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Fluoridation of Drinking Water 
Questioning the Accepted Chemistry 

By J.R. Dean, PhD, C5 Plus Ltd., Calgary, Ab 

 

Executive Summary 

This document is based a review of a large body of literature, pertaining to the use of solutions 

of hexafluorosilicic acid and its sodium salt in the fluoridation of drinking water. It offers the 

conclusion that neither compound is the active ingredient in providing the fluoride ion. Rather it 

is concluded that the active ingredient, in the use of either mixture, is hydrogen fluoride, and 

that both hexafluorosilicic acid and its sodium salt are “contaminants” in the fluoridation 

process. This conclusion is considered to be significant because there is evidence in the literature 

that those “contaminants” are associated with lung and bladder cancers. 

Introduction 

It is currently accepted throughout the world that the presence of fluoride ion, F-, in drinking 

water, helps prevent tooth decay. One mechanism, for how this is achieved, is its reaction with 

hydroxyapatite, Ca5(PO4)3OH on the teeth, and the production of fluoroapatite, Ca5(PO4)3F, 

which is reported to be more resistant to acidic solutions. 

Drinking water consists of concentrations of most ions found on the periodic table. In order to 

ensure that the water is safe to drink, a great many measurements are routinely conducted to 

ensure that each parameter is within quality guidelines established by Health Canada. 

Measurements are also made of organic compounds that are considered to be contaminants 

Appendix A contains a list of measurements typically conducted by the City of Calgary.  

All of the listed parameters are important to ensuring health, but the general population is 

usually most aware of those describing hardness, alkalinity, toxic metal ions and pH (the 

negative log of the hydrogen ion concentration). Drinking water is considered to have equal 

concentrations of hydrogen ion and hydroxide concentration when the pH is 7; each 

concentration being 10-7 M.  As a result of the natural presence of carbonate and bicarbonate, 

typically drinking water will have a pH of between 8 and 9.  

Through the mechanism described above, it is widely believed that the concentration of 

fluoride ion in drinking water plays a role in the prevention of tooth cavities in young children. 

The average in Calgary water is 0.1 mg/L and it is believed that, if its concentration could be 

increased, its effectiveness as a cavity preventer would be increased.  
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Literature Review 

Fluorine is the most electronegative element in the Periodic Table. This means that it accepts 

other element’s electrons and bonds very strongly with most metals and nonmetals. It can even 

form molecules with noble gases like Xenon. As stated above, its high electronegativity is the 

property that, almost certainly, allows it to help reduce tooth decay in children.  

There are three compound additives that are proposed as sources of additional fluoride ion for 

drinking water. They are sodium fluoride, NaF, hexafluorosilicic acid, H2(SiF6), and, thirdly, its 

sodium salt, sodium hexafluorosilicate. Of the three compounds, NaF is the most obvious 

source because when mixed with water, it disassociates rapidly into Na+ ion and the active 

species, F
-
. Hexafluorosilicic acid, H2(SiF6), is delivered to municipal water treatment systems as 

approximately a 22% aqueous solution and is claimed to be a good source of fluoride ions.  

Past literature have claimed that H2(SiF6) {HFSA}, a waste product1 of the phosphate fertilizer 

industry, has been found to be contaminated with significant amounts of heavy metals which 

include arsenic, lead and radioactive species , radium -226 and lead-210. Research has reported 

that these contaminants can lead to lung and bladder cancer. Currently, it is reported that 

approximately 90% of drinking water systems that augment fluoride ion content, use HFSA or 

its sodium salt. This product is reported to be currently used by 49 US states and 9 provinces of 

Canada.   

Of significance in this regard, it has been reported that when chloramine is used as a 

disinfectant in water systems, together with hexafluorosilicates, leaching of lead from 

brass/lead water pipes takes place. It has been suggested that the result is elevated blood lead 

levels in children (see Appendix B) 

On first glance, HFSA appears to be a typical weak acid and as such, in water, it would not 

dissociate into large quantities of H+ ions and its anion SiF6 
-- ions. The literature states that its 

dissociation2 constant, Kd, is   10 -30. Comparison of this Kd with those of known organic acids 

like benzoic (6.2 x 10-5), acetic acid (1.8 x 10-5) and fluoroacetic acid (2.6 x 10-3) suggests just 

how weak it is. The dissociation reaction may be expressed as:    

   

H2(SiF6) + 2H2O     Kd      2H3O+   +  SiF6  
--       (1) 

                                                           
1
 Phosphate ores, containing fluoride and silicon compounds are heated with sulfuric acid. The resulting chemical 

reaction produces the gases SiF4 and HF. Both are combined to form a 22% solution of HFSA. 
 
2
 Kd, Dissociation Constant, is a measure of the strength of an acid in solution. It is a ratio of dissociation products 

to the original species. 
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Kd = 10
-30 =   [H3O+]

2
[SiF6  

--]/ [H2(SiF6)]
 

In other words, in solution, the concentration of H2(SiF6) is much larger than its dissociated 

products, H+ and SiF6
--. There is no suggestion of the presence of fluoride ions. 

