THE REGIONAL MUNICIPALITY OF PEEL

COMMUNITY WATER FLUORIDATION COMMITTEE

REVISED AGENDA CWEFC - 1/2018
DATE: Thursday, April 19, 2018
TIME: 9:00 AM - 10:30 AM
LOCATION: Regional Council Chamber, 5th Floor
Regional Administrative Headquarters
10 Peel Centre Drive, Suite A
Brampton, Ontario
MEMBERS: F. Dale; J. Downey; J. Kovac; M. Palleschi; J. Sprovieri
1. ELECTION OF CHAIR AND VICE CHAIR
2. DECLARATIONS OF CONFLICTS OF INTEREST
3. APPROVAL OF AGENDA
4. DELEGATIONS
4.1. Liesa Cianchino, Resident, Regarding Water Fluoridation in Peel (Referred from
the March 30, 2017 Regional Council Meeting)
4.2. Christine Massey, Spokesperson, Fluoride Free Peel, Regarding Water
Fluoridation in Peel (Referred from the March 30, 2017 Regional Council
Meeting)
4.3. Dr. Gilles Parent, Addressing the Ministry of Health and Long-Term Care’s

Response to Regional Chair Dale’s Letter Regarding Regional Water Fluoridation in
Ontario (Resolution 2017-68)

REPORTS
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COMMUNICATIONS

Tobiah Abramson, Order of Business Coordinator, Office of the City Clerk, The
City of Windsor, E-mail dated March 1, 2017, Responding to a Letter from Regional
Chair Dale, Acknowledging Receipt of Resolution 2017-68 (Receipt recommended)

Heather Woolsey, Administrative Assistant, Administration and Legislation,
City Clerk’s Office, City of London, E-mail dated March 7, 2017, Responding to a
Letter from Regional Chair Dale, Acknowledging Receipt of Resolution 2017-68
(Receipt recommended)

Nancy J. Bozzato, Town Clerk, Pelham Niagara, Letter dated March 8, 2017,
Responding to a Letter from Regional Chair Dale, Acknowledging Receipt of
Resolution 2017-68 (Receipt recommended)

Clerk’s Office, Municipality of Dutton Dunwich, Council Resolution dated March
8, 2017, Supporting the Region of Peel's Resolution 2017-68 (Receipt
recommended)

Kathleen Wynne, Premier of Ontario, Letter dated March 9, 2017, Responding to a
Letter from Regional Chair Dale, Acknowledging Receipt of Resolution 2017-68 and
Deferring Consideration to the Minister of Health and Long-Term Care (Receipt
recommended)

Dan Thibeault, Clerk Treasurer and Chief Administrative Officer, Municipality of
Charlton and Dack, Resolution dated March 13, 2017, Supporting the Region of
Peel's Resolution 2017-68 (Receipt recommended)

Amber McDonald, Deputy Clerk, Township of Georgian Bay, Letter dated March
14, 2017, Acknowledging Receipt of a Letter from Chair Dale, With Respect to
Resolution 2017-68 (Receipt recommended)

Guylaine Coulombe, Chief Administrative Officer and Clerk, Municipality of
Mattice Val C6té, Resolution dated March 20, 2017, Supporting the Region of Peel's
Resolution 2017-68 (Receipt recommended)

Agatha Armstrong, Deputy Clerk, Corporation of the Town of LaSalle, Letter
dated March 21, 2017, Providing a Copy of a Letter Sent to Kathleen Wynne,
Premier of Ontario, Indicating Support of Region of Peel Resolution 2017-68
(Receipt recommended)

Alison Collard, Clerk, The Corporation of Champlain Township, Letter dated
March 21, 2017, Supporting the Region of Peel's Resolution 2017-68 (Receipt
recommended)
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Therese Hall, Administrative Assistant, Town of Englehart, Letter dated March
22, 2017, Supporting the Region of Peel's Resolution 2017-185 Regarding
Alternative Approaches to Water Fluoridation to the Current Community Water
Fluoridation (Receipt recommended)

Krista Royal, Deputy Clerk, Town of The Blue Mountains, Resolution dated
March 27, 2017, Acknowledging Receipt of a Letter from Chair Dale, With Respect to
Resolution 2017-68 (Receipt recommended)

Liesa Cianchino, Resident, E-mail dated March 29, 2017, Inquiring if the Region of
Peel has Received a Response to Resolution 2017-68 from the Ministry of Health
and Long-Term Care (Receipt recommended)

John Sprovieri, Regional Councillor, City of Brampton, E-mail dated March 31,
2017, Providing Information on the Biological Effects of Fluoride (Receipt
recommended)

Liesa Cianchino, Resident, E-mail dated March 31, 2017, Requesting a Copy of
Regional Chair Dale’s Letter to the Minister of Health and Long-Term Care and
Responses Received from the Ministry (Receipt recommended)

Bonnie Nistico-Dunk, City Clerk, City of St. Catherines, Letter dated March 31,
2017, Responding to a Letter from Regional Chair Dale, Acknowledging Receipt of
Resolution 2017-68 (Receipt recommended)

John Sprovieri, Regional Councillor, City of Brampton, E-mail dated March 31,
2017, Providing Information and Studies Related to the Effects of Fluoride in Relation
to Dementia/Alzheimer’s (Receipt recommended)

John Sprovieri, Regional Councillor, City of Brampton, E-mail dated March 31,
2017, Providing the 1957 Supreme Court Ruling that Fluoride is a Medication
(Receipt recommended)

Dr. Lawrence Loh, Acting Medical Officer of Health, Region of Peel, Email dated
April 4, 2017, Responding to an Email from Councillor Tovey Regarding the
Environmental Protection Agency’s Response to the Challenges to Community
Water Fluoridation Asserted by Paul Connett (Receipt recommended)

Christine Massey, Spokesperson, Fluoride Free Peel, E-mail dated April 4, 2017,
Providing Information Regarding the Jurisdiction of the Ministry of Environment and
Climate Change Over Large Municipal Drinking Water Systems (Receipt
recommended)

Christine Massey, Spokesperson, Fluoride Free Peel, E-mail dated April 7, 2017,
Responding to Information Contained in the Region of Peel Oral Health Report
(Receipt recommended)
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Robert Deschene, Chief Administrative Officer, Clerk, and Treasurer, Township
of Nairn and Hyman, Letter dated April 13, 2017, Responding to a Letter from
Regional Chair Dale, Advocating to the Provincial Government to Clarify and Assume
a Legislative Role in Community Water Fluoridation (Resolution 2017-185) (Receipt
recommended)

Christine Massey, Spokesperson, Fluoride Free Peel, Email dated April 28, 2017,
Providing Comments to Dr. Loh’s Response to Ms. Massey's Formal Complaint
(Receipt recommended)

John Sprovieri, Regional Councillor, City of Brampton, Email dated April 28,
2017, Providing a List of Issues to be Considered by the Community Water
Fluoridation Committee (Receipt recommended)

Victoria Bull, Deputy Clerk, The Corporation of the Township of Minden Hills,
Resolution dated May 25, 2017, Supporting the Region of Peel’'s Resolution 2017-68
(Receipt recommended)

Jim Tovey, Regional Councillor, City of Mississauga, Email dated July 4, 2017,
Requesting the Inclusion of a Study Related to Water Fluoridation on the Community
Water Fluoridation Committee Agenda (Receipt recommended)

Christine Massey, Spokesperson, Fluoride Free Peel, Email dated July 5, 2017,
Responding to Kathryn Lockyer’'s E-mail dated July 5, 2017, Requesting Clarification
on How and What Items will be Referred to the Community Water Fluoridation
Committee (Receipt recommended)

Olha Dobush, Director, Chronic Disease and Injury Prevention, Region of Peel,
Email dated July 17, 2017, Providing Councillor Sprovieri with Examples of Studies
Demonstrating the Effectiveness and Safety of Community Water Fluoridation
(Receipt recommended)

Christine Massey, Spokesperson, Fluoride Free Peel, Email dated August 8,
2017, Providing Information from the Fluoride Action Network Regarding Australia’s
Fluoridation Review (Receipt recommended)

Christine Massey, Spokesperson, Fluoride Free Peel, Email dated August 21,
2017, Providing a Report Regarding Fluoride and Cataract Blindness (Receipt
recommended)

Christine Massey, Spokesperson, Fluoride Free Peel, Email dated September 12,
2017, Providing Information from a Former Chief Dental Officer at the US Public
Health Service (Receipt recommended)

Merilyn Haines, Chair, Fluoride Action Network, Australia, Email dated
September 13, 2017, Regarding Flawed Review of Water Fluoridation from the 2017
National Health and Medical Research Council (Receipt recommended)
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Christine Massey, Spokesperson, Fluoride Free Peel, Email dated September 22,
2017, Providing Information on Studies Regarding Fluoride Exposure in Utero Linked
to Lower IQ in Kids (Receipt recommended)

Christine Massey, Spokesperson, Fluoride Free Peel, Email dated October 11,
2017, Providing a News Release Regarding Tooth Decay Rates in Calgary (Receipt
recommended)

Christine Massey, Spokesperson, Fluoride Free Peel, Email dated January 26,
2018, Regarding the Region of Peel Budget Related to Hydrofluorisilicic Acid in
Drinking Water (Receipt recommended)

Christine Massey, Spokesperson, Fluoride Free Peel, E-mail dated February 22,
2018, Providing an Update Regarding Fluoride Effects on Pineal Glands (Receipt
recommended)

Christine Massey, Spokesperson, Fluoride Free Peel, Email dated February 8,
2018, Regarding Article in “Nature”, an Academic Journal, Regarding “Impact of
Drinking Water Fluoride on Human Thyroid Hormones: A Case-Control Study”
(Receipt recommended)

Gurpreet Singh Dhillon, City Councillor, City of Brampton, Providing Comments
Regarding Water Fluoridation as Referred from the November 16, 2017 Regional
Council Budget Meeting (Receipt recommended)

John Sprovieri, Regional Councillor, City of Brampton, Email dated February 27,
2018, Regarding the Minister of Health and Long-Term Care’s Resignation (Receipt
recommended)

John Sprovieri, Regional Councillor, City of Brampton, E-mail dated March 2,
2018, Regarding a Blog Posted by Siskinds Environmental Law Related to the Safe
Water Drinking Act and the Standard of Care (Receipt recommended)

John Sprovieri, Regional Councillor, City of Brampton, E-mail dated March 10,
2018, Responding to an E-mail from Christine Massey, Regarding the Medical
Officer of Health Declining Fluoridation Debate in Parry Sound (Receipt
recommended)

Dr. Raymond Ray, Retired Biochemist and Nuclear Physicist, E-mail dated
March 12, 2018 Regarding Concerns Associated with Water Fluoridation (Receipt
recommended)

Roselle Martino, Assistant Deputy Minister, Population and Public Health
Division, Ministry of Health and Long-Term Care, Letter dated March 23, 2018,
Providing a Response to Regional Chair Dale’s Letter Regarding Regional Water
Fluoridation in Ontario (Resolution 2017-68) (Receipt recommended)

Christine Massey, Spokesperson, Fluoride Free Peel, E-mail dated April 2, 2018,
Regarding Fluoride Intake for Children (Receipt recommended)
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Christine Massey, Spokesperson, Fluoride Free Peel, E-mail dated April 4, 2018,
Regarding Fluoride Exposure in Utero (Receipt recommended)

Karen Ras, Regional Councillor, City of Mississauga, E-mail dated April 5, 2018,
Providing Her Resignation from the Community Water Fluoridation Committee
(Receipt recommended)

John Sprovieri, Regional Councillor, City of Brampton, E-mail dated April 6,

2018, Submitting a Hyperlink to a Video from Simon Fraser University Regarding the
Impact of Toxins on the Developing Brain (Receipt recommended)

Annette Groves, Regional Councillor, Town of Caledon, E-mail dated April 10,
2018, Providing Her Resignation from the Community Water Fluoridation Committee
(Receipt recommended)

IN CAMERA MATTERS

OTHER BUSINESS

NEXT MEETING

ADJOURNMENT



r Region 4.1-1
Fof Peel Request for Delegation

working with you
FOROFFICEUREONLY _ . — Attention: Regional Clerk
MEETING DATE YYYY/MM/DD | MEETING NAME Regional Municipality of Peel
2018/04119 EWEC 10 Peel Centre Drive, Suite A
— = Brampton, ON L6T 4BS
E DATE SUBMITTED YYYY/MM/DD Phone: 905-791-7800 ext. 4582
4 Referred from March 30, 2017 E-mail: council®@peelregion.ca
NAME OF INDIVIDUAL(S) !
Liesa Cianchino
i
POSITION(S)/TITLE(S}) h
!
Resident l
NAME OF ORGANIZATION(S)
E-MAIL 'TELEPHONE NUMBER EXTENSION |
|
|
- ! |
i REASON(S) FOR DELEGATION REQUEST (SUBJECT MATTER TO BE DISCUSSED) ;
Regarding Water Fluoridation in Peel E
]
|
A formal presentation will accompany my delegation [] Yes [JNo
Presentation format: [_] PowerPoint File (.ppt) [ Adobe File or equivalent {.pdf)
[] Picture File (.jpg) [] video File {.avi,. mpg) [Jother |
Additional printed information/materials will be distributed with my delegation : [] Yes []No [] Attached
Note:
Delegates are requested to provide an electronic copy of all background material / presentations to the Clerk's Division at least seven (7)
business days prior to the meeting date so that it can be Included with the agenda package. In accordance with Procedure By-law 9-2018
delegates appearing before Regional Council or Committee are requested to limit their remarks to 5 minutes and 10 minutes
respectively (approximately 5/10 slides).
Delegates should make every effort to ensure their presentation material is prepared in an accessible format.
Once the above information is received in the Clerk's Division, you will be contacted by Legislative Services staff to confirm your
placement on the appropriate agenda. Thank you.
Notice with Respect to the Collection of Personal Information
(Municipal Freedom of Information and Protection of Privacy Act)
Personal information contained on this form is authorized under Section 5.4 of the Region of Peel Procedure By-faw 9-2018, for the purpose of contacting
individuals and/or organizations requesting an opportunity to appear as a delegation before Regional Council or a Committee of Council. The Delegation
Request Form will be published in its entirety with the public agenda. The Procedure By-law is a requirement of Section 238(2) of the Municipal Act, 2001, as
amended. Please note that all meetings are open to the public except where permitted to be closed to the public under legislated authority. All Regional
Council meetings are audio broadcast via the internet and will be posted and available for viewing subsequent to those meetings. Questions about collection
may be directed to the Manager of Legislative Services, 10 Peel Centre Drive, Suite A, 5th floor, Brampton, ON LET 4B9, (905) 791-7800 ext, 4462.

V-01-100 2018/02



r Region 4.2-1
Fof Peel Request for Delegation

working with you
FOR DFHCE USEONLY. Attention: Regional Clerk
MEETING DATE YYYY/MM/DD | MEETING NAME Regional Municipality of Peel
2018/04/19 _FY‘FC 10 Peel Centre Drive, Suite A
— . Brampton, ON L6T 4B9
DATE SUBMITTED YYYY/MM/DD Phone: 905-791-7800 ext. 4582
' Referred from March 30, 2017 E-mail: council@peelregion.ca
 NAME OF INDIVIDUAL(S) ;
Christine Massey
I
POSITION(S)/TITLE(S})
Spokesperson
NAME OF ORGANIZATION(S) .
Fluoride Free Peel
|
pranis g - e iammes rmmnd
E-MAIL fTELEPHONE NUMBER . EXTENSION
i
|
' REASON(S) FOR DELEGATION REQUEST (SUBJECT MATTER TO BE DISCUSSED)
i Regarding Water Fluoridation in Peel
!
i
A formal presentation will accompany my delegation [] Yes [INo
Presentation format: [ | PowerPoint File {.ppt) [] Adobe File or equivalent (.pcf}
[] Picture File {.jpg) [] Video File {.avi,.mpg) [Jother |
Additional printed information/materials will be distributed with my delegation : [] Yes [JNo [] Attached
Note:
Delegates are requested to provide an electronic copy of all background material / presentations to the Clerk's Division at least seven {7)
business days prior to the meeting date so that it can be included with the agenda package. In accordance with Procedure By-law 9-2018
delegates appearing before Regional Council or Committee are requested to limit their remarks to 5 minutes and 10 minutes
respectively (approximately 5/10 slides).
Delegates should make every effort to ensure their presentation material is prepared in an accessible format.
Once the above information is received in the Clerk's Division, you will be contacted by Legislative Services staff to confirm your
placement on the appropriate agenda. Thank you.
Notice with Respect to the Collection of Personal Information
{Municipal Freedom of Information and Protection of Privacy Act)
Personal information contained on this form is authorized under Section 5.4 of the Region of Peel Procedure By-law 8-2018, for the purpose of contacting
individuals and/or organizations requesting an opportunity to appear as a delegation before Regional Councll or a Committee of Council. The Delegation
Request Form will be pubiished in its entirety with the public agenda. The Procedure By-law is a requirement of Section 238(2) of the Municipal Act, 2001, as
amended. Please note that all meetings are open to the public except where permitted to be closed to the public under legislated authority. All Regicnal
Council meetings are audio broadcast via the internet and will be posted and available for viewing subsequent to those meetings. Questions about collection
may be directed to the Manager of Legislative Services, 10 Peel Centre Drive, Suite A, 5th floor, Brampton, ON L6T 4B9, {905) 791-7800 ext. 4462.

V-01-100 2018/02
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r Region
rFof Peel Request for Delegation

working with you
FOR DFFICE USE ONLY Attention: Regional Clerk
MEETING DATE YYYY/MM/DD g MEETING NAME Regional Municipality of Peel
2018/04/19 CWFC 10 Peel Centre Drive, Suite A
e Brampton, ON L6T 4B9
DATE SUBMITTED YYYY/MM/DD Phone: 905-791-7800 ext. 4582
2018/04/17 E-mail: council@peelregion.ca
Dr. Gilles Parent
POSITION(S)/TITLE(S)
'NAME OF ORGANIZATION(S)
E-MAIL ‘TELEPHONE NUMBER ~ EXTENSION

REASON(S) FOR DELEGATION REQUEST (SURIECT MATTER TO BE DISCUSSED})

Invitation from Liesa Cianchino, Chair, Concerned Residents of Peel to End Fluoridation, on behalf of the many concerned
residents of Peel to address the long awaited (14 months) Ministry's letter of response to Chair Frank Dale's letter dated
February 22, 2017 regarding Resolution number 2017-68

A formal presentation will accompany my delegation Yes [JNo
Presentation format: [_] PowerPoint File {.ppt) [[] Adobe File or equivalent {.pdf)

[_] Picture File {.jog) [] video File {.avi,.mpg) [JOther | j
Additional printed information/materials wilf be distributed with my delegation : [] Yes No |:] Attached
Note:

Delegates are requested to provide an electronic copy of all background material / presentations to the Clerk's Division at least seven {7)
business days prlor to the meeting date so that it can be included with the agenda package. In accordance with Procedure By-law 9-2018
delegates appearing before Regional Council or Committee are requested to limit thelr remarks to 5 minutes and 10 minutes
respectively (approximately 5/10 slides).

Delegates should make every effort to ensure their presentation material is prepared in an accessible format.

Once the above information is received in the Clerk's Division, you will be contacted by Legislative Services staff to confirm your
placernent on the appropriate agenda. Thank you.

Notice with Respect to the Collection of Parsonal Information

{Municipal Freedom of information and Protection of Privacy Act)

Personal information contained on this form is authorized under Section 5.4 of the Region of Peel Procedure By-law 9-2018, for the purpose of contacting
individuals and/or organizations requesting an opportunity to appear as a delegation before Regional Council or a Committee of Council. The Delegation
Request Form will be published in its entirety with the public agenda. The Procedure By-law is a requirement of Section 238(2) of the Municipal Act, 2001, as
amended. Please note that all meetings are open to the public except where permitted to be closed to the public under legislated authority. All Regional
Council meetings are audio broadcast via the internet and will be posted and available for viewing subsequent to those meetings. Questions about collection
may be directed to the Manager of Legislative Services, 10 Peel Centre Drive, Sulte A, 5th floar, Brampton, ON L6T 4B9, (905) 791-7800 ext. 4462.

V-01-100 2018/02



FLUORIDATION CHEMICALS ARE™
UNREGULATED

UNTESTED
UNAPPROVED

INEFFECTIVE
DRUGS

Gilles Parent, ND.A.

Co-Author of «Fluoridation: Autopsy of a Scientific Error»
APRIL 19t 2018



Pierre-Jean Morin, Ph.D.
M€ John Remington Graham
Gilles Parent, n.d.

Fluoridat

Autopsy of a Scientific Error
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2012 PEEL RESOLUTION

February 12, 2012 Passed a Resolution calling
Health Canada to do at least:

1. 1 long-term toxicology study to determine the
health effects in humans

2. at least 1 properly conducted controlled
clinical trial to determine effectiveness

Objective:

to reassure the citizens of Peel that the use of
fluorosilicates added to drinking water for the
purpose of treating a disease Is safe.
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2017 PEEL RESOLUTION

February 22, 2017 Passed a Resolution calling
Ministry of Health and Long Term Care to do

at least:

1. To undertake appropriate and
comprehensive toxicity testing necessary to
reassure the public that the use of HFSA In
water fluoridation treatments is safe;

2. Take legislative responsibility for the
regulation and administration of HFSA In
water fluoridation treatments across the
province relieving local governments from
what Is a provincial responsibility.
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MINISTRY OF HEALTH'S RESPONSE
LETTER TO PEEL REGION

«March, 23, 2018

Public health Ontario has review NSF/ANSI 60 on behalf
of the ministry. NSF/ANSI 60 establishes requirements to
be protective of human health for products and their
Impurities that may be added directly during water
treatment, storage and distribution.»
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MINISTRY OF HEALTH'S RESPONSE
LETTER TO PEEL REGION

«The established safeguard noted above continue to
ensure the safety of fluoridate drinking water in Ontario.
The ministry will also continue to monitor and review
new research.

The ministry urges all municipalities to protect their
communities from avoidable health issues by
maintaining fluoride in their drinking water, to promote
the health of all residents.»

Sincerely,

SEon_

Roselle Martino
Assistant Deputy Minister
Population and Public Health Division



MINISTRY OF HEALTH'S RESPONSE
LETTER TO PEEL REGION

Ms Roselle Martino, assistant Deputy Minister is misleading the
Committee :

1. The Ministry hasn’t supplied the toxicological review as requested by
Peel Region to prove safety of HFSA, so without it, it cannot be
claimed SAFE;

2. The Ministry implies that NSF/ANSI 60 establishes requirements to
be protective of human health for fluoridation chemicals WHICH
THEY DO NOT (see NSF disclaimers);

3. The Ministry implies that NSF/ANSI 60 has the jurisdiction and the
competence to guarantee the efficiency of HFSA WHICH IT DOES
NOT;

4. The Ministry implies that it is legal and ethical to administer to a
population a water treatment chemical to mitigate and prevent a

disease WHICH IT IS NOT.



MINISTRY OF HEALTH'S RESPONSE
LETTER TO PEEL REGION

5. The Ministry assumes that fluoridation would supply to each citizen an exact and
proper amount of fluoride when using tap water as a vehicle for the administration
of the fluoride without considering the huge variability of daily intake of water and
fluoride from all other sources. It make fluoridation of water an absurd vehicle of
distribution of a drug as a daily dose cannot be controlled.

6. The Ministry assumes erroneously that concentration is equivalent to dose while
such a concept is obviously invalid.

7. The Ministry assumes that it knows the exact daily dose of fluoride needed to
prevent dental decay without causing any harm to anyone, including the most
vulnerable subjects in the society; babies, children, the infirm, the elderly and those
that drink a lot of water.

8. The Ministry assumes that it knows what no health authority in the world knows,
the exact effective and safe dose of fluoride; that is either 1, 2, 3, 4, 5, 6 or 7 mg
daily. There aren’t any scientific consensus on the exact effective and safe
dose.



MINISTRY OF HEALTH'S RESPONSE

10.

LETTER TO PEEL REGION

The Ministry assumes that it knows what no health authority in the
world knows, the exact effective and safe dose of fluoride that
would take in account the weight of the subject expressed In
mg/kg/day; is it 0.01, 0.02, 0.03, 0,04, 0.05, 0.06, 0,07, 0.08, 0.09
mg/kg/day.

Without knowing what the exact appropriate intake of fluoride
that would be safe for the most vulnerable and that would be
effective to prevent decay if such a dose would be proven safe
and effective, the Ministry Is putting the entire population at risk
of side effects, including dental fluorosis that is already
reported at an epidemic levels.
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NSF/ANSI 60

TRADE REGULATORY ORGANIZATIONS

e NO LEGAL JURISDICTION ON PRODUCTS USED
FOR TREATING OR PREVENTING A DISEASE.

e NO COMPETENCY IN EVALUATING THE
EFFECTIVENESS OF A SUBSTANCE USED FOR A
THERAPEUTIC PURPOSE.

« NO COMPETENCY IN EVALUATING THE SAFETY
OF A SUBSTANCE USED FOR A THERAPEUTIC
PURPOSE.
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NSF DOCUMENTS

NSF International Standard/
American National Standard
for Drinking Water Additives —

Drinking water treatment chemicals —
Health effects
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NSF DOCUMENT DISCLAIMERS

Disclaimers'

NSF Standards provide basi rtera o promote and potect publc Pealn Provisions for safety have pot &
heen included in this Standard because qovernmental agencies or ofer naionel standaros-seting

organizafions provids safefy requirements.

NO CANADIAN OR AMERICAN GOVERNMENTAL AGENCY

HAS EVER PROVIDED SAFETY TOXICOLOGY STUDIES
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FOOD AND DRUG ACT
DEFINITIONS

“drug”

“drug” includes any substance or mixture of substances
manufactured, sold or represented for use in

(a) the diagnosis, treatment, mitigation or prevention
of a disease, disorder or abnormal physical
state, or its symptoms, in human beings or animals,

(b) restoring, correcting or modifying organic
functions in human beings or animals
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FOOD AND DRUG ACT
DEFINITIONS

FOOD
Prohibited sales of food
4. (1) No person shall sell an article of food that

(a) has in or on it any poisonous or harmful substance,;

(b) is unfit for human consumption;

(c) consists in whole or in part of any filthy, putrid, disgusting,
rotten, decomposed or diseased animal or vegetable
substance;

(d) is adulterated; or

(e) was manufactured, prepared, preserved, packaged or
stored under unsanitary conditions.
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FOOD AND DRUG ACT
DEFINITIONS

“food”

“food” includes any article manufactured, sold or
represented for use as food or drink for human
beings, chewing gum, and any ingredient that
may be mixed with food for any purpose
whatever;

(WATER IS A FOOD BY DEFINITION)



FOOD AND DRUG ACT
DEFINITIONS

“Unsanitary conditions”

“unsanitary conditions” means such
conditions or circumstances as might
contaminate with dirt or filth, or render
Injurious to health, a food, drug or
cosmetic.



FOOD AND DRUG ACT
DEFINITIONS

Unsanitary manufacture, etc., of food

/. No person shall manufacture, prepare,
preserve, package or store for sale any
food under unsanitary conditions.
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FOOD AND DRUG ACT
DEFINITIONS

Deception, etc., regarding food

5. (1) No person shall label, package, treat,
process, sell or advertise any food in a manner
that is false, misleading or deceptive or is likely
to create an erroneous impression regarding Its
character, value, quantity, composition, merit

or safety.
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LEGAL CLASSIFICATION OF
FLUORIDATION CHEMICALS

. TOXIC AND DANGEROUS SUBSTANCES?
. DRUGS?
. NATURAL HEALTH PRODUCTS?

. MINERAL NUTRIENTS FOR FOOD
FORTIFICATION?

. FOOD ADDITIVES?
. WATER TREATEMENT CHEMICALS?



CLAIMED PURPOSE

DEFINES

THE LEGAL NATURE OF A
PRODUCT
AND ITS

APPLICATIONS OF LAWS

PERTINENT TO IT




WHY FLUORIDATION ?

2. To make drinking water safe/potable?



Producté making
SPECIFIC HEALTH CLAIMS

e.g. Preventing Cavities
ARE DEFINED AS EITHER :

1. DRUGS
OR
2. NATURAL HEALTH PRODUCTS

THEY MUST THEN COMPLY WITH
STRICT REGULATIONS
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Supreme Court of Canada
19571

Fluoridation

. is a"compulsory preventive medication",

« IS “not to promote the ordinary use of water
as a physical requisite for the body”

« has a “special health purpose”.
Ruling never contested by the

Canadian Government.

1- Metropolitan Toronto v. Forest Hill (Village), [1957] S.C.R. 569
http://csc.lexum.umontreal.ca/en/1957/1957scr0-569/1957scr0-569.html



ARE THEY CONTROLLED AND
APPROVED BY HEALTH CANADA AS
DRUGS OR
NATURAL HEALTH PRODUCTS?

NO...

Petition #299, Answer #1 by Health Canada to the the Auditor General of Canada,
available from:


http://www.oag-bvg.gc.ca/internet/English/pet_lp_e_938.html
http://www.oag-bvg.gc.ca/internet/English/pet_lp_e_938.html
http://www.oag-bvg.gc.ca/internet/English/pet_lp_e_938.html

ARE THESE FLUORIDATION
CHEMICALS APPROVED BY
HEALTH CANADA AS
MINERAL NUTRIENTS FOR FOOD
FORTIFICATION?

NO...

Petition #299, Answer #1 by Health Canada to the the Auditor General of Canada,
available from:



http://www.oag-bvg.gc.ca/internet/English/pet_lp_e_938.html
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FLUORIDATION CHEMICALS ARE NOT
PREPARED WITHIN «GOQOD
MANUFACTURING PRACTICES» («GMP>»)

Any drug, natural health product, nutrient for
food fortification or food should be prepared In
sanitary conditions required to satisfy the Food
and Drug Act related to the «Good
Manufacturing Practices» («GMP»)



DOES HEALTH CANADA EXERT
ANY REGULATION ON
FLUORIDATION CHEMICALS?

NO...

Petition #299, Answer #1 by Health Canada to the the Auditor General of Canada,
available from:



http://www.oag-bvg.gc.ca/internet/English/pet_lp_e_938.html
http://www.oag-bvg.gc.ca/internet/English/pet_lp_e_938.html
http://www.oag-bvg.gc.ca/internet/English/pet_lp_e_938.html

BAG FROM THE WATER TREATMENT PLANT OF THE CITY BECANCOUR ‘
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FLUOROSILICIC ACID 40% SOLUTION
|GROSS WEIGHT-1312KGS
NET WEIGHT:1250KGS
LT oot




THEN,
WHAT
ARE
FLUORIDATION
CHEMICALS?
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Fluoridation chemicals are unprocessed
scrubber liquor of the phosphate
iIndustry smoke stack emissions

or manufactured from fluoroapatite

If these emissions
are released In the
atmosphere, they
are air pollutants

If these emissions
are released in the
river, they are
water pollutants

When these same chemicals are added to the municipal water and somehow, they

become a beneficial nutrient good for your teeth and your overall health...
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Fluoridation chemicals are
usually recycled toxic waste

It comes
with a small
guantity of
arsenic,
lead,
chromium,
mercury,
and
nucleotides.



http://www.google.ca/imgres?imgurl=http://img.over-blog.com/600x462/1/78/93/64/HOT-WHEELS/TRUCKS/peterbilt-tank-truck-toxic-waste.jpg&imgrefurl=http://www.car-collector.net/article-35175737.html&h=462&w=598&sz=56&tbnid=jtVQwOE2A4o9qM:&tbnh=104&tbnw=135&prev=/images?q=toxic+truck+tanker+pictures&zoom=1&q=toxic+truck+tanker+pictures&hl=fr&usg=__95qPvAtWe4VCe6-EZ-XIYVqkBeg=&sa=X&ei=EY85TcKrCcH1gAeHm9W-CA&ved=0CCAQ9QEwAA
http://www.google.ca/imgres?imgurl=http://img.over-blog.com/600x462/1/78/93/64/HOT-WHEELS/TRUCKS/peterbilt-tank-truck-toxic-waste.jpg&imgrefurl=http://www.car-collector.net/article-35175737.html&h=462&w=598&sz=56&tbnid=jtVQwOE2A4o9qM:&tbnh=104&tbnw=135&prev=/images?q=toxic+truck+tanker+pictures&zoom=1&q=toxic+truck+tanker+pictures&hl=fr&usg=__95qPvAtWe4VCe6-EZ-XIYVqkBeg=&sa=X&ei=EY85TcKrCcH1gAeHm9W-CA&ved=0CCAQ9QEwAA
http://www.google.ca/imgres?imgurl=http://www.corbisimages.com/images/67/994DFAA1-0A8B-45A9-95DE-36ED8741268A/5326.jpg&imgrefurl=http://www.corbisimages.com/Enlargement/5326.html&h=425&w=640&sz=68&tbnid=PpA4j4jEPZWyTM:&tbnh=91&tbnw=137&prev=/images?q=toxic+truck+tanker+pictures&zoom=1&q=toxic+truck+tanker+pictures&hl=fr&usg=__cYxUWIybTK5LqwtOIVW_K27bQ5k=&sa=X&ei=EY85TcKrCcH1gAeHm9W-CA&ved=0CCQQ9QEwAg

Fluoride Toxicity

SOURCE: base on lethal (LD 50) de Robert E.Gosselin and al, 1984. Clinical Toxicology of
Commercial Products 5th ed., Williams and Wilkins, Baltimore.

Relative Toxicity

-
e

Q!
2
-
o
-
LL.

-
-
d
-
e

Practically
nontoxic

Slightly toxic

Moderately
toxic

Very toxic

Extremely
toXic
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Untested, uncontrolled, unregulated
chemical waste taken directly from
the industry and dripped
Into your drinking water

Not of
pharmaceutical
grade
nor
food grade
but
Industrial
grade
fluoride.




Are Fluoridation Products “Natural”?

NO...

They are MAN-MADE




ARE THEY WATER TREATMENT
CHEMICALS?

HEALTH CANADA,
THE MINISTRY OF HEALTH AND
PUBLIC HEALTH AUTHORITIES
CLAIM THEY ARE.



ARE THEY REALLY WATER
TREATMENT CHEMICALS?

NO...

Thelr aim IS not to treat the water
to make It safe and drinkable.

Their aim Is to prevent dental cavities.



ARE FLUORIDATION CHEMICALS
COMPLIANT WITH STANDARD 60 OF
THE NATIONAL SANITATION
FOUNDATION (NSF)?

NO...

They have a NSF certificate but do not
meet all the requirements of

NSF Standard 60.




The main essential
requirement
for the NSF Standard 60 Is
chronic toxicological tests
that demonstrate
safety of the HFSA.



Are there any Chronic Toxicology
Tests avallable for HFSA?

NO...

NSF Fact Sheet states that toxicological
testing Is required,
but the NIEHS 2001 Review, US EPA and
Safety Data Sheets state they
DO NOT EXIST.
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Sodium Fluorosilicate
Material Safety Data Sheet

11. Toxicological Information

11.1 Acute toxicity:

Inhalation: No data available.

Oral: LD50, rat, 125mg/kg (Sodium
nexafluorosilicate)

Dermal: No data available.

rritation: No data available.
Sensitization: No data available.
Comments: No data available.

11.2 Chronic toxicity: No data available.
11.3 Carcinogenic Designation: None

http://www.fluoridealert.org/pesticides/msds/sodium.fluorosilicate.solvay.pdf
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Letters from the US Congressional
Hearings

US EPA

National Institute of Environmental Health
Sciences 2001 Review

‘HEALTH CANADA

*ONTARIO MINISTRY OF HEALTH

NSF

state that fluoridation products do NOT

have TOXICOLOGICAL STUDIES

Therefore...

They have not been proven safe...



IF FLUORIDATION CHEMICALS
DO NOT HAVE LONG TERM
TOXICOLOGICAL STUDIES, THEN
SAFETY
CANNOT
BE DEMONSTRATED

They are not proven... safe...



Therefore...

They do not satisfy NSF Standard

60...



Therefore...

THE CERTIFICATION COULD BE
CONSIDERED AS INVALID?

They are not compliant with

Quebec and Ontario law (Ontario
Safe Drinking Water Act)




2. |
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Finally, what are fluoridation
chemicals?

F NOT DRUGS?
F NOT NATURAL HEALTH PRODUCTS?
F NOT MINERAL NUTRIENTS FOR FOOD

FORTIFICATION?

- NOT FOOD ADDITIVES?
- NOT WATER TREATMENT CHEMICALS?

. THEY MUST BE HAZARDOUS WASTES?



FLUORIDATION CHEMICALS
SATISEY ALL CRITERIA FOR
HAZARDOUS AND TOXIC WASTES

 Reglement sur les matieres dangereuses c. Q-2,
.32, Lol sur la qualité de I'environnement (L.R.Q.,
c. Q-2,a. 31, 46, 70.19, 109.1 et 124.1)

* Export and Import of Hazardous Waste and
Hazardous Recyclable Material Regulations
DORS/2005-149 (FEDERAL)
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THE LEGAL CLASSIFICATION OF FLUORIDATION
CHEMICALS AS HARZADOUS AND TOXIC
SUBSTANCES ARE DETERMINED IN LAWS

13 Taws et regulations
 Loi sur les produits dangereux L.R.C. (1985), ch. H-3

* Liste des substances toxiques — Annexe 1

o Liste des substances d’intéréts prioritaire LSIP1.

* Loi canadienne sur la protection de I'environnement -LCPE (1999) CH. 33
* Loi de 1992 sur le transport des marchandises dangereuses (1992, ch. 34)
* Reglement sur le transport des marchandises dangereuses

* Reglement sur [' exBortatlon et I'importation de déchets dangereux et de matiéres recyclables
dangereuses (REIDDMRD)

* Reglement sur les mouvements interprovinciaux des déchets dangereux

 Loi interdisant la vente, I'importation et la publicité de produits dangereux

* Reglement sur les produits chimiques et contenants de consommation (2001)
* Reglement sur les matiéres dangereuses c. Q-2, r.32

* Loi sur le contrble des renseignements relatifs aux matiéres dangereuses

IConventlon de Bale sur le controle des mouvements transfrontiers de déchets dangereux et de leur
élimination




Copie électronique disponible sur le site web d’Action Fluor Québec a :
http://www.acmqvg.com/afg/audio-video/Livre%20Rouge-leger.pdf

3




TOXIC SUBSTANCES CAN FEIT
ONLY TWO CATEGORIES

1. TOXIC WASTES OR SUBSTANCES

2. DRUGS



HEALTH CANADA
HAS NOT APPROVED ANY
FLUORIDATION CHEMICALS
AS DRUGS.

IT ISILLEGAL TO ADMINISTER AN
APPROVED OR UNAPPROVED DRUG
WITHOUT A MEDICAL LICENCE,
AND WITHOUT INFORMED CONSENT
TO ANY RESIDENT.



ADMINISTERING ANY DRUG,
APPROVED OR UNAPPROVED,
TO RESIDENTS
WITHOUT CONSENT
CONTRAVENES
ARTICLE 7 OF THE
CANADIAN CHARTER OF
RIGHTS AND FREEDOMS
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Drugs Should Not Be Put Into
Drinking Water Because:

1. No one can control how
much of any drug Is

consumed daily by each MUNICIPALITIES
B | | SHOULD NOT USE
2. Citizens are deprived of THE PUBLIC
Informed Choice: WATER SUPPLY
. Informatio_n regarding risks AS A VEHICLE TO
and .beneflts ADMINISTER A
« Choice to refuse or accept MEDICATION TO

drug
THE POPULATION

« No trained professional to
assess medical need and
adverse effects




Fluoridation chemicals

NOT Regulated = NOT Safe

Don’t we deserve
to be
protected by
Government regulation?
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Who determines safety and
efficacy of fluoridation chemicals ?

NO ONE!

NO Government Agency in Canada regulates
fluoridation chemicals.



WHICH HEALTH AUTHORITIES
CLAIM ACCOUNTABILITY FOR
FLUORIDATION?

NONE...
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NO ACCOUNTABILITY

It IS not logical to accept the advice of those who
accept no responsibility for these chemicals:

. Health Canada

« Ontario Ministry of Health

« Ontario Ministry of Environment

« Ontario Ministry of Health Promotion
« Ontario Dental Association

« And over 90 organisations who
endorse fluoridation
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Finally, who’s Accountable?

Municipalities are legally responsible:

e YOU, the councillors, are the final
decision makers

. for choosing fluoridation chemicals

. for adding fluoridation chemicals

Pleading ignorance of the law is not an excuse
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False Assumptions

Tax payers incorrectly assume that these products are
compliant with Canadian laws,

Tax payers incorrectly assume that these products have
been assessed for safety,

Tax payers incorrectly assume that the product reduces
cavities when swallowed,

Taxpayers incorrectly assume that the Health Canada
panel evaluating these products had the necessary
expertise,

Taxpayers incorrectly assume that the Health Canada
panel reviewed all available research — not just the
research that supports the policy.
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3 methods for Removing Fluoride

1. Reverse Osmosis — water wasteful, expensive to purchase
and maintain.

2. Distillation — expensive to purchase, removes beneficial
minerals, energy user

3. Stop fluoridating — simple and free

Which iIs easier?
Which is cheaper?
Which is logical?
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MINISTRY OF HEALTH'S RESPONSE
LETTER TO PEEL REGION

THE MINISTRY'S RESPONSE DOES NOT ANSWER THE
REGIONS RESOLUTION
REQUESTING TO ASSURE THE RESIDENTS
OF THE SAFETY AND EFFICACY OF HFSA
FOR THE SOLE PURPOSE OF
PREVENTING DENTAL CAVITIES
TO ALL RESIDENTS OF PEEL
BY USING AN UNAPPROVED DRUG TO
MEDICATE THE RESIDENTS
WITHOUT THEIR INFORMED CONSENT



MINISTRY OF HEALTH’S RESPONSE
LETTER TO PEEL REGION

AS YOU HAVE NOW LEARNED, THE PROVINCE HAS
NOT PROVIDED THE ANSWERS TO YOU
IN ORDER FOR REGIONAL COUNCIL
TO REPORT BACK TO THE CONCERNED RESIDENTS OF PEEL
WHO HAVE BEEN ASKING FOR
PROOF OF SAFETY AND EFFICACY SINCE 2011
NO EVIDENCE OF SAFETY AND EFFICACY (NOT ENDORSEMENTYS)
MEANS
YOU CANNOT CLAIM SAFETY AND EFFICACY

THEREFORE, THE INFORMATION YOU ARE RELYING ON FROM

PUBLIC OFFICIALS IS INVALID AS CLAIMS FOR

SAFETY AND EFFICACY OF HFSA
MUST BE BACKED UP BY REQUIRED TOXICOLIGAL STUDIES
WHICH | HAVE CONFIRMED FOR YOU TODAY

DO NOT EXIST!
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MINISTRY OF HEALTH'S RESPONSE
LETTER TO PEEL REGION

THEREFORE, IT IS INCUMBENT UPON YOU, AS THE
ULTIMATE DECISION MAKERS,
TO PROTECT THE HEALTH AND WELL BEING OF THE RESIDENTS
YOU WERE ELECTED TO SERVE AND PROTECT.
PLEASE CEASE AND DISMISS THIS
UNREGULATED, UNTESTED, UNETHICAL, UNAPPROVED AND INEFFECTIVE PRACTICE
WITHOUT FURTHER DELAY!
ALL RESIDENTS OF PEEL HAVE THE RIGHT TO SAFE DRINKING WATER
WHICH IS A FUNDAMENTAL HUMAN RIGHT
PLEASE JOIN THE 95% OF THE WORLD THAT DOES NOT FLUORIDATE
REDIRECT $500,000.00 SPENT ON THE INEFFECTIVE FLUORIDATION
INTO PUBLIC HEALTH DENTAL PROGRAMS OF PREVENTION



WE HAVE PROVEN THAT
FLUORIDATION CHEMICALS ARE

UNREGULATED
UNTESTED
UNAPPROVED
INEFFECTIVE
DRUGS

THE PRECAUTIONARY PRINCIPAL
SHOULD BE APPLIED
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From: Abramson, Toby [mailto:tabramson@citywindsor.ca]

Sent: March 1, 2017 9:45 AM

To: ZZG-RegionalClerk

Subject: RE: Motion of the Community Water Fluoridation Committee of the Region of Peel

Thank you for your email regarding the attached resolution.

Windsor City Council does not entertain requests from persons, organizations, associations and other
municipal governments to endorse resolutions in accordance with its Procedure By-law.

| note that your resolution has been forwarded to the appropriate Provincial Association for
consideration.

Yours very truly,

Tobiah Abramson | Order of Business Coordinator (A)

ﬂ-—(}ﬁ/ rHE-c_nTch e
Vg VINDSOR
OHTARMDY, CANADA
Office of the City Clerk
350 City Hall Sgq. W | Room 203 | Windsor, ON | N9A 6S1
(519)-255-6100 ext. 6388
www.citywindsor.ca

From: ZZG-RegionalClerk [mailto:zzg-regionalclerk@peelregion.ca]
Sent: Wednesday, March 01, 2017 9:27 AM
Subject: Motion of the Community Water Fluoridation Committee of the Region of Peel

Good morning

Your attention is drawn to the attached letters. The resolution contained in the letters was
approved by the Council of the Region of Peel on February 9, 2017.

If you have any inquiries about the information contained please contact Curtiss Law at
curtiss.law@peelregion.ca.

Thank you

Summer MacGregor
Legislative Assistant

Clerk’s Division, Legislative Services
10 Peel Centre Drive, Suite A REFERRAL TO

Brampton, ON L6T 4B9 RECOMMENDED
Ph : (905) 791-7800 t. 4465
one: (905) ex DIRECTION REQUIRED

Email: Summer.macgregor@peelregion.ca
RECEIPT RECOMMENDED \/

~No trees were harmed in the making of this e-mail~

This e-mail is solely for the use of the intended recipient and may contain information which is confidential or privileged. Unauthorized
use of its contents is prohibited. If you have received this e-mail in error, please notify the sender immediately via return e-mail and then
delete the original e-mail.


mailto:tabramson@citywindsor.ca
mailto:zzg-regionalclerk@peelregion.ca
mailto:curtiss.law@peelregion.ca
mailto:Summer.macgregor@peelregion.ca
67693
Receipt Recommended


6.2-1

From: Woolsey, Heather [mailto:hwoolsey@London.ca]

Sent: March 7, 2017 4:13 PM

To: ZZG-RegionalClerk

Subject: FW: Motion of the Community Water Fluoridation Committee of the Region of Peel

Summer MacGregor
Legislative Assistant
Clerk’s Division, Legislative Services

Thank you for your email submitting a resolution to with Water Fluoridation.

The London City Council has a policy with respect to resolutions from other municipalities
directing the City Clerk to acknowledge such resolutions with the advice that the London City
Council does not take action on resolutions received from other municipalities, but rather prefers
to make its position on given subjects known through the appropriate municipal association or if
it deems it necessary to do so, directly to the concerned Minister(s) of the Senior Government(s)
involved.

Sincerely,

Heather Woolsey
@ Administrative Assistant ll, Administration & Legislation
City Clerk’s Office
London ity of London

P.O. Box 5035, London, Ontario N6A 4L9
P:519.661.2500 x 4599 | Fax: 519.661.4892
hwoolsey@london.ca | www.london.ca

From: ZZG-RegionalClerk [mailto:zzg-regionalclerk@peelregion.ca]
Sent: Wednesday, March 01, 2017 9:31 AM
Subject: Motion of the Community Water Fluoridation Committee of the Region of Peel

Good morning

Your attention is drawn to the attached letters. The resolution contained in the letters was
approved by the Council of the Region of Peel on February 9, 2017.

If you have any inquiries about the information contained please contact Curtiss Law at
curtiss.law@peelregion.ca.

Thank you
fumlm(_er |X|a(.:Gregor REFERRAL TO
egis ative Assistant RECOMMENDED

Clerk’s Division, Legislative Services
10 Peel Centre Drive, Suite A DIRECTION REQUIRED

Brampton, ON L6T 4B9 \/
Phone: (905) 791-7800 ext. 4465 RECEIPT RECOMMENDED



mailto:hwoolsey@London.ca
mailto:hwoolsey@london.ca
http://www.london.ca/
mailto:zzg-regionalclerk@peelregion.ca
mailto:curtiss.law@peelregion.ca
67693
Receipt Recommended
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S Pelham

NIAGARA
Vibrant - Creative - Caring
March 8, 2017
Frank Dale RECEIVED
Regional Chair and CEO March 8, 2017
The Municipality of Peel REGION OF PEEL
10 Peel Centre Drive, Suite A OFFICE OF THE REGIONAL CLERK

Brampton ON L6T 4B9
Dear Mr. Dale:
Regional Peel Resolution — Community Water Fluoridation

At their regular meeting of March 6th, 2017, Council of the Town of Pelham received your
correspondence, dated February 22, 2017 and endorsed the following:

BE IT RESOLVED THAT Council receive correspondence from the Regional Council of
Peel, dated February 22, 2017 regarding a resolution from the Community Water
Fluoridation Committee which was sent to the Premier of Ontario and the Minister of
Health and Long Term Care, respecting toxicity testing in water fluoridation treatments
to ensure public safety, for information.

On behalf of Council, thank you for this important correspondence.

Yours very truly,

o

_ &) ,\ /
Wi L"J’Tﬁz’//y/{)}}v D

i

(Mrs.) Ndncy J. Bozzato, Dipl.M.M., AMCT

Town Clerk

lis REFERRAL TO
RECOMMENDED

DIRECTION REQUIRED
RECEIPT RECOMMENDED v

Depar

N Administrative
%&¥ Services

20 Pelham Town Square P.O Box 400 - Fonthill, ON LOS 1E0 p: 905.892.2607 f: 905.892.5055

pelham.ca



67693
Receipt Recommended

67693
Received Date
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@ COUNCIL RESOLUTION

Res: 2017- 44,7

Wednesday March 8™, 2017

( ‘ RECEIVED
March 8, 2017

/
/ 74 REGION OF PEEL
2 VM\D OFFICE OF THE REGIONAL CLERK

THAT the Council of the Municipality of Dutton Dunwich supports Resolution #2017-68 of the
Regional Municipality of Peel requesting the Premier of Ontario and the Minister of Health and
Long Term Care, whose mandate it is to protect the health of Ontarians to:
i) Undertake appropriate and comprehensive toxicity testing necessary to reassure the
public that the use of HFSA in water fluoridation treatments is safe; and
i) To take legislative responsibility for the regulation and administration of HFSA in
water fluoridation treatments across the province, relieving local governments from
what is a provincial responsibility.

Moved by:

Seconded by:

7

AND THAT this resolution be forwarded to the Regional Municipality of Peel.

Recorded Vote Yeas Nays
Carried:
I.Fleck -
D. McKillop _ N\ Srsai -
Mayor
M. Hentz o
Defeated:
B. Purcell _
C. McWilliam - Mayor
Mayor
REFERRAL TO
RECOMMENDED

DIRECTION REQUIRED
RECEIPT RECOMMENDED v



67693
Receipt Recommended

67693
Received Date
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o2
The Premier of Ontario La premiére ministre de I'Ontario
Legislative Building, Queen’s Park mz\m‘mm Edifice de I'Assemblée législative, Queen’s Park
Ontario Toronto {(Ontario) M7A 1A1

Toronto, Ontario M7A 1A1

March 9, 2017

Mr. Frank Dale

Regional Chair and Chief Executive Officer
Regional Municipality of Peel

10 Peel Centre Drive

Suite A

Brampton, Ontario

L6T 4B9

Dear Mr. Dale:

Thank you for your letter providing me with a copy of council’s resolution regarding
water fluoridation. | appreciate your keeping me informed of council's activities.

As this issue falls under the responsibility of my colleague the Honourable Dr. Eric
Hoskins, Minister of Health and Long-Term Care, | have sent him a copy of council's
resolution. | trust that the minister will also take council's views into consideration.

Thank you again for the information. Please accept my best wishes.

Sincerely,
Kathleen Wynne REFERRAL TO
Premier RECOMMENDED
_ _ DIRECTION REQUIRED
c: The Honourable Dr. Eric Hoskins v
RECEIPT RECOMMENDED

MAR & 2017

Region of Peel

Nl s el m -
(;Wl;;ué‘-\.v LG L.


67693
Receipt Recommended
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MUNICIPALITY OF CHARLTON AND DACK

Resolution of Council

ook
\ .
fj/ // ;
MOVED BY: /LCL%A/.C; m/éf MOTION NO: l | — D 2 “
o %
! A\ 5 /
\) § 5 % h
SECONDED BY: - DATE: March 13", 2017

AN

{

- -)

THAT we, the Council for the Municipality of Charlton and Dack support the Regional Municipality of Peel in
requesting the Premier and the Minister of Health and Long Term Care undertake appropriate and comprehensive
toxicity testing necessary to reassure the public that the use of Hydrofluorosilcic Acid treatments is safe and take
tegislative responsibility for the regulation and administration of Hydrofluorosilcic Acid in water fluaridation
treatments across the Province.

RECEIVED
Certified to be a true copy from the Corporation March 13, 2017

of the Municipality of Charlton and Dack, passed REGION OF PEEL

in Council on the {3 day OFFICE OF THE REGIONAL CLERK
of_ Mordn 20 ().

ﬁm § ) REFERRAL TO

Dan Thibeault, Clerk Treasurer CAO

. . RECOMMENDED
Municipality of Charlton and Dack
DIRECTION REQUIRED
// RECEIPT RECOMMENDED \/
T CARRIED
DEFEATED Signature of Presiding Officer: Wﬂ/
DEFERRED
BIVISION VOTE
Position Name Yeas Nays

Councillor Chauncey Corley

Counclillor Jim Huff

Councillor Debbie Veerman

Councillor Clem Yantha

Reeve Merrill Bond

DECLARATION OF CONFLICT OF INTEREST

declared their interest, abstained from the discussion and did not vote on the question.

3}
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Received Date

67693
Receipt Recommended


Township of Georgian Bay
RECEIVED
March 14, 2017

REGION OF PEEL
OFFICE OF THE REGIONAL CLERK

March 14, 2017

Regional Municipality of Peel

c/o Frank Dale, Regional Char and CEO
10 Peel Centre Drive

Suite A

Brampton, Ontario

L6T 4B9

Dear Mr. Dale:
Re: Regional Fluoridation— Resolution 2017-68

Our office is in receipt of your correspondence, dated February 22, 2017,
pertaining to the above-noted matter.

The Township of Georgian Bay’s Procedural By-law states that resolutions /
requests shall be forwarded to each member of Council for information and
shall be placed on an agenda for consideration only at the request of a Council
member.

Should a Councillor bring this resolution / request forward at an upcoming
meeting, our office will advise you of Council’s decision accordingly.

Yours truly,

Amber McDonald
Deputy Clerk (A)

hip.
amcdonald@gbtownship.ca REFERRAL TO

RECOMMENDED
DIRECTION REQUIRED

RECEIPT RECOMMENDED v

99 Lone Pine Road, Port Severn, Ontario LOK 1S0
1-800-567-0187 www.gbtownship.ca
Page 1 of 1
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67693
Receipt Recommended
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Municipalité de mATTICE"’ ., | BB
Municipality of VAL COTE : *

Sac postal / P.O. Bag 129, Mattice, Ont. POL 1TO || RECEIVED

(705) 364-6511 — Fax: (705) 364-6431 March 20, 2017

REGION OF PEEL
OFFICE OF THE REGIONAL CLERK

Meeting no. 17-04 Resolution no. 17-40 Date: March 20%, 2017

Moved by: Richard Lemay Seconded by: Daniel Grenier

WHEREAS the Minister of Health and Long Term Care, Dr. Eric Hoskins, supports the
benefits of water fluoridation as an important measure to protect the health of Ontarians;

AND WHEREAS Municipal Councillors do not have the detailed familiarity to interpret data
regarding the efficacy of Hydrofluorosilicic Acid (HFSA) in water fluoridation treatments and are
struggling with a range of conflicting reports and public concern on the matter of fluoridation;

NOW THEREFORE BE IT RESOLVED THAT Council for the Municipality of Mattice -
Val Cé6té hereby supports Resolution 2017-68 made by Council for the Regional Municipality of
Peel requesting the Premier of Ontario and the Minister of Health and Long Term Care, whose
mandate it is to protect the health of Ontarians, (i) to undertake appropriate and comprehensive
toxicity testing necessary to reassure the public that the use of HFSA in water fluoridation
treatments is safe and (ii) take legislative responsibility for the regulation and administration of
HFSA in water fluoridation treatments across the province, relieving local governments from what
is a provincial responsibility, and,;

BE IT FURTHER RESOLVED THAT a copy of this resolution be sent to the Regional
Municipality of Peel, to MP Carol Hughes and to MPP Gilles Bisson.

Mavor, Michel Briere

Carried _X_ Defeated ___ Deferred ___ President Officer
Recorded Vote
(unanimous unless indicated below)
Name Yeas Neas Abstention
Briére, Michel

Grenier, Daniel

Lemay, Richard

Lemieux, Normand

Malenfant, Joyce

REFERRAL TO

. RECOMMENDED
Certified by:
Guylairfe Coulombe; erk DIRECTION REQUIRED

RECEIPT RECOMMENDED v
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Corporation of the Town of LaSalle

5950 Malden Road, LaSalle, Ontario, N9H 154
Phone: 519-969-7770 Fax: 519-969-4469 www.town lasalle.on.ca

Agatha Armstrong, Deputy Clerk

March 21, 2017

The Honourable Kathleen Wynne RECEIVED
Premier of Ontario
Legislative Building — Room 281 MAR 24 2017

Queen’s Park

Toronto, Ontario
M7A 1A1 REFERRAL TO
RECOMMENDED

DIRECTION REQUIRED

RECEIPT RECOMMENDED v/

RE: _ Resolution regarding Community Water Fluoridation from the Regional
Municipality of Peel

Region of Peel
Clerks Dept.

