. No 2. September 2020 : 115 - 120 

 

2.  Nadia, Widodo, Hatta I. Perbandingan Indeks 

Karies Berdasarkan Parameter Kimiawi Air Sungai 

dan Air PDAM Pada Lahan Basah Banjarmasin. 

Dentin Jurnal Kedokteran Gigi. 2018. 2(1): 13-18 

3. Kemenkes RI. Riset Kesehatan Dasar: 

RISKESDAS 2018. Jakarta: Badan Penelitian dan 

Pengembangan Kesehatan Kementerian Kesehatan 

RI. 2018. p. 181-220 

4.  Agus F, Anda M, Jamil A, Masganti. Lahan 

Gambut Indonesia: Pembentukan, Karakteristik 

dan Potensi Mendukung Ketahanan Pangan. 

IAARD Press. 2014. p. 33-47 

5. Adhani R, Widodo, Sukmana BI, Suhartono E. 

Effect pH on Demineralization  Dental Erosion. 

International Journal of Chemical Engineering and 

Applications. 2015. 6(2): 1-5 

6.  Basri MHM, Erlita I, Nahzi MYI. Kekasaran 

Permukaan Resin Komposit Nanofiller Setelah 

Perendaman Dalam Air Sungai dan Air PDAM. 

Dentino Jurnal Kedokteran Gigi. 2017. 2(1): 101-

106 

7.  Neel EAA, Aljabo A, Strange A, Ibrahim S, 

Coathup M, Young AM et al. Demineralization-

remineralization Dynamics in Teeth and Bone. 

Dove Press Journal. 2016. 11: 4743-4763 

8.  Amelia F, Sahbana A, Dewi N, Suhartono E. 

Demineralization of The Tooth by Peat Swamp 

Water. International Journal of Pharmaceutical and 

Clinical Research.  2016. 8(4): 216-220 

9. Klimuszko E, Orywal K, Sierpinska T, Sidun J, 

Golebiewska M. The Evaluation of Zinc and 

Copper Content in Tooth Enamel Without Any 

Pathological Change-an  in vitro study. 

International Journal of Nanomedicine. 2018. 13: 

1257-1264 

10. Hadjimarkos DM. Effect of Selenium on Dental 

Caries. Archives of Environmental Health: An 

International Journal. 2013. 10:6: 893-899 

11. Ehrlich H, Koutsoukos PG, Demadis KD, 

Pokrovsky OS. Principles of Demineralization: 

Modern Strategies for the Isolation Organic 

Frameworks. Elsevier. 2009. p. 169-193 

12. Rosskopfova O, Galambos M, Ometakova J, 

Caplovicova M, Rajec P. Study of Sorption of 

Copper on Synthetic Hydoxyapatite. J Radioanal 

Nucl. 2012. p. 642-644 

13. Sierpriska T, Orywal K, Kuc J, Golebiewska M, 

Szmitkowski M. Enamel Mineral Content in 

Patients with Severe Tooth Wear. Quinstenssence 

Publishing Co Inc. 2013. 26(5): 1-5 

14. Joshi P, Manocha S. Kinetic and Thermodynamic 

Studies of the Adsorption of Copper Ions on 

Hydroxyapatite Nanoparticles. ScienceDirect. 

2017. p. 10455-10459 

15. Fernane F, Fiallo M, Sharrock PJ, Mecherri MA. 

Hydroxyapatite Interactions with Copper 

Complexes. Elsevier. 2010. p. 1-6 

16. Sierpinska T, Konstantynowicz J, Orywal K, 

Golebiewska M, Szmitkowski M. Copper Deficit 

as a Potential Pathogenic Factor of Reduced Bone 

Mineral Density and Severe Tooth Wear. 

Osteoporos Int. 2014. 25: 447-454 

17. Suningsih N, Novianti S, Andayani J. Level 

Larutan Mcdougall dan Asal Cairan Rumen pada 

Teknik In Vitro. Jurnal Sain Peternakan Indonesia. 

2017. 12(3): 343 

18. Paul S, Sharma T, Saikia D, Saikia PP, Borah D, 

Baruah MK. Evaluation of pKa of Soil Humic 

Acid and Their Complexation Properties. 

International Journal of  Plant and Soil 

Science. 2015. p. 1-8 

19. Floor GH, Calabrese S, Roman-Ross G, Aiuppa A. 

Selenium Mobilization in Soils Due to Volcanic 

Derived Acid Rain: An Example from Mt Etna 

Volcano, Sicily. Elsevier. 2011. p. 241 

20. Kongsri S, Janpradit K, Buapa K, Techawongstien 

S, Chanthai S. Nanocrystalline Hydroxyapatite 

from Fish Scale: Preparation Characterization and 

Aplication for Selenium Adsorption in Aqueous 

Solution. Elsevier. 2013. p. 522-532 

21. Uskokovic V, Iyer MA, Wu VM. One Ion to Rule 

Them All: Combined Antibacterial, 

Osteoinductiveand Anticancer Properties of 

Selenite-Incorporated Hydroxyapatite. Royal 

Society of Chemistry. 2017. p. 7-12  

22. Rajendran A, Kulandaivelu R, Nellaiappan SN. 

Crystalline Selenite Substituted  Carbonated 

Hydroxyapatite Nanorods: Synthesis, 

Characterization, Evaluation of Bioactivity and 

Cytotoxicity. International Journal of Applied 

Ceramic Technology. 2016. p. 1-9 

23. Sekhri P, Sandhu M, Sachdev V, Chopra R. 

Estimation of Trace Elements in Mixed Saliva of 

Caries Free and Caries Active Children. Journal of 

Clinical Pediatric Dentistry. 2018. Vol 42. p. 136-

138 

24. Sicca C, Bobbio E, Quartuccio N, Nicolo G, 

Cistaro A. Prevention of Dental Caries: A Review 

of Effective Treatments. J Clin Exp Dent. 2016. p. 

1-7 

25. Flora S. Preventing Fluoride Toxicity with 

Selenium. ResearchGate. 2015. p. 313 

 