In spite of this knowledge, it has been suggested by proponents for its use that HFSA is rapidly 

hydrolyzed, in drinking water, to fluoride ions, according to the pathway 

H2(SiF6) + 6OH-                    6F- + Si(OH)4 + 2H2O                              (2) 

A second pathway that has been suggested is 

H2(SiF6) + 2H2O -                    6HF +- SiO2          (3)                            

These reactions are considered to be unusual (especially considering the fluoride 

electronegativity) and are not based on known chemistry of drinking water (pH 9), having a 

hydroxide concentration of 10-5 M. It suggests a reaction between a strong base and H2(SiF6) 

and is not a reaction that would normally be expected in drinking water. A more likely reaction 

that could be expected would be  

H2(SiF6) +2Na
+
  + 2OH

-
             Na2(SiF6) +2H2O  

Or (see reference 3) 

2H+ +  SiF6  
--

 + 2Na
+
  + 2OH

-
           Na2(SiF6) +2H2O         (4) 

In 2006, a study by Finney et al, using 19F NMR (reference 1), repudiates the claim, in equation 

2, that hexafluorosilicic acid completely dissociates in water. Those experiments, conducted to 

examine the possible presence of fluorosilicate intermediates produced during the believed 

hydrolysis of H2(SiF6), found no intermediates. One species, identified as SiF6
--, or its hydrate, is 

suggested to be more likely, based on known chemistry, to have been the un-dissociated 

H2(SiF6). Perhaps of more significance is that the result did not prove the presence of F ions as 

suggested by equation 2. The conclusion that there must be complete dissociation into F ions is 

a conclusion that raises doubt. since there were no intermediates. 

The sodium salt of hexafluorosilicic acid is the third compound that is often used to fluoridate 

drinking water. The same arguments, presented above for the acid, apply to its consideration as 

a source of F ions in drinking water. The main difference between use of either the acid or its 

salt is that one is available as an aqueous solution while the latter is a solid. Both are 

understood to be byproducts of the phosphate mining industry and concerns have been 

expressed that they may contain some impurities such as HF and heavy metals such as arsenic, 

lead, mercury and cadmium. Proponents of their use for fluoridation do not dispute that 
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contaminants may be present but have concluded that, based on the amounts added to the 

drinking water, that the contributions of resulting contaminants are limited to more than two 

orders of magnitude below Health Canada drinking water guidelines. 

It is understood that the main supplier of 22% HFSA solution is located in Europe, while a 

supplier located in Florida is inconsistent . 

 Pharmaceutical or food grade NaF is reported to contain approximately 100 times less heavy 

metals contaminants than HFSA. If its cost can be supported it appears to be a logical 

replacement for HFSA. However, since it is a powder, it would first need to be put into solution 

for ease of addition to Calgary’s drinking water. Additional problems may also include the 

difficulty in handling a powder, bulk storage and assurance of consistent supply. 

 

Conclusions 

1. It has been claimed that 22% solution of HFSA can be used to fluoridate drinking water if 

it meets the guidelines of NSF/ANSI/CAN60. These are understood to be the mandatory 

guidelines accepted throughout the world. According to the latest Association of State 

Drinking Water Administrations Survey, 49 US States and 9 Canadian provinces use 

chemicals that meet that Certification.  

 

2. It has been claimed, by its proponents, that HFSA is a strong acid and dissociates in 

water according to reactions 2 or 3, above. The literature review, in this study, states 

that it is a weak acid and would be expected to dissociate according to reaction 1 above. 

In other words, the correct chemistry does not support the conclusion that HSFA is the 

source of fluoride ions. 

 

3. What is the source of the fluoride ions in the 22% mixture of HFSA that meets 

NSF/ANSI/CAN60 certification?  It is stated (reference 2) that in the production of HF, 

for the phosphate mining industry, 50 kg of HFSA is produced per 1000 kg of HF. HFSA is 

also produced as a product of the reaction of HF with silicate minerals. It is therefore 

suggested that one possible explanation for the presence of fluoride ions is that the 22% 

solution of HFSA is really a solution of HF and contains HFSA as a “contaminant”.  

 

 

4. If HFSA is a “contaminant” in the 22% solution of HFSA and if the main active 

fluoridation agent is in fact HF, then consideration would be given to adding its 

measurement to the parameter list shown in Appendix A.  
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5. Support for the conclusion 4 seems to be the observation by the city of Calgary that the 

22% HFSA solution has similar chemical properties as HF alone. For example, it is 

understood that storage containers, tank liners have been selected based on those 

properties. It is understood that, in the past, the use of the 22% HFSA, during the 

fluoridation process included dilution to prevent excess wear on other infrastructure 

pumps and lines. 

 

6. The overall conclusion of this document is that while the use of 22% HFSA for the 

purposes of fluoridating Calgary’s water probably meets international guidelines, the 

fact cannot be ignored that contaminants other than fluoride are also added, which 

are reported in the literature to be associated with lung and bladder cancers.  

 

Recommendations 

This review concludes that HFSA in the fluoridation solution will not dissociate when added to 

Calgary’s drinking water. The source of the fluoride ion is concluded to be HF. It is 

recommended that the City of Calgary Water Treatment department conduct an in depth 

analysis of the purchased solution for the concentration of HF and trace metals (including 

radium -226 and lead-210). As in Reference 1, It would be useful to measure undissociated 

HFSA in the drinking water after fluoridation. 
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