Dear Premier Wynne:

Please be advised that Town of LaSalle Council at its meeting held March 14, 2017 gave
consideration to correspondence from the Regional Municipality of Peel regarding community
water fluoridation. At this time, Town of LaSalle Council also endorsed and supported this
Correspondence through the following resolution:

WHEREAS the Minister of Health and Long Term care is working to establish a
health system in Ontario that is based on helping people stay healthy, delivering
good care when people need it, and protecting the health system for future

generations;

AND WHEREAS, the Ministry of Health and Long Term Care has changed its focus
to work towards better health care for Ontarians, and stewardship has become its

mission and mandate;

AND WHEREAS, this new stewardship role will mean that the Ministry will provide
overall direction and leadership for the system, developing legislation, regulations,
standards, policies and directives to support the health of Ontarians;

AND WHEREAS, on January 7, 2016 the Region of Peel received a letter from the
Minister of Health and Long Term Care, Dr. Eric Hoskins, supporting the benefits of
water fluoridation as an important measure to protect the health of Ontarians;

AND WHEREAS, the Province of Ontario is responsible for The Safe Drinking Water
Act, the purposes of which include (i) recognizing that the people of Ontario are
entitled to expect their drinking water be safe and (i) providing for the protection of
human health and the prevention of drinking water health hazards through the
control and regulation of drinking water systems and drinking water testing;
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AND WHEREAS, Municipal Councillors do not have the detailed familiarity to
interpret data regarding the efficacy of Hydrofluorosilicic Acid (FHSA) in water
fluoridation treatments and are struggling with a range of conflicting reports and
public concern on the matter of fluoridation;

THEREFORE BE IT RESOLVED, that Regional of Peel Council request the Premier
of Ontario and the Minister of Health and Long Term Care, whose mandate it is to
protect the health of Ontarians, (i) to undertake appropriate and comprehensive
toxicity testing necessary to reassure the public that the use of HFSA in water
fluoridation treatments is safe; and (ii) take legislative responsibility for the requlation
and administration of HFSA in water fluoridation treatments across the province
relieving local governments from what is a provincial responsibility;

AND FURTHER THAT, a copy of this resolution be circulated to the Honourable
Kathleen Wynne, Premier of Ontario and the Honourable Dr. Eric Hoskins, Minister
of Health and Long Term Care.

Carried.

Thank you for your attention to this matter.
Since_rely,

Agatha Armstrong
Deputy Clerk

Cc: Frank-Dale;-Regional Chair-and-GEO, Regional Municipality of Peel
Honourable Dr. Eric Hoskins, Minister of Health and Long Term Care
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LA CORPORATION DU / THE CORPORATION OF it

CANTON DE CHAMPLAIN TOWNSHIP

BUREAU ADMINISTRATIF / ADMINISTRATION OFFICE
948 est, chemin Pleasant Corner Road Eest 613-678-3003
Vankleek Hill, Ontario (KOB 1RO) (fax) 613-678-3363

March 21, 2017

Frank Dale

Regional Chair and Chief Executive Officer
The Regional Municipality of Peel

10 Peel Centre Drive, Suite A

Brampton, ON L6T 4B9

RE: Request for Support for Safety of HFSA in Water Fluoridation Treatments

Champlain Township resolved to support Resolution No. 2017-68 of the Regional
Municipality of Peel, dated February 9, 2017, requesting that the Government of
Ontario (i) to undertake appropriate and comprehensive toxicity testing necessary
to reassure the public that the use of HFSA in water fluoridation treatments is safe
and (ii) take legislative responsibility for the regulation and administration of HFSA
in water fluoridation treatments across the province relieving local governments
from what is a provincial responsibility.

A copy of Council’s resolution 2017-119 dated March 14, 2017, is attached for your
records.

Yours truly,

) RECEIVED

G Z.«.. UJ/\/ C,{/\ XA_CA /()l'
i | ]
Alison Collard MAR 2 4 2017

Clerk Region of Peel
Clerks Depit.
Attach.

cc: The Honourable Kathleen O. Wynne, Premier
The Honourable Dr. Eric Hoskins, Minister of Health and Long-Term Care

Grant Crack, M.P.P., Glengarry-Prescott-Russell
REFERRAL TO

RECOMMENDED
DIRECTION REQUIRED

RECEIPT RECOMMENDED v
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Phone: 705-544-2244 Fax: 705-544-8737

RECEIVED

P.O. Box 399
Englehart, Ontario P0J 1HO MAR 7 8 2017

REGION OF PEEL
LEGAL SERVICES

March 22, 2017

Municipality of Peel Regional
10 Peel Centre Dr. Suite A
Brampton, ON

L6T 4B9

Re: Motion No: COU1-17-03-04

Please find included a certified copy of a motion that was passed in Council on March 8, 2017 support
your resolution requesting the Premier of Ontario and Minister of Health and Long Term Care to
undertake water toxicity testing across the province.

— /
o s / ' "i/ /
//'[,é,ud,a, [l
Therese Hall

Administrative Assistant
Town of Englehart

REFERRAL TO
RECOMMENDED

DIRECTION REQUIRED
RECEIPT RECOMMENDED v

Email: englehrt@ntl.sympatico.ca Website: www.englehart.ca


mailto:englehrt@ntlsympatico.ca
http://www.englehart.ca
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THE CORPORATION OF THE TOWN OF ENGLEHART

NO.: COU1-17-03- DY MOVED BY: /X,\/ g

-

SECONDED Bw&
DATE: March 8, 2017

Be it resolved that the Council of the Town of Englehart support the
attached resolution of the Municipality of Peel Regional requesting the
Premier of Ontario and the Minister of Health and Long Term Care to
undertake toxicity testing necessary to reassure the public that the use of
HFSA in water fluoridation treatments is safe and to take responsibility for
the administration of HFSA in water fluoridation treatments across the
province;

And further, that a copy of this resolution be forwarded to the Municipality of

Peel Regional.

CARRIED & DEFEATED O
SIGNATURE: N  \|{n = Q -

DIVISION VOTE

Councillor J. Emrick
Councillor J. deLeeuw
Councillor P. Burey

Councillor D.-Metson
Councillor P. Brassard
Councillor T. Wilson

O OoooOom
O ooog»
DDEIEI'"
DDDEI:D

Mayor N. Wallace Total

DECLARATION OF CONFLICT OF INTEREST

Disclosed his/her/their interest, abstained from discussion and did not vote on the
question.

Certified to be a true copy of the original document

7
/
‘/




6.12-1

Town of The Blue Mountains
32 Mill Street, P.O. Box 310, Thornbury, ON NOH 2P0

Tel: (519) 599-3131 « Fax: (519) 599-7723
Toll Free: 1-888-BLU-MTNS (1-888-258-6867)
info@thebluemountains.ca * www.thebluemountains.ca

RECEIVED
March 27, 2017

REGION OF PEEL
OFFICE OF THE REGIONAL CLERK

March 27, 2017
Moved by:  Michael Martin Seconded by: John McGee

THAT Council of the Town of The Blue Mountains acknowledges receipt of the
correspondence from Regional Municipality of Peel the February 9, 2017 Motion of the
Comrunity Water Fluoridation Committee regarding Regional Fluoridation, CARRIED.

CERTIFIED TO BE A TRUE COPY

REFERRAL TO
RECOMMENDED

DIRECTION REQUIRED
RECEIPT RECOMMENDED v

This dociment can be niade available in other acoessible formats as soon as practicable and upon request
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From: Liesa Cianchino I

Sent: March 29, 2017 4:42 PM

To: Law, Curtiss

Cc: Lockyer, Kathryn

Subject: Request to check for response letter from Minister Hoskins to Chair Frank Dale re: Letter to
Province dated May 28th, 2016

Hi Curtiss,

| contacted Regional Chair Frank Dale's office and left a message for Victoria to get back to me. | did not
leave her a message with the details of my request.

Sorry to add to your workload. Could you or someone else please find out if the Region received a
response to Chair Dale's letter to Minister Dr. Eric Hoskins, dated May 28th, 2016 regarding an update to
the provincial policy of water fluoridation. | did try to go through many agendas and was unable to
locate it.

If the Region has received a reply, please forward me a digital copy of Chair Dale's letter (I have the copy
from the Agenda - | need it as a separate document) and a copy of the response letter if the Region
received a response from Dr. Hoskins.

| have attached a copy of the agenda which contains the letter from Chair Dale. It is tem 5.6. Hope this
helps.

Thank you for your continued assistance.

Liesa

REFERRAL TO
RECOMMENDED

DIRECTION REQUIRED
RECEIPT RECOMMENDED v
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From: Sprovieri, John Councillor <John.Sprovieri@brampton.ca>
Sent: Friday, March 31, 2017 4:12 PM

To: Saha, Sudip

Cc: Loh, Lawrence; Sprovieri, John

Subject: FW: Alzheimer's.

Hello Dr. Saha and Loh,

F.Y.I.

John Sprovieri

Regional Councillor for wards 9 & 10

City of Brampton

(905) 874-2610

«Drinking water contains multiple

forms of aluminum, including aluminum—fluoride
complexes, which are readily absorbed in the Gl tract
and cross the blood-brain barrier.32,68,69 It is the
aluminum-fluoride complex form that has the greatest
potential for biological impact, where toxicity stems
from mimicking gamma-phosphate, altering enzyme
activity and activating guanine nucleotide-binding
proteins (G-proteins), which are integral to endocrine
and nervous system functions.e0,70-78 Al-fluoride complexes
have been shown to be markedly more toxic

than fluoride alone regarding deposition of aluminum

. . . REFERRAL TO
in the brain and kidney and cerebrovascular and RECOMMENDED
neuronal integrity.32» DIRECTION REQUIRED

RECEIPT RECOMMENDED v

Please review the City of Brampton e-mail disclaimer statement at:
www.brampton.ca/en/Info-Centre/Pages/Privacy-Statement.aspx
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From: Liesa Cianchino

Sent: March 31, 2017 3:48 PM

To: Stefaniak, Victoria

Subject: Re: Request to check for response letter from Minister Hoskins to Chair Frank Dale re: Letter to
Province dated May 28th, 2016

Good afternoon Victoria,
Thank you for returning my call yesterday.

| just called you back and left you a message indicating that | would send you an email with with
my request.

Please provide me with an electronic copy of Chair Dale's letter to Minister Dr. Eric Hoskins, dated May
28th, 2016 regarding an update to the provincial policy of water fluoridation.

Also, can you please tell me if Chair Dale received a response letter from Dr. Hoskins and if so,
please provide me a copy of the letter.

Thank you for your assistance.

Kind Regards,
Liesa Cianchino

REFERRAL TO
RECOMMENDED

DIRECTION REQUIRED
RECEIPT RECOMMENDED v
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Legal and Clerks Services

Office of the City Clerk Phone: 905.688.5600
CITY OF PO Box 3012, 50 Church Street Fax: 905.682.3631
ST. CATHARINES St. Catharines, ON L2R 7C2 TTY: 905.688.4TTY (4889)
March 31, 2017
RECEIVED
March 31, 2017
_ L REGION OF PEEL
Regional Municipality of Peel OFFICE OF THE REGIONAL CLERK

Attn: Frank Dale

10 Peel Centre Dr., Suite A

Brampton, ON L6T 4B9

Sent via email: zzg-regionalclerk@peelregion.ca

Re: Request for Support of Resolution 2017-68 regarding: Community Water
Fluoridation Committee (CWFC-1/2017) — Regional Fluoridation
Our File: 35.11.2

Please be advised that the City of St. Catharines Council, at its Regular Meeting held
March 20, 2017, were distributed correspondence which included your motion regarding
Resolution 2017-68 - Regional Fluoridation.

The Mayor and Members of Council received and filed the correspondence providing no
further direction.

Should you have any questions, please do not hesitate to contact the Office of the City
Clerk at Extension 1517.

//)
/"4.-' / . i
Gizeewdses

Bonnie Nistico-Dunk
City Clerk

REFERRAL TO
RECOMMENDED

DIRECTION REQUIRED
RECEIPT RECOMMENDED v
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From: Sprovieri, John Councillor [mailto:John.Sprovieri@brampton.ca]

Sent: March 31, 2017 3:24 PM

To: Dobush, Olha; Lockyer, Kathryn

Cc: 'nancy.polsenelli@peelregion.ca’; Loh, Lawrence; Parrish, Carolyn; Palleschi, Michael,
Moore, Elaine; Sprovieri, John; Downey, Johanna; Groves, Annette; Ras, Karen; Tovey, Jim;
Dale, Frank

Subject: FW: Alzheimer's.

Hi Katheryn,
Can you place these issue on the Agenda for our next Water Fluoridation Committee Meeting.
John.

Hello Olha,

F.Y.l. Can you have a look at the attached studies to discuss at the next Water Fluoridation
Committee meeting.

Also, it is my understanding that Health Canada list Fluoride as a Mineral Nutrient whereas the
U.S FDA does not recognize Fluoride as a Mineral Nutrient because no Toxicology studies have
been done on Fluoride to prove Its safety at any levels. As you may be aware, according to the
Clinical Toxicology of Commercial Products, Lead, Arsenic and Fluoride have similar Toxicity
levels. Yet, The EPA and MOE allows 400 times more Fluoride then Arsenic and 265 times
more Fluoride then Lead in our drinking water. Can you look into this matter, for discussion at
the next Community Water Fluoridation Committee.

It is also my understanding that when HFSA is added to the water supply, the Fluoride Eons that
are released from the HFSA bind to the heavy metals, such as Lead, Arsenic, Mercury, Radium
and Aluminum that are exists in HFSA.

From what | have learned, no Toxicology studies have been done to prove that these new Toxic
compounds are harmless to Infants that are bottle fed, People suffering from various health
conditions and seniors. Can you look into this matter for discussion at our next Water
Fluoridation Committee Meeting.

John Sprovieri

Regional Councillor for wards 9 & 10
City of Brampton

(905) 874-2610

Dear John,
Fluoride may bind with aluminium in tap water and aluminum is a common contaminant in
fluoridation chemicals. Aluminum fluoride is a disturbing many enzymes, particularly in the

brain. The study of Strunecka is very important in this field.

Mullenix, P. J. «A new perspective on metals and other contaminants in fluoridation
chemicals.» Int J Occup Environ Health. 2014; vol. 20(2): 157-166.

Varner, J.A., Jensen, K.F., Horvath, W., Isaacson, R.L. «Chronic administration of
aluminum-fluoride or sodium-fluoride to rats in drinking water: alterations in neuronal and
cerebrovascular integrity». Brain Res. 1998; vol. 784 (1-2):284-98.

Chabre M. «Aluminofluoride and beryllofluoride complexes: new phosphate analogs in
enzymology». Trends Biochem Sci. 1990;15(1):6-10.

REFERRAL TO

RECOMMENDED
DIRECTION REQUIRED

RECEIPT RECOMMENDED v
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Li L, Fleming N. Aluminum fluoride inhibits phospholipase D activation by a GTP-binding
protein-independent mechanism. FEBS Lett. 1999; vol. 458(3):419-23.

Strunecka A, Strunecky O, Patocka J. «Fluoride plus aluminum: useful tools in laboratory
investigations, but messengers of false information.» Physiol Res. 2002; vol. 51(6):557—
64.

Strunecka, A., Patocka, J., Blaylock, R. L., Chinoy, N.J. «Fluoride Interactions: From
Molecules to Disease». Current Signal Transduction Therapy; 2007; Vol.2 (3): 190-213.

Health Canada has never done toxicological tests on fluoride as a supplement, it has been
accepted as with the grandfather rules, being there before Health Canada ruling for drugs.

Hello Councillor,
As discussed please find the information below:
In Finland between 0.1 and 3.0 mg/L

Concentration of fluoride in groundwater in the EU is generally low, but there can be large
variation in the levels in natural drinking water between and within countries.

Thank-you,

Hello Councillor,

From multiple sources | received the same information that Finland does not add fluoride
artificially to their water anymore only one town allowed it from 1959-1992. However, some
fluoride does occur naturally through ground water.

Website: http://www.slweb.org/europe.html
Information: Finland

"We do not favor or recommend fluoridation of drinking water. There are better ways of
providing the fluoride our teeth need." (Paavo Poteri, Acting Managing Director, Helsinki Water,
Finland, February 7, 2000). www.fluoridation.com/c-finland.htm

"Artificial fluoridation of drinking water supplies has been practiced in Finland only in one town,
Kuopio, situated in eastern Finland and with a population of about 80,000 people (1.6% of the
Finnish population). Fluoridation started in 1959 and finished in 1992 as a result of the
resistance of local population. The most usual grounds for the resistance presented in this
context were an individual's right to drinking water without additional chemicals used for the
medication of limited population groups. A concept of "force-feeding" was also mentioned.

Drinking water fluoridation is not prohibited in Finland but no municipalities have turned out to
be willing to practice it. Water suppliers, naturally, have always been against dosing of fluoride
chemicals into water." (Leena Hiisvirta, M.Sc., Chief Engineer, Ministry of Social Affairs and
Health, Finland, January 12, 1996.) www.fluoridealert.org/finland.jpeg


http://ec.europa.eu/health/scientific_committees/opinions_layman/fluoridation/en/glossary/def/fluoride.htm
http://www.slweb.org/europe.html
http://www.fluoridation.com/c-finland.htm
http://www.fluoridealert.org/finland.jpeg
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Website: https://en.wikipedia.org/wiki/Fluoridation by country

Information: Finland

Only one community (with 70,000 people) was ever fluoridated, Kuopio.*g! Kuopio stopped
fluoridation in 1992.1%¢! |n regions with rapakivi bedrock (small, but densely populated regions),
22% of well waters and 55% of drilled well waters exceed the legal limit of 1.5 mg/l; generally,
surface and well waters have 0.5-2.0 mg/l fluoride in affected regions.?

Website: http://ec.europa.eu/health/scientific_committees/opinions layman/fluoridation/en/I-
2/1.htm

Information:

Concentration of fluoride in groundwater in the EU is generally low, but there can be large
variation in the levels in natural drinking water between and within countries. In Ireland, for
example, levels vary between 0.01 parts per million (ppm), or mg/L and 5.8 ppm, in Finland
between 0.1 and 3.0 mg/L and in Germany between 0.1 and 1.1 mg/L.

Thank-you,

From: Sprovieri, John Councillor

Sent: 2017/03/30 1:13 PM

To: Cheema, Reetu (Navreet) <Reetu.Cheema@brampton.ca>
Cc: Sprovieri, John Councillor <John.Sprovieri@brampton.ca>
Subject: Re:

Hi Navreet,
Can you check if Finland is Fluoridated or has high levels of Naturally occurring fluoride.
John.

Sent from my BlackBerry 10 smartphone on the Rogers network.

From: Cheema, Reetu (Navreet)

Sent: Thursday, March 30, 2017 12:17 PM
To: Sprovieri, John Councillor

Subject: RE:

Hello Councillor,

| was able to find data on the death rate of ALZHEIMERS/DEMENTIA per 100 000
people. Please see the information below, the Countries are in order of rank for highest death
rate to lowest.

ALZHEIMERS/DEMENTIA
Death Rate Per 100,000
Age Standardized



https://en.wikipedia.org/wiki/Fluoridation_by_country
https://en.wikipedia.org/wiki/Kuopio
https://en.wikipedia.org/wiki/Fluoridation_by_country#cite_note-NCFPR-48
https://en.wikipedia.org/wiki/Fluoridation_by_country#cite_note-66
https://en.wikipedia.org/wiki/Rapakivi
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http://ec.europa.eu/health/scientific_committees/opinions_layman/fluoridation/en/l-2/1.htm
http://ec.europa.eu/health/scientific_committees/opinions_layman/fluoridation/en/l-2/1.htm
http://ec.europa.eu/health/scientific_committees/opinions_layman/fluoridation/en/glossary/def/fluoride.htm
mailto:Reetu.Cheema@brampton.ca
mailto:John.Sprovieri@brampton.ca
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http://www.worldlifeexpectancy.com/cause-of-death/alzheimers-dementia/by-

WEBSITE country/
RANK COUNTRY RATE
1 Finland 53.77
2 United States 45.58
3 Canada 355
4 Iceland 34.08
5 Sweden 32.41
6 Switzerland 32.25
7 Norway 30.24
8 Denmark 29.53
9 Netherlands 29.32
10 Belgium 27.23
11 Spain 26.9
12 Australia 25.91
13 France 25.62
14 United Kingdom 24.35
15 Cuba 22.38
16 Chile 21.03
17 Uruguay 20.74
18 Israel 19.9
19 New Zealand 19.02
20 Ireland 17.7
21 Italy 16.96
22 Hungary 15.23
23 Malta 14.92
24 Luxembourg 14.17
25 Germany 13.39
26 Brazil 12.56
27 South Korea 12.32
28 Cyprus 104
29 Costa Rica 9.98
30 Iran 7.75
31 South Africa 7.67
32 Austria 7.41
33 Serbia 7.39
34 Trinidad/Tob. 7.25



http://www.worldlifeexpectancy.com/cause-of-death/alzheimers-dementia/by-country/
http://www.worldlifeexpectancy.com/cause-of-death/alzheimers-dementia/by-country/
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35 Bahamas 6.79
36 Maldives 6.71
37 Portugal 6.61
38 Latvia 6.46
39 Czech Republic 6.45
40 Argentina 6.44
41 Qatar 6.43
42 Solomon Isl. 6.42
43 Croatia 5.83
44 Swaziland 5.45
45 Arab Emirates 5.39
46 Fiji 5.34
47 Haiti 5.21
48 Equ. Guinea 5.15
49 Cape Verde 5.07
50 Lesotho 4.9
51 Jamaica 4.83
52 Botswana 4.75
53 China 4.71
54 Barbados 4.48
55 Iraq 4.41
56 Lithuania 4.33
57 Cameroon 4.26
58 Japan 4.23
59 Djibouti 4.23
60 Gabon 4.2
61 Estonia 4.05
62 Guyana 4.02
63 Senegal 3.93
64 Jordan 3.9
65 Mali 3.88
66 Namibia 3.84
67 Romania 3.82
68 Moldova 3.73
69 Bahrain 3.72
70 Panama 3.69
71 Ghana 3.56
72 Mexico 3.48
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73 Sierra Leone 3.47
74 Mauritania 3.43
75 Tanzania 3.38
76 Sri Lanka 3.36
77 Poland 3.36
78 Benin 3.31
79 Mozambique 3.3
80 Belize 3.3
81 Nigeria 3.29
82 Montenegro 3.27
83 Angola 3.24
84 Gambia 3.23
85 Uganda 3.17
86 New Guinea 3.09
87 Slovakia 3.04
8s Guinea-Bissau 3
89 Burkina Faso 2.95
90 Cote d Ivoire 2.95
91 Chad 2.94
92 Morocco 2.85
03 Comoros 2.82
94 Guinea 2.77
95 Kenya 2.76
96 Greece 274
97 Zimbabwe 2.7
98 Viet Nam 2.66
99 Belarus 2.65
100 Kazakhstan 2.64
101 Rwanda 2.63
102 Niger 2.57
103 Togo 2.54
104 Dominican Rep. 2.53
105 South Sudan 2.53
106 Malawi 2.5
107 Ecuador 2.46
108 Brunei 2.46
109 Congo 2.45
110 Albania 2. 44
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111 Sudan 2.4
112 Oman 2.38
113 Mauritius 2.33
114 Algeria 2.28
115 Liberia 2.26
116 Libya 2.24
117 North Korea 2.2
118 Venezuela 2.2
119 Zambia 2.19
120 Russia 2.17
121 Burundi 2.12
122 Eritrea 1.98
123 Central Africa 1.92
124 DR Congo 1.87
125 Somalia 1.84
126 Pakistan 1.78
127 Bolivia 1.77
128 Tunisia 1.77
129 Bhutan 1.7
130 Syria 1.66
131 Turkey 1.65
132 Nicaragua 1.63
133 Egypt 1.59
134 Madagascar 1.58
135 Bosnia/Herzeg 1.53
136 Lebanon 15
137 Ethiopia 1.48
138 Nepal 1.36
139 Guatemala 1.31
140 Ukraine 1.28
141 Paraguay 1.27
142 Colombia 1.24
143 Bangladesh 1.22
144 Saudi Arabia 1.21
145 Philippines 1.2
146 Indonesia 1.19
147 Slovenia 1.14
148 Honduras 1.12
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149 Armenia 1.11
150 Peru 1.03
151 Thailand 0.98
152 El Salvador 0.93
153 Yemen 0.92
154 Myanmar 0.85
155 Bulgaria 0.84
156 Turkmenistan 0.77
157 Malaysia 0.74
158 Macedonia 0.73
159 Laos 0.71
160 Mongolia 0.71
161 Timor-Leste 0.7
162 Afghanistan 0.65
163 Kuwait 0.6
164 Azerbaijan 0.47
165 India 0.46
166 Cambodia 0.46
167 Tajikistan 0.42
168 Kyrgyzstan 0.38
169 Uzbekistan 0.37
170 Georgia 0.25
171 Singapore 0.19
172 Suriname 0
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The global impact of dementia
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From: Sprovieri, John Councillor

Sent: 2017/03/30 11:10 AM

To: Cheema, Reetu (Navreet) <Reetu.Cheema@brampton.ca>
Cc: Sprovieri, John Councillor <John.Sprovieri@brampton.ca>
Subject:

Hi Navreet,

Can you see if there is data on the levels of dementia in European countries, Canada, U.S.
Britain, India, Australia and China.

John.

Sent from my BlackBerry 10 smartphone on the Rogers network.

Please review the City of Brampton e-mail disclaimer statement at:
www.brampton.ca/en/Info-Centre/Pages/Privacy-Statement.aspx
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Current Signal Transduction Therapy, 2007, 2, 000-000 1

Fluoride Interactions: From Molecules to Disease

Anna Strunecka'"", Jiri Patocka *, Russell L. Blaylock3 and Niloufer J. Chinoy“

!Department of Physiology and Developmental Physiology, Faculty of Science, Charles University in Prague, Czech Republic,
’Department of Radiology and Toxicology, Faculty of Health and Social Studies, University of South Bohemia, Ceske Budejovice,
Czech Republic, *Department of Biology, Belhaven College, Jackson, Mississipi, USA, *Department of Zoology, University School of

Sciences, Gujarat University, Ahmedabad, India

Abstract: Fluoride has long been known to influence the activity of various enzymes in vitro. Later it has been demonstrated that many
effects primarily attributed to fluoride are caused by synergistic action of fluoride plus aluminum. Aluminofluoride complexes have been
widely used as analogues of phosphate groups to study phosphoryl transfer reactions and heterotrimeric G proteins involvement. A num-

FINAL

ber of reports on their use have appeared, with far-reaching consequences for our understanding of fundamental biological processes.

Fluoride plus aluminum send false messages, which are amplified by processes of signal transduction. Many investigations of the long-
term administration of fluoride to laboratory animals have demonstrated that fluoride and aluminofluoride complexes can elicit impair-
ment of homeostasis, growth, development, cognition, and behavior. Ameliorative effects of calcium, vitamins C, D, and E have been re-
ported. Numerous epidemiological, ecological, and clinical studies have shown the effects of fluoride on humans. Millions of people live

in endemic fluorosis areas. A review of fluoride interactions from molecules to disease is necessary for a sound scientific assessment of
health risks, which may be linked to the chronic intake of small doses of fluoride and aluminum from environmental and artificial

sources.

Key Words: Fluoride, aluminofluoride complexes, G proteins, animal modeling, human exposure, neurotoxicity.

INTRODUCTION

The use of fluoride in laboratory investigations helped in the
discovery of glycolytic and Krebs-cycle pathways. The finding by
Rall and Sutherland in 1958 that adenylyl cyclase (AC) is activated
by fluoride started the era of new discoveries on signal transduction
processess [1-4]. During the last two decades, there are numerous
references of laboratory studies involving fluoride alone or in com-
bination with aluminum ions (A13+), mostly investigating its role as
a general pharmacological activator of G protein-coupled systems.
The effects of fluoride have been studied in many cells/tissues in
vitro and whole organisms in vivo. The expanding research provides
evidence that fluoride affects life processes from fertilization to
ageing, from gene transcription to cognition with powerful efficacy
[5, 6]. In addition to the interpretation of laboratory investigations
using isolated cells/tissues or animal models, many epidemiologi-
cal, ecological, and clinical studies have shown the effects of fluo-
ride on domestic animals and humans.

Dean’s reports formed the foundation of the concept that the
ingestion of fluoride will harden the surface of teeth and make them
less susceptible to dental caries [7, 8]. The artificial fluoridation of
drinking water as a way of preventing dental caries has been in
practice for over 50 years in several countries. The past 50 years
have seen a dramatic increase in the volume of man-made industrial
fluoride compounds released into the environment. Fluoridation of
drinking water as well as the use of aluminum sulfate as a flocculat-
ing agent in water treatment plants, in addition to the wide use of
fluoride and A" in medicine, industry, and agriculture, started the
era of supplementation of living environment with these ions as
never before in the history of human race [9, 10]. Dental fluorosis
as the sign of fluoride overload is endemic in at least 25 countries
across the globe. Millions of people live in endemic fluorosis area.
WHO recently estimated that 2.7 million people have skeletal
fluorosis in China, over 6 millions suffer this crippling bone disease
in India. Carlsson concerns about what increased fluoride levels
would do to the developing brain of newborn infants [11] have
gained renewed significance in light of recent findings concerning
fluoride and AI*" potential neurotoxicity.

The objective of our article is to provide a comprehensive re-
view of fluoride and aluminofluoride complexes interactions with
some components and processes of signal transduction. Such
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knowledge could help to increase scientific understanding of health
risks linked to the chronic but cumulative intake of small doses of
fluoride plus AI** from environmental and artificial sources.

MECHANISMS OF FLUORIDE ACTION

The highly electronegative fluoride ion with the same size and
the same valence orbital as oxygen became the useful laboratory
toolin our understanding of the biochemical and biophysical mecha-
nisms of enzyme catalysis underlying biological processes as me-
tabolism and signal transduction. Of particular interest is the ability
of fluoride to induce free radical generation and lipid peroxidation
in the brain.

1. The Effects of Fluoride on Metabolic Enzymes and Energy
Metabolism

The most important enzyme of carbohydrate metabolism inhib-
ited by fluoride is enolase, which changes 2-phosphoglycerate to
phosphoenolpyruvate and is intimately related to anaerobic produc-
tion of energy in glycolysis [12]. The inhibitory effect of fluoride
on enolase activity was later identified to be through competition
with magnesium (Mg”") [13]. The competition with Mg*" seems to
be also a mechanism of fluoride inhibition of the group of inorganic
pyrophosphatases, which catalyze one of the oldest and most
common reactions in cells [14, 15]. Fluoride interacts first with the
Mg®" on the enzyme in a readily reversible reaction causing a 90%
decrease of the catalytic activity. Thereafter, a slow isomerization
of the enzyme substrate complex takes place, resulting in a com-
plete loss of activity [16].

Lunardi ef al. [17] reported that the inhibition of mitochondrial
F-ATPase by fluoride requires the presence of Al*". Prior incuba-
tion with the AI** chelator deferoxamine markedly slowed inactiva-
tion, whereas adding 1 uM AICl; speeded it. Missianen et al. [18]
studied the fluoride effect on the Ca>’-Mg**-ATPase of the endo-
plasmic reticulum and provided evidence that the time course of
inhibition and the concentrations of fluoride and Al" required for
this inhibition differ for enzymes from different tissues. The
mechanism of fluoride inhibition of P-type cation-transport AT-
Pases has been suggested by the action of aluminofluoride com-
plexes (AlFx), which act as phosphate analogues [17-19].

The experimental evidence indicates that the effects of fluoride
on some metabolic enzymes might be attributed to the action of
fluoride alone. For example, fluoride has been often used as the
inhibitor of various tyrosine and serine/threonine protein phospha-
tases. Nevertheless, in many cases the biological activity of fluoride
is realized by synergistic action of fluoride plus AI*" [20-22]. Ta-

©2007 Bentham Science Publishers Ltd.
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bles 1 and 2 summarize the observed effects of fluoride on various
enzymes with indication of the requirements for Al*".

2. AIFx Intervention into Phosphoryl-Transfer Reactions

The average stoichiometry of AlFx depends on the fluoride
concentration and the pH of the solution [14, 84, 85]. For most of
the physiological and biochemical studies involving the putative
AIFx, the fluoride source is usually NaF and the A’ source is
AICl;. Moreover, AP is a frequent contaminant of commercial
chemicals and it can be picked up from the glass surface, depending
on the substance stored in the glass container [86]. The phenome-
nological observations seemed to verify that pH determines the
complexation state of AIFx [20, 87]. The theoretical calculation of
the Al**-fluoride predominance is demonstrated on Fig. (1). How-
ever, the exact structure and the proportions of species such as AIF
and tetrafluoroaluminate anion (A1F41') able to simulate PO,>" group
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in many biochemical reactions are still disputed [22, 88]. AP
forms stronger complexes with fluoride than with the other halides.
Out of 60 metal species, AI** is surpassed only by Sc** in forming
the stronger bond to fluorine [89]. AlF; is the most thermodynami-
cally stable compound of fluorine and AI**.

The ability of these complexes to simulate phosphate groups in
many biochemical reactions has been documented by numerous
studies. AlFx can bind to proteins by hydrogen bonds to the fluo-
rine atom just as with oxygen atoms of a phosphate ion. Analogies
between phosphate group and AIFx consist in atomic and molecular
similarities. The fluorine atom has the same size and the same va-
lence orbital as oxygen. Aluminum is close to phosphorus; their
valence electrons are in the same shell. An Al-F bond is the same
length as a P-O bond in phosphate, i.e.1.5 to 1.6 A. Like phospho-
rus, aluminum has possible coordination numbers of 1 - 6, due to
the possible hybridization of its outer shell 3p electrons with the 3d

Table 1. Inhibitory Effects of Fluoride on Enzymatic Activities. Al Dependency: Yes Means that AP is Required, not Required
(NR) Means that it has been Examined, not studied (NS) Means that the Presence of AP* Contamination is not Excluded

ENZYME SOURCE NaF AP REFERENCES
acid phosphatase ram semen 20-200 pM NS [23]
osteoblasts mM NR [24]
osteoclasts mM Yes [25]
bone marrow, kidney <0.5 mM NS [26,27]
aconitase liver mM NS [28]
adenylyl cyclase liver up to 10 mM Yes [29]
fibroblasts 5mM Yes [30]
AChE red blood cell 0.01-10 mM Yes [6]
brain 5-50 mM NS [31]
arginase liver, kidney >4 mM NS [32]
BuChe blood plasma 50 uM NS [33]
enolase red blood cell 1-50mM NR [13,34]
hepatocytes 3 mM NR [35]
embryonic cells 1ImM, 50uM NS [36]
oral bacteria 16-54 uM NS [37]
F-ATPase mitochondria mM Yes [17]
glucose-6-phosphatase liver uM Yes [38]
glycogen synthase hepatocytes 2-15 mM Yes [39]
IMPase fibroblasts mM Yes [40]
brain 20 mM NR [41]
lactate dehydrogenase ram semen 20-200 pM NS [23]
fetal osteoblast 6—60 UM NS [42]
bone marrow <0.5 mM NS [26]
lipase pankreas, liver 10 mM NS [12]
L-Ca® channels heart 10 mM NR [43]
Na'/K" ATPase plasma membrane 1-10 mM NR [44]
1-10 mM Yes [18]
kidney S5mM NS [45]
PKC retina mM Yes [46]
PLD liver, brain, lymphocyte mM Yes [47]
protein phosphatase liver 10 - 50 mM NR [48]
bone uM NR [49]
pyrophosphatase yeast 5mM NR [16]
pyruvate kinase red blood cell 10-50 mM NS [50]
succinate dehydrogenase heart, liver, kidney mM NS [51,52]
urease animal mM NS [12]
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Table2. Stimulatory Effects of Fluoride on Enzymatic Activities. Al Dependency: Yes Means that A
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I** is Required, not required

(NR) Means that it has been Examined, not Studied (NS) Means that the Presence of AP Contamination is not Excluded

ENZYME SOURCE NaF AP REFERENCES

adenylyl cyclase heart, liver, brain 10 mM NS [2]
lymphoma cell 10 mM Yes [53]
smooth muscle 10 mM Yes [48]

heart 1-10 mM Yes [54, 55]
turkey RBC 10 mM Yes [56]
brain 10 mM Yes [57]
kidney 10 mM Yes [58]

alkaline phosphatase bone cells 10-100 pM Yes [59, 60]
aspartate transaminase ram semen 20-200 uM NaF NS [23]
Ca®'-ATPase heart, muscle SR 1-10 mM NR [61]
¢ PIPsynthase liver 10mM NS [62]
cytidylate cyclase rat brain mM Yes [63]
ERK bone 1-10 mM Yes [64]
glu S-transferase ram semen 20-200 pM NS [23]
K'[ACh]y channel heart >l mM Yes [65]
K"ATP channel heart mM Yes [66]
lactate dehydrogenase hepatocytes 1-30 mM NS [67]
ram semen 20-200 uM NaF NS [23]
L-type Ca”" channel rabbit femoral artery 10 mM NR [48]
MAP kinases lung 5-7.5 mM Yes [68]

glycogen phosphorylase hepatocytes 1-50 mM augments [29, 69]
PI 3-kinase human HepG2 cells 30 mM Yes [70]

and HeLa cells

PKC lung 5-7.5 mM Yes [68]
macrophages mM NR [71]
PLA2 platelets 5-10mM Yes [72]
macrophages 5-10 mM Yes [73]
NR [71]
endothelial cells 5-20 mM Yes [74]

PLC hepatocytes 1-50 mM Yes [56,75]
RBC 1 mM Yes [76]
rabbit femoral artery 10 mM Yes [48]
astrocytes AIFx intracellulary Yes [77]
PLD platelets 5-10 mM Yes [78]
lymphocytes 10-40 mM NS [79]
rat atria 10 mM Yes [80]
canine cer. cortex AIFx only Yes [81]
tyrosine kinase osteoblasts 1-10mM Yes [82]
50-200 uM NS [83]
10— 100 pM Yes [59]

orbital. However, an important functional difference between a
phosphate group and the structurally analogous AlFx exists [20]. In
phosphate, oxygen is covalently bound to the phosphorus and does
not exchange with oxygen from solvent, while in the AIFx the
bonding between the electropositive AlI** and the highly electro-
negative fluorine is more ionic in character, allowing fluorine in the
bound complex to exchange freely with fluoride ions in solution.
While the reaction of a bound phosphate with orthophosphate is
endergonic and slow, the corresponding reaction with AlFx is rapid
and spontaneous.

3. Fluoride Effects on G Proteins

The finding that adenylyl cyclase (AC) is activated by fluoride
made no sense in molecular terms at the time [1, 2]. The break-

through for explanation of the fluoride effects on G proteins led to
the observation that AI’" is a requirement for activation of the
regulatory component of AC by fluoride [53]. Of 28 other metal
tested, only beryllium could substitute for AI*".

The liver membranes, multi-receptor fat cell system, and the
light-activated rhodopsin system provided the first insight that AC
is both inhibited and stimulated by two independent processes in-
volving GTP and fluoride [90-92]. In a detailed study of the light-
activated rhodopsin system it was suggested that hydrolysis of GTP
is a very rapid process, whereas the rate limiting step is the release
of inorganic phosphate from its binding sites on transducin, the G
protein responsible for activation of phosphodiesterase (PDE) in
rod outer segments. Thus arose the nomenclature now popularly
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Fig (1). Dependency of the complexation state of AIFx on pH and fluoride concentra-
tion for A" 10 uM.

known as G, G, and G; classes [93]. Beginning with transducin it
emerged that G proteins are constructed of three types of subunits,
an o-subunit uniquely capable of binding and degrading GTP and a
tightly knit complex of B- and y-subunits. This discovery, eventu-
ally established for all G proteins coupled to receptors [3], opened
up a new chapter in signal transduction, which, in recent years, has
helped to explain the pleiotropic actions of hormones.

Fluoride Plus AF*: the Tools in the Discovery of the Role of G
Proteins

Gilman and co-workers [3, 53] found that the target of the AC
activation by fluoride was a heterotrimeric G protein and suggested
that the active stimulatory agent was AlF;. The demonstration that
fluoride activation of transducin correlated with the stoichiometric
binding of one AP to transducin-GDP [19] also led to the
suggestion that it is AIFx, which interacts directly with the B-
phosphate of GDP. As the heterotrimeric G proteins are activated
when they go from the GDP-bound to the GTP-bound state, Chabre
[20] suggested that AIFx mimics the role of the y-phosphate only if
the B-phosphate is present and remains unsubstituted on its oxygen.
The effect is more readily seen with G proteins because GDP is
always tightly bound in the nucleotide site of the protein.

Structures of G, and G; have been solved in their GTP-, GDP-
and AlFx-liganded states [93]. Go-subunit is composed of essen-
tially two distinct domains, a Ras-like GTPase domain and a pre-
dominantly helical domain that is unique to the Go-subunit. The
bound guanine nucleotide is held at the interface of these domains.
In the GTP-bound state, the switch regions are held in place by
contacts to the terminal y-phosphate of the nucleotide, whereas
these regions appear to be less ordered in crystals of the GDP-
liganded G proteins. The determination of the three-dimensional
structures of heterotrimeric G proteins bound to GDP and AlFx [94,
95] confirmed that AlFx is located in the y-phosphate-binding site
of these proteins. The studies of the crystal structures of nucleotide
binding proteins complexed with fluoride and AI’" indicate that
factors other than pH, such as the location of positively charged
amino acid of the active site of the phosphoryl-transferring enzyme
may cause deviation from the strict pH dependence of AlF; versus
AIF," in biological systems [22].
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AlFx as Pentavalent Transition State Mimic

The assumption that AIFx acts through its tetrahedral phos-
phate-like complex was supported by the analogy with beryllium
because all beryllium complexes are strictly tetrahedral and cannot
take on the pentavalent conformation adopted by phosphate in tran-
sition states [20]. However, both ATPase and GTPase pathway
must go through a pentacoordinated transition state for the -
phosphate. The later studies of the crystal structures of nucleotide
binding proteins brought evidence that AIFx may also act as the
phosphoryl transfer transition state analogue with a pentavalent
phosphorus [22]. The X-ray crystallography of heterotrimeric G
proteins bound to GDP and AlFx [94, 95] brought evidence that
AIF,"" seems to be the active site species. A" is bound to four fluo-
ride ligands in a square-planar coordination with two oxygen
ligands at the apical position of the resulting octahedron (Fig. 2).
One oxygen ligand is the y-phosphate oxygen, the leaving group in
the transfer reaction, whereas the other is the oxygen from water
believed to represent the attacking nucleophile of the hydrolysis
reaction. The structure determination both supports the conclusion
that AIF," binding mimics the transition state of the reaction. The
structures of the two metabolic enzymes nucleoside diphosphate
kinase and uridylate monophosphate kinase unexpectedly indicate
that AlF; is the transition state mimic [87, 96]. The reason for the
differences is not clear at present; however, a pentavalent aluminum
more closely resembles the real transition state of the phosphoryl
transfer reaction.
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Fig.(2). Conformational changes of the y-phosphate in a phosphoryl-transfer
reaction transition state a) and various species of AlFx: b) AIF,", c) AlF;. Dotted
lines indicate that the degree of bond making and bond breaking determines whether
the transition is more dissociative, with a metaphosphate-like intermediate, or associa-
tive, with a pentavalent intermediate. Charges have been omitted for clarity. N =
guanosine or adenosine.

Fluoride and GTPase Activating Proteins

The GTPase activity of Ga-subunit is regulated by accessory
proteins "regulators of G protein signaling" (RGS). The RGS pro-
teins may bind to Go-subunits accelerating the rate of GTP hy-
drolysis. The results from a growing number of reconstitution stud-
ies indicate that RGS proteins act as GTPase activating proteins
(GAPs) of Go-subunits [93]. The intrinsic GTPase activity of the
o-subunit determines the lifetime of the active state of the G protein
[4]. Biochemical evidence showed that GAPs bind with higher
affinity to G-GDP-AlFx complex of Go-subunits than to the triphos-
phate state of G protein, indicating that GAP stabilizes the transi-
tion state of the GTPase. This was confirmed by the three-dimen-
sional structure of the GAP-G;;-GDP-AIF, complex determined by
X-ray crystallography, in which GAP contacts the regions of G;o.-
subunit involved in GTP hydrolysis [97].
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These findings are complemented and highlighted by the deter-
mination of the structure of a complex between RasGAP and
Ras‘GDP in the presence of AP and fluoride ions [98]. The proto-
oncogene product Ras is a small G protein that is a component of
intracellular signaling pathways involved in cell growth and division.
It has a very low intrinsic GTPase reaction rate that is stimulated
105-fold by RasGAPs that downregulate the accumulation of
Ras'GTP. Ras binds AlFx only in the presence of RasGAP, and an
efficient GTPase site is only created by the addition of stoichio-
metric amounts of RasGAP [22]. It shows that, in this case AlF;
forms a pentagonal bipyramid, with the fluorides forming the
trigonal base with two apical oxygen ligands. The authors suggest
that RasGAP stabilizes the transition state by neutralizing developing
charges on the y-phosphate during phosphoryl transfer.

Subsequently, similar studies demonstrated that several classes
of small G proteins can interact with their respective GAPs in the
presence of AIFx. Vincent ef al. [99] reported the ability of fluoride
to promote a high-affinity complex between the Ras-related RhoA
GTPase and the pl190 RhoGAP. Surprisingly, they found that
formation of this high affinity complex does not require either A’
or guanine nucleotide. The possibility of AI'* contamination was
examined by the addition of the chelating agents, EGTA and
deferoxamine, which can bind AP**. The chelators did not detectably
affect the observed NaF-dependent RhoA-p190 complex. These
authors therefore suggested a distinct mechanism of transition state
stabilization of small G proteins by fluoride that is not consistent
with the phosphate analogue model. However, AlFx can stabilize
complexes formed between Ras and RhoA and their corresponding
GAPs [100]. AlFx can convert a small G protein Arfl- GDPcom-
plex into an active conformation in vitro and in vivo.

4. The Excitotoxic Process

High fluoride levels cause accumulation of large amounts of
free radicals and peroxides by inhibiting superoxide dismutase and
glutathione peroxidase activities [101]. It mainly causes denatura-
tion of proteins and peroxidation of membrane lipids with increased
permeability of cell membrane. Fluoride and AIFx are both known
to generate reactive oxygen and nitrogen species (ROS and RNS)
and lipid peroxidation (LPO) products [102-105], which have been
shown to enhance excitotoxic damage.

There is compelling evidence that excitotoxicity plays a major,
if not central, role in a number of neurodegenerative diseases as
well as environmental toxicities. Glutamate and aspartate constitute
the major excitatory neurotransmitters in the central nervous system
(CNS). At low concentrations for brief periods of time, glutamate
acts as a neurotransmitter and can even have neurotrophic effects.
Yet, higher concentrations over a longer period of time are associ-
ated with a series of reactions that can lead to synaptic disruption,
dendritic retraction or cell death via necrosis and/or apoptosis. Syn-
aptic loss and dentritic retraction are the earliest reactions and can
occur at doses of glutamate below those needed to produce neuron
death. Intense, or prolonged interactions of glutamate, or other exci-
tatory molecules, with the glutamate receptors can initiate a series
of other destructive reactions that include ROS and/or RNS (espe-
cially peroxynitrite), LPO products, the proinflammatory ecosanoid
pathways, immune hyperactivity and depressed mitochondrial en-
ergy production.

Glutamate receptors are divided into ionotropic (ion-gated) and
metabotropic receptors. The inotropic receptors consist of NMDA,
AMPA and kainate receptors, each with a specific gating mecha-
nism, distribution and physiological activity. Yet, all three are
modulated through direct phosphorylation by both serine/threonine
and tyrosine kinases. These ionic receptors have been further char-
acterized by a number of subunits through cloning techniques to
include specific patterns of these subunits. For example, NMDA is
composed of NR1 and one or more of the NR2A-D subunits.
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AMPA is composed of GluR1-4 and kainate is encoded by GluR5-7
subunits. These subunits greatly increase the specificity and diver-
sity of reactions possible. In addition to the ionic receptors there are
three classes of metabotropic glutamate receptors with eight sub-
types thus far identified. These receptors are seven-a-helix recep-
tors connected to G proteins. In the excitatory synapse the me-
tabotropic receptors are arranged along the periphery of the post-
synaptic density, with the ionic receptors within the core [106].
Gegelashvili and co-workers [107] demonstrated that metabotropic
receptors play a modulatory role on the glutamate transport system.
The AlFx complex can activate these receptors since they are oper-
ated by G protein systems.

There is an intimate interaction between the metabotropic re-
ceptors and NMDA and AMPA receptors, allowing rapid modula-
tion of the excitatory unit. Recent studies indicate that group I and
II metabotropic receptors can enhance excitotoxicity through their
regulatory effects on the NMDA receptor [108]. Within the post-
synaptic density there also exist actin, tubulin, scaffolding proteins
and an array of regulatory molecules such as protein kinase A
(PKA), protein kinase C (PKC) and protein phosphatase-1. These
help direct the information intracellularly and amplify and sharpen
the signal.

Because glutamate is excitotoxic when existing in the extracel-
lular space, a glutamate gradient ratio of intracellular to extracellu-
lar concentration of 1000 to 1 exist in nervous tissue. This gradient
is maintained by a sodium-coupled, high affinity transport system
on both the membranes of nerve terminals and fine astrocytic proc-
esses. Cloning techniques have identified five glutamate transport-
ers [109]. The interactions between various types and subtypes of
glutamate receptors, second messenger molecules, eicosanoid me-
tabolites, ROS, RNS, and phosphorylating enzymes makes control
of these protective systems extremely complex. Brain protection by
the glutamate transport system has been shown to be vulnerable to a
number of toxicities, including free radicals, cytokines, arachidonic
acid (AA), proinflammatory eicosanoids and AP [110]. When
overactivated, glutamate ionic receptors trigger a series of intracel-
lular events that include PKC activation with phosphorylation of
PLA,, which in turn catalyzes the release of AA from the plasma
membrane [111]. This triggers the proinflammatory eicosanoid
pathways, leading to microglial activation, inflammation, cytokine
release and oxidative stress.

By opening the Ca** pore through activation of the NMDA
receptor, the rising cytosolic Ca®" level ([Ca2+]i) activates inducible
nitric oxide (NO) synthetase, leading to accumulating concentra-
tions of NO. In conjunction with the elevation of superoxide gener-
ated by eicosanoid activation and other radical activators, we see a
reaction between superoxide and NO that produces the very de-
structive peroxynitrite radical. Peroxynitrite has been shown to
damage mitochondrial energy-producing enzymes, mDNA and
mitochondrial membranes, leading to low cellular energy levels
[111]. With severe damage to the mitochondria, cytochrome c is
released into the cytosol, which activates caspase 3, leading to
apoptosis. Peroxynitrite, along with the hydroxyl radical, have also
been shown to inhibit the glutamate transport proteins, thereby
further increasing extracellular levels of glutamate [110, 112]. This
viscous cycle leads to increasing synaptic and dendritic damage and
eventual neuronal death. Toxicity of AI**, fluoride and AlFx have
all been shown to be connected to these various processes. Further
interactions of fluoride and AlFx have recently been reviewed
[1o17.

THE EFFECTS OF FLUORIDE AND ALFx ON VARIOUS
CELLS/TISSUES IN VITRO

The use of fluoride in medicine opened the need to study the
effect of fluoride on various biological processes. The effects of
fluoride in vitro have been thus studied in most of the cells/tissues
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of animal or human organisms. Fluoride activation in the presence
of trace amount of AI’" has been often used as evidence for in-
volvement of a heterotrimeric G protein in a system [5, 22]. Many
of these studies also provide evidence that fluoride influences vari-
ous functions and biochemical reactions of many cells and tissues
of the animal kingdom. On the other hand they provide evidence
about the pharmacological efficacy of fluoride and a small mole-
cule, which is AIFx.

1. Photoreceptor Cells

The retinal transducin cascade represents the most accessible G
protein system to study. The cGMP PDE plays a central role in
visual excitation in vertebrate rod photoreceptor cells. Absorption
of a photon by the photopigment rhodopsin leads to activation of
the PDE which, in turn, catalyzes the hydrolysis of cGMP, causing
closure of cGMP-gated cation channels and hyperpolarization of
the cell membrane [113]. Bigay ef al. [19] demonstrated that AIFx
activate stoichiometric amounts of transducin in the micromolar
range. This activation requires the presence of GDP in the nucleo-
tide site of transducin o-subunit. Purified o-subunit activates puri-
fied cGMP PDE in the absence of photoactivated rhodopsin and in
the presence of fluoride plus AI’". It has been reported that trans-
ducin serves as a high affinity substrate for PKC in its native form
in intact rod membranes. Sagi et al. [46] reported that AlFx inhib-
ited PKC mediated phosphorylation of purified transducin o-
subunit.

2. Hepatocytes and Liver

Hepatocytes maintain responsiveness to hormones and serve as
model cells equipped with very complex biochemical pathways.
The stimulation of glycolysis by vasopressin, angiotensin II, and
o, -adrenergic agonists is mediated in the liver through the increase
of the [Ca>']; [29, 69, 75]. It has been demonstrated that the phos-
phoinositide (PPI) signaling pathway [114, 115] is activated and
involved in these events.

Blackmore with coworkers [39, 75] demonstrated in their stud-
ies that the treatment of isolated hepatocytes with NaF produced the
efflux of Ca®’, rise in [Ca®'];, the decrease in phosphatidylinositol
4,5-bisphosphate (PIP,) content, the increase in inositol 1,4,5-
trisphosphate (Ins(1,4,5)P;) and diacylglycerol (DAG). The lower-
ing of cAMP induced by AlFx was mediated by the G;. AICl; po-
tentiated the effects of low doses of NaF (2-15 mM) and deferox-
amine abolished this potentiation, Fluoride in the presence of AI**
thus mimicked the action of Ca2+—mobilizing hormones glucagon
and vasopressin in hepatocytes. Vasopressin-stimulated Ins(1,4,5)P5
formation was evident in the presence of GTP or GTP(S) in a puri-
fied rat liver plasma membrane preparation. The effects of sub-
maximal doses of AlFx were potentiated by submaximal doses of
glucagon, vasopressin, angiotensin II, and o,-adrenergic agonists.
The conclusion was made that AIFx mimics the effects of Ca>" mo-
bilizing hormones by activating the G protein, which couples the
hormone receptor to PLC.

Fluoride has been used as the laboratory tool for the study of
prostaglandylinositol cyclic phosphate (cPIP), which is endogenous
cAMP antagonist [62]. NaF activates the plasma membrane-bound
enzyme cPIP synthase, which combines prostaglandin (PG) E and
inositol phosphate to cPIP. Preincubation of liver plasma mem-
branes with the tyrosine kinase src kinase causes a 2-fold increase
of cPIP synthase activity. The authors conclude that inactivation of
the enzyme is connected with protein tyrosine defosforylation. The
cPIP degrading activities have been found in all rat tissues tested,
but are highest in the liver and lowest in the brain [116]. Inhibition
of PG synthesis by the drug indomethacin suppresses the synthesis
of cPIP in rat liver and leads to a metabolic state comparable to
diabetes type 2 [117]. These authors also observed the stimulation
of cAMP synthesis by fluoride in indomethacin-treated rats. Fluo-
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ride in the presence of AI’* thus affects the liver as an organ in-
volved in glycogenolysis, fatty acid oxidation, and lipolysis.

3. Cells of Blood and Immune System

The investigators in the first three decades of the last century
tried to solve the simple question whether fluoride stimulates clot-
ting of blood, attributing fluoride effect to a retardation of glycoly-
sis [12]. Multiple external signals and signaling systems that are
involved in the function of various blood elements were described
during the past three decades [118].

Platelets

The majority of platelet physiological agonists stimulate the
breakdown of PIP,, the generation of Ins(1,4,5)P; plus DAG,
and mobilization of [Ca®']; from the dense tubular system [119].
Following the increased [Ca2+]i induced by Ins(1,4,5)P;, the Ca*"-
dependent PLA, releases AA from membrane phospholipids and
thromboxane (TX) synthesis is activated. Activation of platelets is
connected with shape changes. Rendu et al. [78] observed that
incubation of platelets with NaF (5-10 mM) induced only slight
morphological changes. Addition of 10 pM AICl; resulted in aggre-
gation. One minute after addition of AICl;, most of the granules
were concentrated in the center of the cell, but some were extruding
their contents by direct exocytosis. According to authors, this
observation suggests that the active species for platelet activation
was AlIF,"".

Padfield et al. [120] examined the effect of AIFx on G protein
control secretion from a- and dense-core granules in human platelets.
As shown for permeabilized platelets, Ca’* alone stimulated a
concentration-dependent increase in 5-hydroxytryptamine (dense-
core-granule marker) and platelet-derived growth factor (a-granule
marker) release. Neither GTP(S) nor AlFx appeared to have a
significant effect on Ca*'-dependent release from o- and dense-core
granules. GTP(S) stimulated Ca®'-independent release from both oi-
and dense-core granules. In contrast, AIFx had no effect on Ca*'-
independent release from either - or dense-core granules. Padfield
with co-workers based their interpretation on the presumption that
GTP(S) can activate both heterotrimeric and small G proteins in
platelets, whereas AlFx activates only heterotrimeric G proteins and
suggested that the secretion is regulated by a small G protein in the
human platelets.

Red Blood Cells (RBC)

RBC provided the model for the discovery of fluoride inhibition
of enolase in vitro. A significant reduction in the content of ATP
and ADP and an increase in the content of AMP in RBC was also
found in rats after 4 weeks of exposure to 4 or 16 ppm NaF [121].

Avian RBC have contributed enormously to our understanding
of B-adrenergic regulation of AC via the G protein and understand-
ing the mode of activation of PLC by a G protein [56, 122]. Gy 10
subunit has been purified, sequenced and cloned from turkey RBC
[123]. This protein has the capacity to activate PLC in an AIFx-
dependent manner. Reconstitution of [*Hlinositol-labeled turkey
RBC membranes with G protein B/y-subunits resulted in inhibition
of AlFx-stimulated PLC activity and in AlFx-stimulated AC activ-
ity [124].

Plasma membrane of human RBC is not equipped with receptor
molecules. The question of why human RBC maintain a high turn-
over rate of PPI remains unanswered. Surprisingly, the presence of
G proteins and PLC was reported [118]. However, no physiological
agonist evoking PLC activation has been found. Fluoride in the
presence of AI’* seems to be one of the rare stimuli, which is able to
activate PLC, to induce PPI hydrolysis and, in parallel, to evoke
shape changes of human RBC [76]. AlFx increased the level of
Ins(1,4,5)P; and released Ca*" from the RBC plasma membrane.
Shape changes and disorganization of the tubulin structure were
observed. It has been reported that AIFx may impair the polymeri-
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sation-depolymerisation cycle of tubulin coupled to the hydrolysis
of bound GTP into GDP [20]. AlFx can bind to tubulin molecules
in GDP-f phosphate and thus mimic the GDP+P intermediate state.
Their binding affinity is three fold higher than that of phosphate.

Neutrophils

Rapid and dynamic changes of the actin network are of vital
importance for the motility of human neutrophils. AIFx, in combi-
nation with GDP, stimulates actin assembly in electropermeabilized
neutrophils and could be totally abolished by GDP(S) [125, 126].
This effect parallels an increase in [Ca*];, indicating that PLC is
activated. The binding of ligands to chemoattractant receptors in
human neutrophils resulted in a rapid association of these receptors
with a cytoskeletal fraction and a specific activation and release of
Gjo-subunits from this fraction. Sarndahl ef al. [127] observed that
GTP(S) or AlFx not only caused a release of Gjti-subunits from the
cytoskeleton but also an association of chemoattractant receptors
with the cytoskeleton. Adhesion and chemoattractant receptors are
known to trigger activation of the small G protein Ras in human
neutrophils, but the signaling mechanism that activates Ras has
only been partially elucidated [128].

