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Executive Summary 

In February 2017, Orange Water and Sewer Authority (OWASA) experienced an incident 

regarding overfeed of fluoride within the water treatment process. The overfeed was contained and no 

water with higher than normal fluoride levels reached the water pipe system supplying OWASA 

customers. OWASA made the decision to stop fluoridation of the drinking water for a period of eight 

months amid customers and residents voicing concerns regarding the health, safety and efficacy of 

fluoridation. 

In April 2017, the Orange County Board of Health wrote OWASA’s Board of Directors affirming 

OWASA’s decision to continue fluoridation of the water supply and offering supportive resources and 

facts. See Attachment 1. In October 2017, after purchasing new equipment to monitor the fluoride feed 

system, OWASA resumed fluoridation of drinking water.  

Due to continued community concerns, Ed Kerwin, Executive Director of OWASA and OWASA 

Board of Directors sent Dr. Dorothy Cilenti, Interim Orange County Health Director, a letter requesting 

that the Orange County Health Department assist OWASA in a periodic review process of drinking 

water fluoridation. The letter outlined key components for the review and requested feedback and 

recommendations. See Attachment 2.  

Dr. Cilenti presented the request to the Board of Health during the November 29, 2017 Board 

meeting. The Board decided to review next steps at the February 2018 meeting once the new Health 

Director was on board. See Attachment 3.  

On February 28, 2018 the Board of Health again discussed the letter from OWASA and voted 

unanimously to create a committee charged with developing a response plan. See Attachment 4. The 

Ad Hoc Fluoride Committee was finalized on March 25, 2018 and the first meeting was scheduled for 

June 6, 2018. Meeting outcomes included researching more about the public input process, researching 
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potential panelists to take part in the fluoride review process, and creating potential community survey 

questions. See Attachment 5.  

During the June 27, 2018 meeting the Ad Hoc Fluoride Committee provided an update to the full 

Board outlining proposed methods to fulfill OWASA’s request. See Attachment 6. The next Ad Hoc 

meeting was held on July 18, 2018. During that meeting, committee members decided to:  

 Secure dental and medical experts to serve on a panel 

 Compile public feedback from OWASA meetings 

 Invite additional public comment 

 Ask experts to respond to public comment and reference the latest science on fluoridation 

See Attachment 7. 

 On August 22, 2018 the Ad Hoc Committee updated the full Board on the plan to move forward 

with the fluoride review process. The Board agreed with the plan as presented. See Attachment 8. The 

Board of Health then drafted a letter letting OWASA know of the review process plans that the Board 

agreed with. See Attachment 9. 

 The Ad Hoc Committee drafted a letter in order to secure medical, dental, and toxicology 

experts. The letter of request was emailed to recommended, local colleagues as well as statewide 

societies including the NC Society of Toxicologists, NC Neurological Society, and the Carolinas Chapter 

of the American Association of Clinical Endocrinologists. See Attachment 10. Another update was 

provided to the full Board on the progress of the committee during the October 24, 2018 BOH meeting. 

See Attachment 11.  

 The Ad Hoc Committee drafted a community survey intended to garner public comments on 

fluoridation of drinking water for OWASA customers. See Attachment 12. The committee presented the 

survey to the full board during the November 28, 2018 BOH meeting. See Attachment 13.  
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Due to the difficulty in securing experts to participate in the fluoride review process, the Ad Hoc 

Committee presented to the full Board additional options during the February 27, 2019 BOH meeting. 

During that meeting, the Board agreed to offer an honorarium of $1,000 per expert for up to three 

experts. See Attachment 14. The letter to secure experts was updated to reflect the honorarium and 

resent to various local professionals and again to statewide societies. See Attachment 15.  

 The OWASA Director contacted Health Director Quintana Stewart and expressed their Board of 

Director’s interest in being involved in the fluoride review and survey development process. The Ad Hoc 

Committee addressed this request during the May 22, 2019 BOH meeting. The BOH decided to continue 

with the current plan to avoid undue influence. This was supported by OWASA Executive Director, Ed 

Kerwin. See Attachment 16.  

 By July 2019, the Ad Hoc Committee was able to secure three experts and one volunteer expert 

to participate in the fluoride review process. The committee, with assistance from Kristin Prelipp, 

Communication Manager, finalized the community questionnaire (see Attachment 17) and began 

promotion. The questionnaire was opened to the community from July 18 to July 31, 2019. The online 

questionnaire was promoted on social media platforms, sent to OWASA customers, and hard copies 

were available at the Health Department’s medical and dental clinics. See Attachment 18.  

An analysis of the survey was conducted by the BOH Strategic Plan Manager.  There was a total 

of 170 online and hard copy surveys received; 72% responded that they supported OWASA fluoridation 

of water and 29% responded they were opposed to OWASA fluoridation of water. Of the respondents, 

79% drink OWASA water regularly (14% did not) and 86% live in Chapel Hill/Carrboro area (7% did not).  

Of all survey respondents who showed support, 68% support fluoridation of water because it is 

an important public health measure, in the right amounts, it is safe, and in the right amounts, it helps 

prevent dental decay. Other reasons respondents support fluoride include fluoridation being a social 
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justice issue for those who have trouble paying for dental care and because it’s equitable and reaches all 

citizens.  

Of all survey respondents who were opposed, 14% oppose fluoridation of water because it can 

affect the environment; 24% responded it can have a negative impact on personal health; and 19% 

responded it is not necessary to prevent tooth decay. Additional responses and comments from those 

who oppose fluoride were analyzed and grouped into major themes. Those themes are outlined in the 

Evaluation section of this report. The experts have responded to each theme using their expertise and 

scientific research.  

Board of Health Recommendation 

The Orange County Board of Health supports the continued fluoridation of Orange Water and Sewer 

Authority’s water supply at the current levels as deemed effective for prevention of tooth decay and for 

promotion of good oral health.  