Lymphocytes

Lymphocytes with their central role in immunity attract a great
deal of laboratory investigations. The binding of antigen to the mul-
ticomponental T cell receptor activates several signal transduction
pathways. Activation of PLC represents one of them. T cell recep-
tor activation has been shown to cause an increase in tyrosine phos-
phorylation [129]. Regulation of the development of thymocytes
into mature T cells within the thymus is now known to involve
antigen-induced deletion, by apoptosis, of potentially autoreactive
thymocytes. Stimulation of immature thymocytes or of mature T
cells through their T cell receptor complex activates PLC. The
treatment of thymic lobes cells with fluoride in the presence of AI**
provoked apoptosis of a wider range of thymocyte subtypes and
such stimulation also provoked an accumulation of inositol phos-
phates (InsPs). The responses to AIFx were not prevented by inhibi-
tors of tyrosine kinases, suggesting that unidentified G proteins,
which couple to PLC activation may also be capable of initiating
apoptosis by a route independent of the T cell receptor. AIFx stimu-
lated PLC activity and PPI turnover was observed in resting T cells
of autoimmune-prone mice, mature L3T4" and Lszr double-negative
T cells from normal thymus, and from enlar2ged lymph nodes of
autoimmune-prone mice [130]. Increased [Ca” ]; induced by AIFx
has been observed in cloned helper T lymphocytes.

AlFx mimicked CD2-, CD3-, and CD43- mediated Ca’" re-
sponses in T lymphocytes derived from human peripheral blood and
in leukemic T cell line [131, 132]. Later studies revealed that NaF
augments the human lymphocyte response from human blood to a
mitogen (phytohemagglutinin, PHA) or a specific morbilli antigen
[133]. The cytokine interferon-y released from activated human T
lymphocytes and/or NK cells, was significantly increased when
whole blood cells were simultaneously incubated with fluoride. The
authors suggest that the ability to influence interferon-y release
during an immune response could be one of the primary means by
which the fluoride ion influences the immune system.

AlFx enhanced eicosanoid synthesis in macrophages [73]. NaF
led to in situ activation of PLC, PKC, and PLA,. NaF was shown to
reduce intracellular ATP levels, to suppress agonist-induced protein
tyrosine phosphorylation, and ROS formation. Addition of AICl; or
deferoxamine had little or no effect on NaF-mediated enzyme acti-
vation. Goldman et al. [71] therefore suggested that at least some of
the pleiotropic effects of fluoride in intact macrophages might not
be mediated by G protein activation but rather by depletion of ATP.

4. Heart

Fluoride and AlFx stimulate AC activity in the heart [2, 54, 55].
Hrbasova et al. [55] reported that the stimulation of AC activity
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was 6 times higher after the addition of 10 mM NaF + 500 uM
AICl; than the stimulation by GTP and 4.4 times higher than the
stimulation by isoproterenol in the right ventricle. It seems, that
G o-subunit is involved in mediating fluoride stimulation of cardiac
AC. In rat atria the rate of fluoride-induced PLD activation (and
mass production of DAG) was maintained for at least 60 min [80].
Experimental evidence suggests that the myocardial PLD-PA phos-
phohydrolase-signaling pathway may regulate Ca’" movements and
contractile performance of the heart. Williams ef al. [134] sug-
gested that the increased production of DAG by PA phosphohydro-
lase might lead to impairment of Ca®" homeostasis associated with
cardiomyopathy.

Yatani et al. [65] studied a mechanism of fluoride activation of
G protein-gated muscarinic atrial K channels. They applied KF to
the cytoplasmic face of inside-out membrane patches excised from
guinea pig atria. Fluoride activated sin%le K'[ACh] channel currents
in both a concentration- and a Mg~'-dependent manner, while
deferoxamine inhibited this activation. At low concentrations of KF
(<1 mM), micromolar AI*" potentiated KF stimulation. When ATP
closed cardiac ATP-sensitive K channels, activators of endogenous
G proteins, GTP, GTP(S), or AlFx stimulated channels [66]. Fluo-
ride (1-75 mM) also increased the activity of the L-type
Ca®'channel dose-dependently [135]. Fluoride had no effect on the
Ca®" channel activity when the myocytes were pretreated with a
potent inhibitor of protein kinases, indicating that fluoride increased
the Ca’'channel activity via modulation of the phosphorylation
state of the channel protein.

5. Kidney Cells

Fluoride has been considered to be a nephrotoxic substance.
The effects of fluoride plus A’ on the kidney have been studied in
vitro using glomerular mesangial cells, proximal tubular cells, and
the collecting tubule cells of rat kidney. The transepithelial move-
ment of fluids, electrolytes, and larger molecules is achieved by the
activity of specialized transporting proteins, including enzymes,
receptors, and channels, that are located on either the apical, basal,
or lateral plasma membrane domains of kidney epithelial cells [136,
137]. Fluoride and AI*" in kidney tubular cells were found to affect
ion transporting processes, stimulate AC, inhibit amiloride-sensitive
Na'/H" exchange regulated by cAMP-dependent protein kinase,
enhance epidermal growth factor-stimulated PG production, and
mimic vasopressin and bradykinin induced Ca>* mobilization. Acid
phosphatases were suggested as the potential cellular targets of
fluoride action in the renal tissue [27]. A 9.3 fold peak increase in
the AC activity was observed in the basolateral membranes incu-
bated with fluoride plus AP [58]. Exposure of intact cells of the rat
inner medullary collecting tubule to fluoride enhanced both basal
and epidermal growth factor-stimulated PG production in the pres-
ence of A" [138]. After 24 h of exposure, 5mM fluoride decreased
cell number (-23%), total protein content (-30%) and increased
LDH release (+236%) in human and rabbit collecting duct cells and
Henle’s loop. The Na'/K™ ATPase activity was inhibited (-58%)
[451.

6. Lung Endothelial Cells

Lung inflammatory response has been observed as the symptom
of fluorine intoxication. Lung endothelial cells (EC) play an
important role in the inflammatory process by releasing cytokines
in a complex cell to cell network. Interleukins (IL) are important
mediators of this cell signaling. Exposure to fluorides can induce
inflammatory reactions, cell cycle arrest, and apoptosis in different
experimental systems. NaF has been reported to induce a strong IL-
8 response in human lung EC via mechanism that seems to involve
the activation of G proteins [68]. NaF induced sustained increase in
PKC activity. In contrast, the PKC activator TPA induced a
relatively strong, but transient effect and augmented the NaF-
induced PKC activity. Inhibition of the mitogen-activated protein
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kinase (MAPK) p38 partially reduced the IL-8 response to NaF.
The NaF-induced IL-8 response was weakly augmented by
forskolin and the G; inhibitor pertussis toxin. These data suggest
that NaF-induced increase of IL-8 in human lung EC involves
PKC- and MAPK p38-linked pathways.

The inhibition of proliferation by NaF in the human lung EC
line was observed [139]. NaF induced apoptosis with a maximum at
5-7.5 mM after 20 hours of exposure. The number of cells with
plasma membrane damage increased moderately up to 5 mM, but
markedly at 7.5 mM. Deferoxamine almost completely prevented
the NaF-induced responses, which may suggest a role for G protein
activation. NaF induced a weak but sustained increase in PKC
activity. Using various pharmacological tools these authors
concluded that activation of MAPK p38 and c-jun-NH,-terminal
kinase (JNK) are involved in the NaF-induced apoptosis. The tyro-
sine kinase inhibitor genistein also markedly reduced the NaF-
induced apoptosis, whereas the phosphatidylinositol 3-kinase (PI 3-
K) inhibitor wortmannin augmented the response.

7. Brain

Fluoride, AIFx and AP are all known to interfere with a num-
ber of glycolytic enzymes, including enolase, phosphofructokinase,
aconitase, pyruvate dehydrogenase and ATPase. A" has been
shown to inhibit pyruvate dehydrogenase with a resulting decline in
acetyl-CoA. This results in a significant suppression of cellular
energy production [140]. NaF has been shown to inhibit glycolytic
enzymes in vitro, with a loss of mitochondrial membrane potential,
caspase 3 and 9 elevation, DNA fragmentation and eventual apop-
tosis [141]. A number of studies have shown that when neuronal
cellular energy production and/or Mg2Jr are deficient, no matter the
cause, excitoxicity is greatly enhanced - so much so that even
physiological levels of glutamate or other excitatory amino acids
can produce excitotoxicity [142]. There is compelling evidence that
excitotoxicity plays a major, if not central, role in a number of neu-
rodegenerative diseases. It is known that elevation of ROS, RNS,
and LPO products act as nonspecific activators of glutamate trig-
gered excitotoxicity in the brain. Likewise, both fluoride and AlFx
are known to increase brain oxidative and nitrative stress and LPO.
Because of the intimate link between elevations in brain ROS and
RNS and LPO products and excitotoxicity, we can be confident that
the latter process most likely plays a critical role in fluoride neuro-
toxicity.

The family of cell-surface receptors that require coupling to G
proteins is vast and diverse in the brain [143, 144]. PPI was shown
to turn over rapidly in the brain and participate in many processes
of neurotransmission. Fluoride salts in the presence of AI’" have
been often used to stimulate PPI hydrolysis in laboratory experi-
ments in vitro. The ability of AlFx to mimic the effects of Ca’'-
mobilizing hormones suggests the coupling of hormone receptors to
PPI breakdown through G proteins [145].

Impaired Glutamate Reuptake

Direct toxicity of fluoride or AlFx to the major glutamate trans-
port proteins, GLAST and GLT-1 has not been shown, mainly be-
cause no one has looked at the possibility. The brain contains five
sodium-coupled, high affinity glutamate transport proteins [146]. It
is known that PKC plays a vital role in the availability of glutamate
transport molecules [147] as well as those for serotonin [148],
GABA [149], norepinephrine [150], and dopamine [151]. Because
fluoride is known to stimulate activity of PKC, one would expect
elevations in fluoride to improve glutamate clearing by the gluta-
mate transport proteins. Yet, fluoride and AlFx are both associated
with significant induction of ROS and LPO products that are known
to inhibit glutamate transport proteins as discussed above. In addi-
tion, both induce the release of AA from cell membranes, and AA
is a rather potent inhibitor of glutamate transporters as well [152].
In addition, PKC is known to play a role in microglial activation
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and glutamate release [153], as well as a central role in glutamate
toxicity [154]. Blocking PKC significantly reduced excitotoxic
damage in vitro.

It has also been shown that PI 3-K plays a modulatory role in
glutamate transporter activity as well. Davis et al. [155] demon-
strated that PI 3-K inhibitor wortmanin inhibited glutamate uptake
in a glioma cell line by 35%, indicating less than complete control.
This represents another phosphorylation reaction that could be in-
fluenced by AIFx. P13-K is upstream to PIP,, which forms Ins(1,4,5)
P; and DAG, regulators of intracellular Ca®>" and PKC activation,
respectively. Guillet ef al. [156] found PKA, PKC and PI 3-K to all
to be involved in glutamate uptake. In addition, direct phosphoryla-
tion of GLAST-1 has been shown to inhibit its activity [157].

Hypomagnesmia

Zeevalk and Nicklas [158] found that the potency of glutamate
excitotoxicity was enhanced two to five-fold in the absence of Mg”"
and that it reduce the minimal concentration of agonist needed from
25 uM to 5 pM and 300 pM for NMDA and 300 pM to 10 pM for
glutamate. As we have seen, fluoride and AlFx stimulate PKC ac-
tivity. One study found that activation of PKC enhanced excitotox-
icity and appeared to do so, at least in part, by interfering with Mg**
blockade of the NMDA receptor [159]. It has also been shown that
Na'/K™ ATPases are necessary for maintaining the voltage-depen-
dent Mg”" block of NMDA receptors [160]. Previous studies indi-
cated that AIFx (most likely as AIF,") inhibited the activity of Na*/
K" ATPase and that they do so by way of G protein-coupled recep-
tors [161]. Taken together this would strongly suggest that AlFx
could interfere with neuronal protection from NMDA receptor
overactivity (excitotoxicity), especially in the face of low Mg”" or
neuronal energy levels.

Microglial Cells

The microglial cells are the resident immune cells in the CNS.
Under resting conditions microglia are quiescent but are easily acti-
vated by a number of insults, including trauma, infections, heavy
metals, systemic immune activation, B-amyloid (AB), rotenone,
stress, oxidized LDL-cholesterol, hypoxia/ischemia and hypogly-
cemia. While transient, mild to moderate activation can be neuro-
protective, chronic activation, especially at high levels, is known to
trigger neurodegeneration, especially under certain conditions. As-
trocytes regulate intersynaptic communication between neighboring
synapses and, probably, overall volume transmission in the brain
[162]. When activated, microglia down-regulate surface karatan
sulfate proteoglycans and assume ameboid characteristics. Micro-
glia contain a number of surface receptors such as IL-8 and gluta-
mate receptors, and when activated can secrete a large number of
molecules including various ILs, TNF-a, chemokines, TGF-63, ma-
trix metalloproteinases, metalloprotease-disintegrin ADAMS and
elastase. Most importantly, when activated microglia secrete con-
siderable amounts of glutamate, which can reach excitotoxic levels.

Fluoride has been used as an enzymatic inhibitor or as the acti-
vator of G proteins in laboratory investigations of astrocytes func-
tioning. Astrocytes respond to extracellularly applied ATP, which
causes release of Ca®’ from an intracellular Ins(1,4,5)P;-sensitive
pools. Increases in PPI hydrolysis and [Ca']; were elicited by intra-
cellular application of GTP(S) and AlFx in astrocytes from the
dorsal spinal cord [77, 163]. AlFx also stimulated the tyrosine
phosphorylation of a 42 kDa protein (p42) and activation of p42
MAP kinase in primary cultures of mouse embryo astrocytes [164].

Since no one has examined the possibility of direct microglial
activation by fluoride or the AlFx, we must examine other ways
they could activate microglia. Fluoride and AlFx are both known to
generate ROS and RNS and LPO products [104, 105]. ROS and
LPO activate microglia, thus linking both AlFx and fluoride to
chronic brain inflammation. AI’" itself is known as an immune
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adjuvant and it is suspected that AI’" within the brain, especially
that complexed with amyloid plaque may activate resident micro-
glia through this mechanism [165, 166].

Cytokine Enhancement of Excitotoxicity

While cytokines are known to play a role in neuroprotection,
when chronically elevated or existing within the brain in high con-
centrations they can be quite neurotoxic. A number of studies have
shown enhanced excitotoxicity in the face of elevated inflammatory
cytokines [167-169]. ILs and TNF-o have been found to be
strongly upregulated during diseases such as Alzheimer’s disease
(AD), stroke or Parkinson’s syndrome [170]. There is considerable
cross-talk between cytokines, so that IL-B and TNF-o, when exist-
ing in higher concentrations within the brain, activate neurodegen-
erative processes, especially in the presence of elevated levels of
glutamate [171]. IL-1 has also been shown to mediate the effects on
protein t hyperphosphorylation by microglia through p38-MAPK
activation [172]. As stated previously, PKC plays an important role
in microglia activation. The entry point for this activation appears
to be MAPK. In addition, ERK and JNK were also activated. Once
activated by AI*", fluoride or other triggers, microglia secrete large
concentrations of IL-1B and TNF-a, which can then recruit more
microglial activation in a vicious cycle that ultimately leads to neu-
rodegeneration. This is suspected to be one of the mechanisms re-
sponsible for AD pathology [173]. Likewise, excitotoxins can acti-
vate microglia and stimulate release of inflammatory cytokines and
additional glutamate.

AB has been shown to activate all three MAPK pathways on
microglia, thereby resulting in microglial activation and secretion of
neurotoxic elements, including glutamate [174]. Further evidence of
this interaction between cytokines and excitotoxins comes from the
work by Sass et al. [175] who demonstrated that AP treated astro-
cytes when mixed with neurons caused no degeneration of these
cells unless glutamate was added to the culture. It was later that the
reason for this effect was elucidated, that is cytokine enhancement
of excitotoxicity. It is accepted that IL-1 is neurotoxic, whereas
TNF-o can be either neuroprotective or neurotoxic depending on
the presence of excess glutamate in a dose and duration-dependent
manner. The anti-inflammatory cytokines, IL-10 and TGF-B appear
to be mostly neuroprotective, whereas IL-6 is neuroprotective un-
less glutamate release has been triggered [176].

Recent studies have shown that fluoride can induce strong IL-8
response in human lung EC by a G-protein activation pathway [68].
Downstream, PKC activation over a prolonged time was observed,
which as we have seen in the case of the CNS can activate micro-
glia, resulting in inflammatory cytokine and glutamate release.
Again, it is possible that AIFx complex is the operating molecule
rather than fluoride alone. An earlier study by Refsnes and co-
workers, in which deferoxamine was shown to significantly reduce
NaF-induced IL-6 and IL-8 release, strongly indicated that AlFx
was indeed the operant molecule in these EC [177].

Also of interest is the finding that focal lesions can produce
distant inflammatory injury and that anterograde degeneration was
associated with a somewhat later expression of cytokines, whereas
retrograde degeneration was associated with earlier cytokine ex-
pression in these damaged areas [178]. These observations, when
combined with the well demonstrated ability of AI**, fluoride and
AIFx to induce cytokines expression from microglia and astrocytes
and at least secondarily increase glutamate release make a strong
case for excitotoxicity as an important, if not central mechanism in
fluoride neurotoxicity. Likewise, fluoride, AP’ and the AIFx have
been shown to dramatically increase brain ROS, RNS and LPO,
which has been shown to enhance excitotoxic damage.

Many of these affected reactions involve intracellular Ca"
regulation. It has also been shown that excessive NMDA receptor
activation causes an overload of mitochondrial Ca®" with resulting
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loss of cellular energy levels [179]. The fact that AIFx produces
prolonged activation of InsPs and subsequent Ins(1,4,5)P; genera-
tion, would suggest chronic elevations in [Ca 21, with eventual
triggering of apoptotic pathways. Nicholls and co-workers [180]
found that glutamate elevations in the presence of depressed mito-
chondrial function resulted in Ca®" dysregulation and an elevation
of mitochondrial-generated superoxide. Glutamate excess is also
known to increase cellular NO generation, which reacts with the
excess superoxide to form the mitochondrial inhibitor peroxynitrite.
Also of importance is the observation of Mercocci et al. [181] as to
the extreme sensitivity of mitochondrial DNA to oxidative stress.
The combination of excitotoxicity, oxidative stress, LPO, Ca* dys-
regulation and mitochondrial dysfunction greatly increases neuron
and glial sensitivity to damage. Toxicity of AI**, fluoride and AlFx
have all been shown to be connected to these various process [101].

The Effects of Fluoride on PPI Signaling Pathways in the Brain

In experiments with brain cortex membranes NaF mimicked the
action of GTP(S) in stimulating PPI turnover and generation of
InsPs [182, 183]. This effect was highly synergistic with that of
AICl;, supporting the concept that AlFx is the active stimulatory
species. Coincubation of submaximal concentration of GTP(S) with
AlFx did not result in an additive stimulation of PPI hydrolysis.
Paradoxically, AlCl;-induced PPI hydrolysis was potentiated by
coincubation with both GDP(S) and phorbolester. Shafer er al.
[184] compared the effect of 5-30 mM NaF and various concentra-
tions of AICl; on muscarinic, adrenergic, and metabotropic recep-
tor-stimulated PPI hydrolysis in cortical and hippocampal slices
from rat brain. In agreement with many others, these authors found
that NaF stimulates InsPs accumulation as well as the cholinergic
agonist carbachol, the adrenergic agonist norepinephrine, and the
glutaminergic agonist quisqualate. The higher concentrations of
AICI; (0.5 mM) inhibited InsPs accumulation stimulated by ago-
nists and that stimulated by NaF.

Tiger et al. [41] studied actions of fluoride upon the PPI path-
way in the rat brain miniprisms. NaF concentration dependently
increased basal PPI breakdown, with a maximum effect being seen
at 20 mM. On the other hand, NaF reduced the PPI breakdown
responses to stimulation by carbachol, noradrenaline, and serotonin.
These authors concluded that fluoride inhibits agonist-stimulated
PPI breakdown via actions not only on G proteins but also on PPI-
specific PLC substrate availability. The finding that fluoride ions
inhibit agonist-stimulated PPI breakdown also on PPI-specific PLC
substrate availability was later confirmed [185].

Other Effects

A 2-3-fold stimulation of the basal PLD hydrolytic activity by
AlFx in the synaptosomes from canine brain was reported [81,
186]. These results not only indicated that the muscarinic acetyl-
choline receptor-G protein-regulated PLD is responsible for rapid
accumulation of choline and phosphatidic acid (PA) in the brain but
also revealed involvement of PLD in a novel, previously unrecog-
nized, signaling pathway in the brain. Kanfer ez al. [187] used NaF
as a PA phosphatase inhibitor to study PLD activity in rat brain
cerebral cortical neuronal nuclei. In the absence of NaF the princi-
pal product was DAG; whereas in the presence of NaF, the princi-
pal product was PA. These authors reported that BeF,, AIF;, and
PA inhibited the neuronal nuclei PLD activity.

Hypothalamic suprachiasmatic nuclei have been suggested as
the site of a biological clock responsible for generation of circadian
thythms. Melatonin receptors are involved in this function [188].
AlFx was used to indicate that the effects of melatonin are mediated
by heterotrimeric G protein [189]. AlFx blocked the increase in
cAMP stimulation by forskolin, being as effective as melatonin, and
increased [Ca®']; [190]. The stimulatory effects of AIFx and Ca® on
InsPs accumulation were not additive [191].
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When rat hippocampal slices were exposed to 10 mM NaF and
10 uM AICI; for a brief period of time (12-15 min), spike amplitude
fell to very low levels. Upon washout, spike amplitude recovered
beyond control values and in half of the preparations a prolonged
enhancement of spike amplitude occurred. If AICl; was omitted
from fluoride-containing saline, enhancement of spike amplitude,
when observed, was brief [192]. Brief bath application of AlFx in
standard saline consistently induced a long lasting potentiation in
area CAl of rat hippocampus [193]. NaF (50 uM) and AICI; (12.5
uM) were administered alone or in a combination to cultured hip-
pocampal neurons from fetal rats [194]. AP affected the develop-
ment of the interconnecting fibers. This phenomenon was enhanced
when NaF was given together with AI*",

Chen and Penington [195] tested hypotheses concerning the
actions of AlFx in the inhibitory effect of G proteins on Ca®" chan-
nel activity of dorsal raphe (DR) neurons. These authors suggested
that there can be a competition between the receptor and AlFx
stimulated G protein activity and investigated whether the interac-
tion occurs at the level of the G protein, or the interaction of the
with Ca®" channels. The main findings of this study were that intra-
cellular AlFx caused approximately a one-third of maximum tonic
stimulation of the G protein coupled to Ca>" channels of DR neu-
rons, consistent with a G:-GDP-AIFx complex resulting in mimicry
of the G-GTP complex. These authors suggested a fairly parsimoni-
ous explanation of the sequence of events occurring after agonist
application to a DR neuron in the presence of AlFx. They proposed
that after several applications of 5-hydroxytryptamine, some G
proteins are in the basal state and some are activated by AlFx. In
summary, their detailed study brought evidence that AlFx modified
the OFF-rate kinetics of G protein activation by agonists. Agonist
application temporarily reversed the effects of AIFx, making it a
complementary tool to GTP(S) for the study of G protein interac-
tions. The concentration of fluoride used in this study was high
(130 mM) in comparison with other laboratory studies. The high
excess of fluoride ions could therefore exert many other effects on
energy metabolism or protein conformation, including ion channels.

8. Bone Cells

Fluoride becomes the most potent agent inducing uncoupling
between bone resorption and formation in favor of formation, thus
resulting in an increased bone volume. NaF and AlFx have been
shown to be bone cell mitogens [64, 196]. This characteristic of
fluoride action on bone together with the observed skeletal fluorosis
in human prompted several laboratories to investigate the mecha-
nism, by which fluoride enhances the proliferation and the activity
of osteoblastic cells. The high demands for energy are placed on
osteoblasts during proliferation, maturation, and production of min-
eralized matrix. Glycolysis provided ~50% of the energy require-
ment of mature osteoblasts and is likely to be important for their
function [197]. AlFx simultaneously inhibits osteoclastic bone re-
sorption [25, 198].

Osteoblasts

Osteoblasts secrete bone matrix and regulate mineralization
process in bone formation. Following the initial observations, that
fluoride can directly influence the activity of osteoblastic cells in
culture, the effects of fluoride on human osteoblastic cells prolifera-
tion were investigated in several laboratories. A first hypothesis for
the mechanism by which fluoride enhances cell proliferation has
emerged from the observation that osteoblastic acid phosphatase
was inhibited in a dose-dependent manner by fluoride. Since fluo-
ride has been known as inhibitor of tyrosin phosphatases, Lau et al.
[24] suggested that this unique acid phosphatase has tyrosine phos-
phatase activity in bone-forming cells. In addition to these results, it
was shown that fluoride could potentiate the mitogenic action of
several growth factors acting through tyrosine kinase membrane
receptors.
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On the other hand, Caverzasio with co-workers [64] suggested
and tested the hypothesis that the mitogenic action of fluoride could
involve activation of heterotrimeric G proteins. In their initial stud-
ies [82, 199] they noted that the micromolar fluoride concentrations
in the presence of traces of AI’* reproducibly enhanced cell prolif-
eration. These observations strongly suggested that AlFx is proba-
bly the active fluoride species responsible for the change in bone
mineral mass in vivo. The sensitivity of the mitogenic effect of
AIFx to pertussis toxin suggested a potential role of the G; protein
in mediating this cellular response. Their observations also sup-
ported the notion that the change in protein tyrosine phosphoryla-
tion, which mediates the proliferative effect of fluoride in bone-
forming cells, involves the activation of a tyrosine kinase. With this
information, a new mechanism for the enhancement of osteoblastic
proliferation by fluoride was proposed.

Two competing models, both of which involve the MAPK mi-
togenic signal transduction pathways were thus suggested. The first
one [49] involves a fluoride inhibition of a unique fluoride-sensitive
phosphotyrosine phosphatase in osteoblasts. Such inhibition results
in a sustained increase in the tyrosine phosphorylation level of the
key signaling proteins of the MAPK pathway, leading to the poten-
tiation of the osteoblastic proliferation initiated by growth factors.
A benefit of this model is that it accounts for all the unique proper-
ties of the osteogenic action of fluoride. These include the low ef-
fective fluoride dose, the requirement of tyrosin kinase-activating
growth factors, the sensitivity to changes in medium phosphate
concentration, the preference for undifferentiated osteoblasts, and
the involvement of the MAPK. The competing model proposes that
fluoride acts in coordination with AI** to form AIFx [64]. This acti-
vates a pertussis toxin-sensitive Gy, protein on osteoblast mem-
brane, leading to an activation of cellular protein tyrosine kinases,
which in turn leads to increases in the tyrosine phosphorylation of
adaptor molecules, activation of the Ras/Raf/ERK pathway, and
enhanced cell proliferation.

There is a controversy in these two hypotheses of whether en-
hancement of tyrosine phosphorylation induced by fluoride results
from inhibition of tyrosine phosphatase(s) or activation of tyrosine
kinase(s). However, the mechanism by which heterotrimeric G
proteins, in particular G; and G, enhance osteoblastic cell prolifera-
tion is not completely understood. The mitogenic action of AlFx
shows several different characteristics than that of fluoride [49].

Sun with co-workers [200] established a method for isolating
and culturing osteoblasts from the newborn rat calvaria. They found
that fluoride at low doses promotes the proliferation and differentia-
tion of osteoblasts, whereas at high doses it can induce DNA dam-
age, arrest the cell cycle in S phase, and induce apoptosis. The inhi-
bition of rat osteoblast growth at 10> M fluoride has been reported
[201-203].

Osteoclasts

Osteoclasts function to support calcium homeostasis and to
remodel bone. During bone resorption, osteoclasts generate very
high [Ca®']. in the resorption space. PLC may mediate Ca*'-induced
effects in osteoclasts, because Ca’" increases production of
Ins(1,4,5)P; in GCT23 osteoclast-like cells and chicken osteoclasts
[204]. Exposure of osteoclasts to AlFx resulted in a marked concen-
tration-dependent inhibition of bone resorption [25, 198]. This inhi-
bition was associated with a dramatic increase of the secretion of an
osteoclast-specific enzyme, tartrate-resistant acid phosphatase.
Cholera toxin, a G stimulator, similarly abolished bone resorption
and enhanced acid phosphatase secretion. In contrast, pertussis
toxin, a G; inhibitor, inhibited bone resorption. It seems that AlFx
stimulate both PLC and AC in osteoclasts. The osteoclast activity
may be influenced by EC via generation of products including PGs,
NO, and endothelin.
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9. Commentary to Observations of Fluoride Effects on the Cell
Level In Vitro

Based on the observed effects on enzymatic activities in intact
cells, it seems that fluoride easily permeates across the plasma
membrane and reaches cytosolic concentration required for its ef-
fects as observed on isolated enzymes, homogenates, and mem-
branes. The phenomenological observations of the effects of AlFx
on intact cells also indicate that these complexes are, in many cases,
appearing in the system after the addition of fluoride and AI** into
the extracellular solution. The slow equilibration kinetics between
various compounds of fluoride and AI** could give rise to puzzling
kinetics that also could cause misinterpretation of results. The criti-
cal analysis of reported findings does not allow us, in many cases,
to conclude whether the observed effects can be accounted to the
action of fluoride alone or to its synergistic effect with AI*". The
added AI’" might also react with some non-protein ligands, such as
phosphate, citrate, and buffers. Nevertheless, it seems that AlFx
exert their effects at very low concentrations. It cannot be excluded
that the excess of free fluoride binds further to protein molecules,
changing their conformations, stability, and enzymatic activity. The
inhibitory effects of fluoride on energy metabolism followed by
depletion of ATP [195] and reduction of PLC substrate synthesis
[185] could also contribute to the explanation of mechanisms for
the observed effects.

G Proteins

The observation that AlFx can activate heterotrimeric G pro-
teins has been useful for the study of G protein involvement in nu-
merous biological systems, for the elucidation of three-dimensional
structures of G proteins and several GTPases, for understanding the
mechanism of GTP hydrolysis, and the role of GAPs. AlFx can
stabilize complexes formed between small G proteins Ras and
RhoA and their corresponding GAPs. Nucleotide exchange and
GTP hydrolysis are fundamental to the regulation of all types of G
proteins that have been examined to date. G proteins regulate the
activities of a structurally diverse group of effectors molecules.
These also include enzymes engaged in the synthesis and degrada-
tion of intracellular second messengers, as well as ion-selective
channels. However, the question of the coordination state of AlFx
remains open [88].

PPI Signaling Pathway

The increased breakdown of PIP, and the increased production
of InsPs have been reported quite often (Table 3). PLC has been
found activated by all classes of cell surface receptors [205].

The regulatory input from G4-coupled receptors can also control
AC activity by Ca®" or PKC-dependent processes. Morris and Mal-
bon [93] explained in their review some paradoxical and unique
characteristics of the regulation of the G, family of heterotrimeric G
proteins. Their intrinsic steady-state GTPase activities are much
lower than those of members of the other heterotrimeric G protein
families but the G4/PLC- system is activated very rapidly upon
addition of an agonist. In this system, receptor-promoted binding of
GTP(S) to the G protein and PLC-catalyzed PIP, hydrolysis are
tightly coupled. When the nonhydrolyzable GTP(S) was replaced
by hydrolyzable GTP, PLC activation was much reduced. More
detailed studies of the time courses of PIP, hydrolysis by PLC-1 in
such reconstitution systems suggest that, in the presence of
saturating agonist, receptor-G, complexes can remain stable over
multiple GTPase cycles. The binding of AlFx to GDP of G4 might
therefore lead to tight coupling of PLC and induce the state of sus-
tained activation.

Physiological Implications

The significant physiological implication brought the observa-
tions of additive effect of low fluoride concentrations with an inef-
fective hormonal agonist resulting in a maximally effective re-
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Table3. The Effects of NaF (mM) Plus AICl; (uM) on Com-
ponents of Signaling Pathways
Cells/ Tissue AC PLC InsPs [Ca™];
Hepatocytes " T T T
Platelets T T T
RBC T T T T
Neutrophils T T
Leucocytes T T
Fibroblasts \: T T T
Macrophages T T
Heart T
Lung cells T T
Kidney cells T T
Neurones " T ™ T
Astrocytes T T
Osteoclasts T T T T

sponse [39, 64, 69, 74, 138]. On the other hand, NaF reduced the
PPI breakdown responses to stimulation by noradrenaline and sero-
tonin. It therefore seems that fluoride might also inhibit agonist-
stimulated PPI breakdown via actions on PPI-specific PLC sub-
strate availability [41]. It is evident that interventions of AIFx in a
myriad of reactions that involve G proteins have the potential of
altering the signaling pathways. The principle of amplification of
the initial signal during its conversion into functional response has
been a widely accepted tenet in cell physiology. It is evident that
AlFx is a molecule giving a false message, which is amplified by
processes of signal transduction (Fig. 3).

Protein phosphorylation constitutes one of the major posttrans-
lational mechanisms employed in the physiological regulation of G
protein-linked signaling. Phosphoryl-transfer reactions are also
involved in processes such as regulation of cell metabolism, energy
transduction, cytoskeletal protein assembly, regulation of cell dif-
ferentiation and growth, aging, and apoptosis. Several authors re-
ported the observation of fluoride-induced apoptosis in various
tissues. Fluoride and AlFx can induce cell death by the activation of
a cell surface receptor and damaging DNA. Understanding cell type
specific regulation of apoptosis allows the design of new selective
drugs capable of modulating the cellular response [206]. Consider-
ing that all these reactions are fundamental for nearly all biological
processes, the common denominator of which is the transfer of a
phosphoryl group, we can conclude that fluoride, in the presence of
trace amount of AI**, represents a very useful tool for further inves-
tigations.

Previous studies have shown PKC to play a central role in glu-
tamate toxicity [154]. Blocking PKC significantly reduced excito-
toxic damage in vitro. It is also important to point out that the effect
of PKC activation is tissue dependent. While in the CNS it en-
hances glutamate uptake, in EC of human umbilical veins it inhibits
glutamate uptake [207]. If it has the same effect on all vascular EC
cells, then AlFx and fluoride could increase atherosclerotic changes
via glutamate triggered inflammatory eicosanoid generation, excito-
toxicity and an increase in ROS and LPO within vessel walls. This
would be especially important in vascular dementia. Glutamate has
been shown to dramatically increase LPO products in arterial tissue
in adult male mice and to lower all of the major antioxidants in the
arterial wall [208]. NaF induced EC barrier dysfunction [209],
which was accompanied by the development of actin stress fibers,
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G-Protein-coupled
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Fig (3). AlFx acts as the messenger of false information. Its message is greatly
amplified during the conversion into the functional response of a cell. The second
messenger molecule could be cAMP, Ins(1,4,5)P;, and DAG. Moreover, AlFx can
participate as the analogue in the phosphoryl-transfer reactions involved in the signal-
ing cascade.

intercellular gap formation, and significant time-dependent in-
creases in myosin light chain phosphorylation. Stimulation of AA
release and PGI2 production by AlFx was observed in cultured EC
from rabbit coronary microvessels and cultured pig aortic EC [74,
210].

Refsnes and co-workers demonstrated that NaF powerfully
induced IL-6 and IL-8 production and that deferoxamine abolished
this response indicating that it was AlFx and not fluoride alone that
was responsible for the induction of these cytokines [177]. This
implicates a G protein mediated effect. What makes this important
is that inflammatory cytokines have been shown to interfere with
glutamate transporter protein function. Dysfunctions of glutamate
transport play a major role in a number of neurological conditions
as well as neurodevelopment. In addition, glutamate transporter
proteins have been characterized in a number of tissues outside the
CNS, including the placenta, liver, intestine, pancreas, ovary, lung
and kidney [211]. These observations, when combined with the
well demonstrated ability of AI**, fluoride and AIFx to induce cyto-
kines expression from microglia and astrocytes and at least secon-
darily increase glutamate release make a strong case for excitotox-
icity as an important, if not central mechanism in fluoride neurotox-
icity.

The use of fluoride in laboratory investigations contributed to
the discovery of new signaling pathways and their cross talks. Nu-
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merous studies of fluoride effects in laboratory investigations from
the last decades bring new evidence for our understanding of com-
plicated integrative networks, which regulate the signal transduc-
tion processes of the whole organism.

ANIMAL MODELS IN FLUORIDE RESEARCH

The artificial fluoridation of public water supplies at 1-4 ppm in
many countries after the Second World War opened the need to
study the effects of long-term fluoride intake. A large variety of
fluoride concentrations in drinking water was used in animal labo-
ratory studies. For example, rats were fed pure spring water with a
natural concentration of 0.2 ppm fluoride or spring water enriched
with NaF to a concentration of 0.8, 1.1 or 2.2 ppm fluoride during
180 days exposure [212]. Mullenix et al. [213] reported that when
rats consumed 75-125 ppm and humans 1-10 ppm fluoride in their
respective drinking waters, the result was equivalent ranges of
plasma fluoride levels of 0.06-0.64 ppm (2.8-32 pmol.L™"). The
weanling male rat required water fluoride levels of 10 ppm to pro-
duce plasma fluoride levels of about 2 pmol.L™' [214]. Exposure of
rats to 175 ppm resulted in dehydration and the death of 50% of
exposed young rat females within 10 days [213]. On the other hand,
Ekambaram and Paul [215] studied fluoride effects in adult female
Wistar rats after treatment with 500 ppm NaF in drinking water for
60 days. Administration of high doses of fluoride did not produce
lethality in this study. Two long-term studies [216, 217] compared
the effects of 0.5, 5 or 50 ppm of AIF; with comparable levels of
NaF in rats. Surprisingly, the highest mortality was observed in the
0.5 ppm AIF; group. The administration of NaF alone did not pro-
duce a similar mortality rate. The effects of various doses of fluo-
ride are summarized in Table 4.

1. Systemic Effects of Fluoride

Fluoride when absorbed is rapidly distributed by systemic cir-
culation. Steady-state fluoride concentrations are achieved more
rapidly between plasma and well-perfused tissues, such as liver and
kidney. The major route for the removal of fluoride from the body
is by the kidney [218]. Fluoride in tissues is associated with struc-
tural changes and disorders of their function. Laboratory investiga-
tions to validate predictive animal models of fluoride or AlFx ef-
fects provide evidence that chronic administration of fluoride influ-
ence physiological homeostasis in experimental animals. The ob-
served differences might be due to variations in dose, duration of
exposure, sensitivity of species, gender, and physiological status of
the animals.

The occurrence of hypocalcaemia was reported after fluoride
overload of rats and mice [222, 232, 233]. Verma and Sherlin [220]
suggested that hypocalcaemia observed in their study might be due
to decreased Ca’" absorption from the gut. With a high fluoride
intake, insoluble calcium fluoride is formed in the intestine and
excreted in faeces increasing the likelihood of low blood Ca®" if
there is an insufficient dietary intake. In turn, hypocalcaemia may
lead to parathyroid stimulation with a secondary hyperparathyroid-
ism, bone matrix resorption, osteoporosis and osteomalacia [234].

Heard et al. [222] reported that the acute fluoride intraperitoneal
administration resulted in cardiac dysrhythmias, and cardiovascular
collapse in a mouse model. Progressive deterioration of cardiopul-
monary function after intravenous infusion of 1.5 mg F/kg/h for 3 h
(with or without AICl;) was observed in pigs [225]. At 3 h, mean
pulmonary arterial pressure, pulmonary vascular resistance, tracheal
pressure, and plasma concentrations of TXB2, 6-ketoPGF1a, and
PGF20. were significantly increased to approximately 200, 520,
175, 759, 402, and 336%, respectively, of baseline values. Cardiac
irregularities and low blood pressure have been reported in young
albino rabbits of both sexes after long-term fluoride administration
[229]. The myocardium showed cloudy swellings, sarcoplasmic
vacuolization, and small hemorrhages followed by fibrous necrosis.
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Table4. Systemic Effects of Fluoride as Observed Under Various Conditions in Animal Models
Animals DOSE EXPOSURE Systemic Effects References
RATS 0.5 ppm 52 weeks cell proliferation, nephritis [216]
0.8, 1.1 or 2.2 ppm 180 days 1Ca*", Mg, Zn*" in adrenals, myocardium, bone 1Na" in aorta, lung, joint, ECG affected [212]
5 and 25 ppm 12 weeks fluoride accumulation in kidney and liver, increased lipid peroxidation [218,219]
40 mg/ kg of body during pregnancy dams + F1 generation |body weight, | serum proteins, hypocalcemia, hypoglycemia, [220, 221]
weight/daily nephrotoxicity
175 ppm 10 days dehydratation, death [213]
500 ppm 60 days |body weight, | serum proteins, hypocalcemia, dental lesions, impaired motor activity [215]
MICE 57 mg F/ kg 60 minutes hypocalcemia, cardiac dysrythmias, cardiovascullar collapse, death [222]
10 - 30 mg NaF/kg/day 30 days hypocalcemia, decrease in fertility, altered sperm structure [223]
226 ppm 20 days |body weight, renal damage [224]
PIGS 1.5 mg F/kg/h i.v. infusion 1-3h deterioration of cardiopulmonary function [225]
100 - 400 mg F/ kg/day 50 days lassitude, anorexia, sluggishness, lesions in liver, kidney, and thyroid [226,227]
RABBITS 5-50 mg NaF/kg/day 105 days cardiac irregularities, myocardial damage, degenerative and inflammatory changes in the [228,229]
liver, pulmonary damage, functional sterility
SHEEPS 13.8 ppm 12-24 weeks |body weight ,|serum proteins, dental lesions [230]
chronic fluorosis area long-term P-Q interval prolonged, sinus bradycardia, decreased heart beats [231]

The degree of myocardial damage seemed to be directly propor-
tional to the dosage of fluoride.

Degenerative and inflammatory changes were also observed in
the liver of the exposed animals [228]. Histopathological examina-
tion revealed increasing degrees of hepatocellular necrosis, hyper-
plasia, extensive vacuolization in hepatocytes, and centrilobular
necrosis in the liver. Experimental fluorosis in rabbits produced
pathological lesions in the trachea, pulmonary damage, hypertrophy
and hyperplasia in skeletal muscle, and structural alterations in the
lens. Pathological lesions in liver, kidney, and thyroid were ob-
served in young pigs exposed to fluoride for 50 days, along with
lassitude, anorexia, and sluggishness [226, 227].

Several authors observed that fluoride causes various histologi-
cal structure changes of the kidney, resulting in impairment of renal
function and metabolism. A large number of kidney cells, taken
from a group of young pigs after 50 days of fluoride administration,
were undergoing or had finished a program of cell death, thus re-
sulting in kidney lesions [226, 227]. These results therefore provide
valuable insight on the effects of chronic fluorosis on kidney dete-
rioration.

Isaacson et al. [216] compared the effects of 0.5 ppm of AlF;
with a comparable level of NaF after 52 weeks. No differences
were found between the body weights of rats in the different treat-
ment groups although more rats died in the AlF; group than in the
control group. A progressive decline in the appearance of the AlF;
animals was noted throughout the experiment, with the hair becom-
ing sparse and the yellowing which occurs with age. The skin be-
came dry, flaky and of a copper color. The kidneys of the AlF;
group had higher AP levels compared to both the control and NaF
groups, while liver AI*" levels did not differ between groups. Patho-
logical changes were found in the kidneys of animals in both the
AlF; and NaF groups. The kidneys from rats drinking the NaF-
treated water exhibited glomerular hypercellularity and mesangial
proliferation together with patchy focal nephritis. Al**-containing
deposits were found in the kidney blood vessels, and the renal A’
content was doubled when the rats drank the AIF; water. More
monocyte infiltration was present in the kidneys of the AlF; group
compared to the controls. No morphological abnormalities were

observed in the liver. Since the administration of NaF alone did not
produce a similar mortality rate, this effect does not appear to be
directly related to fluoride intake. Both the AlF; and NaF groups
had increased brain AI** levels relative to controls. The AI** level in
the NaF group was double that of controls and the AI** level of the
AlF; group was even greater.

Fluoride administered at 226 ppm to female mice in drinking
water caused thyroid impairment, retarded growth, altered liver,
kidney, and bone weights [224]. The plasma level of T; and T,
were lowered by 58%. At the same time, the plasma TSH level
were increased 3.15-fold. Hypothyroidism induced by fluoride also
affected haematopoiesis. Ge et al. [235] suggested that fluoride may
directly damage cells and induce rupture of DNA strands and
thereby cause dysfunction of the thyroid gland. These authors dem-
onstrated that fluoride can directly induce structural changes and
dysfunctions of the thyroid gland of rats. Also, fluoride disturbes
the synthesis and secretion of thyroid hormone, interferes with the
activity of enzymes that catalyze the conversion of thyroxine (T4)
into the active thyroid hormone triiodothyronine (T3) and inactive
metabolites, thereby leading to perturbations of circulating thyroid
hormone levels. DNA strands in thyroid gland cell were adversely
affected when rats were exposed to high fluoride, low iodine, and
their interactive combination from the age of one month to 20
months. These findings demonstrate that excessive intake and ac-
cumulation of fluoride in the body is a serious risk factor for the
development of thyroid dysfunction, especially when iodine defi-
ciency also exists.

2. Effects of Fluoride on Embryonic and Fetal Development

Several contradictions have been raised regarding transfer of
fluoride through placental barrier. Ream et al. [236] reported that
the amount of fluoride crossing the placenta is insufficient to pro-
duce morphological changes in bones of weanling rats born to dams
given 150 ppm of fluoride. On the other hand, various reports have
suggested that fluoride crosses the placenta in a number of species
including rats, guinea pigs, rabbits, and Holstein cows [237-241].

Collins et al. [242, 243] investigated effects of oral administra-
tion of 10, 25, 100, 175, and 250 ppm NaF daily throughout gesta-
tion in rats and throughout three generations. Decreased fluid con-
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sumption observed at 175 and 250 ppm was attributed to decreased
palatability and did not affect reproduction. No cumulative effects
were observed in three generation. Mating, fertility and survival
indices were not affected. The number of corpora lutea, implants,
viable fetuses and fetal morphological developments were similar
in all groups. NaF up to 250 ppm did not affect reproduction in rats
in this study. Oral administration of NaF (20, 40 or 80 mg. kg
/body weight/day) from day 6 to 19 of gestation in rats significantly
lowered body weight gain and feed consumption [244]. No external
malformations were observed in any of NaF-treated dams. In-
creased numbers of resorptions/dead fetuses were observed in 40
and 80 mg NaF-treated rats. Visceral abnormalities such as subcu-
taneous hemorrhage were also observed.

In another experiment, rats and rabbits were exposed to NaF in
drinking water for 10 and 14 days of pregnancy, respectively. The
NOAEL for maternal toxicity was 150 ppm for rats and 200 ppm
for rabbits based on decreased water consumption and a reduction
in maternal body weight gain. No convincing reproductive effects
were seen even at the maximum tested concentrations providing
doses of 27 mg. kg™ /body weights for rats and 29 mg. kg™ /body
weights for rabbits [245]. Trabelsi et al. [246] examined the effect
of administration of 500 ppm to pregnant and lactating mice from
the 15th day of pregnancy to the 14th day after delivery. Compared
to a control group, the NaF-treated pups, at age 14days, showed a
35% decrease in body weight, a 75% decrease in plasma free Ty,
and reductions in the cerebellar and cerebral protein concentrations
by 27% and 17%, respectively. Serum sodium, potassium, and pro-
tein concentration increased significantly in the serum of NaF-
treated P-generation females and F1-generation rats [221].

Fluoride content in fetal skeleton and teeth increases with the
age of the fetus and with the fluoride concentration in the drinking
water consumed by the mother. Fluoride is deposited in mineraliz-
ing new bone more readily than in existing bone. Bone in which
fluoride ions are incorporated is more resistant to bone remodeling
and thus lead to a more brittle skeleton as it ages [247]. An increase
in incidence of skeletal abnormalities, such as presence of 14 ribs,
wavy ribs, dumbbell shaped 6™ sternebrae, and incomplete skull
ossification, were observed in fetuses after oral administration of
various doses of NaF from day 6 to 19 of gestation in rats [244]. A
significant increase was seen in rats in average number of fetuses
with three or more skeletal variation in the 250 ppm (25.1 mg/kg
body weight) group [238, 243]. Ossification of the hyoid bone of F2
fetuses was significantly decreased. Fluoride has been reported to
decrease the bone quality of femoral shaft and neck in 30 and 60
mg F~. L™ treated young growing rats 6 weeks of age [248].

The potent teratogenicity of fluoride was demonstrated in vitro
on embryo limb bud cells of both rat (13-day) and mouse (12-day),
which were subjected to culture for 5 days [42]. Fluoride inhibited
cell differentiation (IDsy 6.8 },Lg.ml'1 for rat, 7.3 },Lg.ml'l for mouse)
and proliferation (IDs, 44.1 },Lg.ml'1 for rat, 63.6 },Lg.ml'l for mouse).
The ability of NaF to induce changes in the development was also
studied in frog Xenopus embryo for NaF concentrations ranging
from 0 to 200 ppm. The minimum concentration to inhibit growth
was found to be 140 ppm [249]. The reduction in the head-tail
lengths of tadpoles by NaF, the pigmentation, the eye diameters,
and the touch reflex of embryos were observed. Immobility has
been linked to defects in the neuromuscular system of tadpoles.
Neuromuscular developmental defects and effects on the brain and
behavior were also demonstrated in newborn rats when pregnant
dams were treated with fluoride in the drinking water [213, 217].

3. Brain and Behavior

During the last decade numerous animal studies have been pub-
lished, which have raised the level of concern about the impacts of
increasing fluoride exposure on the brain. A considerable amount of
research has accumulated indicating that fluoride/AlFx can ad-
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versely affect the brain in a number of animal species. A decrease
in learning abilities and altered behavior, poor motor coordination,
loss of neuronal and cerebrovascular integrity, changes in brain
membrane lipids and oxidative stress by fluoride alone or in syn-
ergy with A" in animals drinking fluoridated water have been
reported [217, 250-254]. Malondialdehyde, the marker for the ex-
tent of LPO, was elevated in the brain of rats treated with 100 ppm
fluoride. Also levels of total glutathione, GSH, and ascorbic acid
were decreased. Increased oxidative stress could be the mediating
factor in the pathogenesis of fluoride toxicity in the brain of the
young rats [104, 255].

The observed effects were dependent on the age at exposure to
fluoride. The fetal blood-brain barrier is immature and readily per-
meable to fluoride [256]. Mullenix et al. [213] reported the first
laboratory study, which demonstrated in vivo that the CNS function
was vulnerable to fluoride. The accumulations of fluoride were
found in all the regions of the brain, with the highest levels in the
hippocampus, one of the most sensitive area of the brain to neuro-
toxicity.

Behavioral Changes

The behaviors identified by the computer consisted of five ma-
jor body position (stand, sit, rear, walk, and lying down) and eight
modifiers (groom, head turn, look, smell, sniff, turn, wash face, and
blank) were tested in pups and adult animals of both sexes. Experi-
mental dams received subcutaneous injection of 0.13 mg kg NaF
to produce peak plasma fluoride levels of 0.15-0.20 ppm (0.79-1
UM) [213]. This level corresponds to the inorganic fluoride level in
human blood in areas with 1 ppm of fluoride in drinking water.
Beyond the prenatal period, these pups received no other experi-
mental fluoride treatment. Male and female adult rats were given
100 ppm fluoride in drinking water for 6 weeks (to reach the
plasma fluoride level comparable with humans). The behavioral
changes common to weanling and adult exposures were different
from those after prenatal exposure. Whereas the prenatal exposure
to NaF via the mother induced many behaviors in the pup such as
drug-induced hyperactivity, weanling and adult exposures led to
behavior-specific changes more related to cognitive deficits. When
fluoride exposure began at 21 days of age, a common pattern
among behavior disturbances developed in both sexes. Adult expo-
sure was associated with significant behavioral impact only in fe-
males. Adult males did not have significantly elevated fluoride
levels in the hippocampus. This study has gained support from
other animal studies [251, 253, 257]. While these studies have em-
ployed different methods and animals, they are consistent in that
fluoride exposure may impact behavior and/or learning. Also the
interactive effects of high fluoride concentration and iodine defi-
ciency might affect the functions of the CNS. Such combination has
a negative effect on learning-memory of offspring rats [258]. In
addition, even mild hypothyroidsm of the mother during gestation
has been shown to lead to significant and permanent defects in
brain development in the offspring in both experimental animals
and humans.

Neuropathological Changes

Some authors suggested that the effects on behavior were con-
sistent with interrupted hippocampal development histology. Prena-
tal exposure on 17-19 days of gestation in the rat is a period when
pyramidal cells of hippocampus are forming and granule cells of
the dentate gyrus of hippocampus form at the ages when weanling
and adult exposures were administered. Histological changes were
found in the cerebellum of the pups after exposure of pregnant and
lactating mice from the 15th day of pregnancy to the 14th day after
delivery to NaF [246]. The external granular layer was markedly
reduced or absent, the Purkinje cell bodies were poorly differenti-
ated and arranged in a single layer at the surface of the internal
granular layer. More apoptotic Purkinje cells were observed.
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Neuropathological changes were found in brain tissues from
albino rabbits after fluoride subcutaneous injections in different
doses to rabbits of both sexes for 100 days [259]. Tremors, seizures,
and paralysis indicating brain dysfunction were seen. The Purkinje
neurons exhibited chromatolysis and acquired a "ballooned" ap-
pearance. Nissl substance showed various degrees of decrease and
even complete loss. A reduction in unmyelinated nerve fibres, ex-
ternal granular layer of cerebellum and increased neuronal apopto-
sis have also been reported in rats and mice [246, 260]. All of these
changes are seen with excitotoxicity.

Chronic exposure to fluoride (0.5 ppm for 52 weeks) in drink-
ing water of rats compromised neuronal (hippocampal) and cere-
brovascular integrity [216, 217]. These studies were undertaken to
compare 0.5 ppm of AlF;, with a comparable level of fluoride ad-
ministered alone in the form of NaF. The effects of the two treat-
ments on cerebrovascular and neuronal integrity were qualitatively
and quantitatively different with the alterations being greater in
animals in the AlF; group than in the NaF group, and greater in the
NaF group than in the controls.

In the hippocampus, more moderately damaged and grossly
abnormal cells were present in areas of the right hippocampus of
both the AIF; and NaF groups than in the control group. The right
hippocampus also had higher levels of Al**-induced fluorescence
than the left hippocampus. The reduction of neuronal density in the
neocortex of the left hemisphere was more prominent in the AlF;
group than the NaF and control groups. Cellular abnormalities in
the form of chromatin clumping, enhanced protein staining, pykno-
sis, vacuolation, and the presence of ghost-like cells were also more
common in the AlF; group in the left hemisphere. Striking parallels
were seen between AI’"-induced alterations in cerebrovasculature
and those associated with AD and other forms of dementia. The
AlF; group had more immunoreactivity for AP in the lateral poste-
rior thalamic areas of both hemispheres relative to the controls. The
NaF group differed from the control for immunoreactivity for Af in
the right lateral posterior thalamic area with the controls having low
reactivity and the NaF group having no or high levels of immunore-
activity. While the small amount of AlIF; (0.5 ppm) in the drinking
water of rats required for neurotoxic effects was seen as surprising,
the neurotoxic effects of NaF (1 or 2.1 ppm of fluoride) was seen as
even more so. In summary, the chronic administration of AlF; and
NaF in the drinking water of rats resulted in distinct morphological
alterations in the brain, including effects on neurones and the cere-
brovasculature. Many of these pathological changes could be due to
either secondary or primary excitotoxicity [101].

Further studies are needed to establish the relative importance
of a variety of potential mechanisms contributing to the observed
effects of fluoride, AI*", and AlFx in the brain as well as to deter-
mine the potential involvement of these agents in neurodegenera-
tive diseases. In addition, studies need to be done on the effects of
fluoride and AlFx on microglial activation, glutamate transport
proteins and brain extracellular glutamate levels in response to fluo-
ride/AlFx toxicity. It is also known that excitotoxicity induces brain
calcification micro-deposits, which could be a nidus for fluoride
accumulation in high concentrations. Studies are needed which
measure fluoride levels in brain calcifications in humans, such as
basal ganglion calcifications.

4. Paradoxical Dose-Response Effects of Fluoride in Animal
Studies

The review of laboratory studies on the physiological and bio-
chemical effects of fluoride reveals the existence of paradoxical
dose-responses. Some of them show that, under certain circum-
stances, the inhibitory or stimulatory impact of fluoride can actually
be greater at a lower level of intake than at a higher level (hormesis
effect) [261]. Messer et al. [262] reported that low levels of fluoride
in food rendered mice infertile while a high fluoride diet improved
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their fertility. Mullenix with co-workers [213] found that the six
weeks of consuming drinking water with 75 and 100 ppm fluoride
produced higher plasma fluoride levels than did 125 ppm in rats.
Bohatyrewicz et al. [248] recorded higher compressive bone
strength after six weeks in rats drinking water with 8 ppm than with
30 or 60 ppm. The hormesis effect of fluoride has been demon-
strated during the initial bone-forming stage in rat skull-cap bone
[200]. Fluoride at low doses promotes the proliferation and differ-
entiation os calvarial osteoblasts, whereas at high doses affects the
cell structure and cell cycle by rendering the cell stagnant in the
S phase and inducing apoptosis. While a significant reduction in the
content of ATP in RBC was found in rats after 4 weeks of exposure
to 4 or 16 ppm NaF, after 8 weeks, the ADP content remained
significantly reduced with the smaller dose, while the greater dose
was surprisingly associated with a higher energy potential of the
cells [121].

The in vivo study of brain LPO and antioxidant systems of
young rats in chronic fluoride intoxication revealed that an overrid-
ing adaptive response appeared to be operating at the higher fluo-
ride intake [104]. Young rats were exposed to 30 ppm or 100 ppm
fluoride in their drinking water for 10 weeks after birth. Malondial-
dehyde as a marker of LPO was elevated in the young rats exposed
to 100 ppm but not to 30 ppm dose. On the other hand, levels of
total glutathione, reduced glutathione, and ascorbic acid were ele-
vated in the rats exposed to 30 ppm but were lower in the 100 ppm
group. The elevation of glutathione S-transferase activity compared
to the controls was much greater in the 30 ppm rats (143% higher)
than in the 100 ppm group (21% higher). Such reactions are com-
mon. In the lower dose, the cells have time to upregulate protective
glutathione and glutathione S-transferase levels, but at the higher
dose the mechanism is quickly overwhelmed.

An impressive illustration of this fact is seen in the administra-
tion of AlF; to rats. In both a 45-week study and a confirmatory 52-
week study [216, 217] the neuronal, cerebrovascular, and nephritic
toxicity of AlF; at 0.5 ppm in the drinking water was significantly
greater than with higher levels of AlF; (5 or 50 ppm). It is unclear
why higher levels of AlF; produced less impairment, fewer deaths
and generally healthier animals than the low levels. The authors
suggested the possibility that fluoride, at certain low levels, may
exert a protective effect against the Al ** when given at a certain
absolute level.

HUMAN EXPOSURE TO FLUORIDE

In 1942, H. Trendley Dean published his famous 21 City study
in which he showed that at 1 ppm fluoride there was a marked de-
crease in tooth decay [7]. The artificial fluoridation of drinking
water as a way of preventing dental caries has been a practice for
many years in several countries. Recently, we have witnessed that a
growing majority of countries do not support water fluoridation.
Today, approximately 60-70% of the American people and more
than 50% of the population of Australia, Columbia, Ireland, New
Zealand, and Singapore are supplied with fluoridated drinking wa-
ter. However, people now get fluoride from many other sources,
such as food and beverages, pesticide and fertilizers, industry, den-
tal treatments, fluorinated drugs, and fluoride air pollution, so total
fluoride intake has become an issue of particular concern [9, 10].
The problem of high fluoride in ground water is one of the most
important health-related environmental issues in India. Endemic
fluorosis occurs in many parts of China, where the major sources
are ground water, coal-burning and brick-tea. In central and north-
ern Mexico millions of people are affected by high fluoride content
in household-use groundwater [263].

Numerous epidemiological and clinical studies demonstrate the
positive correlation between the higher intake of fluoride and vari-
ous non-specific symptoms, changes in teeth and bone structure,
reduction of children intelligence, and psychiatric symptoms in
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adults. Most of the ill effects caused by fluoride were first recog-
nized among workers in aluminum factories, where fluoride and
A" are present in high concentrations [264, 265]. It has become
apparent that dental and skeletal fluorosis impact millions of people
in fluoridated communities and in countries with regions of high
endemic levels of fluoride, like India and China.

1. Fluoride Levels in Human Body Fluids

Under most conditions, fluoride is rapidly and extensively ab-
sorbed from the gastrointestinal tract. The rate of gastric absorption
is inversely related to the pH of the gastric contents. High concen-
trations of Ca>" and AI’" can reduce the uptake of fluoride at this
stage and the complexes or insoluble fluoride usually exit the body
in the feces. Fluoride removal from plasma occurs by calcified tis-
sue uptake and urinary excretion. About 99% of the body burden of
fluoride is associated with calcified tissues, and most of it is not
exchangeable. In general, the clearance of fluoride from plasma by
the skeleton is inversely related to the stage of skeletal development
[266]. In a healthy adult, about 50% of the fluoride, which enters
plasma, is excreted by the kidney. The estimation of fluoride con-
centration in human body fluids has been widely performed, since
the levels of fluoride in the serum, plasma or urine are important
determinants of fluoride effects in the body. However, numerous
data are expressed in various units, authors are using various meth-
odologies, and wide variations in fluoride content might exist
within various areas and within the same community.

Plasma Fluoride Level

Pak et al. [267] suggested the "therapeutic window“of fluoride
level in blood to be 5 umol.L™ (95 ppb). Concentrations of fluoride
up to 1-2 umol.L™! are not assumed to be overtly cytotoxic. The
mean plasma fluoride levels in healthy subjects of 1-3 ].Lmol.L'1 (19
- 57 ppb) were reported [268, 269] in nonfluoridated areas. Table 5
shows selected examples of the average fluoride concentrations in
human blood serum and body fluids. The comparison of fluoride
level in serum of children living in areas with low fluoride level
(0.30 ppm) in drinking water shows the lowest values for 8-16 year
old students from Switzerland [270], while in China the estimated
serum level was higher [271, 272]. In the group of 21 children liv-
ing in areas of Delhi, India, with comparable levels of fluoride in
drinking water, the mean value of serum fluoride content was 7.37
},Lmol.L'1 (140 ppb). Only 4 children had serum fluoride content 1
},Lmol.L'1 (19 ppb), the remaining had elevated levels up to 15.8
pmol. L™ (300 ppb) [273].

The US Environmental Protection Agency currently consideres
safe levels of fluoride in drinking water < 4 ppm. Children from the
high fluoride village in China (2.45 ppm) had serum fluoride level
4.26 },Lmol.L'1 (81 ppb) [271, 272], while in children from area in
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India with 4.37 ppm in drinking water their serum ranged from 1 to
21.6 pmol.L™! (19-410 ppb) [273].

Fluoride in Saliva and Urine

Oliveby et al. [274] reported the normal concentration of fluo-
ride in saliva about 1 },Lmol.L'l. Toth et al. [275] estimated fluoride
levels in saliva in a group of 79 subjects of both genders in the age
from 19-45 years under experimental design with no fluoride from
food chain. The average baseline fluoride concentration in saliva
calculated from these published data was 3.13 },Lmol.L'1 (59.5 ppb).
This increased after four week test period with daily intake of 1 mg
of fluoride from fluoridated salt, milk, and tablets to 19, 32, and 30
pumol L™ (360, 610, and 570 ppb), respectively. Salivary fluoride
concentrations peak rapidly (I to 15 min) after ingestion but the
return to baseline takes 20 to 60 min.

The concentration of fluoride in urine is higher in comparison
with the serum and saliva. It is very difficult to compare the results
in various studies since various methods have been used. The val-
ues given for fluoride concentration in urine from unpolluted areas
in the Europe [270, 275] are lower than that reported from China.
Analysis of the literature data of Chinese populations in different
geographical regions without fluorosis [276] demonstrate a mean
urinary fluoride content of 36.84 },Lmol.L'1 (700 ppb) for children
and 43.7 umol.L™ (830 ppb) for adults. Surprisingly high urinary
fluoride was found in children in Gdansk, Poland [283]. Fluoride
has been determined in urine of 1240 children, aged 7-14. Their
schools are located near a fluoride-bearing phosphate fertilizer
waste disposal site or near a phosphate fertilizer plant. The mean
fluoride concentration in urine of 992 children from areas with low
fluoride in drinking water (0.2-05 ppm) was 919 ppb (210 — 5 240),
while in areas with 1-2 ppm the mean concentration 1 800 ppb
(500-6 000ppb) was found. Significantly higher urinary fluoride
concentrations were found in boys than in girls.

Fluoride Level in Pregnancy

Although promoted now for some years, prenatal systemic ad-
ministration of fluoride supplements to pregnant women for caries
prevention in their offspring has continued to be controversial. The
fasting morning urine levels of 31 pregnant women aged 22-34
living in Poznan, Poland, where the level of fluoride in drinking
water ranges from 0.4 to 0.8 ppm were 653 ppb for women in their
28th week and 838 ppb in their 33rd week of pregnancy [284]. The
difference of fluoride concentrations in urine samples of the study
and the control group of non-pregnant women (835-2 221 ppb)
may be explained by incorporation of fluoride into fetal hard tissues
and, accordingly, decreased elimination in the urine. This fact must
be remembered when evaluating fluoride exposure in women who
are pregnant. The statistically significant increase in urine fluoride

TableS. Fluoride Concentration in Human Body Fluids (Areas <1 ppm, Without Fluoride Supplementation)
BODY FLUID ppb pmol L REFERENCES
Blood serum
Europe 13-57 0.68-3 [268,270]
China 41 2.16 [271,272]
India 19 - 300 1-158 [273]
Saliva 19-595 1-3.13 [274, 275]
Urine
Europe 245-615 12.89-32.6 [270, 275]
China 700 - 830 36.84 -44.37 [276]
Cord plasma 28 1.42 [277-280]
Amniotic fluid 10-17 0.53-0.89 [277]
Mother’s milk 5-10 0.26-0.53 [281,282]
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concentrations observed in the 33rd week of pregnancy suggests
that fluoride metabolism is changing with the progress of preg-
nancy. This fact might be connected with the lower uptake of fluo-
ride in fetal calcified tissues and decreased bone calcification to-
ward the end of pregnancy.

Fluoride has been found in fetal cord blood at various stages of
normal pregnancies, from an area with a relatively low water fluo-
ride content (less than 0.5 ppm). Chlubek et al. [278] reported that
maternal and cord plasma did not differ significantly (33 and 28
ppb, respectively), while Gupta et al. [280] found that average fluo-
ride concentration in the cord blood was 60% of that in mother's
blood. A significant difference between the cord plasma fluoride
levels of the newborns in the untreated group of women (27 ppb)
and the fluoride- supplemented groups (58 ppb) was found [279].
Amniotic fluid fluoride levels were significantly higher at term than
in midtrimester pregnancy (17 vs 10 ppb). This higher concentra-
tion may imply higher fetal urinary excretion of fluoride at term
[277].

Mother’s Milk

The very low level of fluoride (5 — 10 ppb) present in mother’s
milk is probably the evidence that fluoride is not an “essential nu-
trient” [281, 282] and it is only moderately increased with substan-
tially greater fluoride intake by the mother. Even at the very low
normal level, breastfed babies excrete more fluoride than they in-
gest from the milk. The body usually retains trace minerals that
have a genuine physiological role rather tenaciously.

2. Dental and Skeletal Fluorosis

Neither dental fluorosis (DF) nor skeletal fluorosis (SF) are the
specific topic of this review. Nevertheless, DF is the first evident
sign of increased fluoride intake and several studies bring correla-
tion between the prevalence of DF and other variables studied.
Teeth are the first tissue, which shows the excess of fluoride. SF is
the end result of the long-term exposure to chronic fluoride intake.
The mean urinary fluoride, which can serve as an indicator for iden-
tifying endemic fluorosis areas are 84.21 pmol.L™! (1. 6 ppm) for
adults and 73.68 pmol.L" (1.4 ppm) for children [276]. Levels of
310 pumol.L™ (5. 9 ppm) fluoride were found in 80’s in endemic
fluorosis areas in China [285].

Dental Fluorosis

The compilation of studies worldwide indicates that somewhere
between 13.5% and 48% of children in fluoridated communities has
DF [286, 287]. The overall prevalence of DF is higher in endemic
areas. In Rajastan, India, 76.9% of examined children exhibited DF
[288] and 84 % of resident children were affected with DF in
Haryana, India [289]. DF was detected in more than 80% of the
population in endemic areas in Mexico [263]. Moderate and severe
DF is associated with negative psychological effects on those af-
flicted.

Skeletal Fluorosis

Fluoride causes paralysis of limbs in advanced SF, which is
related to pressure upon the spinal cord by newly formed bone pro-
truding into it and also upon nerves at the point of their exit from
the spine. The spinal cord lesions and muscular damage in patients
suffering from SF are also the result of direct action of fluoride on
ganglion and muscle cells. Crippling SF was found at and above 2.8
ppm fluoride in drinking water in villages in India with a preva-
lence of 38%. A prevalence of 31% was found in Wamiaho village
(China) with 2.45 ppm fluoride in drinking water [271]. In a group
of 1998 subjects above 21 years examined in central Rajastan, SF
was diagnosed in 47.5% [288]. A positive significant dose-response
relationship between the serum fluoride concentration and the
prevalence of SF was demonstrated. However, extremely polluted
areas exist in China, where the daily fluoride intake might reach
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6.57 and 8.54 mg. The prevalence of SF was 44.4% and 95%, re-
spectively [290].

3. Nephrotoxicity

High fluoride concentrations in drinking water in endemic areas
are known to cause impaired kidney function involving renal tubu-
lar and glomerular dysfunctions [291, 292]. The fluoride excretion
is reduced and fluoride accumulates in the body. In people with
kidney disease, the distribution of fluoride in the body fluids and
tissues can change dramatically, with less fluoride excreted and
more incorporated in mineralized tissues and more remaining in the
plasma. As a result, people with kidney disease in areas with 1 ppm
fluoride have been found to have significantly elevated bone and
serum fluoride levels (up to 19 umol.L™" ~360 ppb) [293]. Fluoride
intoxication has been described in chronic hemodialysis patients
[294, 295]. Amow et al. [296] reported that 12 of 15 patients re-
ceiving dialysis treatment in one room became acutely ill, with
severe pruritus, multiple nonspecific symptoms, and/or fatal ven-
tricular fibrillation. Death was associated with longer hemodialysis
time and increased age compared with other patients who became
ill. The source of fluoride was the temporary deionization system
used to purify water for hemodialysis. In some regions, the water
used for the dialysate also contained a lot of A’ Some patients
used AP**-containing medications. Moreover, patients with renal
failure cannot remove A" from the blood. Elevated A" levels
have been also implicated as the cause of dialysis encephalopathy
or dementia [297, 298]. Although flurane anesthetics may produce
plasma fluoride concentrations in excess of 50 },Lmol.L'1 (950 ppb),
they have not produced the acute nephrotoxic effects [299]. It
seems that the human body has efficient homeostatic mechanism to
respond to short time peak of fluoride in the blood.

4. Central Nervous System

In light of the published findings, the long-term synergistic
action of fluoride and AlFx represents a risk factor for the function-
ing of the CNS. G protein-coupled receptors have key roles in in-
formation processes in the brain. A number of conditions can trig-
ger excitotoxicity and increase excitotoxic sensitivity including
hypoxia/ischemia, depressed cellular energy production from any
cause, hypomagnesmia, inflammatory cytokines and eicosanoids,
free radical and LPO products, trauma, certain heavy metals, viral,
bacteria and fungal infections. This means that a large number of
people fall within a hypersensitive state to excitotoxicity. Under
such conditions, even physiological levels of extracellular gluta-
mate can be neurotoxic.

Fluoride Exposure and 1Q Deficits in Children

While we know that fluoride might cross the placenta, we know
little of its impact on the human fetal brain. A study by Du [300]
revealed adverse effects on the brains of 15 aborted fetuses between
the 5-8th months of gestation from an endemic fluorosis area in
China compared with those from a non-endemic area. Stereological
study of the brains showed that the numerical density of the volume
of the neurons and the undifferentiated neuroblasts as well as the
nucleus-cytoplasm ratio of the neurons was increased. The mean
volume of the neurons was reduced. These results showed that
chronic fluoride overload in the course of intrauterine fetal life may
produce certain harmful effects on the developing brain of the fetus.
This could represent fluoride/AlFx alterations in cerebral glutamate
levels, which are known to play a vital role in neuron migration and
pruning of synaptic connections and dendrites.

Several studies appeared from China, which indicated a lower-
ing of IQ associated with fluoride exposure [301-303]. Their con-
clusions have been criticized because of the possibility of unac-
counted confounding variables. However, the latest study by Xiang
et al. [304] controlled for parental economic status and education,
as well as exposure to iodide and lead. These authors found that 1Q
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scoress below 80 were significantly associated with higher serum
fluoride level and estimated that children’s IQ would be lowered at
1.8 ppm fluoride in drinking water. Such a finding represents little
margin of safety considering the potentially serious outcome for
infants drinking fluoridated water.

Psychiatric and Mental Disturbances in Adults

A distinct decline in mental activity, poorer memory, inability
to coordinate thoughts and reduced ability to write were observed in
aluminum smelter workers and persons living near the factory [265,
305, 306]. In light of the published findings, the long-term synergis-
tic action of fluoride plus AI*" represents a hidden but serious and
powerful risk factor for the development of AD. Laboratory inves-
tigations bring evidence that AIFx may induce and affect all patho-
logical hallmarks of AD [6]. The etiopathology of AD might serve
as the example of AIFx long-term action from affecting molecules
to the development of this devastating disease. Fluoride alone or in
synergistic action with AI** affects processes of neurotransmission,
generation of second messengers, and Ca®* homeostasis. It has been
demonstrated that AIFx induces toxic AfB generation, protein T
phosphorylation, and alterations in cytoskeletal protein organiza-
tion. Amyloid plaques in AD contain AI** [307]. Many neurode-
generative disorders are generally accepted to stem from pathologi-
cal changes in the conformation of proteins and thus, are character-
ized by the accumulation of extracellular and/or intracellular pro-
tein aggregates [308]. Moreover, the disturbances of energy me-
tabolism can contribute to the development of neurodegenerative
diseases, primarily by enhancing excitotoxic sensitivity and micro-
glial activation. [Ca’']; affects many of these processes. Ca>* ho-
meostasis in the cell is also known to deteriorate with aging [309],
making the elderly more vulnerable to both excitotoxicity and fluo-
ride/AlFx toxicity.

Suppressed activity of pyruvate dehydrogenase and a-ketogluta-
rate dehydrogenase complex (KGDHC) was found in a number of
neurodegenerative diseases, particularly AD and Parkinson’s dis-
ease [310]. Inhibition of KGDHC has also been shown to alter in-
tracellular Ca®" regulation, something common in neurodegenera-
tion [311]. Gibson et al. [310] found that patients with AD carrying
the €4 allele of apolipoprotein E (ApoE4) demonstrated a stronger
correlation between their dementia scores and KGDHC activity
than did those with non-ApoE4 genes. While there is no direct evi-
dence that fluoride or AIFx complex can suppress KGDHC activity,
it is known to be very sensitive to free radical and LPO suppression
[312]. That fluoride and AI’** have been shown in a number of stud-
ies, both in vitro and in vivo, to trigger the formation of ROS and
LPO products has been well demonstrated. Mercocci et al. [181]
found that oxidative mtDNA damage was 10-fold higher in mtDNA
than nuclear DNA and 15-fold higher in samples taken from indi-
viduals older than 70 years. The study was done in individuals aged
42 to 97 years without neurological disease or injury. The combina-
tion of excitotoxicity, oxidative stress, LPO, ca® dysregulation and
mitochondrial dysfunction greatly increases neuron and glial sensi-
tivity to damage.

5. Endocrine Glands

Understanding the role of G proteins in cell signaling allows us
to accept the fact that fluoride entering the human body from the
environment, water, and food chains followed by A13+, can affect
the activity of endocrine glands and the processes of hormonal
regulation of the human body.

Pineal Gland

Luke [313, 314] reported that fluoride accumulates in the hu-
man pineal gland. When Luke had the pineal glands from 11 human
corpses analyzed, the fluoride in the apatite crystals averaged about
9,000 ppm and in one case went as high as 21,000 ppm. The pineal
gland is considered to be a transducer of photoperiodical informa-
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tion [315, 316]. Production of the both chief pineal hormones sero-
tonin and melatonin is cyclical and influenced by light. Melatonin is
responsible for regulating numerous life processes, including de-
velopment and aging. Mongolian gerbils fed higher doses of fluo-
ride excreted less melatonin metabolite in their urine and took
a shorter time to reach puberty. In the light of these findings it is
interesting to note that the Newburgh-Kingston fluoridation trial
(1945-55) found that the girls in fluoridated Newburgh were men-
struating on average 5 months earlier than girls in unfluoridated
Kingston [317]. Considering the importance of hormonal produc-
tion of the pineal gland, this issue warrants further study. It is also
known that production of melatonin by the pineal is controlled by a
metabotropic glutamate receptor and that excess aspartate or gluta-
mate activity can inhibit melatonin release. Being a G protein type
receptor, AlFx could also activate this receptor.

Thyroid

Up until the late 1950’s, the doses of fluoride as low as 2.3 -
4.5 mg/day were recommended in Europe to reduce the activity of
the thyroid gland of those suffering from hyperthyroidism [318].
The search for a mechanism to explain how fluoride might lower
thyroid activity has a very long and elusive history. A promising
hypothesis is that fluoride mimics the thyroid-stimulating hormone
(TSH) by switching on its associated G protein. However, this is
puzzling because this would suggest that fluoride would stimulate
thyroid activity, not lower it. A possible explanation has come from
Tezelman et al. [319] who have suggested that overproduction of
cAMP leads to a feedback mechanism resulting in a desensitization
of the TSH receptor, thus ultimately leading to reduced activity of
the gland. It was shown that normal healthy individuals had thyroid
function lowered when consuming water at 2.3 ppm [320]. The
thyroid gland appears to be the most sensitive tissue in the body to
fluoride burden, which is able to increase the concentration of TSH
and decrease the concentration of T3 and T, hormones, thereby
producing hypothyroidism [258].

Dysturbance of thyroid hormone production has been found in
correlation with lowered IQ in children in China [304]. A decreased
level of thyroid hormone T; was found in residents of Villa Ahu-
mada, Mexico, where fluoride concentration in drinking water av-
erages 5.3 ppm [321]. The first study, which investigated the pro-
duction of thyroid hormones and TSH, included 90 children living
in fluoride endemic, non-iodine deficient areas of Delhi, India,
along with 21 children from non-endemic areas [273]. The received
data indicate the association of excess of fluoride intake and thyroid
hormone disturbances leading to manifestation of iodine deficiency
disorders (IDD). This study clearly documents that the primary
cause of IDD may not always be iodine deficiency, but the excess
of fluoride might induce it. Susheela suggests that iodine metabo-
lism is being disturbed through the fluoride effect on deiodinases,
the three enzymes, which regulate the conversion of T4 to T; in
target tissues. Even in some of the children from the control group
consuming water < 1 ppm F, fluoride levels in their blood and urine
are above current upper limits. This indicates other sources of fluo-
ride, such as food and beverages, dental products, air, etc. In those
children disturbances in thyroid hormone levels were observed as
well. The role of excess of fluoride in development of IDD has been
largely unnoticed at present, despite the fact that millions of chil-
dren suffer with IDD. Considering the globally increasing problem
of IDD that issue needs to be taken into consideration.

Testes

The comparison with healthy males living in areas nonendemic
for fluorosis suggest that fluoride toxicity may cause adverse effects
in the reproductive system of males living in fluorosis endemic
areas [322, 323]. A reduction in the circulating testosterone level of
males was found in males with or without the presence of clinical
SF. The authors concluded that a fluoride exposure of 3—27 mg/day
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induces a subclinical reproductive effect that can be explained by a
fluoride-induced toxic effect in both Sertoli cells and gonadotrophs.
A significant decrease in fertility in 30 regions spread over 9 U. S.
states with 3 ppm fluoride or more in the water was also reported
[324]. Most regions showed an association of decreasing total fertil-
ity rate with increasing fluoride levels.

AMELIORATION OF FLUORIDE PATHOPHYSIOLOGI-
CAL EFFECTS

Laboratory studies have revealed that withdrawal of fluoride
resulted in some recovery. Withdrawal of fluoride during lactation
caused significant recovery in serum changes in both P- and F1-
generation rats [220, 221]. Complete recovery from fluoride toxic-
ity in reproductive functions in male mice on co-treatment with
vitamins E and D alone and in combination was reported [233].
Ameliorative effect of these vitamins in NaF-treated dams could be
due to removal of cell damaging free radicals. Recovery was also
possible by feeding antioxidants (superoxide dismutase, glutathione,
B-carotene, and some herbal extracts) [102]. Liu et al. [325] re-
ported that synthetic catalytic scavengers of ROS proved beneficial
in mouse brain for reversal of age related learning deficits and oxi-
dative stress in mice.

Vitamins C and E act as antioxidants scavengers of free radicals
and peroxides, which accumulate after fluoride exposure. Vitamin
E channels the conversion of oxidized glutathione to reduced glu-
tathione, which in turn helps compression of mono- and dehy-
droascorbic acid to maintain ascorbic acid levels. Oral administra-
tion of vitamin C (50 mg/kg body weight/day) and vitamin E (2
mg/0.2 ml olive oil/animal/day) from day 6 to 19 of gestation along
with NaF (40 mg/kg body weight) significantly ameliorates NaF-
induced total percentage of skeletal and visceral abnormalities.
Vitamin E was comparatively less effective than vitamin C [326].
Vitamin D is known to promote intestinal absorption of Ca”" and
phosphate. Cotreatment with vitamins C, D, and E ameliorates
NaF-induced reduction in serum Ca®>" and phosphorus [327].
Ekambaram and Paul [215] reported that calcium carbonate pre-
vents not only fluoride-induced hypocalcemia but also the locomo-
tor behavioral and dental toxicities of fluoride by decreasing
bioavailability of fluoride in rats. Toxic effects of fluoride were
reversible if its exposure was withdrawn for 2 months. Intraarterial
administration of 1.8 mM CaCl,.kg" reduced the risk of death by
33% in a mouse lethal model of fluoride poisoning [222].

Poor nutrition is seen to be an important cause of endemic os-
teomalacia in high fluoride areas. Reversal of fluoride induced cell
injury and fluorosis through the elimination of fluoride and con-
sumption of a diet containing essential nutrients and antioxidants
have been shown [328]. Increasing dietary proteins, Ca®’, and vita-
mins may help in its prevention especially in pregnant and nursing
women and children [234]. The mitigation of the genotoxic effects
of fluoride and AI’* was possible by ascorbic acid [102, 329, 330].
Treatments of vitamins C, D, and Ca*" showed significant im-
provement in skeletal, clinical, and biochemical parameters in chil-
dren consuming water containing 4.5 ppm of fluoride.

CLOSING COMMENTARY

Science has already accumulated evidence demonstrating how
diverse molecules and biological processes can be affected by fluo-
ride. It is conceivable that exposure of cells/tissues to fluoride could
lead to a depletion of ATP, GTP, and PLC substrates. Fluoride
intesifies LPO and protein oxidation and reduces the antioxidant
potential in the cells. While fluoride in whole organism may not
reach concentrations, which were used in the laboratory experi-
ments in vitro, there may be instances where fluoride ions reach
microenvironments where interference may occur, especially at the
active sites of certain enzymes. Later it was demonstrated that AlIFx
causes many effects primarily attributed to fluoride. The discovery
of synergistic action of fluoride plus AI’" expanded our understand-
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ing of mechanisms of fluoride effects on living organism. The pres-
ence of AlFx has been demonstrated by many studies with crystal-
lized proteins, intact cells, and whole animals.

The widespread use of fluoride as a general activator of hetero-
trimeric G proteins provided evidence that AlFx is a molecule giv-
ing false messages, which are amplified by processes of signal
transduction. The phosphate analogue model of AlFx has been ex-
tended to many enzymes that bind phosphate groups. Regarding the
role of phosphoryl transfer reactions in cell metabolism, we can
predict hundreds of reactions, which might be influenced by AlFx.
It seems probable that we shall not find any physiological process,
which is not potentially influenced by synergistic action of fluoride
plus A", The actual phosphorylation level of a given protein is the
result of a delicate balance between kinases and phosphatases. Re-
cent studies are highlighting the importance of tyrosine and ser-
ine/threonine phosphatases in the regulation of many different cel-
lular processes. Fluoride in high concentrations (up to 100 mM) has
been included into various design systems as a putative inhibitor of
phosphatases. The potential interactions of fluoride in study design
warrant a careful assessment and further investigation. The discov-
eries of receptor diversity, numerous isoforms of G proteins, and
effector molecules broaden enormously the possibilities of interac-
tions of signal transduction events. The use of fluoride in laboratory
investigations contributed to the discovery of new signaling path-
ways and their cross talk. On the other hand, it is evident that fluo-
ride might evoke disturbances of the communication networks.

The explanation of the observed effects in animals and humans
is complicated by the chemical interactions of fluoride, AI*", and
AlFx with numerous non-protein and protein ligands in body fluids
and inside the cells. Competing reactions and disruptions of homeo-
stasis can produce a hormetic dose-response and elicit unexpected
responses. Also the fluoride effects on production of free radicals
might have adverse influences on the defence mechanisms. It is
therefore difficult to predict the actual effective concentrations of
fluoride. It is evident that the definition of a "safe" concentration of
fluoride for humans must consider that the dose, at which beneficial
effects such as caries reduction are expected, is not far away from
that one, which causes chronic, yet sub clinical toxic effects. The
severity and the development of symptoms depend on age, nutrition
status, kidney function, and many other factors.

Understanding the role of G proteins in cell signaling allow the
hypothesis that the synergistic action of fluoride and AI’" in the
environment, water, and food chains, might impair many physio-
logical functions of human body. The origins of many human dis-
eases are in the malfunctioning of signaling components. Signaling
disorders represent a major cause for the pathological states and
many of the recently identified validated target molecules of drug
research are signal transduction related macromolecules, mostly
kinases [331]. Strunecka and Patocka [6] proposed that fluoride
could complex with any pre-existing AI’" within body fluids to
produce the AlFx and this could lead to a combination of chronic
activation of G protein regulated systems and suppression of other
critical enzymes, especially kinases. Clinical, epidemiological, and
ecological studies over the whole world bring evidence about po-
tential health risks of chronic human exposure to fluoride and AI’".

One reason to suspect AlFx as the true culprit in these studies is
that both AI** and fluoride is known to exist in appreciable concen-
trations in all commercial animal feeds and that A" readily com-
plexes with fluorine. The same is true with public drinking water.
The water supply industry uses aluminum salts to produce a less
turbid drinking water. Pesticides and fertilizers also increase fluo-
ride content of food and processed beverages. The trend toward
fluorinating pharmaceuticals increases fluoride exposure via medi-
cation. AI*', the metal of the earth’s lithosphere, is everywhere: in
water sources, in food chains, and in air in the form of dust parti-
cles. Contact of food and beverages with AI'* during processing
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and storage can increase food levels of AI’". With exposure so
common, we can no longer afford to ignore potential consequences
of fluoride plus AP’ for human health. The awareness of increasing
load of fluoride and AI*" as a new ecotoxicological phenomenon
could contribute to the qualified assesment of their widespread use.
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ABBREVIATIONS

[Ca’'); = Cytosolic Ca*" level

AP = B-amyloid

AA = Arachidonic acid

AC = Adenylyl cyclase

AChE = Acetylcholinesterase

AD = ALZHEIMER’S disease

AlIFx = Aluminofluoride complexes

AMPA = a-amino-3-hydroxy-5-methyl-4-isoxazole propi-
onic acid

ApoE4 = ¢4 allele of apolipoprotein E

ATPase = Adenosine triphosphatase

BuChE = Butyrylcholinesterase

cAMP = Cyclic AMP

cGMP = Cyclic GMP

CNS = Central nervous system

cPIP = Prostaglandylinositol cyclic phosphate

DAG = 1,2-diacylglycerol

DF = Dental fluorosis

DHDG = N-(3-dodecyloxy-2-hydroxy propyl)-N,N-
dimethylglycine

EC = Endothelial cells

ERK = Extracellular signal-regulated kinase

GABA = y-amino butyric acid

GAP = (GTPase activating protein

GDP = Guanosine diphosphate

GLAST = Glutamate aspartate transporter

GTP(S) = Guanosine-5‘-0-3-[*>S](thio)triphosphate

IDD = lodine deficiency disorders

IL = Interleukin

IMPase = Inositol monophosphatase

Ins(1,4,5)P; = Inositol 1,4,5-trisphosphate

InsPs = Inositol phosphates

INK = c-jun-NH,-terminal kinase

KGDHC = o-ketoglutarate dehydrogenase complex

LPO = Lipid peroxidation

MAPK = Mitogen activated protein kinase

MIP-1a

Macrophage inflammatory protein-1la

Strunecka et al.

NMDA = N-methyl-D-aspartic acid
NO = Nitric oxide

PA = Phosphatidic acid

PAF = Plateled activating factor
PDE = Phosphodiesterase

PG = Prostaglandin

PI3-K = Phosphatidylinositol 3-kinase
PIP, = Phosphatidylinositol 4,5-bisphosphate
PKC = Protein kinase C

PLA, = Phospholipase A,

PLC = Phospholipase C

PLD = Phospholipase D

RBC = Red blood cells

RNS = Reactive nitrogen species
ROS = Reactive oxygen species

SF = Skeletal fluorosis

T = Triiodothyronine

T, = Thyroxine

TGF-B = Transforming growth factor-f§
TNF-a = Tumor necrosis factor-o

TSH = Thyroid stimulating hormone
TX = Thromboxane
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From: Sprovieri, John Councillor [mailto:John.Sprovieri@brampton.ca]

Sent: April 4, 2017 4:22 PM

To: Lockyer, Kathryn

Cc: Sprovieri, John; Polsinelli, Nancy; O'Connor, Patrick; Parrish, Carolyn; Palleschi, Michael;
Ras, Karen; Loh, Lawrence; Dale, Frank; Tovey, Jim; Downey, Johanna; Groves, Annette;
Moore, Elaine

Subject: FW: Faxes April 4th. FLUORIDATION IS A MEDICATION.

Hi Katheryn,

The attached material supports the 1957 Supreme Court Ruling that Water Fluoridation is a
Medication. Can you place the attached material on our next Community Water Fluoridation
Committee meeting for discussion.

The aim of the discussion is “What is the purpose of Water Fluoridation” and “Does the
Province [The Fluoridation Act] have the Authority to Authorize Municipal Councillors to Force
Medicate the Population.

John.

Hi Patrick,

Can you have a look at the attached material so that you can provide an opinion to the
committee.

John.

The Supreme Court of Canada has found that the liberty interest protected by s. 7 includes the
right to make fundamental personal choices free from state interference. 30 In the context of
medical treatment, the Ontario Court of Appeal has held that the right not to be subject to
medical treatment without informed consent is an aspect of the security of the person
interest under s. 7. 31 Section 7 thus protects “the right to be free from unwanted
medical treatment.” 32 To deprive individuals of the ability to make decisions with respect to
their treatment and to force them to submit to medication against their competent wishes
infringes the Charter right to security of the person as protected under s. 7 of the Charter. 33.

Health Care Consent Act, 1996 (applies to the Medical Officers if they treat someone, but not
Councillors, as far as | can tell): https://www.ontario.ca/laws/statute/96h02

“health practitioner” means a member of a College under the Regulated Health Professions
Act. 1991 or a member of a category of persons prescribed by the regulations as health
practitioners; (“praticien de la sante”)

Consent to Treatment
No treatment without consent

10. (1) A Health practitioner who proposes a treatment for a person shall not administer the
treatment, and shall take reasonable strps to ensure that it is no administered, unless,

(@) He or she is of the opinion that the person is capable with respect to the treatment, and
the person has give consent; or

REFERRAL TO

.... Elements of consent RECOMMENDED

DIRECTION REQUIRED

RECEIPT RECOMMENDED v



mailto:John.Sprovieri@brampton.ca
https://www.ontario.ca/laws/statute/96h02
67693
Receipt Recommended
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11. (1) the following are the elements required for consent to treatment:

The consent must relate to the treatment

The consent must be informed

The consent must be given voluntarily

The consent must not be obtained through misrepresentation or fraud. 1996, c. 2,
Sched. A, s. 11 (1).

PwnE

Please review the City of Brampton e-mail disclaimer statement at:
www.brampton.ca/en/Info-Centre/Pages/Privacy-Statement.aspx



http://www.brampton.ca/en/Info-Centre/Pages/Privacy-Statement.aspx

6.18-3

: wmﬂmmmmmmmmﬂmmmm(lo)mmmwm
«_ exist. The quality of research was ¢ven iower than that assessing overall effects of fluoridation.”

. ﬂfﬁumidohamﬁmmmﬁsmm&mhjmmﬂmmofmwfwﬂof
wﬁmﬁaﬁmmm&m”ammvmﬁwminmnmh

drugs, including
umwmmwbmmmmm:mwmumammm
been no randomised teials of water fiuoridation.™

Wilson P, Sheldon TA. Muddy waters; evidence-bassd policy making, uncertainty and the
“York review” on water fluoridation. Evidence & Pollcy 2000;2(3):321-331.
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SErovierl, John Councllfor '

m Sprovieri, John Counclllor
it 2016/06/09 7:286 AM
To: Sprovieri, John Councillor
Subject: FW: New Zealand plans to drown Its citizens in toxic fluorides
Does this help, for drugs?
hetp:tiwww. be-s¢.ge.ca/dhp-mps/prodpharme/aetivi/fs-fireviewss_gxamenfd-cng.php

What is considered to be a drug?

Drugs include both prescription and nonpresctiption pharmaceticals; biologically-derived products such as
vaccines, blood devived products, and products produced through blotechnology; tissues and organs;
disinfectants; and radiopharmaceuticals. According to the Food and Drugs Act, "a drug includes any substance
or mixture of substances manufactured, sold or represented for use in:

1. the diagnosts, treatment, mitigation or prevention of a disease, disorder, abnormal physical state, or lts
symptoms, in human beings or a 55

2. restoring, correcting or modifying organic functions in human beings or animals; or
3. disinfection in premises In which food is manufactured, prepared or kept.”

~_tural heaith products, such as vitamin and mineral supplements and herbal products for which therapeutic
~glaims are made are also considered drugs at the level of the Food and Drugs Act; however, these products are
regulated as natural health products under the Natural Health Products Regulations and not as drugs under the
Food and Drug Regulations.
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Sanie
\:_’_,__, A LT Caneda
Henlthy Erivionments  Dirsuiun géndrale,
Santd emﬂmmmnantaln ot
%“.3&.“"’“'“" y ebcnits doa consoramatoiirs
Youriia Vol oSt
Water, Air and Climnate Chiange Buveau g}ﬁgfhéﬂfi}ﬁhg Outle  Mspositinnce
Safe Hnvirommuoents Dircotorate
269 Laurier Avenue Wost — T
Address Logator 4905D
Ottawa, Ontario K1A 0K9
Desendber 22, 2011
City of Misafssaugy. RECOMMENDED
300 City Centre Drive DIRECTION REQUIRED
Missiseanga, Ontatio 3B 3Ct ‘
AECEIPT RECOMMEMDED .

Dear Mayor MoCallion, |

This iz fn resporss to your letter of Dovember 20, 2011, addressed o Michdle t
Giddings, in which you aeekinbmmﬂonmgnrdingﬂuoﬁdeinch:{nldngwaw{. hfrould <
Jike to use fhis appottunity fo aleo provide some olarification on the infmmetion included
In your letter.

Flucrids occurs natacally in many sonmce waters in Conada. Fleoridation is the
yprogens of adding an inorganio fluoride comymmd to muntoipal water supplies to adjust

(- BGASFITS __tho lovol of Goyide o s cpte ol i deptl b, Th oridetion of dkl
T water ie 2 well-eccepted measure 1o protect public health and is efrongly

supported by sclentific evidence. Ffuoride hae been added to public drinking water
supplies around the world for more than half a eentury, ay 2 public hiealthidental health
snoasure, and its use iz andorsed by over 90 nationat and international professional healih
organizations inclnding Health Canada, the Canadisn Dental Association, the Canadien
Medical Association, the Worli Health Organization and the Faod and Drug

—Adminisirgtion of s United States

T e

/A~

9 /€

Kinally, in soeponse to your quegtion regardiag the vegnlation of flucridation products by
Health Canade, ¥ would provide the following information: Flaoride, elther offsred for saloina
final dozage farm, used in laxge ooneontration and with a diug dolivery gystom (o.g., deatal tiuse,
mﬁpmrlabdedﬁ)rﬁwmpmxﬂnm or ragk) _1_,-— apentic olaimg), world be considered a

. ;'i dl bae )
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‘For gpeolfic queations regarding tho Auoridation of diinking water in Ontarlo, X wonld RydRo F/’“"ﬂ’ﬂ“

auggest you confact your provineial representetive ou the Federal- Provinoial- Teritorial Acti A.Te¥

Committes on Drinking Water, Dr. Satish Deshpande, at the following coordivates: CrTrieAL EANV!T
My, Satish Deshpande, Team Leader, Water Standarda Seotion . Az Wﬁp @s
Stendards Development Braash, Ministry of the Bavionment Vs
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Minlstry of Health Minlstére de Ia Santé
und Long-Term Caro ot des Soins do longus durke
Office of the Minister Burasu du minlsire
10™ Floor, Hepburn Bleck Edifice Hapbum, 10" ¢tage
80 Grosyenor Strast 8D, hie Grosvenor
Toroito ON M7A 2C4 Tortmtlo ON MTA 204
Tel. 416 3274200 Tél. 4163274300 :
Fax 416326-1671 Téldo, 418 328-1571
wew.oritesio.camialh www.ontatlo.cafsante E CE]I . -
. R dD
JAN 08 18
REGION OF PEEL
CLERKS DEPT.
January 7, 2016 -
HLTC287861T-2018-267

Dear Heads of Council,

We are writing to you today to draw your aftention to a significant public health issue and to
seek your support to address this important Issue at the municipal level. There area
growing number of communities across Ontario that are choosing to discontinue fiuoridation
of thelr municipal drinking water system in spite of consistent evidence that water
fluoridation Is a safe and effective method to reduce the risk of oral health problems for
Ontarlans.

Tooth decay is the single most common Fhronic diseasse‘lamong Canadian children. The
“importance of maintaining good oral health should not be taken lightly - it is an important

part of being hsalthy overall. Poot oral health '[s linked to diabetes, heart disaggﬂ,

resplratory conditi matoid arthritis and [ow birth weight i s, As

, Watsr fluoridation is, and must be recognizad, as a very important measure to protect
he health of Ontarian

_The benefits of water fluoridation are well documented. More than 90 national and -
'ntarnaf'lonﬁl'pm Bional eanh organizations, Including Health Canada, the Canadian
ency of Canada, the Canadian Dental

iation, the U.S. Cenfers for Disease Control and
M- anizatlon, hava_endorsed the use of fluoride at
the use of fluoride in drinking water has
Accordlng to expert research uorl dated drinking water reduces the number of cavities in

children's teeth, which contributes {0 thelr healthy development. Reductions of tooth decay
have also been observed in adults and seniors who reside in commumties with fluoridated

water.
REFERRAL TO
RECOMMENDED ,
DIRECTION REQUIRED
167101 (03/04) RECEIPT RECOMMENDED \/ s
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Water fluoridation helps to reduce the cost of dental care. The Ontario Denta! Assoclation
has stated that the cost of providing dental care if waiting untif {ooth decay. ocours is mich
higher than the cost.of praventing It. The CDC estimates that for avery $1 invested in
community water fiuoridation, $38 Is saved In dental treatment. Removing fluoride from
drinking water will place those least able to afford or access dental treatment at 4 much
higher risk for oral health problems. The health benefits of drinking water fluoridation extend
to all residents in & community, regardless of age, socioeconomic status, education or
employment.

Munic:pal leaders should consider carefully the range of factors and impﬁcations of
removing fiudridation from municipal drinking water systems. We urge all of you to support
fluoridation of drinking water In your communities so that everyone can enjoy the Iong-term
health benefits.

Yours sincersly,

Dr, Erie Hosking o David C. Williams, MD, MHS¢, ERCPC
Minister Acting Chief Medical Offlcer of Health

c. Roselle Martino, Assistant Deputy Minister, Population and Public Health Division

1671.01 (0304) 7830 4883
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Sgrovierl. John Councllior

m: Sproviarl, John Councillor
¥ 2016/06/09 7:28 AM
To: Sprovierl, John Counclllor
Subject; FW: New Zealand plans to drown [ts citizens In toxic fluorides

Does this help, for drugs?

DWW, re. cq/dhn-mpy

What is considered to be a drug?

Drugs include both prescription and nonprescription pharmaceuticals; biologically-derived products such as
vaceines, blood derived products, and products produced through biotechnology; tissues and organs;
disinfectants; and radiopharmaceuticals. According fo the Food and Drugs Act, "a drug includes any substance
or mixture of substances manufactured, sold or represented for use in:

1, the diagnosts, treatment, mitigation or prevention of a disedse, disorder, abnormal physical state, or its
symptoms, in human beings or GRmaIs, A :

2. restoring, correcting or modifying organic functions in human beings or animals; or

3. disinfectfon in premises in which food ts manufactured, prepared or kept.”

Jtural health products, such as vitamin and mineral supplements and herbal products for which therapeutic
claims are made are also considered drugs at the level of the Food and Drugs Act; however, these products are
regulated as natural health products under the Naturai Health Products Regulations and not as drugs under the
Food and Drug Regulations.
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National Research Council 2006 Review: Fluoride in Drinking Water

Fluoricle Intake Cotmpared to
Existing EPA Standards and NRC Adverse Health Effects
£§.20
}
'NRC report
] gdverse heaith
g 048 N = NN ——— offacts findings:
3 :
il E j - eurrent EPA standard
.T14 mg/xgiday or
E 0.10 (g mghkday for :d{tw
L I
g 0.05: FRtTea e re . _,.,“ vieeory u.'.;..-..-:;r.u.v...un--—un.mm b ) mmd'm,ﬁvmm
E k| . g by < hone fraciure
{ < thyrald denage to fodine
0.00 datlolent divideals

Infants <7 yegr  Childnren 3-5 chifran 86  AGMS2049  Aduite 2048 DM, nihlstes,
years Sabates atp. YBars disbetes inglp  [Rborers, mittary

Poputation groups, high Intake, all drinking water with 1 ppm fitoride
DM = diabetes meiltus. Adl data from NRC 2008 report, Table 24 and 243, All drinking water, baverages, and cooking water hisva 1 ppm flucride.

Table by Chris Newrath Director of Scientific Research, Fiuoride Action Network, American Environmental Health Studies Prgject

US EPA commissioned the National Research Council (NRC), a branch of the National Academy of
Sciences (NAS) to do this review. The National Academies is the most prestigious, independent
scientific body in the JS, founded fo provide scientific advice to US government agéncies. They used a
“weight-of-cvidence” approach. They did not examine efficacy. They only examined safety, The report

_was written by 12 experts and peer-reviewed by 14 experts. As well, public meetings were held,

The 12 committee members selected by the NAS reviewed over 1,000 research papers. The panel
members selected for their recognized expertise in the fields of toxicology, risk assessment,
epidermiology, and experience on fluotide health effects, The panel members spent thousands of hours
over three years and received no compensation for their work, One Canadian panel member was chosen
2 Dy, Hardy Limeback, DDS, PhD, Head of Preventive Dentidiry, U of Totorito, who bas conducted
geveral decades of primary research in biochemical effects of fluoride.

is is the most thorough teview, of the highest quality ever done on this subject. It is a landmark
review on the toxicology of fluoride in drinking water. 4 Types of scientific studies available for
toxicological assessment: 1) studies on tissues or cells outside of living organisms (in vitro); 2)
animal studies; 3) case reports on humans injured or diseased by fluoride; 4) epidemiclogical studies on
humans. Randomized Controlled Trials of the harmful effocts of flioride do not exist, It is unefhicat fo

purposely expose humans to any medical treatment with the goal of determining the doses that prodiice

e,
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SErovlerL John mncillor

gttt

From: Sprovieri, John Councillor
Sent: 2017/04/04 10:54 AM
To: Sprovieri, John Councillor
Subject: FW: mass medication

The Supreme Court of Canada has found that the liberty interest protected by s. 7 includes the right to make
fundamental personal cholces free from state interference. 30 In the context of medical treatment, the Ontario
Court of Appeal has held that the right not to be subject to medical treatment without informed consent is an
aspect of the security of the person interest under s. 7. 31 Section 7 thus protects “the right to be free from
unwanted medical treatment.”32 To deprive individuals of the ability to make decisions with respect to their
treaiment and to force them to submit to medication against thelr competent wishes infringes the Charter right
to security of the person as protected under 5. 7 of the Charter.33

Health Care Consent Act, 1996 (applies to the Medical Officers if they treat someone, but not Councillors, as
far as I can tell): hitps://www,ontario.ca/laws/statute/96h02

“health practitioner” means a member of a College under the Regulated Health Professions Act, 1991 or a
member of a category of persons prescribed by the regulations as health practitioners; (“praticien de la santé”)

Consent to Treatment
No treatment without consent

10. (1) A health practitioner who proposes a treatment for a person shall not administer the treatment, and
shall take reasonable steps to ensure that it is not administered, unless,

(a) he or she is of the opinion that the person is capable with respect to the treatment, and the person has given
consent; or

... Elements of consent

11. (1) The following ére the elements required for consent to treatment:
1. The consent must relare to the treatment.

2, The consent must be informed,

3. The consent must be given voluntarily.

4. The consent must not be obtained through misrepresentarion or fraud. 1996, ¢, 2, Sched. A, 5. 11 (1),

/v cd9vd WY 8%:0T LT0Z Lz des
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From: Loh, Lawrence <lawrence.loh@peelregion.ca>
Sent: Tuesday, April 4, 2017 9:22 PM

To: Tovey, Jim; Parrish, Carolyn

Cc: Pedra, Inga; Polsinelli, Nancy

Subject: Re: 2017-03829 EPA Response to Paul Connett

Thank you for sending, Councillor Tovey.

Given our ongoing commitment to monitor for new evidence and positions on this topic, | feel
an analysis of this document is warranted regardless of whether the committee is presently
sitting.

We can certainly share that analysis with the committee if it reconvenes.

| will review with my staff and put together an analysis on this which should be available in the
coming months - don't hesitate to reach out if you are interested in following on.

With thanks again for raising and best wishes,
Lawrence

Lawrence C. Loh, MD, MPH, CCFP, FRCPC, FACPM
Medical Officer of Health (A)

Peel Public Health

7120 Hurontario Street, 7" Floor

Mississauga, ON L5M 2C2

905-791-7800 extension 2566
lawrence.loh@peelregion.ca

From: Jim Tovey <Jim.Tovey@mississauga.ca>
Sent: April 4, 2017 21:15

To: Loh, Lawrence; Parrish, Carolyn

Subject: 2017-03829 EPA Response to Paul Connett

Hi Lawrence and Madam Chair,

This is a response from the EPA to the challenges to community water fluoridation from Paul Connett (Fluoride
Action Network). What is interesting in the document, is that the EPA took considerable time and effort to
examine and respond to all of Mr. Connett's claims. Claims which are the basis for arguments presented
repeatedly to our CWF Committee by anti CWF proponents and Councillor Spovieri.

The EPA document is quite thorough and based on objective science. The 49 pages methodically correct the anti
CWEF activist statements. The report was made Public a month ago. Should we reconvene our CWF Committee,
please put this on the Agenda with an analysis from the Medical Officer of Health.

REFERRAL TO

RECOMMENDED
DIRECTION REQUIRED

RECEIPT RECOMMENDED v
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This document is scheduled to be published in the
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BILLING CODE 6560-50-P
ENVIRONMENTAL PROTECTION AGENCY
40 CFR Chapter |
[EPA-HQ-OPPT-2016-0763; FRL-9959-74]
Fluoride Chemicals in Drinking Water; TSCA Section 21 Petition; Reasons for
Agency Response
AGENCY': Environmental Protection Agency (EPA).
ACTION: Petition; reasons for Agency response.
SUMMARY:: This document announces the availability of EPA’s response to a petition
it received on November 23, 2016, under section 21 of the Toxic Substances Control Act
(TSCA). The TSCA section 21 petition was received from the Fluoride Action Network,
Food & Water Watch, Organic Consumers Association, the American Academy of
Environmental Medicine, the International Academy of Oral Medicine and Toxicology,
and other individual petitioners. The TSCA section 21 petition requested that EPA
exercise its authority under TSCA section 6 to “prohibit the purposeful addition of
fluoridation chemicals to U.S. water supplies.” After careful consideration, EPA has
denied the TSCA section 21 petition for the reasons discussed in this document.
DATES: EPA’s response to this TSCA section 21 petition was signed February 17, 2017.
FOR FURTHER INFORMATION CONTACT: For technical information contact:
Darlene Leonard, National Program Chemicals Division (7404T), Office of Pollution
Prevention and Toxics, Environmental Protection Agency, 1200 Pennsylvania Ave.,
NW., Washington, DC 20460-0001; telephone number: (202) 566-0516; fax number:

(202) 566-0470; email address: leonard.darlene@epa.gov.
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For general information contact: The TSCA-Hotline, ABVI-Goodwill, 422 South
Clinton Ave., Rochester, NY 14620; telephone number: (202) 554-1404; email address:
TSCA-Hotline@epa.gov.

SUPPLEMENTARY INFORMATION:
I. General Information
A. Does this action apply to me?

This action is directed to the public in general. This action may, however, be of
interest to individuals or organizations interested in drinking water and drinking water
additives, including fluoride. Since other entities may also be interested, the Agency has
not attempted to describe all the specific entities that may be affected by this action.

B. How can | access information about this petition?

The docket for this TSCA section 21 petition, identified by docket identification
(ID) number EPA-HQ-OPPT-2016-0763, is available online at
http://www.regulations.gov or in person at the Office of Pollution Prevention and Toxics
Docket (OPPT Docket), Environmental Protection Agency Docket Center (EPA/DC),
EPA West Bldg., Rm. 3334, 1301 Constitution Ave., NW., Washington, DC. Six binders
containing copies of references were submitted along with the petition (Ref. 1). Those
binders are not available electronically in the docket but may be reviewed in the Public
Reading Room. The Public Reading Room is open from 8:30 a.m. to 4:30 p.m., Monday
through Friday, excluding legal holidays. The telephone number for the Public Reading
Room is (202) 566-1744, and the telephone number for the OPPT Docket is (202) 566-
0280. Please review the visitor instructions and additional information about the docket

available at http://www.epa.gov/dockets.
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Il. TSCA Section 21
A. What is a TSCA section 21 petition?

Under TSCA section 21 (15 U.S.C. 2620), any person can petition EPA to initiate
a rulemaking proceeding for the issuance, amendment, or repeal of a rule under TSCA
sections 4, 6, or 8 or an order under TSCA sections 4, 5(e), or 5(f). A TSCA section 21
petition must set forth the facts that are claimed to establish the necessity for the action
requested. EPA is required to grant or deny the petition within 90 days of its filing. If
EPA grants the petition, the Agency must promptly commence an appropriate proceeding
that is “in accordance” with the underlying TSCA authority. If EPA denies the petition,
the Agency must publish its reasons for the denial in the Federal Register. 15 U.S.C.
2620(b)(3). A petitioner may commence a civil action in a U.S. district court to compel
initiation of the requested rulemaking proceeding within 60 days of either a denial or the
expiration of the 90-day period. 15 U.S.C. 2620(b)(4).

B. What criteria apply to a decision on a TSCA section 21 petition?

TSCA section 21(b)(1) requires that the petition “set forth the facts which it is
claimed establish that it is necessary” to issue the rule or order requested. 15 U.S.C.
2620(b)(1). Thus, TSCA section 21 implicitly incorporates the statutory standards that
apply to the requested action. In addition, TSCA section 21 establishes standards a court
must use to decide whether to order EPA to initiate rulemaking in the event of a lawsuit
filed by the petitioner after denial of a TSCA section 21 petition. 15 U.S.C.
2620(b)(4)(B). Accordingly, EPA has relied on the standards in TSCA section 21 (and
those in the provisions under which action has been requested) to evaluate this TSCA

section 21 petition.
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I1l. TSCA Section 6

Of particular relevance to this TSCA section 21 petition are the legal standards
regarding TSCA section 6(a) rules. These standards were significantly altered in 2016 by
the “Frank R. Lautenberg Chemical Safety for the 21st Century Act,” Public Law No.
114-182 (2016), which amended TSCA. One of the key features of the new law is the
requirement that EPA now systematically prioritize and assess existing chemicals, and
manage identified risks. Through a combination of new authorities, a risk-based safety
standard, mandatory deadlines for action, and minimum throughput requirements, TSCA
effectively creates a “pipeline” by which EPA will conduct review and management of
existing chemicals. This new pipeline - from prioritization to risk evaluation to risk
management (when warranted) - is intended to drive forward steady progress on the
backlog of existing chemical substances left largely unaddressed by the original law.
(Ref. 2).

In the initial phase of the review pipeline, EPA is to screen a chemical substance
for its priority status, propose a designation as either high or low priority, and then issue a
final priority designation within one year of starting the screening process. 15 U.S.C.
2605(b)(1)(C). If the substance is high priority, EPA must initiate a risk evaluation for
that substance. 15 U.S.C. 2605(b)(4)(C). EPA must define the scope of the risk
evaluation within six months of starting, 15 U.S.C. 2605(b)(4)(D), and complete the risk
evaluation within 3 to 3.5 years. 15 U.S.C. 2605(b)(4)(G). If EPA concludes that a
chemical substance presents an unreasonable risk, EPA must propose a risk management
rule under TSCA section 6(a) within one year and finalize that rule after another year,

with limited provision for extension. 15 U.S.C 2605(c). As EPA completes risk
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evaluations, EPA is to designate replacement high-priority substances, on a continuing
basis. 15 U.S.C. 2605(b)(2)(C) and (b)(3)(C).

In general, to promulgate a rule under TSCA section 6(a), EPA must first
determine “in accordance with section 6(b)(4)(A) that the manufacture, processing,
distribution in commerce, use, or disposal of a chemical substance or mixture . . . presents
an unreasonable risk.” 15 U.S.C. 2605(a). TSCA section (b)(4)(A) is part of the risk
evaluation process whereby EPA must determine “whether a chemical substance presents
an unreasonable risk of injury to health or the environment,” and thus, whether a rule
under TSCA section 6(a) is necessary. 15 U.S.C. 2605(b)(4)(A). In particular, EPA must
conduct this evaluation “without consideration of costs or other non-risk factors,
including an unreasonable risk to a potentially exposed or susceptible subpopulation
identified as relevant to the risk evaluation by the Administrator, under the conditions of
use.” Id. Unless EPA establishes an exemption under TSCA section 6(g) (whereby
certain unreasonable risks may be allowed to persist for a limited period) or EPA is
addressing a persistent, bioaccumulative, and toxic substance as set forth in TSCA
section 6(h), the standard for an adequate rule under TSCA section 6(a) is that it regulates
“so that the chemical substance or mixture no longer presents” unreasonable risks under
the conditions of use. 15 U.S.C. 2605(a).

Prior to the 2016 amendment of TSCA, EPA completed risk assessments that
were limited to selected uses of chemical substances. The amended TSCA authorizes
EPA to issue TSCA section 6 rules that are not comprehensive of the conditions of use,
so long as they are consistent with the scope of such pre-amendment risk assessments. 15

U.S.C. 2625(1)(4). But EPA has interpreted the amended TSCA as requiring that
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forthcoming risk evaluations encompass all manufacture, processing, distribution in
commerce, use, and disposal activities that the Administrator determines are intended,
known or reasonably foreseen. (Ref. 2, p. 7565). EPA interprets the scope of post-risk-
evaluation rulemaking under TSCA section 6(a) in a parallel fashion: while risk
management rules for a certain subset of the conditions of use may be promulgated ahead
of rulemaking for the remaining conditions of use, rules covering the complete set of
conditions of use must be promulgated by the deadlines specified in TSCA section 6(c).
15 U.S.C 2605(c). While EPA has authority under TSCA section 6(a) to establish
requirements that apply only to “a particular use,” the restriction of just one particular use
would not constitute an adequate risk management rule unless that particular use were the
only reason that the chemical substance presented an unreasonable risk.

TSCA section 21(b)(4)(B) provides the standard for judicial review should EPA
deny a request for rulemaking under TSCA section 6(a): “If the petitioner demonstrates
to the satisfaction of the court by a preponderance of the evidence that . . . the chemical
substance or mixture to be subject to such rule . . . presents an unreasonable risk of injury
to health or the environment, without consideration of costs or other non-risk factors,
including an unreasonable risk to a potentially exposed or susceptible subpopulation,
under the conditions of use,” the court shall order the EPA Administrator to initiate the
requested action. 15 U.S.C 2620(b)(4)(B). EPA notes that bills preceding the final
amendment to TSCA retained language in section 21 that resembled the pre-amendment
criteria for rulemaking under section 6. Compare 15 U.S.C. 2620(b)(4)(B)(ii) (2015)
(amended 2016), 15 U.S.C. 2605(a) (2015) (amended 2016), S. Rep. 114-67 at 135 (Ref.