 

The Board of Health Ad Hoc Fluoride Committee conducted a process of:  

 Obtaining public feedback on community water fluoridation 

 Reviewing public feedback given at an OWASA public meeting 

 Reviewing the latest recommendations from national health organizations including, but not 

limited to, the Centers for Disease Control and Prevention (CDC), North Carolina Department of 

Health and Human Services (NC DHHS), and American Dental Association (ADA) 

 Reviewing medical, dental, and toxicological expert responses to public opposition of community 

water fluoridation  

 

The committee also considered the lack of naturally occurring fluoride in OWASA’s reservoirs.  This 

detailed process and the recognition by the CDC that community water fluoridation is one of the 

greatest public health achievements of the 20th century, led to the support of OWASA continuing 

community water fluoridation.  
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Public Health Framework for Community Water Fluoridation 

During this process, Board of Health members considered the Board’s duty as a governing body to 

protect and promote the health of the community and what ethical obligations the Board should 

consider in creating a recommendation. The Ad Hoc Fluoride Committee reviewed An Ethics Framework 

for Public Health 1 article by Nancy E. Kass, ScD. The framework poses six questions to consider when 

health professionals want to consider the morality in how to respond to a public health issue. (See 

Attachment 19) Those six questions were answered in regards to Community Water Fluoridation.  

1. What are the public health goals of Community Water Fluoridation? 

Community water fluoridation has been a benefit to communities since the 1950s. The 

goal of community water fluoridation is prevention of tooth decay. While fluoride is found 

naturally in water, it is not found at high enough levels to be effective against tooth decay. In 

fact, according to OWASA, “Fluoride naturally present in groundwater ranges up to more than 12 

parts per million (ppm).  Fluoride in rivers and other surface water may range up to 1.4 ppm. 

Fluoride in OWASA’s reservoirs is below the detectable level.”5 Adjusting the level of fluoride in 

community water through water supply systems has been researched and found to be an 

effective public health intervention.2  

2. How effective is the Community Water Fluoridation in achieving its goals? 

According to the Centers for Disease Control and Prevention (CDC) 2, fluoridated water 

reduces tooth decay by 25% among children and adults. Fluoride also helps with reducing 

cavities, less severe cavities, less need for fillings and removing teeth, and less pain and suffering 

because of tooth decay.  

3. What are the known or potential burdens of Community Water Fluoridation? 
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According to information provided by OWASA (M. Tiger, personal communication, 

February 5, 2020), the financial burden of community water fluoridation to OWASA ratepayers is 

minimal. In 2019, OWASA spent $16,140 on the fluoride that was added to drinking water. With 

2.4 billion gallons treated at the Jones Ferry Road Water Treatment Plant in 2019, the unit cost 

equates to approximately $1.00 per 1.4 million gallons. Beyond chemical costs, the cost of 

maintaining the system is incorporated into overall plant operations. The fluoride feed system is 

flow-paced and does not require manual adjustment. The system is monitored as part of 

OWASA’s larger facility monitoring. Following a 2017 investment by OWASA to increase the 

reliability of the system, the fluoride feed system requires minimal upkeep and preventative 

maintenance. 

4. Can burdens be minimized? Are there alternative approaches? 

According to OWASA (M. Tiger, personal communication, February 5, 2020), given that 

the cost of community fluoridation lies primarily in the cost of fluoride, there is little opportunity 

to minimize costs. The cost of purchasing community fluoridation represented a very small 

portion of OWASA’s Fiscal Year 2020 $25.5 million operating budget.  

According to, Fluoridation and Social Equity3, by Brian A. Burt BDS, MPH, Ph.D., there is no 

practical alternative to water fluoridation for reducing disparities in the US for low socioeconomic 

communities.  

There are additional ways in which communities can obtain fluoride such as through over-

the-counter products (toothpaste and mouthwash) and prescription only products 

(supplements). These products are not as effective at preventing tooth decay because they are 

often not used enough and present an economic barrier to some.2  

5. Is Community Water Fluoridation implemented fairly? 
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All residents, in states across the country that have Community Water Fluoridation 

programs, have the opportunity to access fluoride through the water supply system. Residents, 

who are burdened with poor water systems and cannot drink the water, will not have access to 

fluoridated water. Other residents may have hardships in keeping water turned on due to 

economic burdens therefore limiting access to fluoride.  

6. How can the benefits and burdens of Community Water Fluoridation be fairly balanced? 

Providing Community Water Fluoridation in communities leads to an economic savings 

not only for that community, but for the residents as well. According to the CDC, communities 

save on average $20 for every $1 invested annually on Community Water Fluoridation and 

residents save on average $32 by avoiding dental decay and cavities and the need for costly 

dental treatment for this preventable disease.4    

References: 
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Evaluation of Health-Related Public Comments and Concerns 
 

Survey respondents oppose fluoridation of community water for a variety of reasons.  A complete 

list of those reasons can be found in Attachment 20. The six concerns listed below are the major health-

related themes from survey respondents and from residents who attended the OWASA Board meeting 

on October 27, 2017 at which Orange County Health Department’s Communications Manager was in 

attendance and able to capture those concerns. See Attachment 21.  
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Assertion One: Disease/Health Concerns Caused by Fluoride 

Disease and health related issues from community members who oppose fluoride include concerns 

about: 

 disease states that cannot tolerate water fluoridation levels such as kidney disease/renal 

transplant and autoimmune diseases 

 fluoride causes thyroid problems and skeletal fluorosis diagnosed as arthritis 

 fluoride increases incidence of ADHD 

 fluoride damages tooth enamel due to fluorosis 

 fluoride increases incidence of certain cancers 

 fluoride damages the brain, neurons, liver, and pineal gland 

 fluoride makes bones brittle 

 fluoride concentrates in the spines causing backaches.  
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Expert Evaluation by Tim Wright DDS, MS  

 Disease states that cannot tolerate water fluoridation levels such as kidney disease/renal transplant 

and autoimmune diseases 

o National Kidney Foundation - https://www.kidney.org/atoz/content/fluoride (The National 

Kidney Foundation has not issued specific recommendations regarding fluoride intake and 

kidney disease due to the limited available research on the topic. The benefit of water and 

dental products containing fluoride is the prevention of tooth decay and dental cavities in 

people of all ages. The potential health risks are a rare bone disease called skeletal fluorosis, 

bone fractures and severe enamel fluorosis.) 

 Fluoride causes thyroid problems and skeletal fluorosis diagnosed as arthritis 

o The only hits I get on arthritis are from the anti-fluoride website Fluoride Network. I don’t see 

anything on Arthritis Foundation web site and don’t see anything in scientific literature. 

Thyroid issue has publications but these are confounded similarly to the neurotoxicity issue. 

When evaluating very low fluoride communities to fluoridated communities, none of these 

health issues come to the surface as safety issues. Studies of communities in Canada 

concluded community water fluoridation was not associated with impaired thyroid 

functioning. 1  

 Fluoride damages tooth enamel due to fluorosis  

o At 0.7 ppm there is only a low % of people that have mild fluorosis (10-15%) and this has been 

shown to be associated with a decreased caries risk and in studies has not been shown to be 

esthetically objectionable. 