3), and H.R. Rep. No. 114-176 at 81 (Ref. 4). But the effect of the revision in the final



6.19-8

bill is to align the standard for judicial review of a TSCA section 21 petition with the
standard for EPA’s preparation of risk evaluation under TSCA section 6(b)(4)(A).
Consistent with these revisions, EPA concludes that Congress intended for a petition to
set forth facts that would enable EPA to complete a risk evaluation under TSCA section
6(b).

In light of this, EPA interprets TSCA section 21 as requiring the petition to
present a scientific basis for action that is reasonably comparable, in its quality and scope,
to a risk evaluation under TSCA section 6(b). This requirement includes addressing the
full set of conditions of use for a chemical substance and thereby describing an adequate
rule under TSCA section 6(a) — one that would reduce the risks of the chemical substance
“so that the chemical substance or mixture no longer presents” unreasonable risks under
all conditions of use. 15 U.S.C. 2605(a). Specifically, EPA interprets section 21(a) —
which authorizes petitions “to initiate a proceeding for the issuance. . . of a rule under. . .
section 6” — as authorizing petitions for rules that would comply with the requirements of
sections 6(a) and 6(c).

EPA recognizes that information on a single condition of use could, in certain
instances, suffice to demonstrate that a chemical substance, as a whole, presents an
unreasonable risk. Nonetheless, EPA concludes that such information does not fulfill a
petitioner’s burden to justify “a rule under [TSCA section 6],” under TSCA section 21,
since the information would merely justify a subset of an adequate rule. To issue an
adequate rule under section 6, EPA would need to conduct a catch-up risk evaluation
addressing all the conditions of use not addressed by the petition, and either determine

that those conditions do not contribute to the unreasonable risk or enlarge the scope of the
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rule to address those further conditions of use. See 15 U.S.C. 2605(a). To issue this rule
within the time required by section 6(c), EPA would have to proceed without the benefit
of the combined 4 to 4.5-year period that TSCA section 6(b) would ordinarily afford EPA
(i.e., time to prioritize a chemical substance, conduct a careful review of all of its
conditions of use, and receive the benefit of concurrent public comment). Additionally,
before even initiating the prioritization process for a chemical substance, EPA would
generally screen the chemical substance to determine whether the available hazard and
exposure-related information are sufficient to allow EPA to complete both the
prioritization and the risk evaluation processes. (Ref. 5).

EPA’s interpretation is most consonant with the review pipeline established in
TSCA section 6. In particular, the prioritization process established in section 6(b)
recognizes that a number of chemical substances may present an unreasonable risk of
injury to health or the environment and charges EPA with prioritizing those that should
be addressed first. EPA is required to have 10 chemical substances undergoing risk
evaluation as of December 19, 2016, and must have a steady state of at least 20 high-
priority substances undergoing risk evaluation by December 2019 (and as many as 10
substances nominated for risk evaluation by manufacturers). 15 U.S.C. 2605 (b)(2)(A),
(B), 2605(b)(4)(E)(i). EPA is obligated to complete rulemakings to address any
unreasonable risks identified in these risk evaluations within prescribed timeframes. 15
U.S.C. 2605(c)(1). These required activities will place considerable demands on EPA
resources. Indeed, Congress carefully tailored the mandatory throughput requirements of
TSCA section 6, based on its recognition of the limitations of EPA’s capacity and

resources, notwithstanding the sizeable number of chemical substances that will
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ultimately require review. Under this scheme, EPA does not believe that Congress
intended to empower petitioners to promote chemicals of particular concern to them
above other chemicals that may well present greater overall risk, and force completion of
expedited risk evaluations and rulemakings on those chemicals, based on risks arising
from individual uses.

EPA recognizes that some members of the public may have safety concerns that
are limited to a single condition of use for a chemical substance. But EPA’s interpretation
of TSCA section 21 does not deprive such persons of a meaningful opportunity to request
that the Administrator proceed on their concerns. For example, such persons may submit
a petition under the Administrative Procedure Act, requesting EPA to commence a “risk-
based screening” of the chemical substance under TSCA section 6(b)(1)(A), motivated by
their concern about a single condition of use.

IVV. Summary of the TSCA Section 21 Petition
A. What action was requested?

On November 23, 2016, a TSCA section 21 petition was submitted by the
Fluoride Action Network, Food & Water Watch, Organic Consumers Association, the
American Academy of Environmental Medicine, the International Academy of Oral
Medicine and Toxicology, Moms Against Fluoridation, and the following individuals
signing on behalf of themselves and their children: Audrey Adams of Renton,
Washington, Jacqueline Denton of Asheville, North Carolina, Valerie Green of Silver
Spring, Maryland, Kristin Lavelle of Berkeley, California, and Brenda Staudenmaier of
Green Bay, Wisconsin (Ref. 1). The general object of the petition is to urge EPA “to

protect the public and susceptible subpopulations from the neurotoxic risks of fluoride by
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banning the addition of fluoridation chemicals to water” (Ref. 1). The specific action
sought is a rule, under TSCA section 6(a)(2), to “prohibit the purposeful addition of
fluoridation chemicals to U.S. water supplies.” However, such a restriction on the
allowable use of fluoridation chemicals would actually be based on a rule under TSCA
section 6(a)(5), not a rule under TSCA section 6(a)(2). In light of the discrepancy
between the description of the rule sought and the cited authority, EPA interprets the
petition as requesting both a TSCA section 6(a)(5) rule whereby the purposeful addition
of any fluoridation chemical to a drinking water supply would be prohibited and a TSCA
section 6(a)(2) rule whereby the manufacture, processing, or distribution in commerce of
any fluoridation chemical for such use would be prohibited.

B. What support does the petition offer?

The petition is focused on the potential for fluoride to have neurotoxic effects on
humans; it cites numerous studies bearing on this issue. The petition contends that the
purposeful fluoridation of drinking water presents an unreasonable risk to human health
from neurotoxicity, and that a ban on this use of fluoridation chemicals is necessary to
curtail this unreasonable risk. The following is a summary of the primary support given
in the petition for this view:

1. Fluoride neurotoxicity at levels relevant to U.S. population. The petition
claims that fluoride poses neurotoxic risks to the U.S. population. The petition claims that
the cited studies of fluoride-exposed human populations have consistently found
neurotoxic effects (lower-than-average 1Qs) at water fluoride levels below the current
Maximum Contaminant Level Goal of 4 mg/L set by EPA’s Office of Water. The petition

argues that the difference between the fluoride levels in the United States and the greater
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levels in rural China (where most of the cited 1Q studies were conducted) is “lessen[ed]”
by the abundance of fluoridated toothpaste in the U.S.

2. Recent epidemiological studies corroborate neurotoxic risk in Western
populations. The petition cites two studies from Western populations to attempt to
corroborate the assertion that exposure to fluoride in drinking water presents
unreasonable risks for neurotoxicity (Refs. 6 and 7).

3. Neurotoxic risks supported by animal and cell studies. The petition argues that
studies on both experimental animals and cell cultures are consistent with cited human
research linking fluoride exposure with neurotoxic effects in humans.

4. Susceptible subpopulations are at heightened risk. The petition argues that
certain subpopulations (e.g., infants, the elderly, and persons with nutritional deficiencies,
kidney disease or certain genetic predispositions) are more susceptible to fluoride
neurotoxicity.

5. RfD/RfC derivation and uncertainty factor application. The petition argues
that EPA’s 1998 Guidelines for Neurotoxicity Risk Assessment support the need to apply
a 10-fold uncertainty factor in deriving an oral Reference Dose (RfD) or inhalation
Reference Concentration (RfC).

6. Benefits to public health. The petition bases, in part, its claim of unreasonable
risk on the assertion that the fluoridation of drinking water confers little benefit to public
health, relative to the alleged neurotoxic risks. The petition argues that since fluoride’s
primary benefit comes from topical contact with the teeth, there is little benefit from
swallowing fluoride, in water or any other product. The petition argues that there is

therefore “little justification” in exposing the public to “any risk” of fluoride



6.19-13

neurotoxicity.

7. Extent and magnitude of risk from fluoridation chemicals. The petition bases,
in part, its claim of unreasonable risk on estimates of the extent and magnitude of risk
posed to portions of the U.S. population living in areas where artificial fluoridation
oceurs.

8. Consequences of eliminating use of fluoridation chemicals. The petition
argues that the risks of fluoride exposure from fluoridated drinking water are
unreasonable, in part, because they could be easily and cheaply eliminated, and because
alternative products containing topical fluoride are widely available.

9. Link to elevated blood lead levels. The petition argues that artificial
fluoridation chemicals are linked with pipe corrosion and elevated blood lead levels. The
petition interprets data in several studies as demonstrating an association between
fluoridation chemicals and elevated blood lead levels.

In addition to supplying the petition, on January 30, 2017, the petitioners also
delivered an in-person oral presentation of their views (Ref. 8). At their oral presentation,
petitioners reiterated the information already supplied in writing, and requested that EPA
also consider an additional study that was not part of the petition (Ref. 9). EPA has
discretion (but not an obligation) to consider extra-petition materials when evaluating a
petition submitted under TSCA section 21. In cases where the petitioners themselves
attempt to enlarge the scope of materials under review while EPA’s petition review is
pending, EPA exercises its discretion to consider or not consider the additional material
based on whether the material was submitted early enough in EPA’s petition review

process to allow adequate evaluation of the study prior to the petition deadline, the
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relation of the late materials to materials already submitted. Given the particularly late
submittal of the additional study, EPA conducted an abbreviated review of the study and
found that the health concerns covered were substantially the same as those covered in
other studies submitted with the petition. Based on this abbreviated review, EPA does not
believe that the new study provided any new scientific grounds for granting the petition.
V. Disposition of TSCA Section 21 Petition

A. What was EPA’s response?

After careful consideration, EPA denied the TSCA section 21 petition, primarily
because EPA concluded that the petition has not set forth a scientifically defensible basis
to conclude that any persons have suffered neurotoxic harm as a result of exposure to
fluoride in the U.S. through the purposeful addition of fluoridation chemicals to drinking
water or otherwise from fluoride exposure in the U.S. In judging the sufficiency of the
petition, EPA considered whether the petition set forth facts that would enable EPA to
complete a risk evaluation under TSCA section 6(b).

EPA also denied the petition on the independent grounds that the petition neither
justified the regulation of fluoridation chemicals as a category, nor identified an adequate
section 6 rule as the action sought. Rather than comprehensively addressing the
conditions of use that apply to a particular chemical substance, the petition requests EPA
to take action on a single condition of use (water fluoridation) that cuts across a category
of chemical substances (fluoridation chemicals). A copy of the Agency’s response, which
consists of a letter to the petitioners, is available in the docket for this TSCA section 21
petition.

B. What were EPA’s reasons for this response?
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To take the actions under TSCA section 6 requested by the petitioners, EPA
would need to make a determination of whether a chemical substance or substances
present an unreasonable risk to human health or the environment. This section describes
why the petitioners have not provided adequate and sufficient scientific information to
make such a determination.

1. Fluoride neurotoxicity at levels relevant to U.S. population. The petition
ignores a number of basic data quality issues associated with the human studies it relies
upon. Many of the human studies cited in the petition are cross-sectional in design, and
are affected by antecedent-consequent bias. The antecedent-consequent bias means it
cannot be determined whether the exposure came before or after the health effects, since
both are evaluated at the same time. Cross-sectional studies are most useful for
developing hypotheses about possible causal relationships between an exposure and a
health effect, but are rarely suitable for the development of a dose-response relationship
for risk assessment. These studies are most useful in supporting more robust
epidemiological studies in which defined exposures can be linked quantitatively to an
adverse outcome.

The petition also does not properly account for the relatively poor quality of the
exposure and effects data in the cited human studies (e.g., it appears to give all studies
equivalent weight, regardless of their quality). When an association is suggested between
an exposure and a disease outcome, the studies need to be assessed to determine whether
the effect is truly because of exposure or if alternate explanations are possible. The way
to do that is to adjust for potential confounders, such as diet, behavior, and

socioeconomic status, in order to appropriately assess the real relationship between the
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exposures to a specific substance and health effects. In other words, when these
confounding factors are potentially present, but not recognized or controlled for, it is not
possible to attribute effects to the contaminant of concern (fluoride) as opposed to other
factors or exposures. The evidence presented did not enable EPA to determine whether
various confounding factors (e.g., nutritional deficiencies) were indeed placing particular
subpopulations at a “heightened risk of fluoride neurotoxicity,” as alleged, because the
evidence did not adequately account for the possibility that the confounding factors
themselves, rather than concurrent fluoride exposure, were partly or wholly responsible
for the health effects observed. Specific confounding factors or variables were noted by
the National Research Council (NRC) (Ref. 10). They may include climate, drinking
water intake, excessive dietary fluoride, low calcium intake, drinking water sources with
fluctuating fluoride levels, and industrial pollution such as use of coal for domestic
heating. These factors have the potential to confound efforts to identify a causal
relationship between drinking water fluoride exposure and particular health effects, either
by introducing additional, unaccounted for sources of fluoride exposure, by being
associated with the pertinent health endpoint through some mechanism other than
fluoride toxicity, or by directly affecting the health endpoint.

The petition relies heavily on two meta-analyses which include human cross-
sectional (Ref. 11) and case control (Ref.1 9) studies. All of the studies listed in Table 1
of the petition were examined in detail by the 2012 Choi et al. study (Ref. 11) as part of
their systematic review and meta-analysis to investigate the possibility that fluoride
exposure delays neurodevelopment in children. The Choi et al. analysis analyzes studies

in which 1Q was measured using various 1Q tests, compares children of various fluoride
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exposure ranges without accounting for differences in susceptibility to fluoride by age,
and used different exposure measures which only delineated between high and low
exposure groups. A variety of measures of fluoride exposure were present across studies
included in the Choi et al. study, including levels of fluoride in drinking water, observed
dental fluorosis, coal burning in houses (i.e., air fluoride levels), and urine fluoride.
Despite this disparate collection of types of measurements, all exposure measures were
treated equally in the analysis (Ref. 11, Table 1). The authors of the analysis identified a
variety of data quality issues associated with this collection of studies. For example, they
recognized that several of the populations studied had fluoride exposures from sources
other than drinking water (e.g., coal burning; Refs. 13-15); they therefore controlled for
this confounding factor by excluding such studies from their analysis. Co-exposures to
other potentially neurotoxic chemicals (e.g., iodine) (Refs. 16-18) and arsenic (Refs. 19-
22) were also recognized and accounted for in the Choi et al. analysis to understand
confounding by these factors. Yet the petitioners include such studies in making their
assertion that fluoride is neurotoxic, but have not indicated any attempts to control for the
confounding factors. Choi et al. also noted that basic information such as the study
subjects’ sex and parental education was missing in 80 percent of the studies and
household income was missing in 93 percent of studies; they stated that they could not
therefore control for these co-variables in their analysis. Consideration of these
confounding factors and their impact on the applicability of these studies in a risk
assessment context is evident in the authors’ discussion. The authors caution readers that
“our review cannot be used to derive an exposure limit, because the actual exposures of

the individual children are not known” and they are measured in their conclusions (i.e.,
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“our results support the possibility of adverse effects of fluoride exposures on children’s
neurodevelopment”) (Ref. 11). The authors indicate that “further research should
formally evaluate dose-response relationships based on individual-level measures of
exposure over time, including more precise prenatal exposure assessment and more
extensive standardized measures of neurobehavioral performance, in addition to
improving assessment and control of potential confounders” (Ref. 11). EPA agrees with
the conclusions by Choi et al. (Ref. 11) that the studies included in Table 1 of the petition
are unsuitable for evaluating levels of fluoride associated with neurotoxic effects and for
deriving dose-response relationships necessary for risk assessment.

The petition also cites an article by Grandjean and Landrigan (Ref. 23), for the
proposition that fluoride is “known” to cause developmental neurotoxicity in humans.
Grandjean and Landrigan refer only to the study of Choi et al. (2012), of which
Grandjean is a co-author, in discussing fluoride. EPA’s observations about the limitations
of Choi et al. (2012) thus apply with equal force to the cited statement from Grandjean
and Landrigan. Grandjean and Landrigan summarize that Choi et al. (2012) “suggests an
average 1Q decrement of about seven points in children exposed to raised fluoride
concentrations.” (Ref. 23). But Grandjean and Landrigan do not opine on whether
fluoride exposures, arising from the purposeful addition of fluoridation chemicals to U.S.
water supplies, are in fact causing developmental neurotoxic effects to persons in the U.S.
The petition itself concedes that the actual existence of such effects is unestablished, in
urging EPA to conduct “a diligent risk assessment, per EPA’s Guidelines, to ensure that
the general public, and sensitive subpopulations, are not ingesting neurotoxic levels” (Ref

1, p. 3).
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The other meta-analysis cited in the petition (Ref. 12) showed that, based on 16
case-control studies in China, children living in an area with endemic fluorosis are more
likely to have low IQ compared to children living in an area with slight fluorosis or no
fluorosis. While this analysis may suggest an association between fluorosis and lowered
IQ (both of which are possible effects of fluoride exposure at certain levels) any fluoride
concentration-to-1Q effect relationship (i.e., dose-response relationship) is only inferred
because actual fluoride exposures were not measured. Further, the two effects (fluorosis
and lower 1Q) both occur at fluoride exposures well above those found in fluoridated U.S.
drinking water, such that any inference would only apply at fluoride concentrations not
relevant to exposures in the U.S. The studies in the Tang et al. review (Ref. 12) correlate
one effect (fluorosis) to another effect (neurotoxicity), but do not establish a dose-
response relationship between fluoride exposure and neurotoxicity. This lack of a dose-
dependent increase in effect with increasing exposure is a critical limitation of these data.
Establishing a dose-response relationship between exposure to a toxicant and an effect “is
the most fundamental and pervasive concept in toxicology. Indeed, an understanding of
this relationship is essential for the study of toxic materials” (Ref. 12). Likewise, the 1Q
changes noted in Table 1 (Ref. 1) do not increase with increasing water fluoride
concentration (e.g., dose) (Ref. 1).

The petition suggested that a dose-response relationship between urinary fluoride
and 1Q is seen in several studies (Refs. 24-26) shown in Figures 1-5 of the petition (Ref.
1). Assuming, as the petitioners claim, that all children were malnourished in the Das and
Mondal (Ref. 26) study, it is not possible to determine whether effects on 1Q were due to

fluoride or to malnutrition (i.e., nutritional status may be an uncontrolled confounding
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factor). The study authors caution that “it is difficult to determine with any degree of
accuracy whether the difference of children’s IQ scores solely depends on the exposure
dose because many social and natural factors like economic condition, culture and
geological environments are also responsible” (Ref. 26). Hence, extrapolating
relationships from this study population to other populations is not scientifically
defensible.

Choi et al. (2015) (Ref. 27) report that moderate and severe dental fluorosis was
significantly associated with lower cognitive functions. However, associations between
drinking water and urine fluoride and the same cognitive functions were not found to be
significantly associated. They reached this conclusion from a study of 51 children in
China and a comparison group of eight with dental fluorosis (Table 4 in Choi et al.,
2015). The authors discuss potential problems associated with using these biomarkers of
exposure to fluoride. For example, water samples may be imprecise because internal dose
of fluoride depends on total water intake, and urine samples may be affected by the
amount of water the subject drank prior to sampling. With regard to fluorosis, the degree
of dental fluorosis is dependent not only on the total fluoride dose but also on the timing
and duration of fluoride exposure. A person’s individual response to fluoride exposure
depends on factors such as body weight, activity level, nutritional factors, and the rate of
skeletal growth and remodeling. These variables, along with inter-individual variability in
response to similar doses of fluoride, indicate that enamel fluorosis cannot be used as a
biological marker of the level of fluoride exposure for an individual (Ref. 28). Hence, the
petitioner’s use of fluorosis levels as a surrogate for evidence of neurotoxic harm to the

U.S. population is inappropriate evidence to support an assertion of unreasonable risk to
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humans from fluoridation of drinking water.

The petition also cites four studies (Refs. 24, 29-31) that rely on human urine or
serum fluoride concentrations as biomarkers of exposure but does not discuss the
limitations associated with the biomarkers used in the studies. In their report, Human
Biomonitoring for Environmental Chemicals, NRC defines properties of biomarkers and
created a framework for grouping biomarkers of exposure (Ref. 32). Figure 3-1 in the
NRC report illustrates the relationship between external dose (e.g., water), internal dose
(e.g., fluoride concentration) and biological effects, and indicates that internal dose is
measured through biomonitoring (e.g., fluoride concentrations measured in urine or
serum). NRC grouped the quality of biomarkers based on the robustness of these
relationships. NRC designated biomarkers for substances that have been observed in
bodily fluids, but that lack established relationships between external dose (e.g., water),
internal dose (e.g., urine or serum) and biological effects (e.g., neurotoxicity) as “Group
I” biomarkers. Although many human studies have been collated and reviewed in the
petition, for the reasons outlined previously — particularly study design and confounding
factors — relationships between urine and serum fluoride (internal doses), water fluoride
concentration (external dose), and neurotoxic effects in humans have not been
established. Further, serum and urine biomarkers for fluoride reflect only recent
exposures, not long-term exposures, and may be different from the exposures during the
specific time when developmental effects can occur. A lack of established sampling
protocols and analytical methods are also hallmarks of “Group I’ biomarkers. The main
studies cited in the petition which attempt to relate urine or serum levels to possible

neurotoxic effects suffer from either lack of good sampling protocols or absence of
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documenting the sampling protocols. Important issues such as the timing and methods of
sample collection were also often not reported in the studies. Using the NRC Framework,
urine and serum fluoride levels would be at best “Group 1” biomarkers for fluoride-
related neurotoxicity. The NRC Framework states “[b]iomarkers in this category may be
considered useless” for risk assessment purposes (Ref. 32, p. 78).

2. Recent epidemiological studies corroborate neurotoxic risk in Western
populations. The petition cites two studies from Western populations to attempt to
corroborate the assertion that exposure to fluoridated water presents unreasonable risks
for neurotoxicity. Two population-level studies were cited which link fluoridated water to
attention-deficit/hyperactivity disorder (ADHD) prevalence in the U.S. (Ref. 6) and
drinking water exposures and hypothyroidism prevalence in England (Ref. 7). These
studies use cross-sectional population-level data to examine the association between
ADHD and hypothyroidism and fluoridated water levels. The studies make reasonable
use the population-level data available, but causal inference cannot be made from these
studies (Ref. 3).

As stated in the conclusion of Malin and Till, an association has been reported,
but “[p]opulation studies designed to examine possible mechanisms, patterns and levels
of exposure, covariates and moderators of this relationship are warranted” (Ref. 6, p. 8).
In epidemiology, studies using cross-sectional data are most often used to generate
hypotheses that need to be further studied to determine whether a “true” association is
present. Ideally, the study designs and methods are improved by each study that is
undertaken, such as, among other things, identifying additional potential confounders,

considering timing issues or resolving ambiguity in collection of samples and disease



6.19-23

outcome, improving upon the exposure analysis, and evaluating the magnitude and
consistency of the results, so that the evaluation can adequately assess the association
(Ref. 34). For example, the authors assert that there are design issues with their study,
especially related to the exposure categories, and they suggest how to address these issues
in future studies. Although it is possible that there may be biological plausibility for the
hypothesis that water fluoridation may be associated with ADHD, this single
epidemiological study is not sufficient to “corroborate” neurotoxic health effects, as
stated in the petition. More study would be needed to develop a body of information
adequate to make a scientifically defensible unreasonable risk determination under
TSCA.

The Peckham et al. study (Ref. 7) suffers from similar issues noted in Malin and
Till (Ref. 6). Adjustment for some confounders was considered, including sex and age,
but other potential confounders (such as iodine intake) were not assessed. Fluoride from
other sources and other factors associated with hypothyroidism were not assessed in this
study. Exposure misclassification, in which populations are placed in the wrong exposure
categories based on the water fluoridation status, is very possible in either of the studies
presented and is a limitation of the study designs.

3. Neurotoxic risks supported by animal and cell studies. The National
Toxicology Program (NTP) conducted a systematic review of animal and cell studies on
the effects of fluoride on learning and memory available up to January 2016 (Ref. 35).
Almost all (159 out of 171) of the animal and cell culture studies cited in the petition in
Appendix D-E were included in the NTP systematic review. From among 4,656 studies

identified in the NTP database search, 4,552 were excluded during title and abstract
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screening, 104 were reviewed at the full-text level and 68 studies were considered
relevant and were included in the analysis. NTP assessed each study for bias, meaning a
systematic error in the study that can over or underestimate the true effect and further
excluded any studies with a high risk of bias. Of the 68 studies, including studies
provided by the Fluoride Action Network, 19 were considered to pose a very serious
overall risk of bias, primarily based on concern for at least three of the following factors:
lack of randomization, lack of blinding at outcome assessment in conjunction with not
using automated tools to collect information, lack of reporting on what was administered
to animals (source, purity, chemical form of fluoride), lack of control for litter effects,
lack of expected response in control animals, and lack of reporting of key study
information such as the number or sex of animals treated. Of the studies cited in Table 4
in the petition, two were excluded from the NTP analysis because of serious concerns for
study bias (Refs. 36 and 37). Based on its review of animal and cell studies, NTP
concluded that “[t]he evidence is strongest (moderate level-of-evidence) in animals
exposed as adults tested in the Morris water maze and weaker (low level-of-evidence) in
animals exposed during development” and “[v]ery few studies assessed learning and
memory effects at exposure levels near 0.7 parts per million, the recommended level for
community water fluoridation in the United States.” The animal studies cited in the
petition (Ref. 1, p. 14, Table 4) reflect these high drinking water exposures ranging from
2.3 mg/L to 13.6 mg/L, equivalent to 3-20 times the levels to which drinking water is
fluoridated in the U.S. Overall, NTP concluded that, “[r]esults show low-to-moderate
level-of-evidence in developmental and adult exposure studies for a pattern of findings

suggestive of an effect on learning and memory” (Ref. 35, p. 52). Based on this review of
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available evidence, and the identified limitations in the database, NTP is currently
pursuing experimental studies in rats to address key data gaps, starting with pilot studies
that address limitations of the current literature with respect to study design (e.g.,
randomization, blinding, control for litter effects), and assessment of motor and sensory
function to assess the degree to which impairment of movement may impact performance
in learning and memory tests. If justified, follow-up studies would address potential
developmental effects using lower dose levels more applicable to human intakes.

Two studies included in Table 4 (Ref. 1) were not included in the NTP review,
but do not show neurotoxicity effects at doses relevant to U.S. populations. One study
aimed to establish vitamin A as a marker for fluoride neurotoxicity (Ref. 38), but changes
in vitamin A were measured only at an excessive fluoride dose of 20 mg/L. The other
study dosed rats with fluoride in drinking water (Ref. 39) and showed effects on behavior
and brain neurotransmitters at a dose of 5 mg/L, a level well above the 0.7 parts per
million level recommended for community water fluoridation in the United States. Other
studies in Table 4, which, according to the title of the table, are indicative of “Water
Fluoride Levels Associated with Neurotoxic Effects in Rodents,” erroneously report
effect levels not supported by the studies themselves. In Wu et al. (Ref. 36), which NTP
excluded based on high bias, no adverse effects were seen at a dose of 1 mg/kg-day as
claimed in the petition. In fact, the behavioral effects occurred only at doses of 5 and 25
mg/L. In Chouhan et al. (Ref. 40), which NTP excluded in the initial screen for
relevancy, no significant neurotoxicity was seen at 1 mg/L fluoride, in contrast to what
the petition claims. In addition, the petition’s statement that “rats require 5 times more

fluoride in their water to achieve the same level of fluoride in their blood as humans”
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(Ref. 1) as a rationale for why higher exposure levels in animals are relevant to lower
levels in humans is not supported by the NTP review in the petition. The NTP review
indicates that “assuming approximate equivalence [of drinking water concentrations in
rodents and humans] is not unreasonable” (Ref. 35, p. 58). These several erroneously
reported studies do not change EPA’s agreement with the conclusions of the NTP report
that their “[r]esults show low-to-moderate level-of-evidence in developmental and adult
exposure studies for a pattern of findings suggestive of an effect on learning and
memory” (Ref. 35, p. 52).

In cell studies cited in the petition, two studies demonstrated effects following
exposure of artificial brain cells to fluoride at concentrations in the range purported to be
in the bloodstream of humans. However, relevance of cell assays to humans is limited
because the concentrations of fluoride experienced by cells by themselves in culture are
not directly comparable to an animal or human exposure due to lack of metabolism,
interactions between cells, and the ability to measure chronic (long-term) effects (Ref.
41). Extrapolation from concentrations in cell cultures to human exposures is not
straightforward. Pharmacokinetic modeling is necessary to convert the concentrations to
a human equivalent dose relevant to risk assessment (Ref. 42), but the petition did not
address whether data are available or lacking to complete such an analysis.

4. Susceptible subpopulations are at heightened risk. The data and information
provided in the petition do not support the claims that “nutritional status, age, genetics
and disease are known to influence an individual’s susceptibility to chronic fluoride
toxicity.” The only reference the petition presents that specifically addresses the claim

that nutrient deficiencies (i.e., deficiencies in iodine and calcium) can “amplify fluoride’s
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neurotoxicity” is the study by Das and Mondal (Ref. 26). However, the study did not
measure any nutrients in their test subjects. Rather, they measured Body Mass Index
(BMI), acknowledging that “BMI is the most commonly used measure for monitoring the
prevalence of overweight and obesity at population level” and “it is only a proxy measure
of the underlying problem of excess body fat or underweight cases.” Not only is the BMI
an indirect proxy for the iodine and calcium deficiencies supposed in the petition, the
BMI results presented in this study are themselves equivocal, as they show that BMIs
ranged from underweight to overweight to obesity depending on the sex and age of the
study subjects. Furthermore, the petition concedes that the Das and Mondal study data are
only “suggestive” of an area with chronic malnutrition. A few human studies cited
provide only suggestive evidence that low levels of iodine may increase the effects of
high levels of fluoride in children, but these studies suffer from study design and
confounding issues already described previously. Other cited studies describe the effects
of iodine or calcium on rats or rat brain cells in addition to irrelevantly high fluoride
levels. The petition also claims that a certain “COMT gene polymorphism greatly
influences the extent of 1Q loss resulting from fluoride exposure,” citing a study by
Zhang et al (Ref. 29) as support. The COMT gene encodes for the enzyme, catechol-O-
methyltransferase, which is responsible for control of dopamine levels in the brain. Zhang
et al. concludes that, “[t]he present study has several limitations. First, the cross-sectional
observational design does not allow us to determine temporal or causal associations
between fluoride and cognition. Second, the study has a relatively small sample size,
which limits the power to assess effects of gene-environmental interactions on children’s

1Q” (Ref. 29). Zhang et al. continues “[d]espite the study limitations, this is the first gene-
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environment study investigating the potential impact of COMT single-nucleotide
polymorphism (SNP) on the relationship between children’s cognitive performance and
exposure to elemental fluoride” (Ref. 29). Several studies are cited in the petition to
support the assertion that infants, the elderly and individuals with deficient nutritional
intake and kidney disease are more susceptible to fluoride neurotoxicity. However, the
level of supporting evidence from these studies (i.e., to specify the potentially greater
susceptibility of any particular subpopulation) is insufficient to overcome the petition’s
broader failure to set forth sufficient facts to establish that fluoridation chemicals present
an unreasonable risk to the general population, to allow EPA to reach a risk evaluation.
5. RfD/RfC derivation and uncertainty factor application. An oral Reference Dose
or inhalation Reference Concentration is a daily exposure to the human population,
including sensitive subgroups, that is likely to be without an appreciable risk of
deleterious effects during a lifetime (Ref. 43). The petition cites EPA’s 1998 guidance
document, Guidelines for Neurotoxicity Risk Assessment (Ref. 44), purporting that it
demonstrates the necessity of applying an uncertainty factor of at least 10. It appears that
the petition has selected the eight studies presented in Table 5 (Ref. 1, p. 19) as
candidates for deriving a Reference Dose (RfD) or Reference Concentration (RfC). The
petition asserts that these dose or concentration values are relevant oral reference values
for neurotoxic effects. However, the petition fails to recognize that the question of
applying an uncertainty factor does not even arise until one has first appropriately
performed a hazard characterization for all health endpoints of concern (Ref. 30, Section
3.1). As outlined in EPA’s document, A Review of the Reference Dose and Reference

Concentration Processes (Ref. 43), the first step in deriving an RfD or RfC is to evaluate
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the available database. The petition does not set forth the strengths and limitations of
each of the studies in the overall database of available studies nor any criteria or rationale
for selecting the eight particular studies from which to derive an RfD or RfC. Without
setting forth the strengths and limitations associated with each study and the weight of
evidence provided by the available database, a necessary step in any assessment, it is not
possible to determine whether uncertainty factors are necessary.

Following hazard characterization and identification of suitable studies for an RfD
or RfC, uncertainty factors are generally applied to a lower limit dose or concentration on
the continuum of observed effects (dose-response curve) in an individual study (e.g.,
NOAEL, LOAEL, Benchmark Dose, etc.). The selection of uncertainty factors and their
magnitude should be based on the quality of the data, extent of the database and sound
scientific judgment and consider the impact of having adverse effects from an inadequate
exposure as well as an excess exposure. Uncertainty factor values may be considered
appropriate to account for uncertainties associated with extrapolating from (1) a dose
producing effects in animals to a dose producing no effects, (2) subchronic to chronic
exposure in animals, (3) animal toxicological data to humans (interspecies), (4)
sensitivities among the members of the human population (intraspecies), and (5)
deficiencies in the database for duration or key effects (Ref. 43). Conflicting statements
in the petition indicate that there is both a robust and certain dose-response relationship
between fluoride exposure and 1Q including for sensitive subpopulations. However, the
petition does not clearly identify which sources/types of uncertainty in the data exist, nor
which of the aforementioned uncertainty factors should be applied based on the review of

the selected studies.
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6. Benefits to public health. The petition asserts that the fluoridation of drinking
water confers little benefit to public health, claiming that the primary benefit of fluoride
comes from topical fluoride contact with the teeth and that there is thus little benefit from
ingesting fluoride in water or any other product. The petition claims there are no
randomized controlled trials on the effectiveness of fluoridation, and that few studies
adequately account for potential confounding factors. In addition, the petition states that
modern studies of fluoridation and tooth decay have found small, inconsistent and often
non-existent differences in cavity rates between fluoridated and non-fluoridated areas.
Further, the petition questions the cost-effectiveness of fluoridation relative to costs
associated with what have been asserted to be fluoridation-related drops in 1Q. The
petition argues, then, that there is “little justification” in exposing the public to “any risk”
of fluoride neurotoxicity (Ref. 1).

EPA does not believe that the petition has presented a well-founded basis to doubt
the health benefits of fluoridating drinking water. The petition’s argument about
fluoridation benefits (i.e., that the risks of neurotoxic health effects from fluoridation are
unreasonable in part because they outweigh the expected health benefits arising from
exposure to fluoride) depends on first setting forth sufficient facts to establish the
purported neurotoxic risks, to which the countervailing health benefits from fluoridation
could be compared. But as noted earlier, EPA and other authoritative bodies have
previously reviewed many of the studies cited as evidence of neurotoxic effects of
fluoride in humans and found significant limitations in using them to draw conclusions
on whether neurotoxicity is associated with fluoridation of drinking water. Irrespective of

the conclusions one draws about the health benefits of drinking water fluoridation, the
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petition did not set forth sufficient facts to justify its primary claims about purported
neurotoxic effect from drinking fluoridated water.

The petition cites several studies as evidence that water fluoridation does not have
any demonstrable benefit to the prevention of tooth decay (Refs. 45-49). However, EPA
has found substantial concerns with the designs of each of these studies including small
sample size and uncontrolled confounders, such as recall bias and socioeconomic status.
Additionally, in Bratthall et al. (Ref. 45), for example, the appropriate interpretation of
the responses of the 55 dental care professionals surveyed, based on the data provided in
the paper, is that in places where water is fluoridated, the fluoridation is the primary
reason for the reduction in dental caries. Diesendorf (Ref. 49) cites only anecdotal
evidence and Cheng et al. (Ref. 46) is commentary only, with no supporting data.

EPA is mindful of the public health significance of reducing the incidence of
dental caries in the U.S. population. Dental caries is one of the most common childhood
diseases and continues to be problematic in all age groups. Historically, the addition of
fluoride to drinking water has been credited with significant reductions of dental caries in
the U.S. population. In 2000, the then-Surgeon General noted that “community water
fluoridation remains one of the great achievements of public health in the twentieth
century—an inexpensive means of improving oral health that benefits all residents of a
community, young and old, rich and poor alike.” The U.S. Surgeon General went on to
note, “it [is] abundantly clear that there are profound and consequential disparities in the
oral health of our citizens. Indeed, what amounts to a silent epidemic of dental and oral
diseases is affecting some population groups.” (Ref. 50).

At that time, among 5- to 17-year-olds, dental caries was more than five times as
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common as a reported history of asthma and seven times as common as hay fever.
Prevalence increases with age. The majority (51.6 percent) of children aged 5 to 9 years
had at least one carious lesion or filling in the coronal portion of either a primary or a
permanent tooth. This proportion increased to 77.9 percent for 17-year-olds and 84.7
percent for adults 18 or older. Additionally, 49.7 percent of people 75 years or older had
root caries affecting at least one tooth (Ref. 50).

More recently, from the National Health and Nutrition Examination Survey
(NHANES) for 2011-2012, approximately 23% of children aged 2-5 years had dental
caries in primary teeth. Untreated tooth decay in primary teeth among children aged 2—-8
was twice as high for Hispanic and non-Hispanic black children compared with non-
Hispanic white children. Among those aged 6-11, 27% of Hispanic children had any
dental caries in permanent teeth compared with nearly 18% of non-Hispanic white and
Asian children. About three in five adolescents aged 12—19 years had experienced dental
caries in permanent teeth, and 15% had untreated tooth decay (Refs. 51).

Further, in 2011-2012, 17.5 percent of Americans ages 5-19 years were reported
to have untreated dental caries, while 27.4 percent of those aged 20-44 years had
untreated caries (Ref. 52). For those living below the poverty line, 24.6 percent of those
aged 5-19 years and 40.2 percent of those aged 20-44 years had untreated dental caries
(Ref. 52). Untreated tooth decay can lead to abscess (a severe infection) under the gums
which can spread to other parts of the body and have serious, and in rare cases fatal,
results (Ref. 53). Untreated decay can cause pain, school absences, difficulty
concentrating, and poor appearance, all contributing to decreased quality of life and

ability to succeed (Ref. 54).
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These data continue to suggest dental caries remains a public health problem
affecting many people. Fluoride has been proven to protect teeth from decay by helping
to rebuild and strengthen the tooth’s surface or enamel. According to the Centers for
Disease Control and Prevention and the American Dental Association, water fluoridation
prevents tooth decay by providing frequent and consistent contact with low levels of
fluoride (Refs. 55 and 56). Thus, the health benefits of fluoride include having fewer
cavities, less severe cavities, less need for fillings and removing teeth, and less pain and
suffering due to tooth decay (Ref. 55).

Fluoride protects teeth in two ways — systemically and topically (Ref. 57). Topical
fluorides include toothpastes, some mouth rinse products and professionally applied
products to treat tooth surfaces. Topical fluorides strengthen teeth already in the mouth
by becoming incorporated into the enamel tooth surfaces, making them more resistant to
decay. Systemic fluorides are those ingested into the body. Fluoridated water and fluoride
present in the diet are sources of systemic fluoride. As teeth are developing (pre-
eruptive), regular ingestion of fluoride protects the tooth surface by depositing fluorides
throughout the entire tooth surface (Ref. 56). Systemic fluorides also provide topical
protection as ingested fluoride is present in saliva which continually bathes the teeth (Ref.
56). Water fluoridation provides both systemic and topical exposure which together
provide for maximum reduction in dental decay (Ref. 56).

The Surgeon General, the Public Health Service and the Centers for Disease
Control and Prevention reaffirmed in 2015 the importance of community water
fluoridation for the prevention of dental caries and its demonstrated effectiveness (Refs.

54 and 58). In the Public Health Service’s 2015 Recommendation for Fluoride
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Concentration in Drinking Water, they note “there are no randomized, double-blind,
controlled trials of water fluoridation because its community-wide nature does not permit
randomization of individuals to study and control groups or blinding of participants.
However, community trials have been conducted, and these studies were included in
systematic reviews of the effectiveness of community water fluoridation. As noted, these
reviews of the scientific evidence related to fluoride have concluded that community
water fluoridation is effective in decreasing dental caries prevalence and severity” (Ref.
59).

7. Extent and magnitude of risk from fluoridation chemicals. The petition argues
that the purported risks of drinking water fluoridation are unreasonable in part because
they are borne by a large population. The petition (in its discussion of the extent and
magnitude of risk posed) cites the total U.S. population and estimates the number of U.S.
children under the age of 18 years who live in areas where artificial fluoridation occurs.
That estimate is then multiplied by an estimate of the average decrease in lifetime
earnings associated with 1Q point loss to calculate the overall potential 1Q point loss and
associated decrease in lifetime earnings for the segment of the U.S. population under the
age of 18 years potentially exposed to artificially fluoridated water. The petition
concludes, based on the potential extent and magnitude of exposure to fluoridation
chemicals, that fluoridation would have caused “a loss of between 62.5 to 125 million IQ
points” (Ref 1, p. 24).

The petition has not set forth a scientifically defensible basis to conclude that any
persons have suffered neurotoxic harm as a result of exposure to fluoride in the U.S.

through the purposeful addition of fluoridation chemicals to drinking water or otherwise
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from fluoride exposure in the U.S. Still less has the petition set forth a scientifically
defensible basis to estimate an aggregate loss of 1Q points in the U.S, attributable to this
use of fluoridation chemicals. As noted previously, EPA has determined the petition did
not establish that fluoridation chemicals present an unreasonable risk of injury to health
or the environment, arising from these chemical substances’ use to fluoridate drinking
water. The fact that a purported risk relates to a large population is not a basis to relax
otherwise applicable scientific standards in evaluating the evidence of that purported risk.
EPA and other authoritative bodies have previously reviewed many of the studies cited as
evidence of neurotoxic effects of fluoride in humans and found significant limitations in
using them to draw conclusions on whether neurotoxicity is associated with fluoridation
of drinking water. In contrast, the benefits of community water fluoridation have been
demonstrated to reduce dental caries, which is one of the most common childhood
diseases and continues to be problematic in all age groups. Left untreated, decay can
cause pain, school absences, difficulty concentrating, and poor appearance, all
contributing to decreased quality of life and ability to succeed (Ref. 54).

8. Consequences of eliminating use of fluoridation chemicals. Apparently citing to
a repealed provision of TSCA (15 U.S.C. 2605(c)[1](A) (2015)) and guidance issued
with respect to that statutory provision, the petition argues that the following factors are
germane to determining whether the alleged neurotoxic risks presented by fluoridation
chemicals are unreasonable: “the societal consequences of removing or restricting use of
products; availability and potential hazards of substitutes, and impacts on industry,
employment, and international trade.” Along these lines, the petition includes claims such

as the following: that any risks of fluoridation chemicals could be easily reduced by
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discontinuing purposeful fluoridation practices; that alternative topical fluoride products
have widespread availability; and that the impacts on the requested rule on industry,
employment, and international trade would be little, if any. In short, the petition urges
EPA to conclude that the risks of fluoridation chemicals are unreasonable, in part because
if EPA found that the risks were unreasonable, the cost and non-risk factors that EPA
would need to address in ensuing risk management rulemaking could be readily
addressed. But this sort of ends-driven reasoning is forbidden by the texts of section
6(b)(4)(A) and 21(b)(4)(B)(ii) of the amended TSCA, which exclude “costs or other non-
risk factors” from the unreasonable risk determination. It is also plainly inconsistent with
Congress’ intent, in amending TSCA, to “de-couple” the unreasonable risk decision from
the broader set of issues (e.g., chemical alternatives and regulatory cost-effectiveness)
that may factor into how best to manage unreasonable risks, once particular risks have
been determined to be unreasonable. See S. Rep 114-67 at 17 (Ref. 3); H.R. Rep. 114-
176 at 23 (Ref. 4); and 162 Cong. Rec. S3516 (Ref. 60).

9. Link to elevated blood lead levels. To support the contention that TSCA (and
not the Safe Drinking Water Act [SDWAY]) is the appropriate regulatory authority, the
petition asserts an association between fluoridation chemicals and elevated blood lead
levels and claims that there is laboratory and epidemiological research linking artificial
fluoridation chemicals with pipe corrosion. The petition then argues that issuing a rule
under TSCA section 6 rather than SDWA would allow EPA to specifically target and
prohibit the addition of fluoridation chemicals to drinking water. The petition argues that
SDWA would not allow EPA to distinguish between intentionally-added, artificial and

naturally-occurring fluoride. It is in the public interest, says the petition, to opt for the
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regulatory option that is less expensive and can be more narrowly tailored.

Regarding the claims about the relative extent of legal authorities under TSCA
and SDWA, EPA notes that the petition has not set forth any specific legal basis for its
views on the purported limitations of SDWA. For this reason, and because the petition
has not set forth facts sufficient to show that the fluoridation of drinking water presents
an unreasonable risk under TSCA, the Agency need not resolve such legal questions in
order to adjudicate this petition.

EPA has further observations about the petition’s claims that drinking water
fluoridation is linked to lead hazards. The Centers for Disease Control and Prevention
(CDC) studied the relationship between fluoridation additives and blood lead levels in
children in the United States (Ref. 61). More than 9,000 children between the ages of 1-
16 years were included in the study’s nationally representative sample. The petition
argues that the study, and Table 4 in particular, shows that fluorosilicic acid was
associated with increased risk of high blood lead levels. In fact, Macek et al. concluded
that their detailed analyses did not support concerns that silicofluorides in community
water systems cause high lead concentrations in children. The petition also points to
another study (Ref. 62) which re-analyzed CDC’s data and concluded that children
exposed to “silicofluoridated” water had an elevated risk of having high blood lead
levels. Coplan et al. (Ref. 62) criticized the Macek et al. approach as flawed and
reevaluated the NHANES data comparing systems that used silicofluorides to all systems
(e.g., a combination of fluoridated, nonfluoridated and naturally fluoridated) and found a
small difference between the number of children in each group with blood lead levels >5

pg/dL; the results were not evaluated to see if the difference was statistically significant.
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A number of other chemical characteristics are known to increase lead release into water
sources such as pH, natural organic matter, water hardness, oxidant levels, and type of
piping, age of housing; the Coplan et al. study did not evaluate these factors.

In any event, the Agency is not persuaded that the examination of the relationship
between fluoridation chemicals, pipe corrosion, and elevated blood lead levels nor their
bearing on the comparative efficacy of TSCA or SDWA is germane to the disposition of
the petition. Under TSCA, where the EPA Administrator determines “that the
manufacture, processing, distribution in commerce, use, or disposal of a chemical
substance or mixture . . . presents an unreasonable risk of injury to health or the
environment, the Administrator shall by rule [regulate a] . . . substance or mixture to the
extent necessary so that the chemical substance or mixture no longer presents such risk”
15 U.S.C. 2605(a). As previously discussed, the petition does not demonstrate that
purposeful addition of fluoridation chemicals to U.S. water supplies presents such
unreasonable risk.

10. Regulation of fluoridation chemicals as a category. EPA has broad discretion
to determine whether to regulate by category under TSCA section 26(c) rather than by
individual chemical substances. In a prior evaluation of a section 21 petition seeking the
regulation of a category of chemical substances, EPA explained that it does so in light of
Congress’ purpose in establishing the category authority: to “facilitate the efficient and
effective administration” of TSCA. See 72 FR 72886 (Ref. 63) (citing Senate Report No.
94-698 at 31). It is of course self-evident that various chemical substances constituting
“fluoridation chemicals” would have in common their use to fluoridate drinking water.

But as discussed in Unit I11., the inquiry does not end there. If EPA were to grant the
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petitioner’s request, the Agency would become obligated to address all conditions of use
of the category. If certain chemical substances comprising the category present conditions
of use that other members do not, and any of those conditions of use would be significant
to whether the category as a whole presents an unreasonable risk to human health or the
environment, then the overall approach of regulating by category is less suited to the
efficient and effective administration of TSCA. But the petition does not set forth facts
that would enable the Agency to reasonably evaluate whether a category approach on
fluoridation chemicals would be consistent with the efficient and effective administration
of TSCA. Nor does the petition set forth the specific chemical substances that should
comprise the category of fluoridation chemicals.

11. Specification of an adequate rule under TSCA section 6(a). As discussed
earlier, the petition does not set forth facts that satisfactorily demonstrate to the Agency
that fluoridation chemicals present an unreasonable risk to human health, specifically
arising from these chemical substances’ use to fluoridate drinking water. But even if the
petition had done so, it would still be inadequate as a basis to compel the commencement
of section 6(a) rulemaking proceeding under TSCA section 21. This is because the
petition does not address whether fluoridation chemicals would still present an
unreasonable risk, even after implementing the requested relief, arising from other
conditions of use. As discussed earlier in Unit I11., EPA interprets TSCA section 21 as
requiring a petition to address the full set of conditions of use for a chemical substance
and thereby describe an adequate rule under TSCA section 6(a), as opposed to a rule that
would merely address a particular subset of uses of special interest. The petition at issue

pays little or no attention to the other conditions of use of the various fluoridation
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chemicals (i.e., uses other than the eponymous use to treat drinking water) and makes no
claim for any of these chemical substances that the risks to be addressed by curtailing
drinking water fluoridation would be the only unreasonable risks or even the most
significant unreasonable risks. This problem is compounded by the petition’s lack of
specificity as to which chemical substances are being construed as “fluoridation
chemicals.”

EPA acknowledges that its interpretation of the requirements of TSCA section 21,
for petitions seeking action under TSCA section 6, was not available to petitioners at the
time they prepared this petition. EPA has issued general guidance for preparing citizen’s
petitions, 50 FR 56825 (1985), but that guidance does not account for the 2016
amendments to TSCA. Particularly relevant under these circumstances, the Agency
wishes to emphasize that its denial does not preclude petitioners from obtaining further
substantive administrative consideration, under TSCA section 21, of a substantively
revised petition under TSCA section 21 that clearly identifies the chemical substances at
issue, discusses the full conditions of use for those substances, and sets forth facts that
would enable EPA to complete a risk evaluation under TSCA section 6(b) for those
substances.
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From: Christine Massey

Sent: April 4, 2017 6:16 PM

To: Sprovieri, John; rbelgrave @thebramptonguardian.com; Thompson, Allan; Downey,
Johanna; Groves, Annette; Innis, Jennifer; Shaughnessy, Barb; Jeffrey, Linda Mayor; Gibson,
Grant; Medeiros, Martin; Miles, Gael; Moore, Elaine; Palleschi, Michael; Crombie, Bonnie;
Carlson, George; Fonseca, Chris; lannicca, Nando; Kovac, John; Mahoney, Matt; McFadden,
Sue; Parrish, Carolyn; Ras, Karen; Saito, Pat; Starr, Ron; Tovey, Jim; Loh, Lawrence; Polsinelli,
Nancy; Szwarc, David; Burkiewicz, Justyna; Hennings, Jeff; O'Connor, Patrick

Subject: MOECC: no "standard" saying any F level prevents cavities

Dear Peel Council / CWFC Members, Dr. Loh, Health Commissioner Polsinelli, Ms. Burkiewicz,
Mr. Hennings, Mr. O'Connor and CAO Szwarc,

1. According to the MOECC in the emails below, there is no provincial "standard" stating that
0.5 to 0.8 mg/L fluoride in drinking water, or any other range, will prevent cavities. O. Req.
169/03: ONTARIO DRINKING WATER QUALITY STANDARDS is the only set of drinking water
standards for large municipal systems and it does not say anything about adding fluoride to
water to prevent cavities.

The lowest level of fluoride that is in accordance with provincial standards is zero ppm, and
Council's recent motion to lower the fluoride concentration to the lowest level in accordance with
provincial standards implies that the Region will now cease fluoridation altogether.

2. The Region’s website now says:

The level of naturally-occurring fluoride in Peel's Lake-based municipal water supply is adjusted
to an optimal concentration range to protect against tooth decay: 0.5 mg/L to 0.8 mg/L, as
recommended by the Ministry of the Environment and Climate Change’s Technical Support
Document for Ontario Drinking Water Standards, Objectives and Guidelines.

This technical document is not mentioned in the Safe Drinking Water Act or the actual drinking
water standards, O. Reg. 169/03. It is not a standard. In conjunction with Council's recent
motion, this statement is misleading to the public.

[This statement is also misleading because the Region is not adding more naturally-occurring
calcium fluoride (a mineral) to our water, but a man-made acid. Material safety data sheets for
HFSA say not to add it to domestic water supplies. The Region's expert, Mr. Jennings, admitted
during Council's March 9th meeting that he does not know the long term effects of ingesting
HFSA and will not argue that there are no adverse health effects.]

The technical document mentioned above makes this statement:

Where fluoride is added to drinking water, it is recommended that the concentration be adjusted
to 0.5 -0.8 mg/L the optimum level for control of tooth decay.

This is only a recommendation for communities foolish enough to fluoridate, not a
standard. There is no suggestion that it would be safe or wise to fluoridate at any concentration.

Also, on page 1 this document says: REFERRAL TO
RECOMMENDED

DIRECTION REQUIRED

RECEIPT RECOMMENDED v
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https://www.ontario.ca/laws/regulation/030169
http://www.ontla.on.ca/library/repository/mon/14000/263450.pdf
http://www.ontla.on.ca/library/repository/mon/14000/263450.pdf
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Standards, objectives and guidelines are considered to be the minimum level of drinking-
water quality and in no way should be regarded as implying that allowing the degradation
of a high quality water supply to the specified level or range is acceptable.

Best wishes,
Christine Massey
Fluoride Free Peel

---------- Forwarded message ----------

From: Bekkout, Lamine (MOECC) <Lamine.Bekkout@ontario.ca>

Date: Tue, Apr 4, 2017 at 2:12 PM

Subject: RE: Reply: Yes, Page: https://www.ontario.ca/page/ministry-environment-and-climate-
change (Christine Massey)

To: Christine Massey

Hello Christine,

If by tap water you mean large municipal drinking water systems, then yes Ministry of the
Environment and Climate Change has jurisdiction, but for small drinking water systems the
oversight was transferred to the Ministry of Health as of December 1, 2008:

http://www.health.gov.on.ca/english/public/program/pubhealth/safewater/safewater fag.htmil#l

Again the Fluoridation Act (1990) is under the jurisdiction of the Ministry of Health.

You may find the following web page of interest:

https://www.ontario.ca/page/rules-non-municipal-drinking-water-systems

Regards,

Mr. Lamine Bekkout (pronounced La-meen Bee-koot)

Bilingual Inquiry Support & Technology Officer | Agent bilingue de support d’information
et de technologie

Ministry of the Environment and Climate Change | Ministére de 'Environnement et de I'Action
en matiére de changement climatique

Communications Branch | Direction des communications

2" Floor, Macdonald Block | Edifice Macdonald, 2° étage,

900 Bay Street, Suite M2-22 | 900, rue Bay, bureau M2-22

Toronto, ON, M7A 1N3

Tel | Téléphone : 416-325-4164

Toll free | Sans frais : 1-800-565-4923

TTY | Numéro d'ATS : 1-855-515-2759

Twitter: @EnvironmentOnt | Facebook: Facebook.com/OntarioEnvironment

Government of Ontario Employee and Organization Directory |Répertoire des employés et des
bureaux du gouvernement de 'Ontario

To report a suspected act of pollution within the Province of Ontario, contact the Ministry of the
Environment and Climate Change Pollution Hotline at 1-866-MOE-TIPS (663-8477) or email
your concern to MOE.Tips.moe@ontario.ca | Pour signaler un présumeé acte de la pollution



http://fluoridefreepeel.ca/
mailto:Lamine.Bekkout@ontario.ca
https://www.ontario.ca/page/ministry-environment-and-climate-change
https://www.ontario.ca/page/ministry-environment-and-climate-change
http://www.health.gov.on.ca/english/public/program/pubhealth/safewater/safewater_faq.html#1
https://www.ontario.ca/laws/statute/90f22
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http://www.twitter.com/environmentont
http://www.facebook.com/OntarioEnvironment
http://www.infogo.gov.on.ca/infogo/
http://www.infogo.gov.on.ca/infogo/
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mailto:MOE.Tips.moe@ontario.ca
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dans la province de I'Ontario, veuillez communiquer avec la ligne d’assistance MOE pollution au
1-866-MOE-TIPS (663-8477) ou par courriel : MOE.Tips.moe@ontario.ca.

From: Christine Massey
Sent: Tuesday, April 04, 2017 1:57 PM

To: Bekkout, Lamine (MOECC)
Subject: Re: Reply: Yes, Page: https://www.ontario.ca/page/ministry-environment-and-climate-
change (Christine Massey)

Thank you very much, Lamine.

Does the Ministry of Health have any jurisdiction over tap water? | thought that only the
MOECC has jurisdiction over tap water.

Best wishes,

Christine

---------- Forwarded message ----------

From: Bekkout, Lamine (MOECC) <Lamine.Bekkout@ontario.ca>

Date: Tue, Apr 4, 2017 at 1:48 PM
Subject: RE: Reply: Yes, Page: https://www.ontario.ca/page/ministry-environment-and-climate-

change (Christine Masse
To: Christine Massey

Hello Christine,

| would suggest that you contact the Ministry of Health and Long Term Care for further details
as the Fluoridation Act (1990) is under their jurisdiction.

Please feel free to contact me if you need any other assistance.
Regards,

Mr. Lamine Bekkout (pronounced La-meen Bee-koot)

Bilingual Inquiry Support & Technology Officer | Agent bilingue de support d’information
et de technologie

Ministry of the Environment and Climate Change | Ministére de 'Environnement et de I'Action
en matiére de changement climatique

Communications Branch | Direction des communications

2" Floor, Macdonald Block | Edifice Macdonald, 2° étage,

900 Bay Street, Suite M2-22 | 900, rue Bay, bureau M2-22

Toronto, ON, M7A 1N3

Tel | Téléphone : 416-325-4164

Toll free | Sans frais : 1-800-565-4923

TTY | Numéro d'ATS : 1-855-515-2759

Twitter: @EnvironmentOnt | Facebook: Facebook.com/OntarioEnvironment
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Government of Ontario Employee and Organization Directory |Répertoire des employés et des
bureaux du gouvernement de I'Ontario

To report a suspected act of pollution within the Province of Ontario, contact the Ministry of the
Environment and Climate Change Pollution Hotline at 1-866-MOE-TIPS (663-8477) or email
your concern to MOE.Tips.moe@ontario.ca | Pour signaler un présumé acte de la pollution
dans la province de I'Ontario, veuillez communiquer avec la ligne d’assistance MOE pollution au
1-866-MOE-TIPS (663-8477) ou par courriel : MOE.Tips.moe@ontario.ca.

From: Christine Massey
Sent: Tuesday, April 04, 2017 1:20 PM

To: Bekkout, Lamine (MOECC)
Subject: Re: Reply: Yes, Page: https://www.ontario.ca/page/ministry-environment-and-climate-
change (Christine Massey)

Thank you very much, Lamine.

Which legal provincial standard states that 0.5 to 0.8 mg/L fluoride in drinking water will prevent
dental caries, and/or that systems that fluoridate for the prevention of cavities are required to
maintain a range of 0.5 to 0.8 mg/L fluoride?

Best wishes,

Christine

On Tue, Apr 4, 2017 at 1:11 PM, Bekkout, Lamine (MOECC) <Lamine.Bekkout@ontario.ca>
wrote:

Hello Christine,
Thank you for following up.

As you may know, it is the municipalities which are responsible for deciding if they will or not
fluoridate their water supply.

Under the Fluoridation Act (1990), which is administered by the Ministry of Health and Long
Term Care, a local municipality may enact a by-law to discontinue fluoridation of its municipal
drinking water supply. The municipality may also hold a referendum asking electors if they are in
favour of fluoridation of the public water supply in their municipality.

The current Ontario Drinking Water Quality Standards of 1.5 milligram per Litre (mg/L) is
consistent with the other provinces and territories.


http://www.infogo.gov.on.ca/infogo/
http://www.infogo.gov.on.ca/infogo/
http://www.infogo.gov.on.ca/infogo/
mailto:MOE.Tips.moe@ontario.ca
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In Ontario drinking water systems that fluoridate for the protection of dental health are required
to maintain a range of 0.5 to 0.8 mg/L fluoride, a level about one-half of the Ontario Drinking
Water Quality Standard.

Please feel free to contact me if you need any other assistance.
Regards,

Mr. Lamine Bekkout (pronounced La-meen Bee-koot)

Bilingual Inquiry Support & Technology Officer | Agent bilingue de support d’information
et de technologie

Ministry of the Environment and Climate Change | Ministere de 'Environnement et de I'’Action
en matiére de changement climatique

Communications Branch | Direction des communications

2" Floor, Macdonald Block | Edifice Macdonald, 2° étage,

900 Bay Street, Suite M2-22 | 900, rue Bay, bureau M2-22

Toronto, ON, M7A 1IN3

Tel | Téléphone : 416-325-4164

Toll free | Sans frais : 1-800-565-4923

TTY | Numéro d'ATS : 1-855-515-2759

Twitter: @EnvironmentOnt | Facebook: Facebook.com/OntarioEnvironment

Government of Ontario Employee and Organization Directory |Répertoire des employés et des
bureaux du gouvernement de 'Ontario

To report a suspected act of pollution within the Province of Ontario, contact the Ministry of the
Environment and Climate Change Pollution Hotline at 1-866-MOE-TIPS (663-8477) or email
your concern to MOE.Tips.moe@ontario.ca | Pour signaler un présumeé acte de la pollution
dans la province de I'Ontario, veuillez communiquer avec la ligne d’assistance MOE pollution au
1-866-MOE-TIPS (663-8477) ou par courriel : MOE.Tips.moe@ontario.ca.

From: Christine Massey

Sent: Tuesday, April 04, 2017 12:20 PM

To: Bekkout, Lamine (MOECC)

Subject: Re: Reply: Yes, Page: https://www.ontario.ca/page/ministry-environment-and-climate-
change (Christine Massey)

Thank you very much, Lamine.

Is there a provincial standard specifying a concentration of fluoride in drinking water that will
prevent dental caries (cavities)?

Best wishes,
Christine

On Tue, Apr 4, 2017 at 9:51 AM, Bekkout, Lamine (MOECC) <Lamine.Bekkout@ontario.ca>
wrote:

Hello Ms. Massey,


tel:%28416%29%20325-4164
tel:%28800%29%20565-4923
tel:%28855%29%20515-2759
http://www.twitter.com/environmentont
http://www.facebook.com/OntarioEnvironment
http://www.infogo.gov.on.ca/infogo/
http://www.infogo.gov.on.ca/infogo/
http://www.infogo.gov.on.ca/infogo/
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https://www.ontario.ca/page/ministry-environment-and-climate-change
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Thank you for contacting the Ministry of the Environment and Climate Change.

There are many regulations in Ontario covering drinking water, but if you are referring to the one
dealing with the drinking water quality standards, acceptable limits of elements in drinking water,
then O. Reqg. 169/03: ONTARIO DRINKING WATER QUALITY STANDARDS is the one that
deals with this specific issue.

| would need more details to be able to properly respond to your request.
Regards,

Mr. Lamine Bekkout (pronounced La-meen Bee-koot)

Bilingual Inquiry Support & Technology Officer | Agent bilingue de support d’information
et de technologie

Ministry of the Environment and Climate Change | Ministére de 'Environnement et de I'’Action
en matiére de changement climatique

Communications Branch | Direction des communications

2" Floor, Macdonald Block | Edifice Macdonald, 2° étage,

900 Bay Street, Suite M2-22 | 900, rue Bay, bureau M2-22

Toronto, ON, M7A 1IN3

Tel | Téléphone : 416-325-4164

Toll free | Sans frais : 1-800-565-4923

TTY | Numéro d'ATS : 1-855-515-2759

Twitter: @EnvironmentOnt | Facebook: Facebook.com/OntarioEnvironment

Government of Ontario Employee and Organization Directory |Répertoire des employés et des
bureaux du gouvernement de 'Ontario

To report a suspected act of pollution within the Province of Ontario, contact the Ministry of the
Environment and Climate Change Pollution Hotline at 1-866-MOE-TIPS (663-8477) or email
your concern to MOE.Tips.moe@ontario.ca | Pour signaler un présumeé acte de la pollution
dans la province de I'Ontario, veuillez communiquer avec la ligne d’assistance MOE pollution au
1-866-MOE-TIPS (663-8477) ou par courriel : MOE.Tips.moe@ontario.ca.

From: PICEmail (MOECC)

Sent: Tuesday, April 04, 2017 9:21 AM

To: Bekkout, Lamine (MOECC)

Subject: FW: Reply: Yes, Page: https://www.ontario.ca/page/ministry-environment-and-climate-
change (Christine Massey)

From: do.not.reply@ontario.ca [mailto:do.not.reply@ontario.ca]

Sent: Monday, April 03, 2017 6:30 PM

To: PICEmail (MOECC)

Subject: Reply: Yes, Page: https://www.ontario.ca/page/ministry-environment-and-climate-
change (Christine Massey)

Referring page: page/ministry-environment-and-climate-change

Message:


https://www.ontario.ca/laws/regulation/030169
tel:%28416%29%20325-4164
tel:%28800%29%20565-4923
tel:%28855%29%20515-2759
http://www.twitter.com/environmentont
http://www.facebook.com/OntarioEnvironment
http://www.infogo.gov.on.ca/infogo/
http://www.infogo.gov.on.ca/infogo/
http://www.infogo.gov.on.ca/infogo/
mailto:MOE.Tips.moe@ontario.ca
mailto:MOE.Tips.moe@ontario.ca
https://www.ontario.ca/page/ministry-environment-and-climate-change
https://www.ontario.ca/page/ministry-environment-and-climate-change
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Hello, What drinking water "standards" exist in the province of Ontario? Please reply via email.
Christine

Reply Request: Yes
Name: Christine Massey

E-mail:

Address:
Brampton, ON

User agent:
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From: Christine Massey

Sent: Friday, April 7, 2017 4:07 PM

To: Sprovieri, John; Polsinelli, Nancy; O'Connor, Patrick; Parrish, Carolyn; Palleschi, Michael;
Ras, Karen; Loh, Lawrence; Dale, Frank; Tovey, Jim; Downey, Johanna; Groves, Annette;
Moore, Elaine; Szwarc, David

Cc:

Subject: Region's !rau!u|ent dental fluorosis statistic

Dear CWFC Members, Chair Dale, Dr. Loh, Health Commissioner Polsinelli and CAO Szwarc,

On_page 61 of the Region's new oral health report, Staff reported a fraudulent dental fluorosis
statistic. This should have been obvious to anyone with a basic understanding of dental fluorosis.

See page 42 for the ages of the children examined: “Routine data about the oral health status of
Peel’'s population is limited to children in junior kindergarten (JK), senior kindergarten (SK)

and Grade 2.” The majority of these children were too young to have the teeth erupted that need
to be examined for proper evaluation of dental fluorosis, yet they were included in the
denominator when calculating the percentage of children affected by dental fluorosis.

I've attached for you CAO Szwarc's reply to my request for details on this new statistic. In his
letter you can see the details | had asked for.

Also attached is the reply from Public Health Staff saying that they cannot provide a breakdown
on how many of the children they reported on were in each age group, nor how many of them had
the teeth erupted that are needed for proper evaluation of fluorosis, nor how many of them had
the various degrees of dental fluorosis.

Note that in the earlier 2003 Peel report, page 14/21, 7 year old children were the youngest
reported on regarding dental fluorosis. In the new report they are the oldest, which is unscientific,
grossly misleading, and makes clear the false nature of Staff's claim that they have been
monitoring the water fluoridation situation carefully.

It is also fraudulent to classify children as ‘unaffected by fluorosis' when they do not have the
indicator teeth erupted yet.

Also note that Staff indicated they followed the province's child health program oral health
guidance document when assigning fluorosis scores. Page 13 of this document states that the
fluorosis score is an "optional field". Hence, for all we know at this point, Staff also cherry-picked
which scores they would record in order to further lower the fraudulent statistic.

This report needs to be removed from circulation until the dental fluorosis section has been made
as clear as possible, and a notice needs to be provided to everyone to whom it was already
circulated.

Further, the Staff member(s) responsible for the unscientific data collection and reporting need to
be held accountable.

Best wishes,

Christine Massey M Sc

(Graduate of the Dalla Lana School of Public Health, University of Toronto)
Spokesperson for_Fluoride Free Peel

REFERRAL TO

RECOMMENDED
DIRECTION REQUIRED

RECEIPT RECOMMENDED v



https://www.peelregion.ca/health/resources/pdf/2017-oral-health-report.pdf
https://www.peelregion.ca/health/health-status-report/dental-health/pdfs/dh-full.pdf
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http://www.fluoridefreepeel.ca/
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Newbert, Kathleen

S TR A S e D T o R e AR
From: Pedra, Inga
Sent: : March 2, 2017 8:56 AM
To: Newbert, Kathleen
Ce: Sharma, Paul; Cheema, Debbie
Subject: Re: Request for Documents for 123-17-059
* Attachments: childhealth_oralhealth_gd.pdf
Kathleen,

Staff have looked into this request and the following response has been prepared.
Thank you
Inga

1a The scale for measuring fluorosis that is used is outlined in the Provincial Child Heaith Program Oral Health Guidance
Document {attached).

1c The reported figure of 2.1% in the following statement in the Oral Health Status report - "In Peel, dental fluorosis
affects about 2.1% (representing 1,113 children) of the 52,462 children that were screened during the 2014-2015 school
year.” - was determined by dividing the number of children provided with a dental screening at schools in Peel in the
2014-2015 school year with a fluorosis index of 1,2,3 or 4 {as defined in the Provincial Child Health Program QOral Health
Guidance Document) by the total number of children provided with a dental screening at schools in Peel in the 2014-
2015 school year and miiltiplying the result by 100. N lq

P4

There is a NIL response for the cther requests.

> From: Newbert, Kathleen

> Sent: February 22, 2017 11:01 AM

> To: Sharma, Paul; Pedra, Inga

> Cc: Cheema, Debbie

> Subject: FW: Request for Documents for 123-17-059

>

>

> Hellg,

=

> The Clerk’s Division received a freedom of Information request for records that may be in the custody of you or your
staff. The request under the Municipal Freedom of Information and Protection of Privacy Act (the Act} was for:

>

>

>1.  Records showing the details how the fluorosis diagnoses reported in the new 2017 Oral Health Report was
carried out including:

>

>a. the scale for measuring dental fluorosis;

>

>b. criteria used to determine whether a child has been assessed; and
>

>c¢. how the reported figures of 2.1% was determined.

J 1
[123-17-059 NOTE: This text and page numbers have been applied to facilitate MFIPPA disclosure and are not part of the original document. Page 1 of 34]
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ion o Peel
Working for you

March 22, 2017

Christine Massey
Via email

Dear Ms. Massey,

This responds to your complaint of February 24, 2017 which was directed to me and which, as has been
previously indicated when acknowledging receipt of your complaint, falls for me to deal with under the
Region’s formal complaint policy. | have considered the content of your email of that date and the text of your
email of February 10, 2017 which you included with your complaint. Your complaint is that the Medical
Officer of Health and the Commissioner of Health Services “failed to acknowledge my serious concerns
conveyed to them on Feb. 10 2017, shown further below”.

Upon review, your email of February 10, 2017 consists largely of assertions in support of your position on the
use of fluoride in drinking water. Your advocacy for changes to Peel’s current practice on the use of fluoride in
Peel's drinking water has been considered by Regional Council throughout its recent protracted review of that
practice, and where requested by Council, Peel's Medical Officer of Health has provided Council with
information as requested in response to your advocacy. | find a non-response to these aspects of your email
to have been entirely appropriate

Your February 10 email does contain one request for information which in my view does call for a response.
That was stated by you in these terms:

“Please also let me know how many JK, SK and Grade 2 children were examined, how many in each
age group had the teeth to be evaluated for fluorosis, the number in each age group with fluorosis,
the degrees of fluorosis recorded, and whether any of the 1113 kids with fluorosis were from higher
grades.”

Also, in your complaint itself you have posed as an additional question warranting a response, the following:
“whether the Region has any post-2001/2 data on dental fuorosis (sic)”

| am accordingly responding to your complaint by asking staff through the Acting Medical Officer of Health, Dr.
Lawrence Loh to answer these questions. It may (or may not) be that the information you have requested or
some part of it is unavailable. If so, | anticipate that that will be addressed in the response. | am advised that
you may expect a direct response within 9 working days. In all other respects | find your complaint to be
without merit.

Yours sincerely,
: of 57
L (an N

David Szwarc
Chief Administrative Officer

C: Regional Clerk

Office of the Chief Administrative Officer

10 Peel Centre Dr., Suite A, Brampton, ON L6T 4B9
Tel: 905-791-7800 Web: peelregion.ca
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64 Mclntyre Street e Nairn Centre, Ontario e POM 2L0 7 705-869-4232 & 705-869-5248
Established: March 7, 1896 Office of the Clerk Treasurer, CAO  E-mail: nairncentre@personainternet.com

April 13, 2017
Region of Peel
10 Peel Centre Drive, Suite A RECEIVED
Brampton, ON L6T 4B9 April 13, 2017

_ o ) REGION OF PEEL
Attention: Summer MacGregor, Legislative Assistant OFFICE OF THE REGIONAL CLERK

RE: Water Fluoridation
Dear Ms:

Please be advised that our Council adopted the following resolution at their meeting of
April 10, 2017:

ADVOCATING TO THE PROVINCIAL GOVERNMENT THAT THEY CLARIFY AND
ASSUME THEIR LEGISLATIVE ROLE IN COMMUNITY WATER FLUORIDATION
RESOLUTION #2017-4-104

MOVED BY: Brigita Gingras

SECONDED BY: Charlene Y. Martel

RESOLVED: that Council supports the resolution adopted by the Peel Regional Council
on March 9, 2017 regarding their concerns with water fluoridation.

CARRIED

Sincerely Yours,

Rébert Deschene,

CAO-Clerk-Treasurer REFERRAL TO
RECOMMENDED
LF/lc DIRECTION REQUIRED

cc: Michael Mantha, MPP, Algoma-Manitoulin
RECEIPT RECOMMENDED \/
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nairncentre@personainternet.com

From:
Date:
To:
Subject:

"ZZG-RegionalClerk" <zzg-regionalclerk@peelregion.ca>
March-31-17 10:56 AM

"Undisclosed recipients:"

Resolution 2017-185

| am writing to advise that Peel Regional Council approved the below resolution at its meeting held on
Thursday, March 9, 2017. This resolution is provided to you for your information only.

Thank you

Resolution 2017-185:

Whereas the Community Water Fluoridation Committee (CWFC) was established on
February 11, 2016 to closely examine the current practice of water fluoridation in the
Region of Peel and make recommendations to Regional Council on community water
fluoridation in Peel;

And whereas, over the past year the CWFC has reviewed information and research related
to the effectiveness, safety and cost of community water fluoridation using hydrofluorosilicic
acid and heard from a number of experts and stakeholders;

And whereas, Regional Council has supported the Committee’s recommendation to
advocate to the provincial government that they clarify and assume their legislative role in
community water fluoridation;

Therefore be it resolved, that while waiting for the Province to respond to the above
request:

a) The Region of Peel undertake to reduce the concentration of fluoride in Peel’s lake-
based municipal water supply, adjusting it to the lowest level in accordance with
provincial standards for the prevention of tooth decay;

b) And further, that the Region of Peel modify the fluoride additive used in the Region’s
water supply to reduce the levels of residual components; substituting a fluoride
additive from calcium fluoride or such other source as will have the desired effect of
reducing the levels of residual components;

c) And further, that Peel Public Health reaffirms its commitment to ongoing monitoring
of the oral health status of Peel residents — especially children of school age — as
well as relevant evidence on the effectiveness and safety of community water
fluoridation;

d) And further, that the CWFC suspend meetings until such time as the Province
clarifies its role in community fluoridation; or until such time as Regional Council
reconvenes the Committee;

e) And further, that copies of this resolution be circulated to the Region of York (which
receives a portion of their water supply from the Region of Peel), all Ontario
municipalities and all Peel-area MPPs.

Summer MacGregor

04/04/2017

/78
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From: Christine Massey

Sent: April 28, 2017 8:21 PM

To: Loh, Lawrence; Polsinelli, Nancy; Sprovieri, John; O'Connor, Patrick; Parrish, Carolyn;
Palleschi, Michael; Ras, Karen; Dale, Frank; Tovey, Jim; Downey, Johanna; Groves, Annette;
Moore, Elaine; Szwarc, David; Hennings, Jeff

Cc: Ghandour, Victoria; Thomson, Christine; Roth, Julie; Burkiewicz, Justyna

Subject: Re: Response to Formal Complaint 5-17

Dear CWFC Members, Chair Dale, Dr. Loh, Health Commissioner Polsinelli, Mr. Hennings and
CAO Szwarc,

Please see Dr. Loh's attached letter of April 6, 2017.

Dr. Loh has failed to provide even one single valid experiment to support the claim made over
and over again that industrial waste HFSA dissociates 100% in tap water.

1. As pointed out in my complaint, the study by Finney et al is not generalizable to the reality of
artificial water fluoridation because ‘Nanopure’ water is entirely different from tap water. It is de-
ionized water devoid of impurities while our tap water has many impurities.

Further, the high grade HFSA used in the study is quite different from the industrial waste HFSA
contaminated with various known toxins that the Region added to our water for years. [Since
the Region has not provided any published studies on the new HFSA used by the Region, |
would assume Finney's HFSA is different from the new acid also.]

All of you should realize that an experiment conducted under one set of conditions cannot
scientifically be assumed to reflect what happens under an entirely different set of conditions. It
is disturbing that a Medical Officer would cite this study in response to my complaint, especially
since this problem has been pointed out repeatedly.

2. Urbansky 2002 is a review, not a primary study.

3. Further, Commissioner Polsinelli inappropriately dismissed the request | made of Dr. de Villa
to provide all studies relied upon to prove that any dissociated HFSA stays dissociated even in
acidic conditions such as coffee, tea and Gl tracts and in the presence of many

contaminants. This was a fair request given that Dr. de Villa repeatedly insisted that residents
are not exposed to any HFSA.

Please advise what you intend to do about the glaring lack of evidence on the alleged safety of
water fluoridation.

Best wishes,
Christine Massey REFERRAL TO
Fluoride Free Peel RECOMMENDED

DIRECTION REQUIRED
RECEIPT RECOMMENDED v
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On Fri, Apr 7, 2017 at 11:31 AM, Loh, Lawrence <lawrence.loh@peelregion.ca> wrote:

Dear Ms. Massey,

Please find attached correspondence regarding your complaint of March 9, 2017.
Lawrence C. Loh, MD MPH CCFP FRCPC FACPM

Acting Medical Officer of Health

lawrence.loh@peelregion.ca



mailto:lawrence.loh@peelregion.ca
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P Region o Peel
Working for qou

April 6, 2017

Dear Ms. Massey,

Further to the correspondence you received on April 3, 2017 from Nancy
Polsinelli, Commissioner of Health Services in response to your March 9, 2017
complaint, below is my response to your request for information. Specifically,
you asked the following “...please provide all the ‘studies’ you rely upon when
insisting that industrial waste HFSA dissociates 100% in our drinking water and
that ph level is the only determining factor”.

As presented at the February 2, 2017 Community Water Fluoridation Committee
meeting, Finney et al. (2006) and Urbansky (2002) are studies that support the
statement that HFSA dissociates 100 per cent in tap water. The references and
links to these studies include:

« Finney, W.F., Wilson, E., Callender, A., Morris, M.D., & Beck, L.W. (2006).
Re-examination of hexafluorosilicate hydrolysis by Fluoride NMR and pH
measurement. Environmental Science & Technology, 40(8), 2572-2577.

« Urbansky, E.T. (2002). Fate of fluorosilicate drinking water additives.
Chemical Reviews, 102 (8), 2837-2854.

| trust you will find this helpful.

Sincerely,

Lawrence Loh, MD MPH CCFP FRCPC FACPM
Acting Medical Officer of Health

Health Services Public Health

PO Box 667 RPO Streetsville, Mississauga, ON L5M 2C2 Office of the Medical Officer of Health
Tel: 905-799-7700 peelregion.ca



Inaccurate Information Provided to Council by
Regional Staff, Regarding

the Mass Medication of Peel Residents Using
Toxic Waste from the Smokestacks of the
Phosphate Fertilizer Industry

and

the Unlawfully Closed Fluoridation Session of
January 21, 2016

Christine Massey
Fluoride Free Peel

www.fluoridefreepeel.ca
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Hydrofluorosilicic acid (HFSA) is the phosphate fertilizer
industry’s hazardous waste, added to our tap water and
framed by some as “free dental care for the poor”.

For years, residents have sought from Public Health Staff
the toxicological studies needed to show that HFSA is
safe for human consumption over a lifetime for all
members of our community when added to municipal tap
water. No studies have ever been provided, even by NSF.

http://www.fluoridefreepeel.ca/wp-content/uploads/2013/07/Health-Canada-FOl-Response-Letter-June2014.pdf

The Region’'s Public Health Staff claim there is no need
for toxicological studies because HFSA dissociates 100%
in drinking water (see this 2014 memo:

http://www.stoppsychotherapytakeover.ca/wp-content/uploads/2016/09/agarewal_8-19-2016_16-1 9-32.pdf) an d

therefore the public do not come in contact with it.

This assertion is not supported by the scientific
literature, including the 2006 Finney et al (Michigan)
St“dy cited by Staff: http://www.ncbi.nlm.nih.gov/pubmed/16683594


http://www.fluoridefreepeel.ca/wp-content/uploads/2013/07/Health-Canada-FOI-Response-Letter-June2014.pdf
http://www.stoppsychotherapytakeover.ca/wp-content/uploads/2016/09/agarewal_8-19-2016_16-19-32.pdf
http://www.ncbi.nlm.nih.gov/pubmed/16683594

1975: Westendorf found that under physiological
conditions, dissociation of silicafluorides was no more
than 66% in the concentration range considered optimum
for fluoridated water.

2001: Senior EPA research staff acknowledged that their
“longstanding confidence in the “virtually total”
dissociation of SiFs (silicofluorides) may have been
misplaced. " http:/fluoridealert.org/studies/westendorf-foreword/

2006: The Finney et al (Michigan) study cited by Regional
Staff used a higher-than-pharmaceutical grade HFSA,

AND, high purity deionized water devoid of impurities:
http://www.ncbi.nim.nih.gov/pubmed/16683594

The Michigan study does not remotely reflect fluoridation
in Peel, as pointed out at a Committee meeting to the
Regional Medical Officer of Health, Dr. Eileen de Villa, by
Councillor Sprovieri.



http://fluoridealert.org/studies/westendorf-foreword/
http://www.ncbi.nlm.nih.gov/pubmed/16683594
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Further, it has been demonstrated that

* dissociation depends on a number of factors such as
temperature, presence of other substances (metal
cations), water hardness and most importantly pH, as
shown in the Michigan study, and

» it has been shown that re-association may occur under
acidic pH conditions (see Urbansky, 2002 and Morris,
2004), for example in our gut or in acidic beverages such
as tea or coffee prepared using fluoridated water, and

+» Mullenix, in 2014, stressed the potential generation of
“decomposition products with toxicity greater than that
of the original compounds”.



THIS SLIDE IS FROM DECLAN WAUGH, Chartered Environmental Scientist
Chartered Waste Manager, Chartered Water and Environmental Manager

At normal stomach pH range additional peer
reviewed studies have found silicon tetrafluoride,
(SiF4) acid molecules.

Gabovich RD; "Fluorine in Stomatology and Hygiene"; translated from the
original Russian and published in Kazan (USSR); printed by the US Govt
Printing Office on behalf of the Dept of Health Education and Welfare. US
Public Health Service, National Institute of Dental Health; DHEW pub no
(NIH) 78-785, 1977

Roholm K; "Fluorine Intoxication; A Clinical-Hygiene Study"; H. K. Lewis &
Co. Ltd, London; 1937

Lewis RJ, jr.; "Hazardous Chemicals Desk Reference": Van Nostrand
Reinhold; Fourth Edition.

Matheson Gas Products; 30 Seaview Drive, Secaucus, NJ; "Effects of
Exposure to Toxic Gases” and MSDS for CAS # 7783-61-1; created 1/24/89.

Voltaix, Inc.; Material Safety Data Sheet for Silicon Tetrafluoride (SiF4).

Rumyantseva Gl et al; "Experimental Investigation of The Toxic Properties
of Silicon Tetrafluoride™; Gig Sanit ;(5):31-33, 1991
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Further, allowed limits of toxins do not ensure safety, rather
they take into account the difficulty & expense in keeping
toxins at levels that are completely safe.

HFSA’s contaminants include arsenic & lead:
http://www.fluoridefreepeel.ca/wp-content/uploads/2013/07/20130705121108426.pdf

An MCLG (Maximum Contaminant Level Goal) is the maximum
level in drinking water at which no known or anticipated
adverse human health effects would occur. The EPA’s MCLG for
arsenic & lead is ZERO:

https://www.epa.gov/ground-water-and-drinking-water/table-regulated-drinking-water-contaminants

World Health Organization: "There is no known level of lead

exposure that is considered safe.”
http://www.who.int/mediacentre/factsheets/fs379/en/

Health Canada: "Because arsenic can cause cancer, every
effort should be made to keep arsenic levels in drinking water

as low as possible®.
http://www.hc-sc.gc.ca/hl-vs/iyh-vsv/environ/arsenic-eng.php


http://www.fluoridefreepeel.ca/wp-content/uploads/2013/07/20130705121108426.pdf
https://www.epa.gov/ground-water-and-drinking-water/table-regulated-drinking-water-contaminants
http://www.who.int/mediacentre/factsheets/fs379/en/
http://www.hc-sc.gc.ca/hl-vs/iyh-vsv/environ/arsenic-eng.php

Mullenix, in 2014, stressed the possibility of synergistic
effects between various contaminants fostering an

underestimation of health risks:
http://www.ncbi.nim.nih.gov/pmc/articles/PMC4090869/pdf/oeh-20-02-157.pdf

Some studies show lead uptake in blood using HFSA:

http://www.fluoridefreepeel.ca/wp-content/uploads/2013/07/Roger-Masters-Bibliography-Publications-on-Silicofluorides.pdf

Questions:
Were these facts discussed at Jan. 21°% closed
meeting? If not, we want them on record today.

Who is responsible for the Region’s
determination that toxicology studies are not
necessary?


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4090869/pdf/oeh-20-02-157.pdf
http://www.fluoridefreepeel.ca/wp-content/uploads/2013/07/Roger-Masters-Bibliography-Publications-on-Silicofluorides.pdf

Another Questionable Statement from Staff

Published in the April 2016 fluoridation committee minutes,
from non-expert, ALPHA member, Dr. Eileen de Villa:

“ ..at current levels of fluoride added to the water system, a
person would have to drink 15 litres of water, every day for ten
years before any potential toxicity concerns (i.e. skeletal
fluorosis).”

REBUTTAL

Dr. Hardy Limeback, fluoride toxicity expert, recently retired full
professor, head of Preventive Dentistry at University of Toronto,
for 18 years, co-author of the NRC’s highly regarded 2006
review of fluoride in drinking water:



“_the models estimated that bone fluoride concentrations resulting
from lifetime exposure to fluoride in drinking water at 2 mg/L (4,000 to
5,000 mg/kg ash) or 4 mg/L (10,000 to 12,000 mg/kg ash) fall within or

exceed the ranges historically associated with stage Il and stage Il
skeletal fluorosis (4,300 to 9,200 mg/kg ash and 4,200 to 12,700 mg/kg

ash, respectively).

That means stage Il skeletal fluorosis can occur in someone
consuming

1. 1 L of 2 ppm Fwater/day
2. 2 L of 1 ppm Fwater/day
3. 2.86 L of 0.7 ppm Fwater/day

Dr. de Villa is over-estimating by 5.25 FOLD.
Further, a baby only has to drink an average day'’s worth of 0.75 L of
0.7 ppm infant formula made with Peel tap water and it would have a
very high probability of getting dental fluorosis.”




Unlawfully Closed Fluoridation Session:
January 21°, 2016

In a legitimate open democracy:

* the public, media are free to attend, record, report on meetings that affect
decision-making of elected officials

* able to follow up, hold accountable, challenge, critique any experts, staff,
representatives and their statements

* NOT required to wait months, make special requests, pay to access
information presented, or pay for expenses incurred strictly as a result of
Region’'s unlawful behaviour

But Regional Staff gave Council inaccurate advice & the meeting was closed.

In reply to a recent FOI request, I’ve been told that | must pay the Region an
estimated fee of over $850 in order to obtain the audio recording of the Region’s
unbalanced fluoridation meeting of January 21, even though, according to the
Municipal Act and the Region’s own investigation, the Region unlawfully
prevented myself and others from attending said meeting.



T

Requests:
Council question the reliability of info provided by Staff relating
to safety, efficacy, legality of fluoridation

/V

Impose an immediate moratorium on fluoridation

Ensure that experts from both sides of fluoridation issue are
heard from regarding issues around toxic waste HFSA

Automatically waive/refund all fees associated with the illegally
closed Jan. 21° meeting, including FOI request #123-16-317, and
including all $5 application fees

Immediately make the Jan. 21st audio recording freely available
to the public, along with a written transcript when available, any
presentations made during the meeting, and any handouts that
were distributed, by posting them on the Region’s existing
webpage that provides links to Council meeting minutes



e ——

Requests:

Council hold accountable whoever is responsible for the illegal closing
of the Jan. 21st fluoridation meeting, especially given that the
illegality was pointed out to Regional officials ONE WEEK prior to the
meeting.

Council hold accountable whoever is responsible for the unbalanced
nature of the Jan. 21st fluoridation meeting

Council hold accountable all Staff who have provided false assurances
regarding toxic waste HFSA and fluoridation in general, including its
alleged safety, efficacy and legality

Council ensure that future meetings, including Committee meetings,
and Regional publications on the issue of fluoridation, are BALANCED
to include input from BOTH SIDES, and that all existing and future
website materials also be BALANCED
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From: Sprovieri, John Councillor [mailto:John.Sprovieri@brampton.ca]

Sent: Aprll 28,2017 2:12 PM REFERRAL TO

To: Lockyer, Kathryn RECOMMENDED

Cc: Parrish, Carolyn; Sprovieri, John

Subject: RE: Community Water Fluoridation DIRECTION REQUIRED

RECEIPT RECOMMENDED \/

Thank you Kathryn.
Can you also place the following issues on the next Community water Fluoridation Committee
agenda for discussion.

#1, Staffs assertion that HFSA Disassociates in the drinking water supply.

#1, Health Canada’s recommendation that Toxicology Reviews be done on the Fluoridation
agents to ensure its safety at the minimum use level.

#2, Staffs assertion that no Toxicology Reviews are necessary because HFSA Dissociates
when added to the drinking water supply.

#3, The 1957 Supreme Court ruling that water Fluoridation is a medication.

#4, Who gives Peel Region Council the authority to Force medicate the inhabitants.
John.

John Sprovieri

Regional Councillor for wards 9 & 10
City of Brampton

(905) 874-2610

From: Lockyer, Kathryn [mailto:kathryn.lockyer@peelregion.ca]
Sent: 2017/04/27 3:07 PM

To: Sprovieri, John Councillor <John.Sprovieri@brampton.ca>
Subject: RE: Community Water Fluoridation

Good afternoon Councillor Sprovieri,

Thank you for your email. | draw your attention to the below resolution wherein all requests
related to community water fluoridation are being referred to the Committee for determination
upon it being reconvened. | have added your request to the list for the Committee.

Moved by Councillor Parrish,
Seconded by Councillor Tovey;

Whereas Regional Council passed Resolution 2017-68 on February 9, 2017, on
recommendation from the Community Water Fluoridation Committee, to request
that the Province of Ontario both test for water toxicity due to the use of
hydrofluorisilicic acid (HFSA) and take legislative responsibility for the regulation
and administration of HFSA in water fluoridation treatments across the province;

And whereas, Regional Council passed Resolution 2017-185, on March 9, 2017,
on recommendation from the Community Water Fluoridation Committee, to both
reduce the concentration in Peel’s lake-based municipal water supply, adjusting it


mailto:John.Sprovieri@brampton.ca
mailto:kathryn.lockyer@peelregion.ca
mailto:John.Sprovieri@brampton.ca
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to the lowest level in accordance with provincial standards for the prevention of
tooth decay, and modify the fluoride additive used in the Region’s water supply to
reduce the levels of residual components;

And whereas, Resolution 2017-185 also suspended the Committee from meeting
again until the Province had responded to the request contained with Resolution
2017-68;

Therefore be it resolved, that the requests for delegation related to community
water fluoridation appearing on the Regional Council Agenda for March 30, 2017,
and all further requests for delegation, correspondence and requests of any
nature from any source on this matter, be referred to the Community Water
Fluoridation Committee, when they reconvene, as per the Committee’s process,
for determination.

Carried
2017-234

Thanks,
Kathryn

Kathryn Lockyer

Regional Clerk and Director

Regional Municipality of Peel

Telephone: 905-791-7800 x4325

Fax: 905-791-1693

This e-mail, including any attachments, is solely for the use of the intended recipient and may
contain information which is confidential or privileged. Unauthorized use of its contents is
prohibited. If you are not the intended recipient or have received this e-mail in error, please
notify the sender immediately via return e-mail and permanently delete the original e-

mail. Thank you.

From: Sprovieri, John Councillor [mailto:John.Sprovieri@brampton.ca]

Sent: April 27, 2017 8:28 AM

To: Polsinelli, Nancy

Cc: Parrish, Carolyn; Tovey, Jim; Lockyer, Kathryn; ; Sprovieri,
John; Moore, Elaine; Palleschi, Michael; Dale, Frank; Downey, Johanna; Groves, Annette; Ras,
Karen

Subject: RE: Community Water Fluoridation

Hi Nancy,

I have not received a reply to my request below. Have you received the E Mail and have you
located one study that you can provide me that proves Water Fluoridation is safe for people with
health problems.

John.

John Sprovieri
Regional Councillor for wards 9 & 10


mailto:John.Sprovieri@brampton.ca
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City of Brampton
(905) 874-2610

From: Sprovieri, John Councillor

Sent: 2017/04/02 8:28 AM

To: Polsinelli, Nancy <nancy.polsinelli@peelregion.ca>

Cc: Parrish, Carolyn <carolyn.parrish@mississauga.ca>; Lockyer, Kathryn
<kathryn.lockyer@peelregion.ca>; ; Sprovieri, John Councillor
<John.Sprovieri@brampton.ca>

Subject: Re: Community Water Fluoridation

Thank you Nancy.

While | appreciate your suggestion | doubt Dr. Mohanta will come back to answer the questions,
just like Dr. Allukian did not accept committees invitation to come back and address some
unanswered questions from his presentation to the Council educational workshop.

In any event, the questions need to be answered by someone before Council makes a final
decision.

My concern is that if the questions are not addressed and Council decides to continue water
fluoridation, we will all end up in court to justify our positions on water fluoridation.

Nancy, you may recall Dr. De Villa's answer some of my questions with, "there are over 400
studies that prove water fluoridation is safe" but never provided any studies for the committee to
review. Can you provide me one such study for my review?

Regards, John.

Sent from my BlackBerry 10 smartphone on the Rogers network.

From: Polsinelli, Nancy

Sent: Saturday, April 1, 2017 6:34 PM

To: Sprovieri, John Councillor

Cc: Parrish, Carolyn; Lockyer, Kathryn;
Subject: Re: Community Water Fluoridation

Good Evening Councillor Sprovieri,

Thank you for copying me on this email. | will refer your questions to the Community Water
Fluoridation Committee as directed by Council and | suggest that the Committee can decide if
they want to invite Dr Mohanta to respond to the questions when it reconvenes.

Kind Regards,

Nancy

Nancy Polsinelli
Commissioner, Health Services
Region of Peel

647-339-6091

Sent from my iPad

On Apr 1, 2017, at 11:00 AM, Sprovieri, John Councillor <John.Sprovieri@brampton.ca> wrote:
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Hello Dr. Mohanta,

I hope that you are doing well. | must let you know that | am very disappointed that you have not
replied to my message below. | would expect that you being a professional would at least
acknowledge my E Mail and perhaps try to correct any information that may be incorrect.

In addition to the last questions, are you aware that the FDA has not approved Fluoride as a
mineral Nutrient in the U.S. because no toxicology studies have been done on the substance?
Are you aware that Health Canada has approved Fluoride as Mineral Nutrient even though no
Toxicology Studies have been done on the substance. Does that concern you?

As you may recall, | pointed out at the Council meeting that you delegated that Lead, Arsenic
and Fluoride have close Toxicity Levels, yet the FDA and Health Canada allows 400 times more
Fluoride in our drinking water then Arsenic and 265 times more Fluoride in the drinking water
then Lead.

Are you aware that the EPA’s “Public Health Goal”/ Maximum Contaminant Level Goal”
[MCLG] for both Arsenic and Lead is ZERO?

Why do you suppose the EPA has set the Goal for Lead and Arsenic to ZERO? Why is the EPA
only concerned about Lead and Arsenic when Fluoride is more Toxic then Lead and slightly less
toxic then Arsenic.

Dr. Mohanta, If you are truly concerned about the health and wellbeing of the children and
people of Ontario, | hope that you have answers to my questions and that you will share the
answers with the Community Water Fluoridation Committee..

Regards, John.

John Sprovieri

Regional Councillor for wards 9 & 10
City of Brampton

(905) 874-2610

From: Sprovieri, John Councillor

Sent: 2017/03/13 2:04 PM

To: 'sanjukta mohanta' ; Johanna Downey
<johanna.downey@caledon.ca>; Annette Groves <annette.qgroves@caledon.ca>; Carolyn
Parrish <carolyn.parrish@mississauga.ca>; Karen Ras <karen.ras@mississauga.ca>;
jim.tovey@mississauga.ca; Palleschi, Michael - Councillor <Michael.Palleschi@brampton.ca>;
frank.dale@mississauga.ca

Cc: Sprovieri, John Councillor <John.Sprovieri@brampton.ca>; 'Rushowy, Kris'
<krushowy@thestar.ca>; '‘Belgrave, Roger' <RBelgrave@thebramptonguardian.com>; Polsinelli,
Nancy <nancy.polsinelli@peelregion.ca>; Loh, Lawrence <lawrence.loh@peelregion.ca>
Subject: RE: Community Water Fluoridation

Hello Dr. Mohanta,

Thank you for your message. Further to the discussion of last Thursday at Peel Region Council,
you may recall my comments regarding the 2006 U.S. National Research Council review
finding, that Fluoride is most effective when applied topically. The CDC is also on record that
Fluoride is most effective when applied topically and not when ingested.

The NRC review also stated that “Randomized Controlled Trials of the Harmful Effects of
Fluoride do not exist. It is unethical to purposely expose humans to any medical treatment with
the goal of determining the doses that produce harm.

The Cochrane review found that 97% of the 155 studies were at high risk of bias, which reduces
the overall quality of the results. There was also substantial variation between studies in terms
of their results.
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| also have an audio recording of Dr. Peter Cooney who was Canada’s Chief Dental Officer of
Health, where he admits that Water Fluoridation reduces cavity rates by less than half a cavity
per child / adolescent / permanent teeth.

Should the NRC, the CDC and Dr. Cooney be wrong about the effectiveness of Water
Fluoridation, the Province needs to legislate water fluoridation, in order to provide the benefit to
the 30% of the population in Ontario that does not have access to Water Fluoridation.
Regards, John.

John Sprovieri

Regional Councillor for wards 9 & 10
City of Brampton

(905) 874-2610

From: sanjukta mohanta

Sent: 2017/03/13 12:32 PM

To: Johanna Downey <johanna.downey@caledon.ca>; Annette Groves
<annette.groves@caledon.ca>; Carolyn Parrish <carolyn.parrish@mississauga.ca>; Karen Ras
<karen.ras@mississauga.ca>; jim.tovey@mississauga.ca; Palleschi, Michael - Councillor
<Michael.Palleschi@brampton.ca>; Sprovieri, John Councillor <John.Sprovieri@brampton.ca>;
frank.dale@mississauga.ca

Subject: Community Water Fluoridation

Good Morning

| appreciate the work of the Community Water Fluoridation and for recommending the
continuation of water fluoridation in Peel.

Thank you very much for the opportunity to delegate.

The Region of Peel continues to be the envy of others with the oral health programs it supports
and the preventive measures it takes to decrease the risk of dental disease.

Thank you very much.
Dr. Sanjukta Mohanta

Please review the City of Brampton e-mail disclaimer statement at:
www.brampton.ca/en/Info-Centre/Pages/Privacy-Statement.aspx
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oSSt The Corporation of the Township of Minden Hills
S audfhan
Pe N Regular Council
Mmpex Hots Resolution May 25, 2017
- 2y
Moved by: (/O\Md L4 Q.L"/u,é/ RECEIVED
~— ~ May 25, 2017
~— REGION OF PEEL
Seconded by: 74 S OFFICE OF THE REGIONAL CLERK

Be it resolved that Council receive Report #17-019 EPO — Fluoridation of Municipal Water Systems
as information.

And further that Council supports the Region of Peel's resolution number 2017-68 requesting the
Premier of Ontario, and the Minister of Health and Long Term Care, whose mandate is to protect the
health of Ontarians, to:

-

* undertake appropriate and comprehensive toxicity testing necessary to reassure the public that the
use of HFSA in water fluoridation treatments is safe; and

» take legislative responsibility for the regulation and administration of HFSA in water fluoridation
treatments across the province relieving local governments from what is a provincial responsibility.

Certified under the hand of

The Deputy Clerk and seal of
The Corporation of the
TownshlpothdenHliﬂsﬂr + STF
REFERRAL TO to be a true copy of =t
RECOMMENDED atod s Lo day of St OO
DIRECTION REQUIRED =, 00
ctoria Bul,
RECEIPT RECOMMENDED v ‘é;";&’fc.e;’(,msmpommums
CARRIED t/ DEFEATED DEFERRED RECORDED VOTE
ABSTAIN YEA | VOTING NAY /
ANTHON {Q /{ /k / /U
MURDOCH REEVE [
NESBITT v
NEVILLE
SAYNE MOTION NO.: i)-285
SCHELL
DEVOLIN
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From: Jim Tovey [mailto:Jim.Tovey@mississauga.ca]

Sent: July 4, 2017 3:16 PM

To: Lockyer, Kathryn

Subject: Re: Notification of Agenda Delivery - July 6, 2017 - Regional Council Meeting

Perfect
Sent from my iPhone

On Jul 4, 2017, at 3:11 PM, Lockyer, Kathryn <kathryn.lockyer@peelregion.ca> wrote:

Good afternoon,

| suggest that this report be added to the list of information, correspondence, etc. that is being
accumulated for when the Committee reconvenes. The resolution that all requests for
delegation related to community water fluoridation and all correspondence, communications,
items and requests of any nature from any source on this matter, be referred to the Community
Water fluoridation Committee, when they reconvene, as per the Committee’s process, for
determination is still in full force and effect. Instead of listing the below item on Thursday’s
agenda, we will add it to the Committee agenda when it reconvenes. Please confirm that this is
satisfactory.

For your information, we have also received a request to delegate on the matter.

Thanks,
Kathryn REFERRAL TO

RECOMMENDED
Kathryn Lockyer

Regional Clerk and Director DIRECTION REQUIRED
Regional Municipality of Peel RECEIPT RECOMMENDED v

Telephone: 905-791-7800 x4325

Fax: 905-791-1693

This e-mail, including any attachments, is solely for the use of the intended recipient and may
contain information which is confidential or privileged. Unauthorized use of its contents is
prohibited. If you are not the intended recipient or have received this e-mail in error, please
notify the sender immediately via return e-mail and permanently delete the original e-

mail. Thank you.

From: Jim Tovey [mailto:Jim.Tovey@mississauga.ca]

Sent: July 2, 2017 1:28 PM

To: Sprovieri, John; Lockyer, Kathryn

Cc: Polsinelli, Nancy; Loh, Lawrence; Szwarc, David; Parrish, Carolyn; Dale, Frank; Downey,
Johanna; Palleschi, Michael; Groves, Annette; Ras, Karen; Smith, Janette

Subject: Re: Notification of Agenda Delivery - July 6, 2017 - Regional Council Meeting

Hi Kathryn and Nancy,
Can you please include the study contained in the link below as an item for information related
to the "Update-Water Fluoridation" Report.

https://www.scimex.org/ data/assets/file/0017/106523/16399-NHMRC-Fluoride-Information.pdf
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Regards,

Councillor Jim Tovey, Ward 1

City of Mississauga

Telephone: 416-989-2255

Email: Jim.tovey@mississauga.ca

On Jul 1, 2017, at 4:02 PM, Sprovieri, John Councillor <John.Sprovieri@brampton.ca> wrote:

Thank you Nancy.
Happy Canada Day to everyone.
John.

John Sprovieri

Regional Councillor for wards 9 & 10
City of Brampton

(905) 874-2610

From: Polsinelli, Nancy [mailto:nancy.polsinelli@peelregion.ca]

Sent: 2017/07/01 11:49 AM

To: Sprovieri, John Councillor <John.Sprovieri@brampton.ca>

Cc: Loh, Lawrence <lawrence.loh@peelregion.ca>; Szwarc, David
<david.szwarc@peelregion.ca>; Parrish, Carolyn <carolyn.parrish@mississauga.ca>; Dale,
Frank <frank.dale@peelregion.ca>; Downey, Johanna <johanna.downey@caledon.ca>;
Palleschi, Michael - Councillor <Michael.Palleschi@brampton.ca>; Groves, Annette
<annette.groves@caledon.ca>; Tovey, Jim <jim.tovey@mississauga.ca>; Ras, Karen
<karen.ras@mississauga.ca>; Smith, Janette <janette.smith@peelregion.ca>

Subject: Re: Notification of Agenda Delivery - July 6, 2017 - Regional Council Meeting

Good morning Councillor Sprovieri,

We are happy to gather this information for you in time for Thursday's Council meeting. Happy
Canada Day!

Regards,

Nancy

Nancy Polsinelli
Commissioner, Health Services
647-339-6091

Sent from my iPhone

On Jul 1, 2017, at 9:54 AM, Sprovieri, John Councillor <John.Sprovieri@brampton.ca> wrote:

Hi Nancy,

According to your attached report, the Region has transitioned from a fluoride additive derived
from Phosphate Rock to a fluoride additive derived from Calcium Fluoride. Can you provide me
the following documentation for Thursdays Council meeting:

#1, The specifications of the new Fluoridation Agent that Peel has switched to.
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#2, The Quality Certificate that is provided by the supplier and certified by NSF.
#3, The Material Safety Data Sheet provided by the manufacturer.
John.

From: Cheema, Reetu (Navreet)

Sent: 2017/06/30 10:32 AM

To: Sprovieri, John Councillor <John.Sprovieri@brampton.ca>

Cc: Garewal, Anahadjeet (Jeet) <Anahadjeet.Garewal@brampton.ca>

Subject: RE: Notification of Agenda Delivery - July 6, 2017 - Regional Council Meeting

Hello Councillor,

There was a report titled “update- Water Fluoridation” in the agenda. Please find the report
attached.

Thank-you,
Navreet

From: Sprovieri, John Councillor

Sent: 2017/06/29 9:20 PM

To: Cheema, Reetu (Navreet) <Reetu.Cheema@brampton.ca>

Cc: Sprovieri, John Councillor <John.Sprovieri@brampton.ca>

Subject: FW: Notification of Agenda Delivery - July 6, 2017 - Regional Council Meeting

Hi Navreet,
F.Y.l. Can you check the Regional agenda to see if there is any material on Water Fluoridation.
John.

John Sprovieri

Regional Councillor for wards 9 & 10
City of Brampton

(905) 874-2610

From: ZZG-RegionalClerk [mailto:zzg-regionalclerk@peelregion.cal
Sent: 2017/06/29 4:41 PM
Subject: Notification of Agenda Delivery - July 6, 2017 - Regional Council Meeting

Please be advised that the agenda packages for the Regional Council meeting scheduled for
July 6, 2017 have been uploaded:

Please Note: Bound hard copies of the Community for Life Annual Report related to Item
6.10, Advancement of the Regional Council Strategic Plan, will be provided to Regional
Council at the July 6, 2017 Regional Council Meeting.

Please login to your Tempo Box account to download and save the agenda packages:
https://tempobox.peelregion.ca/

Region of Peel staff:
Access the agenda package(s) via EIM
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Help and Support for iPad/Mobile Device Access: Kris Dubuque, Legislative Specialist, 905-
791-7800 x4369, kris.dubugue@peelregion.ca or contact the Service Desk at 905-791-7800
x4020, Help4020@peelregion.ca.

Please Note: The electronic agenda package will be available online for a total of 7 business
days after which time they will be deleted in order to accommodate the next meeting’'s
material. Please ensure that you save the downloaded documents to your device or local drive
to ensure access to the agenda and related reports on the meeting date.

Please do not hesitate to contact Ava Macintyre, Manager, Legislative Services, if you have any
guestions about this program at (905) 791-7800, ext. 4462 or via email at
ava.macintyre@peelregion.ca

Thank you.

Please review the City of Brampton e-mail disclaimer statement at:
www.brampton.ca/en/Info-Centre/Pages/Privacy-Statement.aspx

<ROP AGENDA 2017-07-06- WF.pdf>
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From: Christine Massey

Sent: July 5, 2017 10:01 AM

To: Lockyer, Kathryn

Subject: Re: Request to Delegate at July 6th Regional Council Meeting

Thank you, Kathryn.

Have you already included the list of questions/issued | previously sent you (i.e. why are the new
certificates of analysis not posted, and the old ones are not dated, how is the new chemical
manufactured, what are its contaminants and their levels, etc.)?

Also, will you please answer my other questions?

Is the Chair legally obligated to honour her assurance to reconvene if/when "a pile" of delegation
requests have been received, and if so, how will she find out when this has happened? Are you
going to alert her, and if so, what do you consider to be "a pile"? Are you counting only
delegation requests... or also letters, emails.... ?

How often does the Region get "a pile" of delegation requests on any particular topic? Would this
be an extremely rare occurrence?

If the Province never "clarifies its role in community fluoridation"”, can anything else ever trigger
the Chair or Regional Council to reconvene the Committee now that Council has been prevented
from receiving communications on the topic of water fluoridation?

Please note that the MOECC has actually already clarified the province's role to me in an email
dated April 9th, 2017. | will paste it below for you. Please include this email from me in your list if
you are including emails, since it contains this important email from the province.

Note that the MOHLTC protocol mentioned in this email does not contain any "standards" stating
that fluoride in drinking water at any concentration prevents cavities or that it is acceptable or
legal to degrade water quality by increasing the level of potent regulated contaminants such as
fluoride, arsenic, lead, etc. for the purpose of preventing cavities. It simply "outlines the action(s)
required when fluoride levels are below the [alleged] therapeutic range... or above the Maximum
Acceptable Concentration (MAC)" in communities reckless enough to illegally fluoridate their
drinking water. Also note it contains a different alleged therapeutic range from the technical
document mentioned on the Region's website (which also contains no such standards). Is this
sufficient to reconvene the CWFC?

Deshpande, Satish (MOECC) <Satish.Deshpande@ontario.ca>
Apr 10
to Michael, Tim, me

Dear Ms. Massey,

The short answer to your question is that there is no legal provincial standard to add
fluoride to the drinking water within the 0.5-0.8 mg/L range. Our “Technical Support
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Document for Ontario Drinking Water Standards, Objectives and Guidelines” does
recommend a range but we rely on the drinking water system to set the level for fluoride
addition.

Here is some general information which might be useful:

The Ministry of the Environment and Climate Change (MOECC) in the Safe Drinking Water
Act, 2002 has Ontario Drinking Water Quality Standards (ODWQSSs) listed in Ontario
Regulation 169/03.

The ODWQS for fluoride is 1.5 mg/L and is based on the protection of dental

fluorosis. More information can be obtained from Health Canada’s Technical Guideline
document for Fluoride in Drinking Water.

The English version of this document can be found at:

https://www.canada.ca/en/health-canada/services/publications/healthy-living/guidelines-
canadian-drinking-water-quality-quideline-technical-document-fluoride.html

The basis of the guideline value (ODWQS) for fluoride taken from the above document is:

Moderate dental fluorosis has been chosen as the endpoint of concern for fluoride. It is not
considered to be a toxicological end-point because it is hot a health concern, but it is
significant because it correlates with cosmetic problems. Dental fluorosis is the effect
occurring at the lowest level of exposure in the population, and is the most widely and
frequently studied of all adverse effects of fluoride.

It should be noted that the role of MOECC is to inspect the performance of drinking water
systems for compliance purposes with respect to all operational aspects including
fluoridation equipment if it is used. However, it is the Municipality in consultation with its
health unit (Board of Health) that has the jurisdiction over the fluoridation of drinking water.

The Ministry of Health and Long-Term Care (MOHLTC) has provided a protocol on
fluoridation which municipalities typically consult; it can be found at:

http://www.health.gov.on.ca/en/pro/programs/publichealth/oph standards/docs/water fluori
de_levels.pdf

The protocol from MOHLTC “...outlines the action(s) required when fluoride levels are
below the therapeutic range (TR) of 0.6 to 0.8 ppm or above the Maximum Acceptable
Concentration (MAC) of 1.5 ppm (mg/L).” Consequently, MOHLTC considers the
therapeutic range to be between 0.6-0.8 mg/L fluoride. The recommended range is
considered to be best practice rather than an enforceable (hence legal) standard.

| trust that this information is useful.
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Satish Deshpande

Relative Toxicity

: ] o batmrasty Lotk
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Best wishes,
Christine Massey, M.Sc. (Dalla Lana School of Public Health, University of Toronto)

On Wed, Jul 5, 2017 at 8:52 AM, Lockyer, Kathryn <kathryn.lockyer@peelregion.ca> wrote:

Good morning,

I have reviewed the items that have been referred to the Committee for when it reconvenes and
note that there are the two delegations from the March meeting that were referred to the
Committee and your subsequent request to delegate. No other requests to delegate have been
received on this topic.

The resolution referring items to the Committee is broad and includes “...correspondence,
communications, items and requests of any nature from any source...” be referred to the
Committee. If you have any such items, you can provide them to me and | will add them to the
list of items to be referred to the Committee.

Thanks,

Kathryn

Kathryn Lockyer

Regional Clerk and Director

Regional Municipality of Peel

Telephone: 905-791-7800 x4325

Fax: 905-791-1693
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This e-mail, including any attachments, is solely for the use of the intended recipient and may
contain information which is confidential or privileged. Unauthorized use of its contents is
prohibited. If you are not the intended recipient or have received this e-mail in error, please notify
the sender immediately via return e-mail and permanently delete the original e-mail. Thank you.

From: Christine Massey ||| GTcNNGTGNGNGNGGGEN

Sent: July 4, 2017 10:25 PM

To: Lockyer, Kathryn

Cc: Sprovieri, John; Tovey, Jim; Parrish, Carolyn; Downey, Johanna; Groves, Annette; Palleschi,
Michael; Ras, Karen; Dale, Frank

Subject: Re: Request to Delegate at July 6th Regional Council Meeting

Dear Kathryn,

Thank you. I'm confused as to how this is going to work.

Council passed a motion saying that ".. the Community Water Fluoridation Committee suspend
meetings until such time

as the Province clarifies its role in community fluoridation; or until such time as R
egional Council reconvenes the Committee;

And a March 30th motion initiated by the pro-fluoridation CWFC Chair Carolyn Parrish states:
"...that the requests for delegation related to community water fluoridation appearing on th
e Regional Council Agenda for March 30, 2017, and all further correspondence, communi
cations, items and requests of any nature from any source on this matter, be referred t
o the Community Water Fluoridation Committee, when they reconvene, as per the
Committee’s process, for determination."

Chair Parrish assured Councillor Sprovieri on March 30th that she would reconvene the CWFC
when he points out to her that "a pile" of delegation requests have been received, yet this claim is
not reflected in any motion that | know of and it's not clear to me how Councillor Sprovieri can be
expected to know when "a pile' of requests have been made, or what is meant by "a pile". Is the
Chair legally obligated to honour her assurance, and if so, how will Councillor Sprovieri know
when "a pile' of requests have been made?

Also, if the Province never "clarifies its role in community fluoridation" (which would not be
surprising since the province was not asked to "clarify" anything, rather the Health Minister was
asked to 1) perform toxicology studies on HFSA and 2) to "take" legislative responsibility for the
regulation and administration of HFSA... something he will never do since adding HFSA to
drinking water violates multiple federal and provincial laws), what else could ever trigger Regional
Council to reconvene the Committee given that no one on the face of the planet is allowed to
communicate with Council on the topic of water fluoridation and Chair Parrish's stated attitude
was that it was "not productive" to even allow the public to ask questions about the mysterious
new industrial fluoride acid drug added to their drinking water.