 Fluoride increases incidence of certain cancers 

https://www.kidney.org/atoz/content/fluoride
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o American Cancer Society - https://www.cancer.org/cancer/cancer-causes/water-

fluoridation-and-cancer-risk.html  (fluoride is not associated with cancer and evidence 

suggests it cannot be classified as carcinogen)  

 When evaluating possible adverse effects related to fluoride exposure it is critical to consider the 

dosage. It is well established that excessive consumption of fluoride can lead to alteration of mineralized 

tissues such as tooth enamel and bone (i.e. dental and skeletal fluorosis). Based on this knowledge it is 

required that communities not have a water source in excess of 4 ppm F in the drinking water as this 

can lead to skeletal fluorosis. Dental fluorosis occurs at a lower level of exposure with severe dental 

fluorosis occurring by consumption of water concentrations of 3-4 ppm F or higher in the drinking 

water. Multiple epidemiological studies investigating human exposure to different levels of fluoride in 

drinking water were used to establish a safe, yet caries reducing, dosage.2 Neither dental fluorosis nor 

skeletal fluorosis is a problem at the level recommended for community water fluoridation (i.e. 0.7 ppm 

F).3 

 Large epidemiological studies at the community level have assessed issues related to the health 

of individuals with and without water fluoridation including cancer, increased risk of chromosome 

damage and having children with Down syndrome, skeletal fluorosis, dental fluorosis, IQ, kidney and 

thyroid problems and numerous other issues. To date, these studies have failed to show, that at the 

currently recommended levels of water fluoridation, any of these negative health outcomes are caused 

by fluoride.4 The topic remains highly controversial and studies related to many of the issues raised by 

those opposed to community water fluoridation are ongoing. The National Toxicology Program report 

on IQ and diminished cognitive ability resulting from fluoride exposure concluded that there was not 

sufficient evidence to support an association of these conditions with fluoride exposure at the dosage 

levels recommended for community water fluoridation5.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 
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Expert Evaluation by Ann Newman Chelminski MPH, MD. 

 Disease states that cannot tolerate water fluoridation levels such as kidney disease/renal transplant 

and autoimmune diseases 

o Renal toxicity – because fluoride is primarily renally excreted, it is clear that those with 

impaired renal function could be at risk of fluoride toxicity due to decreased excretion. There 

have been deaths in dialysis patients due to lethal cardiac arrhythmias after machine 

dysfunction caused abnormally high levels of fluoride in dialysate solution12. There have also 

been incidences of acute fluoride toxicity with inadvertent additions of large quantities of 

fluoride to public drinking water. At lower levels of exposure there is no apparent strong 

association between low level fluoride exposure and the development of chronic renal 

disease. Dialysis centers should follow professional recommendations for water quality for 

dialysis.  Studies summarized in the CADTH1 review suggest a protective effect of lower levels 

of fluoride on the incidence of kidney stones. A study of people with skeletal fluorosis 

(indicating long term high levels of exposure) found an association with reported kidney 

stones.  

 Fluoride causes thyroid problems and skeletal fluorosis diagnosed as arthritis 

o Osteosarcoma – High levels of fluoride have known potential bone toxicity. Studies have 

looked at the risk of the bone cancer, osteosarcoma, related to fluoride exposure. Some 

studies have found higher levels of fluoride in the drinking water of patients with 

osteosarcoma than in that of controls, but often had water supplies containing fluoride levels 

higher than those found in American community drinking water. A study in the U.S. by Levy 

and Leclerc2 found no association. A study by Blakey et al3 reviewed 25 years of data on 

Ewing sarcoma and osteosarcoma in Great Britain and found no association with fluoride in 
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drinking water. The authors obtained fluoride information from the public water supplier 

associated with the cancer registry patient and found no increased risk in these two bone 

cancers over a 25-year period. The EPA Six-Year Review 34 included a study by Bassin 

(2006)5 that found an increased risk of osteosarcoma in males exposed to higher levels of 

fluoride. The review authors note serious study design limitations. The EPA review also 

includes a study by Kim (2011)6 that found no association between osteosarcoma and bone 

fluoride levels. The CADTH1 review includes a case-control study done in Texas by Archer et 

al7 that found no association. 

Conclusion 

The reports and studies reviewed do not clearly support an increased risk of the bone cancer, 

osteosarcoma, due to fluoride exposure from water in community water supplies with fluoride 

levels ≤ 0.7 ppm. 

o Hypothyroidism – Previous reviews by the CADTH, NRC and EPA have not identified strong 

evidence of increased thyroid disorders and community water fluoridation at recommended 

levels. Since 2010, an ecological study of two metropolitan areas in England (Peckham et al, 

20158) reported higher rates of clinic patients diagnosed with hypothyroidism in two areas of 

England with fluoridated vs non-fluoridated water. Critiques of the study include using the 

General Practitioner’s clinic office location for drinking water status rather than residence and 

not controlling for the potential confounder of iodine deficiency. A 2017 cross-sectional study 

by Barberio et al9 found no association and used urinary fluoride or tap water measurements 

for the measure of exposure. A study in India in areas with levels of fluoride significantly 

higher than those found in fluoridated community water supplies in the U.S. found higher TSH 

levels in the areas with higher fluoride, but levels were still within normal.  
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Conclusion 

There does not appear to be strong evidence for an association between higher rates of 

hypothyroidism and drinking water with fluoride levels ≤ 0.7 ppm. In future research, it would 

be important to control for family history of hypothyroidism. 

 Fluoride increases incidence of certain cancers 

o Cancer (overall) risk – Fluoride is not listed as a chemical known to cause cancer or 

reproductive toxicity by the State of California’s Office of Environmental Health Hazard 

Assessment of the California Environmental Protection Agency (Proposition 6510).  

 Fluoride makes bones brittle 

o Fracture risk- A meta-analysis of observational studies by Yin et al11 found no increased 

fracture risk with fluoridated drinking water. The authors note that many studies did not 

control for potential confounders and had possible exposure misclassification. Large scale 

studies are needed. 

 Fluoride concentrates in the spines causing backaches.  

o Musculoskeletal Pain – The CADTH1 review addresses the question of increased 

musculoskeletal pain with higher levels of fluoride exposure. A cross sectional study in 

Thailand found an increased risk of low back pain being reported with fluoridated community 

water containing greater than 0.7 ppm compared to less than 0.7 ppm. An ecologic study in 

India found that study subjects had increased reported joint pain at >1.5 ppm fluoride in 

drinking water, but less joint pain reported in subjects with exposure to water containing 0.4-

1.5 ppm fluoride than in subjects with exposure to water with less than 0.4 ppm fluoride. The 

review authors note concern about inadequate control for confounding variables studies. 

Skeletal fluorosis is known to be a risk of chronic, high level exposure to fluoride. An 



 

21 
 

association of increased joint pain and low-level exposure to fluoride is not clearly supported 

by these studies.  
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Assertion Two: Fluoride Reduces IQ 

Community members responding to the survey also express concerns regarding a reduction in IQ level 

and children experience reduced IQ by 5 points.  
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Expert Evaluation by Tim Wright DDS, MS  

 A recent publication concluded that males born to mothers that consumed fluoridated water had 

an IQ reduction of 5 points.1 This study had many deficiencies and has been the subject of numerous 

editorials and reviews stating its shortcomings.2-4 Overall, the study showed no change in the IQ level of 

the children exposed to higher levels of fluoride compared with low fluoride exposures. Girls in the high 

fluoride exposure group had IQ levels greater than girls in the low fluoride exposure group. In this study 

there was no accounting for the children’s exposures or experiences from birth to IQ testing at age 3 

years and there were numerous other issues. This paper states that fluoride is concentrated in the brain 

providing a possible mechanism for IQ reduction but they reference a rodent study where very high 

levels of fluoride exposure are used as there is no human data to support that fluoride is concentrated in 

any tissues other than mineralized tissues. There is no known or proposed mechanism by which fluoride 

would alter IQ or affect cognitive function in humans exposed to fluoride levels consistent with 

community water fluoridation. Evaluation and presentation of the data in the Greene study has been 

highly controversial and has drawn much concern and criticism from researchers across the globe. 

 The IQ of the population in the United States has continued to increase since water fluoridation 

began in the late 1940s. 
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Expert Evaluation by Ann Newman Chelminski MPH, MD. 

 There have been a number of studies published in this area in the past decade, some suggesting 

an association of lower IQ in children whose mothers had higher prenatal fluoride exposure. It should be 

noted that some of the studies listed in the CADTH1 review (Table 36, p. 168) were conducted in 

countries with areas of very high levels of naturally-occurring fluoride in water. In some studies, the 

comparison (low exposure) subjects had drinking water with fluoride concentration higher than the US 

standard for community water supplies. Most of these studies found an association between high water 

fluoride concentrations and lower IQ. The high exposure groups had levels significantly higher than the 

US community water standard. A meta-analysis by Choi et al2 in 2012 reviewed studies done in rural 

China in communities with some very high (>10ppm) levels of fluoride in drinking water. Higher fluoride 

exposure was associated with lower IQ measurements. The authors note that most of the studies were 

of poor quality. Another study by Choi et al3 of 51 children in China found an association of moderate to 

severe dental fluorosis (indicating higher fluoride exposure) and poorer scores on a test of non-verbal 

learning and memory (digit span test). Aggeborn and Ohman4 looked at subjects ≥ age 16 in Sweden 

and found no effect of water fluoridation on cognitive ability and math skills. A more recent study from 

2019 by Green et al5 in Canada is notable in that the level of exposure was comparable to the levels of 

fluoride found in U.S. community water systems. The authors conclude that increased maternal fluoride 

exposure is associated with decreased IQ in children at age 3-4 years. In October, 2019, the Canadian 

Agency for Drugs and Technology in Health (CADTH) issued a “Rapid Response Report” titled 

“Community Water Fluoridation: A Review of Neurological and Cognitive Effects. The CADTH8 report’s 

critical appraisal of the Green et al study notes that the conclusion regarding lower IQ in children of 

mothers with higher levels of urinary fluoride is not supported by the data presented. There was no 

association in girls, only in boys. For girls, the IQ scores were slightly higher in the exposed (fluoridated) 
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group. A 2017 study by Bashash et al6 in Mexico City looked at women enrolled in different cohorts for a 

study of environmental exposures during pregnancy. The biomarker for fluoride exposure was maternal 

urinary fluoride adjusted for creatinine (spot samples) during one to all three trimesters of pregnancy 

and the primary outcomes were the results of intelligence testing in their children at ages 4 (General 

Cognitive Index, GCI, of the McCarthy Scales of Children’s Abilities, in Spanish) and at age 6-12 

(Wechsler Abbreviated Scale of Intelligence, Full-Scale IQ (WASI-FSIQ)).  In the discussion, the authors 

state that, “The associations with GCI appeared to be linear across the range of prenatal exposures, but 

there was some evidence that associations with IQ may have been limited to exposures above 0.8 

mg/L.” It is unclear to me whether their statistical analysis adequately controlled for the differences in 

maternal lead levels among the cohorts. The authors acknowledge that they did not have information 

about iodine sufficiency.  

 While multiple studies have concluded that decrements in IQ are associated with exposure to 

high levels of fluoride in drinking water, there are far fewer studies that assess cognition and pre- or 

post-natal exposure to fluoride at low levels of exposure. The studies that show an adverse effect at 

high levels of exposure raise the question of adverse effects of low levels of exposure and concern for 

excessive exposure due to sources of ingested fluoride other than appropriately fluoridated drinking 

water. The study by Green et al5 found an association with IQ in boys, but not girls; they do not provide 

a biological explanation for this finding. While some of the studies include maternal lead exposure as a 

source of prenatal exposure for children, none of the studies reviewed address post-natal exposure of 

the child to lead, a known neurotoxin. One study by Malin and Till7 looked at the percentage of 

fluoridation in different parts of the U.S. and parent-reported diagnoses of Attention Deficit 

Hyperactivity Disorder (ADHD) in their children. An association between having more areas with 

fluoridated drinking water (particularly added, rather than naturally-occurring fluoride in water) and a 
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higher prevalence of children with a diagnosis of ADHD was found. The authors note the study limitation 

of lack of individual exposure data or information about whether the child lived in the same area at the 

time of diagnosis. They also note that certain types of added fluoride may increase the risk of lead 

leaching from older pipes and that the role of lead could not be assessed. A similar study by Barberio et 

al. cited in the CADTH8 rapid response report on neurological and cognitive effects of water fluoridation 

found no increased reports of learning disability, including ADHD, in areas of Canada with community 

water fluoridation. 