Also, who is the public able to communicate with on this topic at the Region? Anyone besides
yourself? Or do all communications, even to staff members, Commissioners and the CAO, now
get referred to the indefinitely-suspended CWFC?

Best wishes,


http://www.rogerstv.com/media?lid=237&rid=51&gid=274742
http://
http://
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Christine

On Tue, Jul 4, 2017 at 8:05 PM, Lockyer, Kathryn <kathryn.lockyer@peelregion.ca> wrote:

Good evening,
| apologize for the lateness of my reply. You are correct, | was on vacation but am now back.

As per the existing Council resolution, | will add your request to delegate to the next meeting of
the Community Water Fluoridation Committee when it reconvenes.

Thank you.
Kathryn Lockyer

Regional Clerk

Sent from my iPhone

On Jul 4, 2017, at 6:55 PM, Christine Massey ||| GGG ote:

Hi Curtiss,

The Clerk has not replied to my emails below. Is she on holiday?
Thank you,

Christine

---------- Forwarded message ----------

From: Christine Massey

Date: Tue, Jul 4, 2017 at 11:08 AM

Subject: Request to Delegate at July 6th Regional Council Meeting

To: "ZZG-Regionalclerk@peelregion.ca" <ZZG-Regionalclerk@peelregion.ca>, "Montesdeoca,
Veronica" <veronica.montesdeoca@peelregion.ca>

Dear Kathryn and Veronica,

| wish to delegate to Council on July 6th.

Please let me know if | can do this, as | will need time to prepare.
Christine Massey
Spokesperson

Fluoride Free Peel
905 230 4155
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Topic:
Questions regarding Peel's water fluoridation program.
I will need equipment for a formal Powerpoint presentation.

Best wishes,
Christine

On Fri, Jun 30, 2017 at 5:34 PM, Christine Massey ||| G v ot

Correction: | wish to delegate to Council on July 6th.

On Fri, Jun 30, 2017 at 12:57 PM, Christine Massey ||| GGG vrote:

Correction: | wish to delegate to Council on June 6th, as mentioned in my subject line.
On Fri, Jun 30, 2017 at 12:27 PM, Christine Massey ||| G v-ote:
Dear Kathryn and Veronica,

| wish to delegate to Council on March 30th:

Christine Massey

Spokesperson

Fluoride Free Peel
905 230 4155

Topic:
Questions regarding Peel's water fluoridation program.

I will need equipment for a formal Powerpoint presentation.

The Region's website states:

"Any individual who wishes to appear before a Committee or Council meeting may request to do
so by notifying the Regional Clerk's office in writing or by completing the Request for Delegation
Form"

Best wishes,
Christine


tel:%28905%29%20230-4155
https://www.peelregion.ca/council/location.htm
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From: Dobush, Olha

Sent: July 17, 2017 4:36 PM

To: Sprovieri, John

Cc: Loh, Lawrence; Polsinelli, Nancy; Lockyer, Kathryn; Pedra, Inga; Fry, Scott; Fitzpatrick,
Sandra

Subject: RE: Studies - Community Water Fluoridation

Good afternoon Councillor Sprovieri,

As requested, please find attached examples of studies demonstrating the effectiveness and
safety of community water fluoridation.

While these are the examples of just a few studies, Peel Public Health utilizes a systematic and
objective process to review all research evidence. This approach ensures that the highest
guality and most relevant evidence is used and that our assessment is based on the totality of
evidence.

Please note, that due to copyright laws, we are unable to email PDFs with restricted access.
The attached studies are ‘open access'. A librarian can assist you, should you be interested in
reviewing additional studies that have restricted access.

Sincerely,

Olha Dobush

Director, Chronic Disease and Injury Prevention
Public Health

Region of Peel

905-791-7800 ext. 2617

From: Loh, Lawrence

Sent: July 11, 2017 4:57 PM

To: Sprovieri, John

Cc: John Councillor Sprovieri; Pedra, Inga; Dobush, Olha; Fitzpatrick, Sandra; Fry, Scott;
Polsinelli, Nancy

Subject: Re: Community Water Fluoridation

Hi Councillor Sprovieri

A number of studies were used to support our view that CWF is safe. | am copying in the team
who can provide you with some PDFs of the key studies and reviews that were used in
preparing summaries for your review.

If you have questions or a specific study in mind, don't hesitate

With best,

Lawrence

Sent from my BlackBerry 10 smartphone on the Bell network.
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From: Sprovieri, John Councillor

Sent: Tuesday, July 11, 2017 10:49 PM

To: Loh, Lawrence

Cc: John Councillor Sprovieri

Subject: FW: Community Water Fluoridation

Hello Dr. Loh,

Further to our discussion of last Thursday, below you will see my request to Commissioner
Polsinelli to provide me a scientific study that supports Health Canada and Regional medical
staff's Claim that Water Fluoridation is safe and effective.

Can you provide me an actual Scientific study and not some reference number for a study.
Regards, John.

John Sprovieri

Regional Councillor for wards 9 & 10
City of Brampton

(905) 874-2610

From: Sprovieri, John Councillor

Sent: 2017/04/27 8:28 AM

To: Polsinelli, Nancy <nancy.polsinelli@peelregion.ca>

Cc: Parrish, Carolyn <carolyn.parrish@mississauga.ca>; 'Jim Tovey'
<Jim.Tovey@mississauga.ca>; Lockyer, Kathryn <kathryn.lockyer@peelregion.ca>;
sanjuktamohanta@hotmail.com; Sprovieri, John Councillor <John.Sprovieri@brampton.ca>;
Moore, Elaine - Councillor <Elaine.Moore@brampton.ca>; Palleschi, Michael - Councillor
<Michael.Palleschi@brampton.ca>; Dale, Frank (Frank.Dale @peelregion.ca)
<Frank.Dale@peelregion.ca>; Johanna Downey <johanna.downey@caledon.ca>; Annette
Groves <annette.groves@caledon.ca>; Karen Ras <Karen.Ras@mississauga.ca>
Subject: RE: Community Water Fluoridation

Hi Nancy,

I have not received a reply to my request below. Have you received the E Mail and have you
located one study that you can provide me that proves Water Fluoridation is safe for people with
health problems.

John.

John Sprovieri

Regional Councillor for wards 9 & 10
City of Brampton

(905) 874-2610
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From: Sprovieri, John Councillor

Sent: 2017/04/02 8:28 AM

To: Polsinelli, Nancy <nancy.polsinelli@peelregion.ca>

Cc: Parrish, Carolyn <carolyn.parrish@mississauga.ca>; Lockyer, Kathryn
<kathryn.lockyer@peelregion.ca>; ||| | GGG sorovier. John Councillor
<John.Sprovieri@brampton.ca>

Subject: Re: Community Water Fluoridation

Thank you Nancy.

While | appreciate your suggestion | doubt Dr. Mohanta will come back to answer the questions,
just like Dr. Allukian did not accept committees invitation to come back and address some
unanswered questions from his presentation to the Council educational workshop.

In any event, the questions need to be answered by someone before Council makes a final
decision.

My concern is that if the questions are not addressed and Council decides to continue water
fluoridation, we will all end up in court to justify our positions on water fluoridation.

Nancy, you may recall Dr. De Villa's answer some of my questions with, "there are over 400
studies that prove water fluoridation is safe" but never provided any studies for the committee to
review. Can you provide me one such study for my review?

Regards, John.
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+ § Cochrane
so? Library

Cochrane Database of Systematic Reviews

Water fluoridation for the prevention of dental caries (Review)

Ilheozor-Ejiofor Z, Worthington HV, Walsh T, O’Malley L, Clarkson JE, Macey R, Alam R, Tugwell P,
Welch V, Glenny AM

Ilheozor-Ejiofor Z, Worthington HV, Walsh T, O’Malley L, Clarkson JE, Macey R, Alam R, Tugwell P, Welch V, Glenny AM.
Water fluoridation for the prevention of dental caries.

Cochrane Database of Systematic Reviews 2015, Issue 6. Art. No.: CD010856.

DOI:10.1002/14651858.CD010856.pub2.

www.cochranelibrary.com

Water fluoridation for the prevention of dental caries (Review) W
Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd. I L EY
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ABSTRACT
Background

Dental caries is a major public health problem in most industrialised countries, affecting 60% to 90% of school children. Community
water fluoridation was initiated in the USA in 1945 and is currently practised in about 25 countries around the world; health authorities
consider it to be a key strategy for preventing dental caries. Given the continued interest in this topic from health professionals, policy
makers and the public, it is important to update and maintain a systematic review that reflects contemporary evidence.

Objectives

To evaluate the effects of water fluoridation (artificial or natural) on the prevention of dental caries.
To evaluate the effects of water fluoridation (artificial or natural) on dental fluorosis.

Search methods

We searched the following electronic databases: The Cochrane Oral Health Group’s Trials Register (to 19 February 2015); The Cochrane
Central Register of Controlled Trials (CENTRAL; Issue 1, 2015); MEDLINE via OVID (1946 to 19 February 2015); EMBASE via
OVID (1980 to 19 February 2015); Proquest (to 19 February 2015); Web of Science Conference Proceedings (1990 to 19 February
2015); ZETOC Conference Proceedings (1993 to 19 February 2015). We searched the US National Institutes of Health Trials Registry
(ClinicalTrials.gov) and the World Health Organization’s WHO International Clinical Trials Registry Platform for ongoing trials. There
were no restrictions on language of publication or publication status in the searches of the electronic databases.

Selection criteria

For caries data, we included only prospective studies with a concurrent control that compared at least two populations - one receiving
fluoridated water and the other non-fluoridated water - with outcome(s) evaluated at at least two points in time. For the assessment
of fluorosis, we included any type of study design, with concurrent control, that compared populations exposed to different water
fluoride concentrations. We included populations of all ages that received fluoridated water (naturally or artificially fluoridated) or non-
fluoridated water.

Water fluoridation for the prevention of dental caries (Review) 1
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Data collection and analysis
We used an adaptation of the Cochrane "Risk of bias’ tool to assess risk of bias in the included studies.

We included the following caries indices in the analyses: decayed, missing and filled teeth (dmft (deciduous dentition) and DMFT
(permanent dentition)), and proportion caries free in both dentitions. For dmft and DMFT analyses we calculated the difference in
mean change scores between the fluoridated and control groups. For the proportion caries free we calculated the difference in the
proportion caries free between the fluoridated and control groups.

For fluorosis data we calculated the log odds and presented them as probabilities for interpretation.
Main results
A total of 155 studies met the inclusion criteria; 107 studies provided sufficient data for quantitative synthesis.

The results from the caries severity data indicate that the initiation of water fluoridation results in reductions in dmft of 1.81 (95%
CI 1.31 to 2.31; 9 studies at high risk of bias, 44,268 participants) and in DMFT of 1.16 (95% CI 0.72 to 1.61; 10 studies at high
risk of bias, 78,764 participants). This translates to a 35% reduction in dmft and a 26% reduction in DMFT compared to the median
control group mean values. There were also increases in the percentage of caries free children of 15% (95% CI 11% to 19%; 10 studies,
39,966 participants) in deciduous dentition and 14% (95% CI 5% to 23%; 8 studies, 53,538 participants) in permanent dentition.
The majority of studies (71%) were conducted prior to 1975 and the widespread introduction of the use of fluoride toothpaste.

There is insufficient information to determine whether initiation of a water fluoridation programme results in a change in disparities

in caries across socioeconomic status (SES) levels.
There is insufficient information to determine the effect of stopping water fluoridation programmes on caries levels.

No studies that aimed to determine the effectiveness of water fluoridation for preventing caries in adults met the review’s inclusion
criteria.

With regard to dental fluorosis, we estimated that for a fluoride level of 0.7 ppm the percentage of participants with fluorosis of aesthetic
concern was approximately 12% (95% CI 8% to 17%; 40 studies, 59,630 participants). This increases to 40% (95% CI 35% to 44%)
when considering fluorosis of any level (detected under highly controlled, clinical conditions; 90 studies, 180,530 participants). Over
97% of the studies were at high risk of bias and there was substantial between-study variation.

Authors’ conclusions

There is very little contemporary evidence, meeting the review’s inclusion criteria, that has evaluated the effectiveness of water fluoridation
for the prevention of caries.

The available data come predominantly from studies conducted prior to 1975, and indicate that water fluoridation is effective at
reducing caries levels in both deciduous and permanent dentition in children. Our confidence in the size of the effect estimates is
limited by the observational nature of the study designs, the high risk of bias within the studies and, importantly, the applicability
of the evidence to current lifestyles. The decision to implement a water fluoridation programme relies upon an understanding of the
population’s oral health behaviour (e.g. use of fluoride toothpaste), the availability and uptake of other caries prevention strategies,
their diet and consumption of tap water and the movement/migration of the population. There is insufficient evidence to determine
whether water fluoridation results in a change in disparities in caries levels across SES. We did not identify any evidence, meeting the
review’s inclusion criteria, to determine the effectiveness of water fluoridation for preventing caries in adults.

There is insufficient information to determine the effect on caries levels of stopping water fluoridation programmes.

There is a significant association between dental fluorosis (of aesthetic concern or all levels of dental fluorosis) and fluoride level. The
evidence is limited due to high risk of bias within the studies and substantial between-study variation.

PLAIN LANGUAGE SUMMARY
Water fluoridation to prevent tooth decay

Background

Water fluoridation for the prevention of dental caries (Review) 2
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Tooth decay is a worldwide problem affecting most adults and children. Untreated decay may cause pain and lead to teeth having to
be removed. In many parts of the world, tooth decay is decreasing. Children from poorer backgrounds still tend to have greater levels
of decay. Fluoride is a mineral that prevents tooth decay. It occurs naturally in water at varying levels. Fluoride can also be added to
the water with the aim of preventing tooth decay. Fluoride is present in most toothpastes and available in mouthrinses, varnishes and
gels. If young children swallow too much fluoride while their permanent teeth are forming, there is a risk of marks developing on those
teeth. This is called ‘dental fluorosis’. Most fluorosis is very mild, with faint white lines or streaks visible only to dentists under good
lighting in the clinic. More noticeable fluorosis, which is less common, may cause people concern about how their teeth look.

Review question

We carried out this review to evaluate the effects of fluoride in water (added fluoride or naturally occurring) on the prevention of tooth
decay and markings on teeth (dental fluorosis).

Study characteristics

We reviewed 20 studies on the effects of fluoridated water on tooth decay and 135 studies on dental fluorosis. The evidence is up to
date at 19 February 2015.

Nineteen studies assessed the effects of starting a water fluoridation scheme. They compared tooth decay in two communities around
the time fluoridation started in one of them. After several years, a second survey was done to see what difference it made. Around 70%
of these studies were conducted before 1975. Other, more recent studies comparing fluoridated and non-fluoridated communities have
been conducted. We excluded them from our review because they did not carry out initial surveys of tooth decay levels around the time
fluoridation started so were unable to evaluate changes in those levels since then. We reviewed one study that compared tooth decay
in two fluoridated areas before fluoridation was stopped in one area. Again, after several years, a second survey was done to see what
difference it made.

Around 73% of dental fluorosis studies were conducted in places with naturally occurring - not added - fluoride in their water. Some

had levels of up to 5 parts per million (ppm).
Key results

Our review found that water fluoridation is effective at reducing levels of tooth decay among children. The introduction of water
fluoridation resulted in children having 35% fewer decayed, missing and filled baby teeth and 26% fewer decayed, missing and filled
permanent teeth. We also found that fluoridation led to a 15% increase in children with no decay in their baby teeth and a 14% increase
in children with no decay in their permanent teeth. These results are based predominantly on old studies and may not be applicable
today.

Within the ‘before and after’ studies we were looking for, we did not find any on the benefits of fluoridated water for adults.
We found insufficient information about the effects of stopping water fluoridation.

We found insufficient information to determine whether fluoridation reduces differences in tooth decay levels between children from
poorer and more affluent backgrounds.

Overall, the results of the studies reviewed suggest that, where the fluoride level in water is 0.7 ppm, there is a chance of around 12%
of people having dental fluorosis that may cause concern about how their teeth look.

Quality of the evidence

We assessed each study for the quality of the methods used and how thoroughly the results were reported. We had concerns about the
methods used, or the reporting of the results, in the vast majority (97%) of the studies. For example, many did not take full account
of all the factors that could affect children’s risk of tooth decay or dental fluorosis. There was also substantial variation between the
results of the studies, many of which took place before the introduction of fluoride toothpaste. This makes it difficult to be confident
of the size of the effects of water fluoridation on tooth decay or the numbers of people likely to have dental fluorosis at different levels
of fluoride in the water.

Water fluoridation for the prevention of dental caries (Review) 3
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SUMMARY OF FINDINGS FOR THE MAIN COMPARISON [Explanation]

Initiation of water fluoridation compared with low/non-fluoridated water for the prevention of dental caries

Patient or population: people of all ages
Settings: community setting

Intervention: initiation of water fluoridation
Comparison: low/non-fluoridated water

Outcomes Illustrative comparative risks* (95% Cl) Relative effect No of participants Quality of the evidence Comments
(95%Cl) (studies) (GRADE)
Risk in area with low/ Risk in area with initi-
non-fluoridated water ation of water fluorida-
tion
Caries in deciduous The mean dmft at fol- Themeandmftinthear- 44,2682 ePO 3456 This indicates a reduc-
teeth (dmft)! low-up in the low/ eas with water fluorida- (9 observational stud- tion in dmft of 35%
Scale from: 0 to 20 non-fluoridated areas tion was 1.81 lower (1. ies) in the water fluorida-
(lower = better) ranged from 1.21 to 7. 31 lower to 2.31 lower) tion groups over and
Follow-up: range from 8 (median 5.1) above that for the con-
3-12 years trol groups
We have limited confi-
dence in the size of this
effect due to the high
risk of bias within the
studies and the lack of
contemporary evidence
Caries score in perma- The mean DMFT at The mean DMFT in the 78,7642 SBOO>45° This indicates a reduc-
nent teeth (DMFT)” follow-up in the low/ areas with water fluori- (10 observational stud- tion in DMFT of 26%
Scale from: 0 to 32 non-fluoridated areas dation was 1.16 lower ies) in the water fluorida-

(lower better)
Follow-up: range from
8-11 years

ranged from 0.7 to 5.5
(median 4.4)

(0.72 lower to 1.61

lower)

tion groups over and
above that for the con-
trol groups

We have limited confi-
dence in the size of this


http://www.thecochranelibrary.com/view/0/SummaryFindings.html
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effect due to the high
risk of bias within the
studies and the lack of
contemporary evidence

Change in proportion of
caries-free children (de-
ciduous teeth)

Scale: 0 to 1

Follow-up: range 3-12
years

The proportion  of
caries-free children at
follow-up in the low/
non-fluoridated areas
ranged from 0.06 to 0.
67 (median 0.22)

The proportion  of
caries-free children in-
creased in the areas
with water fluoridation
0.15(0.11 t0 0.19)

39,9662
(10 observational stud-
ies)

@@003,4,5,6

We have limited confi-
dence in the size of this
effect due to the high
risk of bias within the
studies and the lack of
contemporary evidence

Change in proportion
of caries-free children
(permanent teeth)
Scale: 0 to 1

Follow-up: range 8-12
years

The proportion  of
caries-free children at
follow-up in the low/
non-fluoridated areas
ranged from 0.01 to 0.
67 (median 0.14)

The  proportion  of
caries-free children in-
creased in the areas
with water fluoridation
0.14 (0.05 t0 0.23)

53,5382
(8 observational stud-
ies)

@@003,4,5,6

We have limited confi-
dence in the size of this
effect due to the high
risk of bias within the
studies and the lack of
contemporary evidence

Disparities in caries by
socioeconomic status
(SES)®

> 35,3997
(3 observational stud-
ies)

DDO0O?

There is insufficient in-
formation to determine
whether initiation of a
water fluoridation pro-
gramme results in a
change in disparities
in caries levels across
SES

Adverse effects
Dental fluorosis of aes-
thetic concern!®
(measured by Dean’s In-
dex, TFI, TSIF)!!

For a fluoride level of 0.7 ppm the percentage of participants with dental
fluorosis of aesthetic concern was estimated to be 12% (95% CI 8% to

17%)

Controlling for study effects, we would expect the odds of dental fluorosis
to increase by a factor of 2.90 (95% CI 2.05 to 4.10) for each one unit

increase in fluoride level (1 ppm F)

59,630
(40 observational stud-
ies)

@@003,12

The estimate for any
level of dental fluo-
rosis at 0.7ppm was
40% (95% Cl 35% to
44%; 90 studies). This
includes dental fluoro-
sis that can only be
detected under clinical
conditions and other
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enamel defects

We have limited confi-
dence in the size of this
effect due to the high
risk of bias and sub-
stantial between-study
variation

SDdP: We are very confident that the true effect lies close to that of the estimate of the effect. Further research is very unlikely to change the estimate of effect.

®edO: We are moderately confident in the effect estimate. Further research may change the estimate.
e®OQ: Our confidence in the effect estimate is limited. Further research is likely to change the estimate.
@0O0O0O: We are very uncertain about the estimate.

1. dmft - decayed, missing and filled deciduous teeth

2. Total number of participants measured. Analysis undertaken on average number of participants measured at baseline
and follow-up for each study

3. Studies at high risk of bias; quality of the evidence downgraded

4. Substantial heterogeneity present, however, given that the direction of effect was the same in all but on of the studies/
outcomes we did not downgrade due to heterogeneity

5. Indirectness of evidence due to lack of contemporary evidence; quality of the evidence downgraded. 71% of the studies
conducted prior 1975; the use of fluoridated toothpaste, the availability of other caries prevention strategies, diet and tap
water consumption are all likely to have changed in the populations in which the studies were conducted. No studies on the
effect of water fluoridation in adults met the inclusion criteria

6. Very large effect size; quality of the evidence upgraded twice

7. DMFT - decayed, missing and filled permanent teeth

8. SES - socioeconomic status

9. Number of participants not stated in one study
10. Data come from studies of both naturally occurring and artificially fluoridated areas (i.e. not just areas where water
fluoridation has been initiated). Dental fluorosis of aesthetic concern only with levels of reported fluoride exposure of 5 ppm
or less
11. TFI - Thylstrup-Fejerskov Index: TSIF - Tooth Surface Index of Fluorosis
12. Substantial heterogeneity; quality of the evidence downgraded
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BACKGROUND

Description of the condition

Dental caries is a chronic and progressive disease of the miner-
alised and soft tissues of the teeth. Its aetiology is multifactorial and
is related to the interactions over time between tooth substance
and certain micro-organisms and dietary carbohydrates, produc-
ing plaque acids. Demineralisation of the tooth enamel (non-cav-
itated dental caries) follows and in the absence of successful treat-
ment, can extend into the dentine and the dental pulp, impairing
its function (Ten Cate 1991). Despite reductions in the preva-
lence and severity of dental caries over time (CDC 2005), social
inequalities in dental health persist (OECD 2011), with signifi-
cant numbers of individuals and communities having a clinically
significant burden of preventable dental disease. Dental caries is
associated with pain, infection, tooth loss and reduced quality of
life (Sheiham 2005). In children, the burden of dental disease also
includes lost school time and restricted activity days, as well as
problems in eating, speaking and learning. This especially affects
those from lower income families owing to their higher prevalence
of caries (Feitosa 2005). Given the progressive nature of the con-
dition and widespread prevalence in adulthood, most children are
at risk of dental caries.

Dental caries is a major public health problem in most industri-
alised countries, affecting 60% to 90% of school children (Petersen
2003). It has been estimated that in the USA 42% of children aged
between two to 11 years have caries experience in their primary
teeth and 59% of those aged 12 to 19 years have caries experience
in their permanent teeth (Dye 2007). Prevalence studies in South
America, Asia and Europe have indicated that caries may affect
between 20% and 100% of the population (Bagramian 2009).
Increasing levels of dental caries are observed in some developing
countries, especially those where community-based preventive oral
care programmes are not established (Petersen 2004). Studies also
suggest that the growing retention of teeth has also been accom-
panied by a rise in dental caries among ageing adults in different
parts of the world (Selwitz 2007). This has major implications es-
pecially in high-income countries experiencing an increase in life
expectancy.

The link between fluoride and the prevention of dental caries dates
back to the 1930s. There are many ways in which fluoride can be
provided, including toothpastes, gels, varnishes, milk and water.
An adverse effect associated with the use of fluoride is the develop-
ment of dental fluorosis due to the ingestion of excessive fluoride
by young children with developing teeth. Dental fluorosis occurs
due to the hypomineralisation of the dental enamel caused by the
chronic ingestion of sufficiently high concentrations of fluoride
while the dentition is still forming (Pendrys 2001). Clinically, the
appearance of teeth with fluorosis depends on the severity of the
condition. In its mildest form, there are faint white lines or streaks

visible only to trained examiners under controlled examination

conditions. In more involved cases, fluorosis manifests as mot-
tling of the teeth in which noticeable white lines or streaks often
have coalesced into larger opaque areas. In the more severe forms,
brown staining or pitting of the tooth enamel may be present and
actual breakdown of the enamel may occur (Rozier 1994).

Description of the intervention

Water can be artificially fluoridated (also known as community
water fluoridation) through the controlled addition of a fluoride
compound to a public water supply (Department of Health and
Human Services 2000). Water that is artificially fluoridated is set
at the ’optimum level’, considered to be around 1 ppm (Dean
1941; WHO 2011). The European Union water quality directive
specifies 1.5 ppm as the maximum level for human consumption
(European Union 1998). Community water fluoridation was ini-
tiated in the USA in 1945 and is currently practiced in about
25 countries around the world (The British Fluoridation Society
2012). Health authorities consider it to be a key strategy for pre-
venting dental caries. In Western Europe around 3% of the popu-
lation receive water with added fluoride (Cheng 2007), mainly in
England, Ireland, and Spain. In the USA, over 70% of the pop-
ulation on public water systems receive fluoridated water (CDC
2008), as do a similar proportion of Australians (NHMRC 2007).
The rationale behind the role of community water fluoridation is
that it benefits both children and adults by effectively preventing
caries, regardless of socioeconomic status or access to care. It is be-
lieved to have played an important role in the reductions in tooth
decay (40% to 70% in children) and of tooth loss in adults (40%
to 60%) in the USA (Burt 1999). Fluoridation is an intervention
that occurs at the environmental level, meaning that individual
compliance is not relied upon. Interventions at this level can have
greater impact upon populations than those at the individual and
clinical levels (Frieden 2010), although concerns have been raised
around the ethics of ‘mass intervention’ (Cheng 2007).

Fluoride is also naturally present in the soil, in water and the atmo-
sphere at varying levels depending on geographic location. In areas
of Africa, Asia, the Middle East, Southern Europe and the South-
ern USA, ground waters have been found to contain particularly
high concentrations of fluoride, well above the *optimum level” of
1 ppm. However, while ground waters in some areas can contain
high concentrations of fluoride, fluoride content in drinking water
in many locations is too low to prevent and control tooth decay.

How the intervention might work

Fluoride impedes the demineralisation of the enamel and also en-
hances its remineralisation, if it is present in high enough con-
centrations in the saliva (Ten Cate 1991). This function is very
important in caries prevention as the progression of cavities de-
pends on the balance of the demineralisation and remineralisation

Water fluoridation for the prevention of dental caries (Review)
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processes (Selwitz 2007). The presence of fluoride in drinking wa-
ter therefore confers the advantage of providing a constant expo-
sure to fluoride ions in the oral cavity. The effectiveness of fluori-
dated water (McDonagh 2000; Truman 2002), and other fluoride
sources, such as toothpastes and varnishes, have previously been
documented (Marinho 2013; Walsh 2010). Some adverse effects
of fluoridated water that have been explored are widely perceived to
be dependent on dose, duration and/or time of exposure (Browne
2005). Within community water fluoridation programmes, max-
imum fluoride concentrations are set to prevent other harms re-
lated to very high fluoride concentrations. Supra-optimal levels of
fluoride (occurring naturally) have been linked to severe dental
fluorosis and skeletal fluorosis. There is a lack of evidence for other
postulated harms such as cancer and bone fractures; no evidence
of a strong association with water fluoridation has been shown for
these conditions (McDonagh 2000).

Why it is important to do this review

Water fluoridation was identified as a priority topic in the
Cochrane Oral Health Group’s international priority setting ex-
ercise, incorporating views from clinicians, guideline developers
and members of the public.

The use of water fluoridation as a means of improving dental health
has been endorsed by many national and international health insti-
tutions, including the World Health Organization (MRC 2002).
It has been hailed by the US Surgeon General as “one of the most
effective choices communities can make to prevent health prob-
lems while actually improving the oral health of their citizens”
(ADA 2013). Opponents have raised concerns about ethical is-
sues and its potential harms (Cheng 2007), as a result of which
the practice has remained controversial. A comprehensive system-
atic review of water fluoridation has previously been published
(McDonagh 2000). The review showed a benefit in terms of a
reduction in caries as well as an increased risk of dental fluoro-
sis. However, there was insufficient evidence to draw conclusions
regarding other potential harms or health disparities. The review
findings have often been misinterpreted and have been used to
support arguments on both sides of the water fluoridation de-
bate (Cheng 2007). In addition, little comment has been made
on the applicability of the evidence to today’s society. Many of
the caries studies presented in the McDonagh 2000 review were
conducted prior to the widespread use of fluoride toothpastes in
the late 1970s, and the introduction and uptake of other preven-
tative strategies, such as fluoride varnish. The McDonagh 2000
review was conducted 15 years ago. Given the continued interest
in this topic, from both health professionals, policy makers and
the public, it is important to update and maintain a systematic
review that reflects any emerging, contemporary evidence.

This review updates the McDonagh 2000 review. It aims to con-
textualise the evidence to inform current national and interna-

tional guidelines.

It should be noted, the original systematic review had a broader
remit and aimed to evaluate the differential effects of natural and
artificial fluoridation as well as adverse effects other than dental
fluorosis (McDonagh 2000). The inclusion criteria for the ob-
jectives covered in this review follow those stated in McDonagh
2000.

OBJECTIVES

To evaluate the effects of water fluoridation (artificial or natural)
on the prevention of dental caries.

To evaluate the effects of water fluoridation (artificial or natural)
on dental fluorosis.

METHODS

Criteria for considering studies for this review

Types of studies

Water fluoridation for the prevention of dental caries

For caries data, we included only prospective studies with a con-
current control, comparing at least two populations, one receiv-
ing fluoridated water and the other non-fluoridated water, with at
least two points in time evaluated. Groups had to be comparable
in terms of fluoridated water at baseline. For studies assessing the
initiation of water fluoridation the groups had to be from non-
fluoridated areas at baseline, with one group subsequently having
fluoride added to the water. For studies assessing the cessation of
water fluoridation, groups had to be from fluoridated areas at base-
line, with one group subsequently having fluoride removed from
the water.

For the purposes of this review, water with a fluoride concentration
of 0.4 parts per million (ppm) or less (arbitrary cut-off defined a
priori) was classified as non-fluoridated.

Woater fluoridation and dental fluorosis

For the assessment of dental fluorosis, we included any study de-
sign, with concurrent control, comparing populations exposed to
different water fluoride concentrations.

It should be noted that, due to the nature of the research question,
randomised controlled trials are unfeasible.

Water fluoridation for the prevention of dental caries (Review)
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Types of participants

Populations of all ages receiving fluoridated water (naturally or
artificially) and populations receiving non-fluoridated water.

Types of interventions

Water fluoridation for the prevention of dental caries

Caries data: a change in the level of fluoride in the water supply
of at least one of the study areas within three years of the baseline
survey. Exposure to fluoridated water or non-fluoridated water
(less than 0.4 ppm) could be in conjunction with other sources of
fluoride (e.g. fluoridated toothpaste), provided the other sources
were similar across groups. Where specific information on the
use of other sources of fluoride was not supplied, we assumed
that populations in studies conducted after 1975 in industrialised
countries had been exposed to fluoridated toothpaste.

Woater fluoridation and dental fluorosis

Fluoride at any concentration present in drinking water.

Types of outcome measures

Primary outcomes

Any measure of dental caries including the following.

e Change in the number of decayed, missing and filled
deciduous, and permanent teeth, (dmft and DMFT,
respectively).

e Change in the number of decayed, missing and filled
deciduous, and permanent, tooth surfaces (dmfs and DMFS,
respectively).

o Incidence of dental caries.

e Dercentage of caries-free children.

We also recorded data on disparities in dental caries across different
groups of people, as reported in the included studies.

An a priori set of rules regarding the prioritisation of caries mea-
sures has been developed previously (Marinho 2013). We would
have adopted these, if the data had required.

Secondary outcomes

Dental fluorosis, as measured by the following.

e DPercentage of children with fluorosis (any level of fluorosis,
or fluorosis of aesthetic concern).

e Dean’s Fluorosis Index.

e Tooth Surface Index of Fluorosis (TSIF).

e Thylstrup and Fejerskov index (TFI).

e Modified Developmental Defects of Enamel (DDE).

We aimed to record the prevalence of dental fluorosis for each
dentition if reported in the studies. In measuring the percentage
prevalence of dental fluorosis, we classified children with dental
fluorosis according to the index used in the individual studies.
As measured by the common epidemiologic indices for dental
fluorosis (Rozier 1994), we classified children with a DDE, TSIFE,
TFIscore greater than zero or Dean’s classification of "questionable’
or higher as having dental fluorosis. If other indices had been used,
we would have considered and adopted the percentage prevalence
of dental fluorosis as reported by the original investigators using
other methods (e.g. photographic method or other index). Any
dental fluorosis scoring > 3 (TFI), > 2 (TSIF) and 'mild’ or worse
(Dean’s) were considered to be of aesthetic concern. We restricted
analysis on dental fluorosis of aesthetic concern to TFI, TSIF and
Dean’s indices as it is not easily determined from the modified
DDE index.

Within the context of this review dental fluorosis is referred to
as an "adverse effect’. However, it should be acknowledged that
moderate fluorosis may be considered an "unwanted effect’ rather
than an adverse effect. In addition, mild fluorosis may not even
be considered an unwanted effect.

We also recorded data on any other adverse effects (e.g. skeletal
fluorosis, hip fractures, cancer, congenital malformations, mortal-
ity) reported in the included studies. However, this review did not
aim to provide a comprehensive systematic review of adverse ef-
fects other than dental fluorosis.

Search methods for identification of studies

The original review involved searching a wide range of databases
from their starting date to June/October 1999 (Appendix 1). Full
details of all the strategies initially used have been published pre-
viously (McDonagh 2000).

For the identification of studies included or considered for this
updated review, we developed detailed search strategies combin-
ing controlled vocabulary and free text terms for each database
searched. These were based on the search strategy developed
for MEDLINE (Appendix 4) but revised appropriately for each
database to take account of differences in controlled vocabulary
and syntax rules.

Electronic searches

We searched the following electronic databases (from inception):

e The Cochrane Oral Health Group’s Trials Register (to 19
February 2015; see Appendix 2);

e The Cochrane Central Register of Controlled Trials
(CENTRAL; The Cochrane Library 2015, Issue 1; see Appendix
3);

e MEDLINE via OVID (1946 to 19 February 2015; see
Appendix 4);
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Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



6.28-15

e EMBASE via OVID (1980 to 19 February 2015; see
Appendix 5);

e Proquest (all databases; to 19 February 2015; Appendix 6);

e Web of Science Conference Proceedings (1990 to 19
February 2015; see Appendix 7);

e ZETOC Conference Proceedings (1993 to 19 February
2015; see Appendix 8).

There were no restrictions on language of publication and non-
English studies were translated, unless a translator could not be
found through Cochrane.

Searching other resources

We searched the following databases for ongoing trials (see
Appendix 9):

e US National Institutes of Health Trials Register (
clinicaltrials.gov to 19 February 2015);

e The WHO Clinical Trials Registry Platform (apps.who.int/
trialsearch/default.aspx to 19 February 2015).

Only handsearching conducted as part of the Cochrane World-
wide Handsearching Programme and uploaded to CENTRAL was
included (see the Cochrane Mastetlist for the details of journals
searched to date). We reviewed the reference lists of identified tri-
als and review articles for additional appropriate studies.

Data collection and analysis

Selection of studies

Two review authors independently and in duplicate screened the
titles and abstracts (when available) of all reports identified through
the electronic search update. We obtained the full report for all
studies that appeared to meet the inclusion criteria, or for which
there were insufficient data in the title and abstract to make a clear
decision. Two review authors independently assessed the full re-
ports obtained from the electronic and other methods of searching
to establish whether or not the studies met the inclusion criteria.
Disagreements were resolved by discussion. Where resolution was
not possible, a third review author was consulted. Studies rejected
at this or subsequent stages were recorded in the ’Characteristics of
excluded studies’ table, and reasons for their exclusion recorded.

Data extraction and management

Two review authors extracted data independently using specially
designed data extraction forms (produced in Excel). We piloted
the data extraction forms on several papers and modified them as
required before use. Any disagreements were discussed and a third
review author consulted where necessary.

For each study we aimed to record the following data.

e Year of publication, country of origin and source of study
funding.

e Details of the participants including demographic
characteristics (socioeconomic status (SES), ethnicity), age,
deciduous/permanent dentition and criteria for inclusion and
exclusion.

e Details of the type of intervention, comparator and co-
interventions.

e Details of the outcomes reported, including method of
assessment, and time intervals.

e Details of confounding factors considered (potential
confounders of relevance to this review include sugar
consumption/dietary habits, SES, ethnicity and the use of other
fluoride sources).

e Details on comparability of groups with regard to
confounding factors.

e Details on methods used to control for confounding.

e Details regarding both unadjusted and adjusted effect
estimates.

Assessment of risk of bias in included studies

McDonagh 2000 used specially designed validity assessment
checklists that provided a ’validity score’ and assigned a ’level of
evidence’ for each study. In this update, we aimed to assess all
included studies (including those from the previous review by
McDonagh 2000) for risk of bias using the Cochrane "Risk of bias’
assessment tool adapted for non-randomised controlled studies
(Higgins 2011). The domains assessed for each included study in-
cluded: sampling, confounding, blinding of outcome assessment,
completeness of outcome data, risk of selective outcome reporting
and risk of other potential sources of bias. We did not include
random sequence generation or allocation concealment, as these
were not relevant for the study designs included and are covered
by the domain for confounding. We had identified the following
factors as important confounders for the primary and secondary
outcomes: sugar consumption/dietary habits, SES, ethnicity and
the use of other fluoride sources.

We tabulated a description of the "Risk of bias’ domains for each
included trial, along with a judgement of low, high or unclear risk
of bias.

We undertook a summary assessment of the risk of bias for the
primary outcome (across domains) across studies (Higgins 2011).
Within a study, we gave a summary assessment of low risk of bias
when there was a low risk of bias for all key domains, unclear risk
of bias when there was an unclear risk of bias for one or more key
domains, and high risk of bias when there was a high risk of bias

for one or more key domains.

Measures of treatment effect

We included the following caries indices in the analyses: dmft,
DMEFT, and proportion caries free in both dentitions. For dmft

Water fluoridation for the prevention of dental caries (Review)
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and DMFT analyses we calculated the difference in mean change
scores between fluoridated and control groups. For the proportion
caries free, we calculated the difference in the proportion caries
free between the fluoridated and control groups.

For dental fluorosis data we calculated the log odds and presented
them as probabilities for interpretation.

We have presented data on other adverse effects, reported in the
included studies, as a narrative.

We intended to present data on both adjusted and unadjusted
results, but the data allowed only for unadjusted values.

Dealing with missing data

Where outcome data were missing from the published report, or
could not be calculated from the information presented in the
report of a trial, we attempted to contact the authors to obtain the
data and clarify any uncertainty. The analyses generally included
only the available data (ignoring missing data). When the number
of participants evaluated was not reported, we did not include
outcome data in the analyses. Where standard deviations were
missing for DMFT and dmft data we used the equation: log(SD)
= 0.17 + 0.56 x log(mean) to estimate the standard deviations
for both the before and after mean caries values. This equation
was estimated from available data where the standard deviations
were given (R? = 0.91; Appendix 10). We undertook no other
imputations.

We undertook sensitivity analyses to determine the effect of the
imputed standard deviations.

Assessment of heterogeneity

We planned to explore differences in fluoridation technique, fluo-
ride concentration, outcome measurement index and technique as
possible sources of heterogeneity. Initial consideration of hetero-
geneity would be via the DerSimonian-Laird model (commonly
referred to as a random-effects meta-analysis). When between
study variance was deemed to be both robustly estimated and sub-
stantial (judged as the estimate being larger than twice its standard
error), we favoured the random-effects model over a fixed-effect
approach. We would have investigated any heterogeneity further
via Baujat and normal quantile-quantile (Q-Q) plots, alongside
influence diagnostics (for example difference in fitted values (DF-
FITS), Cook’s distance, hat values and leave-one-out methods) as
appropriate. However, due to the limited data and lack of clarity
in reporting we were unable to undertake any of these analyses for
the caries data. Fluoride concentration was explored as part of the
fluorosis analysis.

Assessment of reporting biases

If more than 10 trials had been identified for any meta-analysis of
the primary outcome caries, we would have assessed publication
bias according to the recommendations described in the Cochrane

Handbook for Systematic Reviews of Interventions (Higgins 2011).
Had asymmetry been identified in the contour-enhanced funnel
plots, we would have investigated possible causes. The number of
studies presented in each caries meta-analyses precluded this.

Data synthesis

The primary analyses was based on all included studies, irrespective

of risk of bias.

Caries

For the analyses of mean dmft and DMFT severity data, we used
Review Manager (RevMan 2014; not shown) to calculate weighted
(for age) mean change score for water fluoridation and control
group separately, and the summary effect estimates across all age
groups for each study (we only analysed data for dmft for chil-
dren eight years and younger). The resulting effect estimates for
the water fluoridation and control groups were then entered into
RevMan for each study to calculate the mean difference in change
scores for the review (see Analysis 1.1; Analysis 1.2). We decided
to display this data using the average n for the before and after
data for each study to give an indication of the size of the studies.
The raw data and summary statistics are shown in Table 1; Table
2.

Where standard deviations (SDs) are missing for the dmft, DMFT
data we used the equation: log(SD) = 0.17 + 0.56 x log(mean) to
estimate the SDs for both before and after mean caries values. We
undertook a sensitivity analysis omitting all the data for studies/
age groups where the standard deviation was imputed.

For the caries free data for both dentitions, we calculated the risk
differences in RevMan (not shown) for water fluoridation and con-
trol groups separately, for each study, undertaking a meta-analyses
across age groups. These summary effect estimates and standard
deviations were then combined in a meta-analysis in RevMan (not
shown) as continuous data to provide summary estimates of the
change in the proportion caries free for both groups. For each
dentition (rather than age group), we then combined the resulting
data as a meta-analysis in the review. Once again we decided to
display this data using the average n for the before and after data
for each study to give an indication of the size of the studies. Table
3 and Table 4 provide the raw data and summary estimates of
the risk differences for each water fluoridation and control group
separately, for each study, across age groups.

Fluorosis

In line with the previous systematic review (McDonagh 2000), the
primary analysis was carried out on data where fluoride exposure
was 5 ppm or less, for reasons of applicability and robustness of
evidence (the concentration of most naturally occurring fluoride
will be below than this threshold, and the paucity of information
from higher exposures leads to less precise estimates). We analysed
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two aspects of fluorosis: aesthetic concerns of fluorosis (as defined
in Types of outcome measures), and any level of fluorosis. We
used random-effects models with random intercept and random
slope to model the log odds of fluorosis as a function of fluoride
exposure. In this model we allowed the intercept and slope to vary
from study to study. The slope of the linear relationship between
fluoride level (the predictor) and the log odds of fluorosis is the
value of the coefficient for fluoride level plus the study specific
random effect for thatspecific study. Fluoride exposure was centred
upon the grand mean, and results presented as probabilities to aid
interpretation.

Subgroup analysis and investigation of heterogeneity

We undertook subgroup analyses according to whether data were
collected prior to the widespread use of fluoride toothpaste, or
after: we used a cut-off of 1975 for this purpose. We made the
decision to undertake subgroup analyses by date of study conduct
post hoc, following peer review comments.

We had planned to use meta-regression to investigate and explain
sources of heterogeneity among studies where possible (potential
confounders of relevance to this review include sugar consump-
tion/dietary habits, SES, ethnicity and the use of other fluoride
sources). Dental caries results were to be analysed using meta-re-
gression in order to assess the impact of potential sources of hetero-
geneity and estimate the underlying effect of water fluoridation.
We also planned to conduct subgroup analyses by study design.
However, due to the small number of studies and lack of clarity
in the reporting within the caries studies, we did not undertake
these sub-group analyses

Sensitivity analysis

We would have undertaken sensitivity analyses based on risk of bias
if sufficient trials had been included. We had planned to undertake
further sensitivity analyses to determine if the results of the meta-
analysis were influenced by the timing of baseline measurement,
as appropriate. We did undertake sensitivity analyses to determine
the effect of the imputed standard deviations.

Presentation of main results

We assessed the quality of the evidence for the primary and
secondary outcomes for this review using GRADE methods (
gdt.guidelinedevelopment.org). Due to the observational nature
of the studies included in the review, GRADE stipulates that the
quality of the body of evidence starts at "low’. We considered sus-
bequent downgrading of the quality of the body of evidence with
reference to the overall risk of bias of the included studies, the
directness of the evidence, the inconsistency of the results and the
precision of the estimates. We considered upgrading the quality
of the evidence on the basis of an assessment of the risk of publi-
cation bias, the magnitude of the effect and whether or not there
was evidence of a dose response.

We presented the results and quality of evidence for each outcome
in a 'Summary of findings’ table. We made a post hoc decision
not to use the GRADE terminology of high, moderate, low and
very low to describe the quality of the evidence (see Quality of the
evidence).

RESULTS

Description of studies

Results of the search

The search for literature produced a total of 4677 records after de-
duplication. Two reviewers in duplicate screened these records in-
dependently. Any disagreements were resolved by a third reviewer.
After this initial screening, we obtained 158 articles, combined
with 120 articles from additional sources (including McDonagh
2000; NHMRC 2007 and an unpublished paper, Blinkhorn
(unpublished)) and read them in detail. We assessed 277 of these
278 articles for eligibility; 155 studies (162 publications) met the
inclusion criteria for the review. However, only 107 studies (15
caries studies; 92 studies reporting data on either all fluorosis sever-
ities or fluorosis of aesthetic concern) presented sufficient data for
inclusion in the quantitative syntheses. One study awaits classi-
fication. The search, screening results and selection of included
studies are illustrated in the PRISMA flow diagram (Figure 1).
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Figure I. Figure |. Study flow diagram.
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Included studies

A total of 20 prospective observational studies provided data on
caries or disparities in caries, or both (Adriasola 1959; Arnold
1956; Ast 1951; Backer-Dirks 1961; Beal 1971; Beal 1981;
Blinkhorn (unpublished); Brown 1965; DHSS England 1969;
DHSS Scotland 1969; DHSS Wales 1969; Gray 2001; Guo
1984; Hardwick 1982; Holdcroft 1999; Kunzel 1997; Loh 1996;
Maupome 2001; Pot 1974; Tessier 1987).

Caries

Nineteen prospective observational studies (22 publications) pub-
lished between 1951 and 2015 met the inclusion criteria for the
caries outcome. Eighteen of these studies looked at the effect of
the initiation of water fluoridation programme on dental caries
(Adriasola 1959; Arnold 1956; Ast 1951; Backer-Dirks 1961; Beal
1971; Beal 1981; Blinkhorn (unpublished); Brown 1965; DHSS
England 1969; DHSS Scotland 1969; DHSS Wales 1969; Gray
2001; Guo 1984; Hardwick 1982; Kunzel 1997; Loh 1996; Pot
1974; Tessier 1987), and one study focused on the effect of cessa-
tion of fluoridation on caries (Maupome 2001). Only one study
followed the same participants over time (Hardwick 1982), eval-
uating 12-year old children in a fluoridated and a non-fluoridated
area and following them for four years. All other studies evalu-
ated specific age groups within three years of a change in fluori-
dation status and undertook a follow-up evaluation of the same
age groups (different children) at at least one other time point. A
low/non-fluoridated area was used as a control. These have been
analysed as controlled before-and-after studies.

The studies were conducted in multiple centres in Europe
(Backer-Dirks 1961; Beal 1971; Beal 1981; DHSS England 1969;
DHSS Scotland 1969; DHSS Wales 1969; Gray 2001; Hardwick
1982; Kunzel 1997; Pot 1974), North America (Arnold 1956; Ast
1951; Brown 1965; Maupome 2001; Tessier 1987), South Amer-
ica (Adriasola 1959), Australia (Blinkhorn (unpublished)) and Asia
(Guo 1984; Loh 1996). Five studies were funded by research grants
from research organisations, health authorities and government
organisations (Beal 1971; Blinkhorn (unpublished); Booth 1991;
Kunzel 1997; Maupome 2001), one study was funded in collabo-
ration with members of the committee pro-fluoridation (Adriasola
1959), while the other studies did not state their funding sources.
Participants, aged from three to 16 years, were mostly recruited
from schools; the period of time between baseline and final mea-
surement ranged from two to 12 years.

The intervention groups in all "fluoride initiation’ studies were ex-
posed to naturally low fluoride at baseline and artificially fluori-
dated water at follow-up, while the control groups were exposed to
naturally low fluoride at both time points. In studies where it was

not stated clearly, fluoride concentration was reported as high’ or
"fluoridated’ for the intervention group and ’low’ or 'non-fluori-
dated’ for the control group. For the fluoride cessation’ study that
met our inclusion criteria, the intervention group was exposed to
artificially fluoridated water at baseline and naturally low fluoride
at follow-up, while the control group remained artificially fluori-
dated at both time points.

Measures of dental caries reported were dmft (decayed missing
and filled deciduous teeth), DMFT (decayed missing and filled
permanent teeth), DMFS (decayed missing and filled surfaces in
permanent teeth), and proportion of caries-free children (decidu-
ous and permanent dentition).

Disparities in caries

Three prospective observational studies (four publications) met
the inclusion criteria for disparities in caries but did not provide
data suitable for analysis (Beal 1971; Gray 2001; Holdcroft 1999).
They all assessed the effect of the initiation of water fluoridation
on caries in different SES groups receiving fluoridated and non-
fluoridated water. All three studies evaluated specific age groups
within three years of a change in fluoridation status and undertook
a follow-up evaluation of the same age groups (different children)
ataleastone other time point. A low/non-fluoridated area was used
as a control. All these studies were conducted in the UK. Caries
measures reported were decayed, extracted and filled deciduous
teeth (deft; Beal 1971), dmft (Gray 2001; Holdcroft 1999), and
percentage of caries-free children (Beal 1971; Gray 2001).

Dental fluorosis

For dental fluorosis, 135 studies were included. These were pub-
lished between 1941 and 2014. Of these studies, 28% were
conducted in Europe, 23% in Asia, 19% in North America,
13% in South America, 10% in Africa, 5% in Australia and
2% in multiple centres in Europe and Asia. Forty-four studies
were supported by research grants from government organisa-
tions and health authorities, non-governmental organisations, re-
search organisations, universities or a combination of these sources
(Adair 1999; Alarcon-Herrera 2001; AlDosari 2010; Angelillo
1999; Awadia 2000; Azcurra 1995; Bao 2007; Butler 1985; Chen
1989; Clark 1993; Correia Sampaio 1999; de Crousaz 1982;
Garcia-Perez 2013; Hernandez-Montoya 2003; Ibrahim 1995;
Indermitte 2007; Indermitte 2009; Kanagaratnam 2009; Kumar
1999; Kumar 2007; Mackay 2005; Mandinic 2010; Milsom 1990;
Nanda 1974; Narwaria 2013; Nunn 1992; Pontigo-Loyola 2008;
Ray 1982; Riordan 2002; Ruan 2005; Rwenyonyi 1999; Skinner
2013; Stephen 2002; Szpunar 1988; Tsutsui 2000; Vilasrao 2014;
Villa 1998; Vuhahula 2009; Wang 1999; Wang 2012; Warren
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2001; Whelton 2004; Whelton 2006; Wondwossen 2004); six
studies were funded by: a sugar association (Mclnnes 1982), a
water company (Firempong 2013; Warnakulasuriya 1992), the
dental industry (Machiulskiene 2009; Wenzel 1982), or associ-
ated with a dental industry through authorship (McGrady 2012).
Sources of support were not explicitly stated in 86 studies. One
study explicitly stated that no funding had been obtained (Shanthi
2014).

Out of the 135 studies that met the inclusion criteria for fluorosis
we aimed to extract cross-sectional data. Ninety studies reported
sufficient data for inclusion in the analysis for all severities of dental
fluorosis (Appendix 11). Forty studies were included in the analysis
for fluorosis of aesthetic concern (Appendix 11). The remaining
studies did not report sufficient data for inclusion in the analysis,
typically due to failure to indicate water fluoride concentration
of the study areas or reporting inappropriate measure of fluorosis
(e.g. mean value or Community Fluorosis Index (CFI)). Where
studies reported fluorosis outcomes as CFI only, we could not use
the data. The CFI is a composite score calculated by summing the
scores of Dean’s Index and dividing the total by the sample size.
This gives an indication of the experience and severity of fluorosis
at a population level, but individual level data cannot be derived
from it alone.

Dean’s index, TFI, TSIF, DDE were reported in 41%, 19%, 10%,
6% of the included studies, respectively, while 23% of the studies
either reported on other indices, specific enamel defects, or did
not state the index used at all.

Other adverse effects

Five studies that reported on the dental fluorosis outcome also
presented data on other adverse effects associated with water
fluoridation (Table 5). The outcomes reported were skeletal
fluorosis (Chen 1993; Jolly 1971; Wang 2012), bone fracture

(Alarcon-Herrera 2001), and skeletal maturity (Wenzel 1982).
Outcomes were assessed in participants using radiographs (Chen
1993; Jolly 1971; Wenzel 1982), the diagnostic criteria of endemic
skeletal fluorosis (WS 192-2008; Wang 2012), or methods that
were not clearly stated (Alarcon-Herrera 2001).

Excluded studies

Of the 277 studies that were assessed for eligibility, we excluded
112 studies (115 publications; see Characteristics of excluded

studies). The reasons for exclusion were most frequently due to
inappropriate study design, including:

e absence of data from two time points for one or both study
groups (Agarwal 2014; Ajayi 2008; Aldosari 2004; Antunes
2004; Archila 2003; ARCPOH 2008; Armfield 2004; Armfield
2005; Arora 2010; Bailie 2009; Baldani 2002; Baldani 2004;
Binbin 2005; Blagojevic 2004; Bradnock 1984; Carmichael
1980; Carmichael 1984; Carmichael 1989; Evans 1995; Gillcrist
2001; Gushi 2005; Han 2011; Jones 1997; Jones 2000a; Jones
2000b; Kirkeskov 2010; Kumar 2001; Lee 2004; Peres 2006;
Provart 1995; Rihs 2008; Riley 1999; Rugg-Gun 1977; Sagheri
2007; Sales-Peres 2002; Saliba 2008; Sampaio 2000; Slade 2013;
Tagliaferro 2004; Tiano 2009; Tickle 2003; Zimmermann
2002);

e unsuitable control group (Attwood 1988; Hobbs 1994;
Kalsbeek 1993; Seppa 1998; Wragg 1999; Murray 1984; Murray
1991);

e absence of concurrent control group (Buscariolo 2006;
Kunzel 2000a; Wong 2006).

Risk of bias in included studies

The review authors’ judgements about each risk of bias item for
each included study is summarised in Figure 2.
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Figure 2. Risk of bias summary: review authors’ judgements about each risk of bias item for each included
study.
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Caries outcome

We judged that all the 20 studies included for the caries outcome
(including disparities in caries) were at high risk of bias overall.
The bias may occur in either direction.

Sampling

We judged 13 of the studies as being at low risk of bias in terms of
sampling (Arnold 1956; Ast 1951; Backer-Dirks 1961; Beal 1981;
Blinkhorn (unpublished); Brown 1965; DHSS England 1969;
DHSS Scotland 1969; Gray 2001; Guo 1984; Hardwick 1982;
Pot 1974; Tessier 1987). For these studies, sampling was achieved
either randomly or by including the entire eligible population of
the study area. We judged seven studies to be at unclear risk of
bias for sampling (Adriasola 1959; Beal 1971; DHSS Wales 1969;
Holdcroft 1999; Kunzel 1997; Loh 1996; Maupome 2001). This
judgement was based on insufficient or unavailable information
in most cases, however in the study by Kunzel 1997, there was an
unexplained exclusion of disabled children. In the DHSS Scotland
1969 study, different age criteria were used for each group resulting
in an imbalance between the groups; the reason for this was not
explained. No studies were found to be at high risk for selection
bias for this outcome.

Confounding

We found all studies to be at high risk of bias for confounding. We
considered confoundng factors for this outcome to be sugar con-
sumption/dietary habits, SES, ethnicity and the use of other fluo-
ride sources. We would have judged studies to be at low risk of con-
founding bias only if they had successfully controlled for all factors.
Six of the studies attempted to control for none of these factors
(Adriasola 1959; Ast 1951; Brown 1965; Guo 1984; Loh 1996;
Pot 1974). Eight controlled for SES, but not for other sources of
fluoride or for dietary habits (Arnold 1956; Backer-Dirks 19615
Beal 1971; Beal 1981; DHSS England 1969; DHSS Scotland
1969; DHSS Wales 1969; Gray 2001). Hardwick 1982 matched
for SES and reported the use of fluoride from other sources to be
broadly similar across groups, but did not report on dietary habits.
Maupome 2001 reported on dietary habits and the use of fluoride
from other sources; this study showed that dietary habits did not
confound the relationship between water fluoridation and caries.

Detection bias

The majority of the studies did not blind outcome assessors. This
is perhaps unsurprising when considering the efforts that may be
required to blind assessors for this type of study. We judged only
two studies to be at low risk of bias for this domain (Backer-Dirks
1961; Hardwick 1982). Backer-Dirks 1961 utilised radiographs in

order to blind assessors, and in the Hardwick 1982 study children

were brought to a central examination centre fOl‘ assessment.

Incomplete outcome data

Eight studies were judged as being at low risk of bias (Beal 1971;
Beal 1981; Brown 1965; Gray 2001; Guo 1984; Hardwick 1982;
Kunzel 1997; Maupome 2001), or unclear risk of bias for the
domain of incomplete outcome data (Adriasola 1959; Arnold
1956; Backer-Dirks 1961; Beal 1971; Blinkhorn (unpublished);
Holdcroft 1999; Loh 1996; Pot 1974). We found four studies to
be at high risk. In two studies (Ast 1951; Maupome 2001), the
outcome data for participants was substantially lower than at base-
line. The Brown 1965 study, which ran from 1948 to 1959, sam-
pled and examined children aged six to eight years up undil 1957,
but ceased this activity after 1957 as no significant differences were
found to exist in that age group. The DHSS Scotland 1969 study

did not present data for all children examined.