 More studies of fluoride exposure at low levels, comparable to that found in fluoridated drinking 

water in the US and Canada are needed, particularly with control for potential confounders such as lead 

exposure. In the meantime, educational efforts should be continued regarding other sources of fluoride 

so that excessive exposure is avoided. Dental public health research should inform the discussion about 

whether lower concentrations of fluoride in drinking water will provide worthwhile protection from 

dental decay. 

References:  

1. Community Water Fluoridation Programs: A Health Technology Assessment—Review of Dental 

 Caries  and Other Health Outcomes. Ottawa: CADTH 2019 Feb. (CADTH technology review; 

 no. 12) https://www.cadth.ca/sites/default/files/pdf/HT0022%20CWF%20-

 %20Clinical%20report.pdf 

2. Choi AL, Sun G, Zhang Y, Grandjean P. Developmental fluoride neurotoxicity: a systematic review 

 and meta-analysis. Environ Health Perspect. 2012;120(10):1362–1368. 

 doi:10.1289/ehp.1104912 

3. Choi, Anna & Zhang, Ying & Sun, Guifan & Bellinger, David & Wang, Kanglin & Yang, Xiao & Li, Jin 

 & Zheng, Quanmei & Fu, Yuanli & Grandjean, Philippe. (2014). Association of lifetime 



 

29 
 

 exposure to fluoride and cognitive functions in Chinese children: A pilot study. 

 Neurotoxicology and teratology. 47. 10.1016/j.ntt.2014.11.001. 

4. Aggeborn, L. and Ohman, M. The Effects of Fluoride in the Drinking Water (working paper) , 2017 

 for the Institute for Evaluation of Labour Market and Education Policy 

 https://www.ifau.se/globalassets/pdf/se/2017/wp2017-20-the-effects-of-fluoride-in-the-

 drinking-water.pdf 

5. Green, Rivka et. al. Association Between Maternal Fluoride Exposure During Pregnancy and IQ 

 Scores in Offspring in Canada JAMA Pediatr. 2019; 173(10):940-948 

6. Bashash M, Thomas D, Hu H, Martinez-Mier EA, Sanchez BN, Basu N, Peterson KE, Ettinger AS, 

 Wright R, Zhang Z, Liu Y, Schnaas L, Mercado-García A, Téllez-Rojo MM, Hernández-Avila 

 M. Prenatal Fluoride Exposure and Cognitive Outcomes in Children at 4 and 6-12 Years of 

 Age in Mexico. Environ Health Perspect. 2017 Sep 19;125(9):097017 

7. Malin AJ, Till C. Exposure to fluoridated water and attention deficit hyperactivity disorder 

 prevalence among children and adolescents in the United States: an ecological 

 association. Environ Health. 2015;14:17. Published 2015 Feb 27. doi:10.1186/s12940-015-

 0003-1 

8. Community Water Fluoridation Exposure: A Review of Neurological and Cognitive Effects. 

 Ottawa (ON): CADTH; 2019 October. (CADTH rapid response report: summary with critical 

 appraisal Available from: https://www.ncbi.nlm.nih.gov/books/NBK551870/ 

 

 

 

 



 

30 
 

Assertion Three: Fluoride Is Only Effective Topically 

Community members who oppose fluoride state that dental use of fluoride is meant to be applied 

directly to the teeth and that swallowing fluoride has no effect on dental health or that fluoride is only 

affective when applied topically.  
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Expert Evaluation by Gary D. Slade, BDSc, Dip DPH, PhD 

1.1. Synopsis 

 On average, throughout people’s lifespan, most of the dental health benefits of fluoridated water 

are due to TOPICAL effects of the fluoride in preventing decay. 

 The remaining benefit is due to pre-eruptive effects that occur when fluoride is incorporated into 

unerupted teeth as they are forming under the gums during childhood. 

 Topical effects and pre-eruptive effects account for approximately equal portions of the 

preventive benefit in childhood, whereas in adulthood, the benefit is entirely due to topical 

effects. 

 People experience the greatest preventive benefit when they experience both effects which 

happens when fluoridated water is consumed in childhood and throughout life. 

1.2. Plain language summary 

 Throughout people’s lifespan, fluoride in drinking water prevents dental decay mostly because of 

its topical effects on teeth that have erupted. This is called the post-eruptive effect. The remaining 

preventive benefit is due to fluoride being incorporated into unerupted teeth as they are forming under 

the gums during childhood. This is called the pre-eruptive effect. 

 When dental health benefits of fluoride were first discovered in the 1930s and 1940s, it was 

assumed that preventive effect was mostly pre-eruptive. It wasn’t until the 1960s, when fluoride was 

first added to toothpaste, that researchers discovered that decay could be prevented by topical effects 

of fluoride on erupted teeth. Subsequent laboratory research and population studies showed that 

fluoride in drinking water has topical effects (in addition to its pre-eruptive effects). Those studies found 

two ways in which fluoride in drinking water prevents decay topically, on erupted teeth. Firstly, while 

the fluoridated water is in the mouth, some of the fluoride comes into contact with the soft dental 
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plaque that occurs naturally on the tooth surface. The second topical effect comes from fluoridated 

water that is swallowed. Some of it then enters the saliva via the bloodstream, which means the fluoride 

has another opportunity to become concentrated in dental plaque on the tooth surface.  

 By the end of the 20th century, when the topical and pre-eruptive effects of fluoride in drinking 

water were better understood, most researchers concluded that the main preventive effect of 

fluoridated drinking water was topical. One piece of evidence came from studies of people who started 

consuming fluoridated water as adults. By then, all of their permanent teeth had erupted, meaning that 

the preventive benefit of fluoridated water was due solely to post-eruptive effects. The fact that those 

adults developed decay at a lower rate than adults who lived in non-fluoridated areas indicated that 

fluoride in drinking water could prevent decay solely on account of its topical effects on erupted teeth. 

 However, those same studies found that decay rates were even lower in adults who had 

consumed fluoridated water in childhood AND in adulthood. This greater benefit from LIFETIME 

consumption of fluoridated water occurs because of the additional pre-eruptive effects of fluoride 

during childhood. It’s difficult to be precise as to just how much additional benefit occurs because of the 

pre-eruptive effect in childhood. The best evidence in humans comes from a study of over 17,000 

children aged 6-15 years who provided a lifetime history of their water consumption. Decay rates were 

measured in the first permanent molars, which erupt around six years of age. The study showed that 

fluoride in drinking water had an overall preventive benefit, reducing decay in by 28% overall, with 

about half of the effect being pre-eruptive and one half post-eruptive. In other words, the topical effect 

was equivalent to the pre-eruptive effect in this age group. 

See Attachment 22 for a detailed response and references.  
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Expert Evaluation by Tim Wright DDS, MS  

 The primary benefit from water fluoridation is the frequent contact of the fluoride ion in the 

water with the mineralized tooth tissue (enamel on crowns and cementum and dentin on root surfaces).  

This frequent contact allows tooth mineral to be re-deposited because fluoride is highly reactive, is 

attracted to the demineralized mineral where it binds and then the fluoride attracts deposition of 

calcium and phosphate ions that are deposited thus repairing the damaged tooth mineral. While it is 

believed that the primary anti-caries benefit of fluoride is from topical exposure on the tooth surface, 

there are other mechanisms that also contribute to caries reductions. When fluoride is consumed in 

drinking water, small amounts are secreted in saliva providing a continuous, albeit small, additional 

topical benefit (concentration in saliva is much lower than the level in community water). There is the 

additional benefit of fluoride exposure during tooth development that is associated with reduced dental 

caries. Epidemiological studies show that humans with mild to moderate fluorosis have a reduction in 

dental caries compared with similar control populations not having fluorosis.1 Incorporation of fluoride 

into the tooth mineral makes the mineral less acid soluble and thus more resistant to dental caries.2 The 

incorporation of fluoride into enamel can occur topically after the tooth erupts but also occurs during 

tooth formation as fluoride is taken up by developing mineralized tissues. 
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Assertion: Four: Fluoride is a Neurotoxin 

Community members also express concerns that fluoride is a neurological 

toxin/neurotoxin/developmental neurotoxin. 
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Expert Evaluation by Ann Newman Chelminski MPH, MD. 

 Fluoride is a neurotoxin – There does not appear to be data supporting an association of fluoride 

in fluoridated community water supplies with ADHD or Down’s syndrome. The NTP Evaluation on 

Fluoride Exposure and Potential for Developmental Neurobehavioral Effects study of exposure in rats 

should yield more evidence regarding low level exposures in mammals.   
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Expert Evaluation by Michael Waalkes, Ph.D. 

Recent studies and systematic literature reviews have stimulated debate about the potential 

neurotoxicity of excessive fluoride exposure, possibly indicating that prenatal or early life may be a 

sensitive period for exposure. For example, a recent study (Bashash et al., 20172) looked at pregnant 

women and their offspring living in Mexico and found that higher prenatal fluoride exposure apparently 

caused slightly lower offspring cognitive function (IQ, etc.). In this study (Bashash et al., 20172) fluoride 

intake was appraised in both mothers and children by urinary fluoride output, an indirect measure of 

consumption with unknown potential confounding factors including diet. In fact, in this study the levels 

of fluoride in the drinking water were never actually measured, and, unlike in the USA, in Mexico they 

add fluoride to salt for supplementation. The effect on IQ in this study was limited to higher levels of 

fluoride exposure. In addition, there was also significant exposure to mercury and lead in the study 

population, which are both potentially neurotoxic metals, and there was a lack of information about 

arsenic exposure, a neurotoxic element. The authors themselves could not rule out the impact of 

unmeasured variables, including total exposure to established neurotoxic agents, on their findings with 

fluoride (Bashash et al., 20172). These confounding factors appear to largely limit the usefulness of this 

study and it is difficult to translate these findings at high levels to the levels used to fluorinate drinking 

water in the US particularly since drinking water exposure was never actually measured.        

Systematic reviews are a type of literature review that uses systematic criteria to collect 

previously published scientific research studies, and then critically appraises the selected studies, and 

finally synthesizes findings into an overall set of conclusions. One such systematic review looked at 

human studies of fluoride exposure from the drinking water and how fluoride exposure might impact 

neurodevelopmental status from studies carried out primarily in rural China and mostly published in the 

Chinese scientific literature and “not widely disseminated” (Choi et al., 20123).  The authors indicate that 
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when they looked at low fluoride versus high fluoride exposure (up to 11.5 ppm or mg/L in drinking 

water) in children from these various studies (ranging age 4-14) they detected a very small reduction in 

IQ (0.5 points). The authors state that many of the reviewed studies had flaws, often rather serious, 

including that the actual exposure of the individual children to fluoride was never directly measured, 

that several of the studies provided evidence of co-exposure to arsenic (a neurotoxin) or did not 

apparently assess arsenic exposure, that iodine levels are high in some studies and low in others, which 

could impact fluoride metabolism, etc. Furthermore, the reason that the studies used in this compilation 

work are “not widely disseminated” is because they are often published in Chinese and/or Chinese 

regional journals not readily available to most scientists and this makes it difficult for an independent 

scientific reviewer to assess their quality (rigor of their methods, results, etc.). Overall the conclusions of 

this review are undercut by the unknown rigor of the studies assessed and the frequent flaws seen of 

the studies in this review. 

Another recent systematic review looked at how fluoride exposure might be linked to 

neurotoxicity specifically in rodents (NTP, 20164) and comes from the Office of Health Assessment and 

Translation (OHAT) of the National Toxicology Program (NTP), which is part of the US National 

Institutes of Health. In evaluating nearly 70 studies they determined that at levels at or near those used 

for community water fluoride supplementation (0.7 mg/L) there was little or no evidence of neurotoxic 

effects in experimental animals.  In fact, few rodent studies even had data relevant to this fluoride 

dosage level. Furthermore, OHAT felt that any future additional studies using this low level of fluoride in 

the water would likely be a challenge to perform because fluoride is a micronutrient needed to support 

rodent growth, development and adult health and there would be a risk of deficiency. At high doses of 

fluoride the studies in this systematic review showed “low-to-moderate evidence of a pattern of 

evidence suggestive of an effect on learning or memory” (NTP, 20164) although the studies reviewed 
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did not allow for quantitation. This suggestive effect appeared greater in adults than during 

development. The OHAT review stated most all studies suffered from key deficiencies, including 

problems with study design, statistics, bias, reporting, method descriptions, etc. Overall the conclusions 

of this review indicate the pool of available rodent data linking fluoride exposure with neurotoxicity is at 

best only suggestive, that it comes from studies that most all suffer from key and serious issues, and 

that it provides no evidence that it occurs at levels used for community water fluoridation.      

Conclusion: 

At present available data from studies in humans and rodents are consistent in indicating that 

fluoride, when used and consumed at the levels recommended for community water supplementation 

(0.7 mg/L), is not associated with neurotoxic effects. This includes systematic reviews of adverse effects 

in humans and rodents, which combine studies to help better define patterns. At high levels of exposure 

to fluoride there are data that provide some suggestive evidence of neurotoxicity, but these studies 

consistently have had confounding factors (human: unknown rigor,  exposure to other neurotoxins, diet, 

etc.; rodent:  problems with study design, statistics, bias, reporting, method descriptions, etc.) that 

overall seriously undercut any firm conclusion about fluoride exposure and neurotoxicity. Indeed one 

can readily find recent, well performed studies in humans that provide strong evidence that fluoride 

exposure does not cause neurotoxicity (for example: Barberio et al., 20171).    
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Expert Evaluation by Tim Wright DDS, MS  

 I address this issue under IQ but again it is critical to point out that exposure dose matters.  One 

review on this topic stated fluoride exposure through drinking water was associated with a reduction in 

IQ but the studies cited were comparing optimal water fluoride levels to known toxic levels (10ppm in 

some communities).1 Even at these extremes it is not clear that there is an association with IQ reduction 

that is caused by fluoride ion exposure. Many times, these populations (all were outside the US) have 

increased exposures to aluminum, lead, mercury and other well-known and well-characterized 

neurotoxins. There are numerous communities and populations around the world drinking fluoridated 

water that is excessive (compared with current US water fluoridation level recommendations) and there 

are not conclusive studies showing those populations have a diminished IQ or increased rate of 

neurological dysfunction unless the levels are well-above recommended and at levels known to be toxic. 
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Assertion Five: Fluoride is Not Approved by the FDA 

Community members also state the FDA defines fluoride as an “unapproved drug” under the form 

sodium fluoride.   
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Expert Evaluation by Michael Waalkes, Ph.D. 

A concern has been expressed by some that fluoride is not “approved” by the U.S. Food and 

Drug Agency (FDA) and therefore, implicitly, its use as a public health measure via addition to a 

drinking water system is inappropriate. In point of fact, the U.S. Environmental Protection Agency (EPA) 

has Federal regulatory oversight of public drinking water (tap water) under the 1974 Safe Drinking 

Water Act (SDWA; FDA 20171). Thus, the FDA does not have Federal regulatory responsibility for 

drinking water quality or safety standards, including the use of fluoride in this specific fashion. 

Furthermore, the US EPA takes the view that fluoride is voluntarily added to drinking water systems by 

a State or local municipality as a safe public health measure in order to help reduce the incidence of 

cavities among the population drinking that water.  

Consistent with its responsibilities mandated in the SDWA, the US EPA has performed extensive 

assessment of available data on any toxic or adverse effects published in the scientific literature 

concerning fluoride in the drinking water. The EPA concludes (EPA 20192) there is no known or 

expected risk to health from drinking water fluoride levels drastically higher (4.0 mg/L) than the level of 

fluoride used at the recommended level for drinking water fluoridation (0.7 mg/L). Furthermore, when it 

comes to specific compounds of fluoride, sodium fluoride supplementation is considered by the United 

Nations World Health Organization to be both a highly safe and very effective agent in preventative 

dentistry and its use is considered critical to an effective health care system (WHO 20173). 

Conclusion: 

In conclusion, a decision to fluoridate a water supply is made by a State or local municipality. It is 

not approved or mandated by any Federal Agency including the FDA, EPA or any other US Federal 

Government entity. Thus, the absence of Federal approval for the use of fluoride in this fashion has no 

bearing on the regulatory validity of its use in this manner.  
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Expert Evaluation by Tim Wright DDS, MS  

 The FDA does not classify fluoride for community water as an “unapproved drug”. The FDA 

classifies fluoride in drinking water as a contaminant and it is regulated to not exceed a concentration of 

4 ppm (see FDA website: 

https://iaspub.epa.gov/tdb/pages/contaminant/contaminantOverview.do?contaminantId=10700) . 

Other fluoride compounds such as those used in toothpaste (e.g. Sodium fluoride, stannous fluoride 

etc.) are classified and regulated differently. These fluoride compounds are under FDA regulation using 

a formulary for composition and concentration of dental products. 
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Assertion Six: Fluoride is Not Science Based 

Community members also assert that fluoride is not science based.  
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Expert Evaluation by Michael Waalkes, Ph.D. 

The original scientific reports that linked the natural level of fluoride in drinking-water with 

reduced dental caries started appearing in the 1930s followed soon after by reports on cities adjusting 

the concentration of fluoride in drinking water to improve dental health in the 1940s. Since these initial 

successes, hundreds of millions of people worldwide have consumed water supplemented with fluoride 

and numerous scientific studies from various countries have shown a remarkable consistency in 

associating a substantial reduction in dental caries with consumption of fluorinated water. The United 

Nations (UN) World Health Organization (WHO) recently convened an expert panel to review the 

scientific literature on fluoride supplementation and oral health and concluded that studies 

overwhelmingly show the effectiveness of supplemental water fluoridation in reduction of tooth decay, 

taking into account an evidence-based approach and using the findings of more recent systematic 

reviews to reinforce the evidence (O’Mullane et al., 20161). 

Additionally, fluoride is considered a nutrient mineral and is included in the Dietary Reference 

Intake (DRI) system, a system of nutritional recommendations developed by the Institute of Medicine, 

which is part of US National Academy of Sciences.  Within the DRI system a level of nutrient fluoride 

intake is set to prevent deficiency and the Academy recognizes that fluoride deficiency manifests 

primarily as an increase in dental cavities.  In fact, the ability of fluoridation of water to prevent tooth 

decay is profound enough to be considered by the US Centers for Disease Control and Prevention (CDC) 

as "one of 10 great public health achievements of the 20th century".  Indeed, in 2007 the UN’s WHO 

World Health Assembly passed a resolution that universal access to fluoride supplementation for 

prevention of dental caries was to be part of the basic right to human health. These institutes represent 

some of the world’s leading scientific, medical and public health organizations.  They are all voicing 
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support for the use of fluoride supplementation based on truly extensive scientific evidence of improved 

dental health.  

Conclusion:  

Extensive amounts of published scientific data overwhelmingly support the use of fluoride 

supplementation to improve dental health, specifically to substantially reduce dental caries.  Hundreds 

of millions of people have consumed water supplemented with fluoride and numerous studies from all 

round the world have found it safe and effective. Fluoride supplementation is supported the by world’s 

leading scientific, medical and public health organizations and considered a top public health 

achievement of last century and part of a basic right to human health.   

Reference: 
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Expert Evaluation by Gary D. Slade, BDSc, Dip DPH, PhD 

1.1 Synopsis 

 There is more than a century of scientific evidence supporting addition of fluoride to drinking 

water, toothpaste and other dental health products in order to prevent dental decay.  

 Nowadays, as new evidence is gathered, it is re-evaluated periodically using systematic reviews 

and meta-analysis.  

 These represent the most rigorous methods to assess scientific evidence concerning human 

health and healthcare. 

 Consistently, those systematic reviews endorse water fluoridation as a safe and effective method 

to prevent dental decay in the U.S. population. 

2.2 Plain language response 

 Observational epidemiologic studies of children covering more than half a century provide 

compelling and consistent evidence that fluoride in drinking water is associated with substantial benefits 

in preventing dental caries. The benefits are seen in the primary and permanent dentitions, with the 

magnitude of relative benefit being greater in the former. Statistical analytic methods used in recent 

decades account for other sources of fluoride—such as toothpaste—and other factors that influence 

dental caries in populations such as race, ethnicity, parental income and education. Those studies also 

demonstrate a caries-preventive benefit of water fluoridation even in populations where virtually all 

children use fluoridated toothpaste. The most recent U.S. evidence, reported in 2018, is from a study of a 

nationally-representative sample of children and adolescents that found a substantial preventive 

benefit, both in the permanent and primary teeth. Notably, benefits were more pronounced for children 

in low-income families than in high-income families. Similar studies of adults likewise show that water 

fluoridation is associated with reduced extent of dental caries.  
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 Evidence from observational studies fulfills all criteria for a causal interpretation that water 

fluoridation prevents caries: 

 Findings are consistent, over time and in different populations;  

 The strength of association is of public health importance, typically in the range of 30-40% 

reductions in caries;  

 The preventive association applies specifically to dental caries, not to other oral diseases; 

 Studies establish the required temporal sequence between exposure to the fluoridation and 

caries prevention; 

 There is a biological gradient in which the benefit increases with increasing extent of exposure to 

fluoridation;  

 Results are analogous to caries-preventive effects of other (non-water) sources of fluoride;  

 Several features of an experimental study are reproduced in studies of fluoridation; and 

 The causal interpretation is biologically plausible, with good evidence that dental caries 

prevention is due to a combination of pre-eruptive mechanisms (i.e., incorporation of fluoride 

into developing enamel which becomes more resistant to subsequent acid attacks) and post-

eruptive mechanisms (i.e., concentration of intra-oral fluoride in dental biofilm, inhibiting 

demineralization and enhancing remineralization). 

 This evidence from observational studies is bolstered by findings from prospective, community-

level intervention studies, showing greater reductions in decay rates in communities that implement 

fluoridation compared to communities that remain non-fluoridated. Most studies that have assessed 

changes following cessation of fluoridation report an increase in dental caries compared to comparison 

communities. 

See Attachment 23 for a detailed response and references.  
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Expert Evaluation by Tim Wright DDS, MS  

 Community water fluoridation is one of the few preventive therapies ever evaluated at the 

community level and there are over 100 years of science evaluating the beneficial effects of fluoride 

related to caries reduction. Systematic reviews evaluating the community based intervention trial on 

community water fluoridation and its beneficial effects on caries provide the highest level of scientific 

evidence achievable.1, 2 Reviews also show that removing fluoride from the drinking water results in an 

increase in dental caries.3 Anti-fluoridation advocates may refer to the 2015 Cochrane Review that there 

is little contemporary evidence meeting inclusion criteria … to determine effectiveness of water 

fluoridation in preventing caries in adults.4 Cochrane reviews are based on randomized control trials and 

water fluoridation has been tested as a community based intervention as it does not lend itself to a 

randomized controlled trial design. This type of study would be very difficult to implement. 

 There are multiple guidelines developed using systematic reviews recommending fluorides in a 

variety of forms for effective caries prevention. There is a tremendous body of evidence showing that 

for 75 years community water fluoridation has provided a safe and effective method of preventing and 

arresting dental caries. Community assessment of water fluoridation also shows that it helps reduce the 

prevalence of dental caries in populations challenged with social deprivation.5 

Reference: 

1. McDonagh MS, Whiting PF, Wilson PM, et al. Systematic review of water fluoridation. BMJ 

 2000;321(7265):855-9. 

2. Yeung CA. A systematic review of the efficacy and safety of fluoridation. Evid Based Dent 

 2008;9(2):39-43. 
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3. McLaren L, Singhal S. Does cessation of community water fluoridation lead to an increase in tooth 

 decay? A systematic review of published studies. J Epidemiol Community Health 

 2016;70(9):934-40. 

4. Iheozor-Ejiofor Z, Worthington HV, Walsh T, et al. Water fluoridation for the prevention of dental 

 caries. Cochrane Database Syst Rev 2015(6):CD010856. 

5. McGrady MG, Ellwood RP, Maguire A, et al. The association between social deprivation and the 

 prevalence and severity of dental caries and fluorosis in populations with and without 

 water fluoridation. BMC Public Health 2012;12:1122. 
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Abbreviations 
  

ABBREVIATION DEFINITION 

Ad Hoc  Created for a particular purpose 

ADHD Attention-Deficit Hyperactivity Disorder 

BOH Board of Health 

Ca  Calcium 

CADTH Canadian Agency for Drugs and Technologies in Health 

CDC  Centers for Disease Control 

CWF Community Water Fluoridation 

CWS Community Water Source 

DRI Dietary Reference Intake system 

EPA Environmental Protection Agency 

F Fluoride 

FDA Food and Drug Administration 

GCI General Cognitive Index (An IQ test) 

GP General Practitioner 

IQ Intelligence Quotient 

LBP Low Back Pain 

Meta-Analysis Large review of many research publications 

NRC National Research Council 

NTP National Toxicology Program  

OHAT Office of Health Assessment and Translation 

OWASA Orange Water and Sewer Authority 

ppm Parts Per Million (1 milligram in 1,000,000 milligrams) 

RCT Randomized Controlled Trial 

SDWA Safe Drinking Water Act 

TSH  Thyroid Stimulating Hormone 

UN United Nations 

US CWS United States Community Water Source 

WHO World Health Organization 



 

53 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[This space intentionally left blank] 




















































































































	1FINAL Fluoride Report
	2All Attachments