Selective reporting

We found 11 of the studies to be at high risk of bias for se-
lective reporting. Four studies recorded data on dental fluorosis,
but this was not reported (Arnold 1956; DHSS England 1969;
DHSS Scotland 1969; DHSS Wales 1969). Six studies did not re-
port standard deviations (Arnold 1956; Blinkhorn (unpublished);
DHSS England 1969; DHSS Wales 1969; Kunzel 1997; Tessier
1987), and Adriasola 1959 did not report complete baseline data
for the proportion of caries-free children aged six, seven, 11 and
15 years. Eight studies were found to be at low risk of bias for this
domain with all expected data having been reported (Beal 1971;
Beal 1981; Brown 1965; Gray 2001; Guo 1984; Hardwick 1982;
Kunzel 1997; Maupome 2001). For one study the risk of bias re-
mains unclear (Holdcroft 1999).

Other bias

We found 12 studies to be at high risk of other bias; for ten of
these studies this was due to an apparent lack of reliability or
consistency of the outcome assessments in terms of either cali-
bration of examiners or tests for inter- and intra-rater reliability
(Arnold 1956; Ast 1951; Beal 1971; DHSS England 1969; DHSS
Scotland 1969; DHSS Wales 1969; Gray 2001; Guo 1984; Pot
1974; Tessier 1987). In the Gray 2001 study the baseline fluori-
dation status of the children was determined by the location of
the school they attended, which may not have taken into account
any children attending schools in fluoridated areas who residede
outside those areas. We assessed four studies as being at unclear
risk of bias (Beal 1981; Brown 1965; Holdcroft 1999; Maupome
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2001). The remaining six studies were not assessed as having any
other apparent risk of bias.

Dental fluorosis outcome

Of the 135 studies included for this outcome, we found 131 to be
at high risk of bias and four to be at unclear risk overall (Ellwood
1995; Levine 1989; Milsom 1990; Stephen 2002). We judged no
studies as being at low risk.

We assessed five studies as being at high risk for sampling bias, 60 as
being at low risk of bias and the remainder as ’unclear’. We found
the majority of studies (114) to be at high risk for confounding;
we assessed 11 as being at low risk of bias for this domain. For
detection bias, we assessed 103 as being at high risk of detection
bias, and 15 at low risk of bias. Overall, we found studies to be
at low risk of bias for incomplete outcome data (92), with only
12 assessed as being at high risk of bias. For selective reporting,
we assessed 42 as being at high risk of bias, with 82 at low risk
of bias. With regard to other bias, we assessed 48 studies as being
at high risk, 66 at low risk and all others at unclear risk. In most
cases the reason for studies having high risk of other bias was that
they did not report on the reliability or consistency of the outcome

Effects of interventions

See: Summary of findings for the main comparison; Summary

of findings 2

Caries

Nineteen studies met the inclusion criteria (18 fluoride initiation
studies and one fluoride cessation studies), with 15 providing suf-
ficient data for analysis of caries levels following a change in flu-
oridation status. Only one of these studies examined the effect of
water fluoridation on adults (Pot 1974); the reported outcome for
this study was the percentage of participants with dentures. There
are no data to determine the effect of water fluoridation on caries
levels in adults.

Four studies provided insufficient data for analysis (Backer-Dirks
1961; DHSS Scotland 1969; Loh 1996; Pot 1974).

Initiation of water fluoridation

The caries studies are presented in forest plots, sub-grouped ac-
cording to when they were conducted (those conducted in 1975 or
before, and those conducted after 1975; Figure 3; Figure 4; Figure
5; Figure 6). Given the limited data post-1975 and this being a
post-hoc analysis, the results presented below are for the overall

assessments. body of evidence for each outcome.
Figure 3. Initiation of water fluoridation compared with low/non-fluoridated water: change in dmft
Water fluoridation Lowinon-fluoridated water Mean Difference Mean Difference
Study or Subgroup Mean SD_ Total Mean sD Total Weight IV, Random, 95% CI_Year IV, Random, 95% CI
1.1.1 Studies conducted in 1975 or earlier
Arnold 1956 275 489 483 1.18 5.8 1437 126% 1.57 [1.24,1.90] 1951 -
Adriasola 1958 28 704 283 03 672 167 6.8% 220085 3.55) 1956
DHSS Wales 1969 287 468 1910 0.64 5.54 959 12.3% 2.23[1.82 2.64] 1985 —_—
DHSS England 1963 3.09 43 B54 1.04 432 5567 11.8% 205157 2.53] 1987 —
Beal 1971 2.46 5.8 182 -012 6.27 223 TT% 2.58[1.40, 3.76] 1970
Kunzel 1837 165 405 3726 013 8 1312 128% 1.82[1.22,1.82] 1971 -
Beal 1981 202 418 361 0.a7 4.6 367 11.0% 1.44[0.81,2.09] 1975 _—
Subtotal (95% CI) 12027 5012 75.1% 1.82[1.53, 2.11] <>
Heterogeneity: Tau®= 0,07, Chi*=13.37, df= 6 (F = 0.04); "= 55%
Testfor overall effect Z=12.38 (P = 0.00001)
1.1.2 Studies conducted after 1975
GFuo 1984 (1) 023 538 2me -2.47 5348 1696 12.6% 270([235 3.05] 1934 -
EBlinkharn (unpublished) 1.3 338 813 0.e8 374 568 12.4% 042003 081 2012 —
Subtotal (95% CI) 2831 2264 24.9% 1.56 [-0.67, 3.80] e ——

Heterogeneity: Tau®= 2.56, Chi®=72.72, df=1 (P = 0.00001); F= 99%
Testfor overall effect Z=1.37 (P=017)

Total (95% Cl) 14858

Heterogeneity: Tau®= 0.49; Chi*=86.18, df= 8 (P = 0.00001); F=91%
Test for overall effect Z=7.05 (P = 0.00001)

Testfor subgroup differences: Chi®=0.05, df=1(P=0.382),F=0%
Footnotes

7276 100.0%

-

1.81[1.31,231]

1

t
-4 -
Favours lowinon-fluoride  Favours fluoridated water

(1) Guo 1984 commenced in 1971; possibility of fluoridated toothpaste being introduced during study period
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Figure 4. Initiation of water fluoridation compared with low/non-fluoridated water: change in DMFT

Water fluoridation Lowinon-fluoridated water Mean Difference Mean Difference
Study or Subgroup Mean SD__ Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.2.1 Studies conducted in 1975 or earlier
Arnald 1956 09 32 10647 015 381 2824 1M132% 075061, 0.89] 1851 -
Brown 1985 303 331 1097 0.52 418 1032 10.7% 2.51[219, 2.83] 1959 -
DHES Yales 1969 066 372 1833 -0.73 495 1390 10.8% 1.39[1.08 1.70] 19685 —
DHSS England 1969 1.62 382 9349 0.65 439 725 10.4% 0.97 [0.56,1.38] 1987 -
Kunzel 1837 1.02 284 6690 -0.85 326 24211 1M2% 1A7[1.72,2.02] 1971 -
Beal 1981 0.8z 25 369 0.z 2.644 367 10.5% 0.62[0.25 0.99] 1975 -
Tessier 1987 512 618 Th 2.83 618 B9 37% 229040 418] 1986 I —
Subtotal (95% CI) 21651 8848 68.6% 1.41[0.84, 1.98] -

Heterogeneity: Tau®= 0.1, Chi®= 18434 df= 6 (P = 0.00001), F=87%
Testfor overall effect 2= 4.87 (P = 0.00001)

1.2.2 Studies conducted after 1975

Hardwick 1982 (1) 376 286 144 485 3.39 199 9%  1.09[0.43,1.75] 1978 —_—
Guo 1984 (2) 011 169 3180 -114 259 4194 11.3%  1.03[0.83,1.13] 1984 -
Blinkhorn (unpublished) 014 144 710 028 1.92 446 110%  -0.14[0.35,0.07] 2012 -

Subtotal {95% CI) 4044 4830 314%  0.64[0.27, 1.55] i

Heterogeneity: Tau®= 0.61; Chi®=100.70, df= 2 (P < 0.00001); F= 98%
Testfor overall effect Z=1.37 (P=017)

Total (95% Cl) 25695 13687 100.0% 1.16 [0.72, 1.61] -
Heterogeneity: Tau® = 0.46; Chi®= 351.88, df= 9 (P < 0.00001); F= 97%

Test for overall effect Z=5.11 (P = 0.00001)

Testfor subgroup differences: Chi®=1.96, df=1(P=0.16), F=40.0%

Footnotes

Hardwick 1882 commenced in 1974, possibility of fluoridated toothpaste being introduced during study period
) Guo 1984 commenced in 1971; possibility of fluaridated toothpaste being introduced during study period

3 5 5 §
Favours lowinon-fluoride  Favours fluoridated water

Figure 5. Initiation of water fluoridation compared with low/non-fluoridated water: change in proportion of
caries-free children (deciduous teeth)

Water fluoridation Lowinon-fluoridated water Mean Difference Mean Difference
Study or Subgroup Mean SD__ Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
1.3.1 Studies conducted in 1975 or earlier
Ast 1951 -0.27 064 246 -0.05 0.61 282 72% -0.22[0.33,-011] 1851 —
Adriasola 1959 -016  1.155 B33 -0.04 0.425 356 T.6%  -0.12[0.22,-0002] 1936 —
DHSS VWales 1969 -0.22 0DBEY 1810 -0.03 0.474 959 12.0% -019[023,-018] 1965 -
DHSS England 1969 -0.3 0.652 654 -0.14 0.481 557 10.3% -0.16[-0.22,-0010] 1967 -
Beal 14971 -0.23 063 306 -0.08 0.633 223 77%  -015[0.25-0.08] 1870 —
Kunzel 1997 -0.2 0311 3726 -0.03 0.369 1312 131%  -017 [F0.19,-0.15] 1971 -
Beal 1981 -017 0581 361 -0.06 0817 367 81% -011[019,-003] 18975 —
Subtotal (95% CI) 7836 4066 67.1% -0.17 [-0.19, -0.15] (]

Heterogeneity: Tau®= 0.00; Chi*= 5.06, df= 6 (F=0.54), F=0%
Testfor overall effect: Z=18.89 (F < 0.00001)

1.3.2 Studies conducted after 1975

Guo 1984 (1) -0.02 0484 2068 0.05 0.42 1696 12.8% -0.07 [0.10,-0.04] 1984 -
Gray 2001 -0.16 0508 2483 0.08 0.644 443 104%  -0.25[0.31,-0019] 1987 -
Elinkharn (unpublished) -0.24 D656 a13 -0.14 0.689 568 87%  -005[-012 002 2012 —
Subtotal (95% CI) 5374 2707 32.9% -0.12[-0.24,-0.01] -

Heterogeneity: Tau®= 0.01; Chi®= 27.58, df= 2 (P = 0.00001); F=93%
Testfor overall effect Z=210(FP = 0.04)

Total (95% Cl) 13210 6773 100.0% -0.15[-0.19, -0.11] L 2
Heterogeneity: Tau®= 0.00; Chi*= 56.44, df= 9 (P = 0.00001); F= 84% = -U=5 0?5 ]
Test for overall EﬁEE_t =895 (F < 0.00001) Favours fluoridated water Favours lowinon-fluoride
Testfor subgroup differences: Chif= 062, df=1(P=043),F=0%

Footnotes

Guo 1984 commenced in 1871, possibility of fluoridated toothpaste being introduced during study period
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Figure 6. Initiation of water fluoridation compared with low/non-fluoridated water: change in proportion of
caries-free children (permanent teeth)
Water fluoridation Low/non-fluoridated water Mean Difference Mean Difference
Study or Subgroup Mean SD  Total Mean Total Weight IV, Random,95% Cl Year IV, Random, 95% CI
1.4.1 Studies conducted in 1975 or earlier
Adriasola 1958 0 0182 356 -0.03 0.4 204 127% 0.03[-0.01,0.07] 1956 ™
Brown 1985 -0.28 0507 1097 -0.02 0.328 1032 127% -0.26[-0.30,-0.22] 1959 -
DHSS VWales 1969 -0.08 0B55 1833 0.05 0.3a 1380 127% -013[017,-0.09] 19685 -
DHSS England 1969 -016  0.469 934 -0.07 0.422 761 12.6% -0.09[0.13,-0.08] 1967 -
Kunzel 1837 -0.22 0417 6BRS0 0.08 0.602 2421 128% -0.28[-0.30,-0.26] 1971 -
Beal 1981 -0.11 0.B8E 369 -0.05 0.489 367 11.6%  -0.06[-0.15, 0,03 1975 —T
Subtotal (95% CI) 11284 6175 75.3% -0.13[-0.24,-0.03] -
Heterogeneity: Tau™= 0.02; Chi*= 258.15, df= 5 (P < 0.00001); F= 98%
Testfor overall effect Z=2.43 (P=0.02)
1.4.2 Studies conducted after 1975
GFuo 1984 (1) 0.06 0617 3657 0.36 0.684 4497 128% -0.30[0.33,-0.27] 1934 -
EBlinkharn (unpublished) -0.08 0839 710 -0.05 0.676 446 11.8%  -0.03[-0.11,008 2012 T
Subtotal (95% CI) 4367 4943 24.7%  -0.17[-0.43,0.10] i
Heterogeneity: Tau®= 0.04; Chi®=40.32, df=1 (P = 0.00001); F= 98%
Testfor overall effect Z=1.24 (P=0.21)
Total (95% Cl) 15651 11118 100.0% -0.14 [-0.23, -0.05] -
Heterogeneity: Tau®= 0.02; Chi*= 332.63, df= 7 (P < 0.000013; F= 98% 1_1 -U=5 0?5 1=

Testfor overall effect Z=3.10 (P = 0.002)
Testfor subgroup differences: Chi®=0.06, df= 1 (P =0.381),F=0%
Footnotes

Favours fluoridated water  Favours lowinon-fluoride

(1) Guo 1984 commenced in 1971; possibility of fluoridated toothpaste being introduced during study period

Change in dmft/dmfs

Nine studies, with data from 44,268 participants, provided data
for dmft (Adriasola 1959; Arnold 1956; Beal 1971; Beal 1981;
Blinkhorn (unpublished); DHSS England 1969; DHSS Wales
1969; Guo 1984; Kunzel 1997). We judged all studies to be at
high risk of bias and only two (22%) studies were conducted post-
1975. Data collection following initiation of water fluoridation
ranged from two to 12 years. Data did not allow for an evaluation
of effect by duration of exposure to fluoridated water.

The mean difference in change in dmft was 1.81 (95% CI 1.31 to
2.31; P value < 0.00001; Figure 3). At final assessment, the dmft
means for the control groups ranged from 1.21 to 7.8, with a me-
dian of 5.1. A mean reduction of 1.81 indicates a 35% reduction
in dmft in the water fluoridation groups over and above that for
the control groups. Although there was considerable heterogeneity
(P value < 0.00001; 12 = 91%), we decided to pool the data as all
the mean difference estimates were in the same direction. Some
of the heterogeneity is expected due to the large size of the studies
ensuring narrow confidence intervals.

Sensitivity analysis, excluding studies with imputed standard de-
viations gave rise to a similar effect estimate, mean difference in
change score 1.83 (95% CI 0.68 to 2.98; 5 studies).

There were no data for dmfs.

Change in DMFT/DMFS

Ten studies, with data from 78,764 participants, provided data
for DMFT (Arnold 1956; Beal 1981; Blinkhorn (unpublished);
Brown 1965; DHSS England 1969; DHSS Wales 1969; Guo
1984; Hardwick 1982; Kunzel 1997; Tessier 1987). We judged all
the studies to be at high risk of bias and only three studies (30%)

were conducted post-1975. Data collection following initiation of
water fluoridation ranged from two to 11 years. Data did not allow
for an evaluation of effect by duration of exposure to fluoridated
water.

The mean difference in change in DMFT was 1.16 (95% CI 0.72
to 1.61; P value < 0.00001;Figure 4). At final assessment, the
DMEFT means for the control groups ranged from 0.71 to 5.5,
with a median of 4.4. A mean reduction of 1.16 indicates a 26%
reduction in DMFT in the water fluoridation groups over and
above that for the control groups. It should be noted that in Guo
1984 the before mean DMFT values for both the control and water
fluoridation groups were low at 0.8, and this increased in both
groups, however the increase was greater for the control group.
This explains why the changes are both negative. The data for
Hardwick 1982 are mean DMFT increment data for both groups
from the paper, following the same children over time. A lower
increment was observed for the water fluoridation group and, as
they are caries increments, they have been entered as negative
values.

Although there was considerable heterogeneity (P value < 0.00001;
12 = 97%), once again we decided to pool the data as all but one of
the mean difference estimates were in the same direction (ranging
from -0.14 to 2.51). Some of the heterogeneity is expected due
to the large numbers in the studies ensuring narrow confidence
intervals.

Sensitivity analysis in which we excluded studies with imputed
standard deviations gave rise to a slightly larger effect estimate;
mean difference in change score 1.32 (95% CI 0.53 to 2.11; 4
studies).

Only one study, with data from 343 participants, presented data
on DMFS (Hardwick 1982). The study presented increment data
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for both groups, with a lower increment being observed for the
water fluoridation group; mean difference 2.46 (95% CI 1.11 to
3.81).

Change in proportion of children caries free: deciduous
dentition

Ten studies, with data from 39,966 children, provided data for
the proportion of caries-free children for deciduous dentition
(Adriasola 1959; Ast 1951; Beal 1971; Beal 1981; Blinkhorn
(unpublished); DHSS England 1969; DHSS Wales 1969; Gray
2001; Guo 1984; Kunzel 1997). We judged all studies to be at
high risk of bias. Three studies (30%) were published post-1975.
For all studies combined, there was a 0.15 absolute increase in the
proportion of caries-free children in fluoridated areas with mean
difference 0.15 (95% CI 0.11 to 0.19; Figure 5). At final assess-
ment, the proportion of caries-free children in the low/non-flu-
oridated areas ranged from 0.06 to 0.67, with a median of 0.22;
an increase of 0.15 in the proportion of caries-free children could
be considered substantial. There was considerable heterogeneity
(P value < 0.00001; 12 = 84%), but the value of Tau? from the
random-effects analysis was low (< 0.001; mean differences ranged
from 0.05 to 0.25). Therefore we decided to pool the data.

Change in proportion of children caries free: permanent
dentition

Eight studies, with data from 53,538 participants, provided data
for the proportion of caries-free children for permanent denti-
tion (Adriasola 1959; Beal 1981; Blinkhorn (unpublished); Brown
1965; DHSS England 1969; DHSS Wales 1969; Guo 1984;
Kunzel 1997). We judged all studies to be at high risk of bias
and only two (25%) were conducted post-1975. There was a 0.14
absolute increase in the proportion of caries-free children in flu-
oridated areas with mean difference 0.14 (95% CI 0.05 to 0.23;
Figure 6). At final assessment, the proportion of caries-free chil-
dren in the low/non-fluoridated areas ranged from 0.01 to 0.67,
with a median of 0.14; the increase of 0.14 doubles this. There
was considerable heterogeneity (P value < 0.00001; I2 = 98%),
but the value of Tau from the random-effects analysis was low at
0.02 (mean differences ranged from -0.03 to 0.30). Therefore we
decided to pool the data.

Other caries measures

We did not include four studies that met the inclusion criteria
in the quantitative analysis (Backer-Dirks 1961; DHSS Scotland
1969; Loh 1996; Pot 1974). We judged all studies to be at high
risk of bias and excluded them from the analysis due to insufficient
data (e.g. no data on number of participants evaluated) or different
measures of caries, or both. The Backer-Dirks 1961 study reported
dentinal approximal lesions as the caries measure, while Pot 1974
reported the percentage with false teeth. The other two studies did

not report on the number of participants (DHSS Scotland 1969;
Loh 1996). Three of the studies assessing children between the
ages of four and 15 years showed a reduction in caries following
the initiation of water fluoridation (Backer-Dirks 1961; DHSS
Scotland 1969; Loh 1996). Pot 1974 assessed participants between
five and 55 years of age and showed an increase in percentage with
dentures following fluoridation.

Cessation of water fluoridation

Change in DMFT/DMFS

Only one study, at high risk of bias, presented data on DMFS:
the Maupome 2001 fluoride cessation study was conducted over
three years. The study was conducted in a population with “gener-
ally low caries experience, living in an affluent setting with widely
accessible dental services”. The results did not demonstrate an in-
crease in caries in the children in the fluoride-ended group com-
pared with the still-fluoridated group, in fact there was a statis-
tically significant decrease in caries severity (including incipient
and cavitated lesions) for the fluoride-ended group, which was not
found in the still-fluoridated group, for both of the age groups
examined. A complex pattern of disease was found when different
caries indices were examined.

No studies that met the inclusion criteria reported on change in
dmft or proportion of caries-free children (deciduous/permanent
dentition) following the cessation of water fluoridation.

Disparities across social class

Three included studies’ reported on the effect of water fluorida-
tion on disparities in caries across social class (Beal 1971; Gray
2001; Holderoft 1999; Table 6). The number of participants was
reported in only two of the studies (Beal 1971; Gray 2001). The
total number of participants measured for caries in these studies
was 35,399. The studies focused on the initiation of water fluori-
dation in study areas that were reasonably comparable. Measures
of caries reported in the studies were dmft, deft and percentage
caries-free subjects. All three studies were judged to be at high risk
of bias.

Beal 1971 studied three areas, in two of which water fluoridation
was initiated (one classed as poor’ and the other 'industrial’). The
control group was classed as ’industrial’. Given the lack of a vali-
dated measure of deprivation, and without knowing the compo-
sition of the groups under comparison, it is not possible to draw
conclusions from this study.

Holdcroft 1999 and Gray 2001 both used the Jarman score (an in-
dex to measure socioeconomic variation across small geographical
areas, originally developed as a measure of General Practice work-
load; a positive score equates to deprivation). The Holdcroft 1999
study contained insufficient information about fluoride levels at
baseline or follow-up and the number of participants measured at
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each time point was unclear. In both studies the Jarman scores at
baseline for the control (non-fluoridated areas) were all less than
zero. The Jarman scores at baseline in the fluoridated areas ranged
from-7.85 to 15.03 in the Holdcroft 1999 study, and from -23.09
to 21.57 in the Gray 2001 study.

Given the reasons above we are unable to draw robust conclusions
about the initiation of water fluoridation and its effect on dispar-
ities in caries across social class.

Dental fluorosis

Aesthetic concern

Fluoride levels of 5 ppm or less

We included 40 studies, at high risk of bias, that reported data from
59,630 participants in the analysis of dental fluorosis of aesthetic
concern. The reported fluoride exposure ranged from 0 to 4.9 ppm
with a mean of 0.80 ppm (SD 0.90).

In order to assess the assumption of linearity we plotted the log
odds of the prevalence of dental fluorosis with fluoride level and
with log of fluoride level (not shown). A positive linear relationship
could be assumed in both cases, indicating that as fluoride levels
increase so does the prevalence of dental fluorosis. The reported
fluoride level was used as a predictor rather than the log of reported

fluoride exposure. This was then centred by taking away the grand
mean (0.80) from the reported fluoride level.

Caterpillar plots (not shown) of the residuals for slope and inter-
cept indicated that many of the studies differed significantly from
the average (random effects at zero) at the 0.05 level of signifi-
cance. The effect of fluoride exposure was positive and statistically
significant; a higher prevalence of dental fluorosis is associated
with increased fluoride exposure (OR 2.90, 95% CI 2.05 to 4.10).
When controlling for study effects, we would expect the odds of
dental fluorosis to increase by a factor of 2.90 for each one unit
increase in fluoride exposure.

The random intercept and random slope model indicated that the
effect of fluoride exposure differed across studies. The statistically
significant negative covariance of -0.82 implies that studies with
a higher than average probability of dental fluorosis tend to have
a more shallow slope.

The results presented so far have been based on study-specific val-
ues. This is indicated in the following graphic, where the random
effects of intercept and slope are set to zero, in effect the plotted
prevalence of dental fluorosis in an "average’ study. An alternative
approach is to calculate the prevalence of dental fluorosis in all
studies combined, to obtain the marginal probability of dental flu-
orosis. The study-specific values indicate the probability of dental
fluorosis in terms of any given participant’ whereas the marginal
probabilities indicate the probability of dental fluorosis ’among
the participants’ (Figure 7).
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Figure 7. Proportion of the population with dental fluorosis of aesthetic concern by water fluoride level
together with 95% confidence limits for the proportion (studies reporting up to and including 5ppm).
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The marginal probabilities of dental fluorosis of aesthetic concern
at different fluoride levels are given below.

Fluoride exposure (ppm) Probability of dental fluorosis of aesthetic concern (95% CI)

0.1 0.08 (0.05 t0 0.12)
0.2 0.09 (0.06 to 0.13)
0.4 0.10 (0.06 to 0.15)
0.7 0.12 (0.08 t0 0.17)
1 0.15 (0.11 t0 0.21)
1.2 0.18 (0.13 to 0.24)
2 0.31 (0.23 to 0.40)
4 0.59 (0.46 to 0.71)

Water fluoridation for the prevention of dental caries (Review)
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All fluoride levels

The analysis of dental fluorosis of aesthetic concern at all reported
fluoride exposure was based on 60,030 observations from 40 stud-
ies. The reported fluoride levels ranged from 0 to 7.6 ppm with
amean of 0.85 ppm (SD 1.03).There was very little difference in
the results from the analysis restricted to 5 ppm or less. The effect
of fluoride exposure is positive and statistically significant; a higher
prevalence of dental fluorosis is associated with increased fluoride
exposure (OR 2.84, 95% CI 2.00 to 4.03). When controlling for
study effects, we would expect the odds of dental fluorosis to in-
crease by a factor of 2.84 for each one unit increase in fluoride

level (1 ppm F).

Any dental fluorosis

Fluoride levels of 5 ppm or less

We included 90 studies, at high risk of bias, that reported data from
180,530 participants in this analysis. The reported fluoride levels
in the studies ranged from 0 to 5 ppm, with a mean of 1.22 ppm
(SD 0.92). When restricted to studies reporting fluoride exposure
of 5 ppm or less, there is a clearer positive relationship between
the proportion of children with dental fluorosis and fluoride level.

The relationship between the log odds of dental fluorosis and flu-
oride level and log fluoride level were both approximately linear.
Consequently the reported fluoride exposure was used as a predic-
tor rather than the log of reported fluoride exposure. This was then
centred by taking away the grand mean (1.22) from the reported
fluoride exposure level.

The effect of fluoride exposure is positive and statistically signifi-
cant; a higher prevalence of dental fluorosis is associated with in-
creased fluoride exposure (OR 3.60, 95% CI 2.86 to 4.53). Con-
trolling for study effects, we would expect the odds of dental flu-
orosis to increase by a factor of 3.60 for each one unit increase in
fluoride exposure (1 ppm F).

The random intercept and random slope model indicated that the
effect of fluoride exposure differed across studies. The statistically
significant negative covariance of -1.05 implies that studies with
a higher than average probability of dental fluorosis tend to have
a more shallow slope.

The results presented so far have been based on study-specific
values. This is indicated in the following graph, where the random
effects of intercept and slope are set to zero, in effect the plotted
prevalence of dental fluorosis in an “average’ study

(Figure 8).
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Figure 8. Proportion of the population with dental fluorosis of any level by water fluoride level together
with 95% confidence limits for the proportion (studies reporting up to and including 5ppm F)
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The marginal probabilities of any dental fluorosis are presented in
the table below.

Fluoride exposure (ppm) Probability of any dental fluorosis (95% CI)

0.1 0.28 (0.23 t0 0.33)

0.2 0.30 (0.25 to 0.34)

0.4 0.33 (0.28 to 0.38)

0.7 0.40 (0.35 to 0.44)

1 0.47 (0.42 10 0.52)

1.2 0.52 (0.47 t0 0.56)

2 0.68 (0.62 t0 0.73)

4 0.83 (0.77 t0 0.88)
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All fluoride levels

We included 90 studies that reported data from 182,233 partic-
ipants in this analysis. The reported fluoride levels ranged from
0 to 14 ppm with a mean fluoride level of 1.28 ppm (SD 1.11).
There was little change in the pooled estimates when all fluoride
levels were included in the analysis. The effect of fluoride expo-
sure is positive and statistically significant; a higher prevalence of
dental fluorosis is associated with increased fluoride exposure (OR
3.13, 95% CI 2.55 to 3.85). When controlling for study effects,
we would expect the odds of dental fluorosis to increase by a factor
of 3.13 for each one unit increase in fluoride exposure (1 ppm F).
The statistically significant negative covariance of -0.87 implies
that studies with a higher than average probability of dental fluo-
rosis tend to have a shallower slope. The between study variance

increases as fluoride level increases.

Post hoc analysis

We used a multivariate analysis to investigate possible sources of
heterogeneity in the model. We explored the effects of source of
fluoride and its interaction with fluoride concentration by includ-
ing them as fixed covariates in the models above. Source of fluo-
ride was classed as natural or artificial. We excluded studies that
reported mixed sources of fluoridation, or where the source of flu-
oridation was not reported, from the analysis. This analysis was
carried out separately for the outcomes of fluorosis and fluorosis
of aesthetic concern, and for studies reporting fluoride concentra-
tions at any level and restricted to 5 ppm or less.

The results from the models with the additional covariates and the
ones containing fluoride concentration only as a covariate are not
directly comparable, as the additional covariate analyses included
fewer studies due to missing data (source of fluoride). For fluorosis
of aesthetic concern at all concentrations, fluoride concentration

and source of fluoride explain a proportion of the variation be-
tween estimates, whereas the interaction between these estimates
does not (the OR for fluorosis due to fluoridation becomes 3.16
(95% CI 2.12 to 4.71) when controlling for source of fluoride
(OR 0.25, 95% CI 0.09 to 0.70) and interaction (OR 1.89, 95%
CI 0.74 to 4.82). The conclusions are the same for fluorosis of
aesthetic concern at fluoride concentrations of 5 ppm or less (the
OR for fluorosis due to fluoridation becomes 3.22 (95% CI 2.16
t0 4.79) when controlling for source of fluoride (OR 0.25, 95% CI
0.10 to 0.70) and interaction (OR 1.82, 95% CI 0.71 to 4.62)).

For the outcome of fluorosis at all levels, the additional covariates
do not contribute significantly to the model.

Other dental fluorosis studies

Approximately one third of the dental fluorosis studies that met
the review’s inclusion criteria did not report data in a way that
allowed for further analysis (Appendix 11).

Other adverse effects reported in the included studies

Five studies that reported on dental fluorosis also presented data on
the association of water fluoridation with skeletal fluorosis (Chen
1993; Jolly 1971; Wang 2012), bone fracture (Alarcon-Herrera
2001), and skeletal maturity (Wenzel 1982), in participants be-
tween the ages of six and over 66 years. Four of the studies in-
cluded a total of 596,410 participants (Alarcon-Herrera 2001;
Chen 1993; Wang 2012; Wenzel 1982), and fluoride concentra-
tion in all four studies ranged from less than 0.2 ppm to 14 ppm.
The studies were all at high risk of bias and we did not analyse
their results further (Table 5).
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ADDITIONAL SUMMARY OF FINDINGS [Explanation]

Cessation of water fluoridation compared with fluoridated water for the prevention of dental caries

Patient or population: people of all ages
Settings: community setting

Intervention: cessation of water fluoridation
Comparison: fluoridated water

Outcomes No of participants

(studies)

Quality of the evidence
(GRADE)

Comments

Caries in permanent teeth 92492
(DMFS)! (1 observational study)
Follow-up: 3 years

S000
3

Insufficient evidence to deter-
mine the effect of the cessa-
tion of water fluoridation on
caries

Caries in deciduous teeth
(dmft/dmfs)*

No evidence to determine the
effect of the cessation of wa-
ter fluoridation on caries

Change in proportion of
caries-free children
(deciduous or permanent
teeth)

No evidence to determine the
effect of the cessation of wa-
ter fluoridation on caries

Disparities in caries by so-
cioeconomic status (SES)°

No evidence to determine the
effect of the cessation of wa-
ter fluoridation on disparities

Adverse effects

No evidence to determine
whether cessation of a water
fluoridation programme is as-
sociated with any harms

SPdd: We are very confident that the true effect lies close to that of the estimate of the effect. Further research is very

unlikely to change the estimate of effect.

@PdO: We are moderately confident in the effect estimate. Further research may change the estimate.
@aO0O: Our confidence in the effect estimate is limited. Further research is likely to change the estimate.

@0O0O0O: We are very uncertain about the estimate.

Total number of participants measured

oL

SES - socioeconomic status

DMFS - decayed missing and filled surfaces in permanent teeth

Study at high risk of bias; quality of evidence downgraded
dmft/dmfs - decayed, missing and filled deciduous teeth/surfaces
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DISCUSSION

Summary of main results

Of the 155 studies that met the inclusion criteria, 107 studies
provided sufficient data for quantitative synthesis. Fourteen stud-
ies provided adequate data for the assessment of the effect of the
initiation of a water fluoridation programme on dental caries, one
study focused on the effect of the cessation of water fluoridation.
Although three studies evaluated disparities in dental caries across
social class, no data were suitable for further analysis. Ninety stud-
ies provided sufficient data for inclusion in the analysis of dental
fluorosis of any level (40 in the analysis of dental fluorosis of aes-
thetic concern).

Our confidence in the size of the effect estimates obtained for
the prevention of caries is limited (see Quality of the evidence
and Summary of findings for the main comparison; Summary of
findings 2 ).

The results from the caries severity data indicate that the initiation
of water fluoridation results in reductions in the order of 1.8 dmft
and 1.2 DMFT for deciduous and permanent dentitions. This
translates to reductions of 35% and 26% compared to the median
control group mean values. In addition, there was an increase in
the percentage of children who were caries free (15% increase
when evaluating deciduous dentition and 14% in the permanent
dentition).

There is insufficient information to determine whether initiation
of awater fluoridation programme results in a change in disparities
in caries levels across SES.

There is insufficient information to determine the effect of stop-
ping water fluoridation programmes on caries levels.

There were no studies that met the review’s inclusion criteria that
investigated the effectiveness of water fluoridation for preventing
caries in adults.

With regard to dental fluorosis, the percentage of participants with
dental fluorosis of aesthetic concern was estimated to be approxi-
mately 12% for a fluoride level of 0.7 ppm. This increases to 40%
when considering dental fluorosis of any level, however, this in-
cludes fluorosis that can only be detected under very controlled,
clinical conditions and other enamel defects.

Adverse effects, other than dental fluorosis, were rarely reported
in the included studies.

Overall completeness and applicability of
evidence

The applicability of the evidence on water fluoridation to today’s
societies is unclear and highly likely to vary according to setting.
The evidence included in the review pertains to caries in children
only. Only one study, that met the review’s inclusion criteria, ex-
amined the effect of water fluoridation on adults (Pot 1974); the
reported outcome for this study was the percentage of participants
with dentures. There are no data to determine the effect of water
fluoridation on caries levels in adults. Research, utilising data from
26 countries, indicates that dental caries levels in permanent den-
tition in adults are significantly higher than in children (Bernabe
2014). It has been suggested that greater attention needs to be
directed at preventing caries at all stages of life, not just childhood.
Approximately 71% of the included caries studies that evaluated
the initiation of water fluoridation were conducted prior to 1975.
In developed countries, the widespread use of fluoride toothpastes
from the mid to late 1970s, along with increased access to other
caries-preventive strategies of proven effectiveness, such as fluoride
varnishes (Marinho 2013), and dental sealants (Ahovuo-Saloranta
2013), may mean that the benefit of water fluoridation is reduced
in such populations. However, the Marinho 2003a review evalu-
ated the effect of topical fluorides for preventing dental caries in
children and adolescents, and found no evidence that the effect of
topical fluoride was dependent on background exposure to other
fluoride sources. The reviewers did find evidence that the relative
effect of topical fluoride may be greater in those who have higher
baseline levels of caries.

Globally, caries levels have been reducing. In 1980 the global
DMEFT for 12 year olds was estimated to be 2.43 (Leclercq 1987).
In 2011, this global estimate had reduced to 1.67 DMFT (al-
though there is variation by World Health Organisation region;
Table 7). Within the studies included in the review, the mean
values for DMFT at follow-up in the non-fluoridated areas were
higher, ranging from 0.7 to 5.5.

Figure 9 shows global dental caries levels (DMFT) among 12 year
olds. Out of the 189 countries that provided data, 148 (78%) have
a DMFT of 3 or less. Areas where a large percentage of the pop-
ulation (more than 60%) receive fluoridated water (either natu-
ral or artificial fluoridation) include: North America, Australasia,
parts of South America (namely Brazil, Columbia and Chile), the
Republic of Ireland, and Malaysia. Whilst these areas tend to have
low to very low DMFT (Figure 9), there are many other parts
of the world where fluoridated water is not widespread that also
have low caries levels. Equally, there are areas with relatively high
distribution of water fluoridation and moderate caries levels (e.g.
Brazil).
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Figure 9. Source:CAPP database, 2015

Dental caries levels (DMFT) among 12-years-old, December 2014
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The applicability of the evidence around water fluoridation has to
be considered in the context of reductions in caries levels over time,
the uptake of other strategies proven to prevent caries, and global
changes in patterns of food consumption (Kearney 2010). Annual
sugar consumption, specifically, has risen dramatically since the
start of the 20" century when it was approximately 5.1 kg per
capita. The consumption of sugar continues to rise with the av-
erage sugar consumption now estimated at 23 kg per capita; the
greatest rates of growth are currently seen in Asia, the Middle East
and Africa (SucDen 2015). In addition, in many parts of the world
more industrially processed foods are consumed, with less food
being prepared and cooked in the home using locally sourced wa-
ter (Slimani 2009). Variation in fluoride concentrations in water
across regions and countries, and the increase in processed foods
and beverages and their transportation, make it difficult to assess
dietary fluoride intake. Such changes may mean that, although the
tap water is fluoridated in a particular area, some members of the
population do not consume a sufficient volume, either through
beverages or foods prepared with tap water, to provide a benefit to
their oral health.

Ten of the 14 studies used in the analysis of water fluoridation
initiation schemes included lifetime residents only. Whilst this is

* based on most recent data in CAPP

a valid approach it evaluates the absolute effect rather than the
benefit to the whole population. The effect size shown in the
review may, therefore, be larger than that found in the population,
depending on population movement/migration.

There was limited reporting of adverse effects, other than den-
tal fluorosis, in the included studies. The broader literature spec-
ulates about harms associated with higher levels of fluoride in
water (e.g. cancer, lowered intelligence, endocrine dysfunction),
however, there has been insufficient evidence to draw conclusions
(MRC 2002).

Quality of the evidence

The GRADE approach was used to assess the quality of the evi-
dence within the review. GRADE has developed over recent years
as an internationally recognised framework for systematically eval-
uating the quality of evidence within both systematic reviews and
guidelines. It aims to overcome the confusion that arises from hav-
ing multiple systems for grading evidence and recommendations,
and, because of this key aim, the GRADE working group dis-
courages the use of modified GRADE approaches. However, there
has been much debate around the appropriateness of GRADE
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when applied to public health interventions, particularly for re-
search questions where evidence from randomised controlled trials
is never going to be available due to the unfeasibility of conducting
such trials. Community water fluoridation is one such area.
When applying GRADE to non-randomised studies, the quality
of the evidence automatically starts at "low’, as opposed to "high’
for RCTs. There has been some criticism of GRADE with regard
to its inability to discriminate between stronger and weaker obser-
vational designs (Rehfuess 2013). It has been proposed that certain
designs, such as quasi-experimental designs and interrupted-time-
series studies should begin at ‘moderate’ quality. Indeed, WHO
have previously employed such a modified approach (Bruce 2014).
Others suggest that starting non-randomised studies at low’ sim-
ply acknowledges our reduced certainty that observed effects are
actually due to the intervention itself. With regard to the cur-
rent review, using a modified approach to differentiate between
stronger and weaker study designs would have no impact on the
overall quality assessment as the study designs would still not merit
commencing at ‘moderate’.

Another concern about applying GRADE is the limited possibili-
ties for "upgrading’ the quality of evidence from observational stud-
ies. Modified approaches to GRADE have incorporated the option
to upgrade for consistency in findings (Bruce 2014). Within the
current review, it was not felt appropriate to upgrade for consis-
tency as there was statistically significant heterogeneity present in
all four caries analyses. However, given that the direction of effect
was the same for all but one of the outcomes in one of the studies,
we have not downgraded with regard to inconsistency.

In our review protocol we stated that we would produce a ’Sum-
mary of findings’ table, applying the GRADE criteria. We have
attempted to be transparent in our decisions regarding the down-
grading/upgrading of the quality of the evidence, and feel our de-
cisions are justified. The quality of the evidence, when GRADE
criteria are applied, is judged to be low. However, we accept that
the terminology of "low quality’ for evidence may appear too judg-
mental. We acknowledge that studies on water fluoridation, as
for many public health interventions, are complex to undertake
and that researchers are often constrained in their study design
by practical considerations. For many public health interventions,
the GRADE framework will always result in a rating of low or very
low quality. Decision makers need to recognise that for some areas
of research, the quality of the evidence will never be *high’ and that,
as for any intervention, the recommendation for its use depends
not just upon the quality of the evidence but also on factors such
as acceptability and cost-effectiveness (Burford 2012). In order to
overcome some of the concerns around the use of GRADE within
this review, a decision was made to omit the GRADE terminology
of 'low quality’ and discuss the findings in terms of our confidence
in the results.

With regard to the caries outcomes, all included studies were ob-
servational and our confidence in the effect estimate is limited. We
downgraded the quality of the evidence due to an overall high risk

of bias in the included studies (excluding domains associated with
randomisation, allocation concealment, blinding of participants).
The main areas of concern were confounding and lack of blind
outcome assessment. The evidence was additionally downgraded
for indirectness due to the fact that about 71% of the caries stud-
ies that evaluated the initiation of water fluoridation were con-
ducted prior to 1975 (Overall completeness and applicability of
evidence). Present day reductions in caries may be of a smaller
magnitude in developed countries. Also, there were no included
studies evaluating caries levels in adults. There was statistically sig-
nificant heterogeneity present in all four caries analyses (Analysis
1.1; Analysis 1.2; Analysis 1.3; Analysis 1.4), with I2 statistics of
84% or more. However, given that the direction of effect was the
same for all but one of the outcomes in one of the studies, we have
not downgraded with regard to inconsistency. The study show-
ing an effect in the opposite direction was the most recently con-
ducted study, with low baseline caries levels, and, as yet, the short-
est duration of follow-up (Blinkhorn (unpublished)); both these
factors could influence the effect estimate. It is also possible, given
the widespread coverage of fluoridated water in Australia, that the
low baseline caries reflects diffusion of fluoride from other areas
through commercial foods and beverages.

With regard to dental fluorosis, again, all studies were observa-
tional and we downgraded the quality of the evidence due to an
overall high risk of bias and inconsistency due to substantial be-
tween-study variation. Our confidence in the effect estimate is
limited.

Potential biases in the review process

Within the review, water with a fluoride concentration of 0.4 ppm
or less was classified as non-fluoridated. This cut-off was arbitrary,
based on a priori clinical judgement. It is acknowledged that that
this cut-off might be high for equivalence of non-fluoridation in
hot climates. In practice, only one of the 15 studies that provided
sufficient data for analysis of caries levels following a change in
fluoridation status had a fluoride concentration greater than 0.2
ppm in the non-fluoridated area.

We imputed the standard deviation for four studies included in
the analysis of water fluoridation for preventing caries (dmft and
DMEFT). This was not prespecified in the protocol. The equation
for imputing the standard deviations was estimated from available
data where the standard deviations were given (Appendix 10).
Sensitivity analysis, excluding those studies for which the standard
deviation had been imputed gave similar results.

An arbitrary cut-off date of 1975 was used as an indication of when
fluoridated toothpaste use became widespread in industrialised
countries. There is no indication in the included studies of the
extent to which this is true.

We only reported on dmft in children eight years old and younger.
This decision was based on clinical judgement, but was not pre-
specified in the protocol. The cut-off is unlikely to alter the re-
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view’s findings as very little data was excluded due to this cut-off.
When analysing the dental fluorosis data, our primary analysis
focused on fluoride concentrations of 5 ppm or less. Again, this
was an arbitrary cut-off; there was little difference in the results
obtained when all fluoride concentrations were examined.

Agreements and disagreements with other
studies or reviews

The most widely recognised systematic review of water fluorida-
tion was published in 2000 (McDonagh 2000). Our review aimed
to update this review, but has adopted different methods in certain
areas. Importantly, these included changes to the evaluation of the
cessation of water fluoridation programmes and the evaluation of
disparities in caries levels.

The McDonagh 2000 review included 26 studies that looked at
the effect of water fluoridation on oral health. No pooling of data
was undertaken. The mean difference in change in dmft/DMFT
and increase in proportion of caries-free children were presented
for selected ages/age groups. The range of mean reduction in dmft/
DMTFT score was from 0.5 to 4.4, with a median of 2.25 dmft/
DMEFT. In our review, we did undertake statistical pooling, im-
puting standard deviations where necessary. Rather than selecting
specific ages from the data provided in the included studies, we un-
dertook the analyses by dentition, utilising all data for deciduous
teeth for children aged eight years and younger, and all available
data for permanent teeth. The analyses showed mean reductions
of 1.81 in dmft and 1.16 in DMFT, due to water fluoridation.
In terms of the proportion of caries-free children following water
fluoridation, the McDonagh 2000 review reported a range of mean
differences from -0.05 to an increase of 0.64, with a median of
0.15. The pooled estimate obtained in our review demonstrates an
increase in proportion of caries-free children in the areas with water
fluoridation of 0.15 for deciduous teeth and 0.14 for permanent
teeth.

With regard to the cessation of water fluoridation programmes,
the McDonagh 2000 review included eight studies, whereas our
review included only one (Maupome 2001). This difference is due
to the inappropriate choice of control group in the cessation stud-
ies. In a controlled before-and-after study, the groups should be
comparable at baseline. Therefore, in the water fluoridation cessa-
tion studies, the two groups should both be fluoridated areas, one
of which (the ’intervention’ group) subsequently has the fluoride
removed from the water. The area that remains fluoridated acts as
the control. In the majority of the cessation studies, a non-fluo-
ridated area was used as the control at baseline. The intervention
and control groups, therefore, were not comparable at the start
of the study. Whilst the McDonagh 2000 review suggested that
caries prevalence increases following the withdrawal of water flu-
oridation, this result was not confirmed in the study included in
our review.

Neither the McDonagh 2000 review nor our review included stud-

ies that evaluated the effectiveness of water fluoridation for pre-
venting caries in adults. However, Griffin 2007 undertook a com-
prehensive systematic review evaluating the effectiveness of flu-
oride in preventing caries in adults, including nine studies that
examined the effectiveness of water fluoridation. The studies in-
cluded fell outside the scope of both the McDonagh 2000 re-
view and our review. One of the nine studies they included was a
prospective cohort trial, and the remaining eight were cross-sec-
tional studies, with single time-point data. In our review, we only
included studies that reported caries data if they had a concurrent
control, with at least two points in time evaluated. In the analyses,
Griffin 2007 demonstrated a prevented fraction of 34.6% (95%
CI12.6% to 51.0%), when pooling data from seven studies of life-
long residents of control or fluoridated-water communities (5409
participants). When the analysis was limited to studies published
after 1979 the prevented fraction was 27.2% (95% CI 19.4% to
34.3%; 5 studies; 2530 participants). The most recent of these
post-1979 papers was published in 1992. The fluoride concentra-
tion evaluated in these more recent studies was not reported in
two studies and was above what is considered the "optimal level’
in a further two studies. Griffin and colleagues acknowledge that
the paucity of studies and the quality of the included studies limits
their review.

A more recent evaluation of the effects of fluoridated drinking
water on dental caries in adults has been conducted in Australia
(Slade 2013). A comparison in caries levels was made between
a cohort of adults born before the widespread implementation
of fluoridation (before 1960; n = 2270) and a cohort born after
widespread implementation (n = 1509). Greater lifetime exposure
to water fluoridation was associated with lower levels of caries
experience in both cohorts. In the study, 31% of participants were
excluded from the complete-case analysis due to missing data.
The authors report that imputation to account for missing data
“did not markedly alter estimated associations between fluoride
exposure and caries experience” (Slade 2013).

When addressing the issue of whether water fluoridation results in
a reduction in disparities in caries levels across different groups of
people, the McDonagh 2000 review included 15 studies, all except
two of which were cross-sectional surveys. The authors concluded
that, based on a small number of low quality, heterogeneous stud-
ies, there was “some evidence that water fluoridation reduces the
inequalities in dental health across social classes in five and 12 year-
olds, using the dmft/DMFT measure. This effect was not seen in
the proportion of caries-free children among five year-olds. The
data for the effects in children of other ages did not show an effect.”
They suggested caution in interpreting these results due to the
small number of studies and their low quality rating (McDonagh
2000). There were no data for disparities in caries levels amongst
adults.

The cross-sectional studies, whilst able to provide information
on whether water fluoridation is associated with a reduction in
disparities, are not able to address the question of whether water
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fluoridation results in a reduction in disparities in caries levels.
There were insufficient data to determine whether initiation of a
water fluoridation programme results in a change in disparities in
caries levels across different groups of people.

In the past 20 years, the majority of research evaluating the effec-
tiveness of water fluoridation for the prevention of dental caries
has been undertaken using cross-sectional studies with concurrent
control, with improved statistical handling of confounding factors
(Rugg-Gunn 2012). We acknowledge that there may be concerns
regarding the exclusion of these studies from the current review. A
previous review of these cross-sectional studies has shown a smaller
measured effect in studies post-1990 than was seen in earlier stud-
ies, although the effect remains significant. It is suggested that
this reduction in size of effect may be due to the diffusion effect
(Rugg-Gunn 2012); this is likely to only occur in areas where a
high proportion of the population already receive fluoridated wa-
ter. The authors of the review conclude that “There is need for
further thought to strengthen study design” (Rugg-Gunn 2012).
The results from our review of the dental fluorosis data are
fairly comparable with those of the McDonagh 2000 review. The
McDonagh 2000 review fluorosis analysis excluded areas with nat-
ural fluoride levels above 5 ppm. It was acknowledged that this
is significantly above the level recommended for artificial fluori-
dation, however the range of concentration of 0 ppm to 5 ppm
allowed exploration of a dose-response relationship. In the current
review, we also conducted analyses of studies of fluoride concen-
trations of 5 ppm or lower, in addition to an analyses of all studies
irrespective of fluoride concentrations. In the McDonagh 2000
review, the estimated percentage of the population with dental
fluorosis of aesthetic concern at a fluoride concentration of 0.7
ppm was 9% (95% CI 4% to 17%; based on studies with fluoride
concentration of 5 ppm or lower); in our review this was slightly
higher at 12% (95% CI 8% to 17%). There was little change in
the pooled estimates when all fluoride levels were included in the
analysis.

The broader literature speculates about harms associated with
higher levels of fluoride in water (e.g. cancer, lowered intelligence,
endocrine dysfunction). These harms have not been systematically
evaluated in this review, however, previous reviews suggest there
is insufficient evidence to draw conclusions about them (MRC

2002; NHMRC 2007).

AUTHORS’ CONCLUSIONS

Implications for practice

There is very little contemporary evidence, meeting the review’s
inclusion criteria, evaluating the effectiveness of water fluoridation
for the prevention of caries.

The data come predominantly from studies conducted prior to
1975, and indicate that water fluoridation is effective at reducing

caries levels in both the deciduous and permanent dentition in
children. Our confidence in the size of the effect estimates is lim-
ited by the observational nature of the study designs, the high risk
of bias within the studies, and, importantly, the applicability of the
evidence to current lifestyles. The decision to implement a water
fluoridation programme relies upon an understanding of the pop-
ulation’s oral health behaviours (e.g. use of fluoride toothpaste),
the availability and uptake of other caries-prevention strategies,
diet and consumption of tap water, and the movement/migra-
tion of the population. There is insufficient evidence to determine
whether water fluoridation results in a change in disparities in
caries levels across socioeconomic status. There are no studies that
met the review’s inclusion criteria, from which to determine the
effectiveness of water fluoridation for preventing caries in adults.

ere is insufficient information to determine the effect of stop-
Th fh f d he effc f stop
ping water fluoridation programmes on caries levels.

There is a significant association between dental fluorosis (of aes-
thetic concern or all levels of dental fluorosis) and fluoride level.
The evidence is limited due to high risk of bias within the studies
and substantial between-study variation.

The studies that have examined dental fluorosis as an outcome
are generally more recent than those that have examined caries
and, consequently, may be influenced by other sources of fluoride.
These additional sources are seldom reported.

Implications for research

More contemporary studies, evaluating the effectiveness of water
fluoridation for the prevention of caries, are needed. These studies
should include a concurrent control with comparable caries levels
at baseline. Caries data should therefore be measured at at least
two time points (i.e baseline and follow-up).

Since all the included studies examined the effectiveness of water
fluoridation in children, research on effectiveness among adults is

needed.

Standardised diagnostic criteria and reporting techniques for caries
and dental fluorosis would improve comparability of results across
studies.

More research is also needed to understand the contribution of
fluoride from sources other than water; the consumption of tap
water within a population; the effect of water fluoridation over and
above other caries preventive measures, namely dental sealants and
fluoride varnishes; the impact of water fluoridation on disparities
in oral health; and adverse effects associated with fluoridated water
(particularly in areas with naturally high levels of fluoride).
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Acharya 2005
Methods FLUOROSIS STUDY
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Year of study: not stated
Year of change in fluoridation status: NA
Study design: cross-sectional
Participants Inclusion criteria: school children aged 12-15 years; lifetime residency
Exclusion criteria: absence on the day of the survey
Other sources of fluoride: not stated
Social class: socioeconomic position was similar in all villages
Ethnicity: not stated
Residential history: lifetime residents
Other confounding factors: not stated
Interventions All natural fluoridation
Group 1: 0.43 ppm
Group 2: 0.72 ppm
Group 3: 1.1 ppm
Group 4: 1.22 ppm
Group 5: 3.41 ppm
Outcomes Dental fluorosis (Dean’s Index)
Age at assessment: 12-15 years
Funding Not stated
Notes
Risk of bias
Bias Authors’ judgement Support for judgement
Sampling Unclear risk 5 villages were selected out of a possible
90. There was insufficient detail reported
to determine how selection took place
Confounding High risk Did not account for use of other fluoride
sources
Blinding of outcome assessment (detection High risk Insufficient information
bias)
All outcomes
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Incomplete outcome data (attrition bias) ~ Low risk Data presented for all participants
All outcomes
Selective reporting (reporting bias) Low risk Outcome of interest reported
Other bias Low risk No other apparent bias
Adair 1999
Methods FLUOROSIS STUDY
Country of study: USA
Geographic location: Warren County, Georgia
Year of study: not stated
Year of change in fluoridation status: not stated
Study design: cross-sectional
Participants Inclusion criteria: children attending sole elementary and middle schools in study area
Exclusion criteria: children whose homes were served with well-water
Other sources of fluoride: parents completed questionnaire regarding dentifrice use,
home water source and current use of systemic fluoride supplements; all subjects received
school water fluoridated at 0.5 ppm
Other sources of fluoride: not stated
Social class: not stated
Ethnicity: not stated
Residential history: not considered
Other confounding factors: not stated
Interventions Group 1: 0.5-1.2 ppm (both natural and artifical fluoridation)
Group 2: < 0.1 ppm (natural fluoridation)
Outcomes Dental fluorosis (Dean’s Index); caries data collected but not presented in this review
due to study design
Age at assessment: 8-10 and 11-13 years
Funding NIDR Grant DE-06113
Notes
Risk of bias
Bias Authors’ judgement Support for judgement
Sampling Unclear risk Participants were children attending the
sole elementary and middle/high schools
in Warren county. There was insufficient
detail reported to determine how selection
took place
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Adair 1999  (Continued)
Confounding High risk SES was not accounted for
Blinding of outcome assessment (detection High risk Insufficient information
bias)
All outcomes
Incomplete outcome data (attrition bias) ~ Low risk Data for over 80% of participants were re-
All outcomes ported
Selective reporting (reporting bias) High risk Outcome of interest reported. However,
data were not presented clearly enough to
be considered reliable
Other bias High risk Exposure to fluoride water could not be
controlled for. Some children had fluoride
water at school across groups. Some had
non-fluoridated well-water at home
Adriasola 1959
Methods CARIES STUDY
Country of study: Chile
Geographic location: Curico (F); San Fernando (non-F)
Year study started: 1953
Year study ended: 1956
Year of change in fluoridation status: 1953
Study design: CBA
Participants Inclusion criteria: children aged 3-15; children from 2 primary schools in the study areas
Exclusion criteria: none stated
Other sources of fluoride: not stated
Social class: based on knowledge of their demographics, culture and social economy, it
was assumed that the study areas were comparable
Ethnicity: not stated
Residential history: not stated
Other confounding factors: none stated
Interventions Initiation of water fluoridation
Group 1: low fluoride content (ppm not reported; natural fluoridation)
Group 2: low fluoride content (ppm not reported; natural fluoridation)
Outcomes % caries-free participants
Age at baseline measure: 3-8 years and 11, 12 and 15 years (unclear if deciduous or
permanent dentition)
Age at final measure: 3-8 yearsand 11, 12 and 15 years (unclear if deciduous or permanent
dentition)
Funding In collaboration with members of the committee Pro-Fluoridation
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Notes

Data extracted from Adriasola 1959 differs from that presented in CRD review (addi-

tional data extracted)
Paper translated from Spanish

Risk of bias

Bias

Authors’ judgement

Support for judgement

Sampling

Unclear risk

Following on from the 1953 survey, the
authors re-established contact with local
authorities, teachers and health educators
in 1956 and in a period of 2 months ex-
amined children in Curicco and San Fer-
nando attending private and public tech-
nical schools, kindergartens, primary and
secondary schools. There was insufficient
detail reported to determine how selection
took place

Confounding

High risk

Study groups assumed comparable for SES.
No details were reported on the use of flu-
oride from other sources or on the dietary

habits of the children

Blinding of outcome assessment (detection
bias)

All outcomes

High risk

Insufficient information

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk

Different children examined at before and
after time points. Unclear if all eligible chil-
dren examined at each time point

Selective reporting (reporting bias) High risk Baseline data for proportion of children
caries free incomplete for ages 6, 7, 11 and
15 years

Other bias Low risk No other apparent bias
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Al-Alousi 1975
Methods FLUOROSIS STUDY
Country of study: England
Geographic location: Anglesey (F); Leeds (non-F)
Year of study: 1973
Year of change in fluoridation status: 1955
Study design: cross-sectional
Participants Inclusion criteria: lifetime residents of study areas; children aged 12-16 years
Exclusion criteria: missing, fractured or crowned teeth; refusal to participate (1 school
in Leeds)
Other sources of fluoride: not stated
Social class: not stated
Ethnicity: not stated
Residential history: lifetime residents
Other confounding factors: not stated
Interventions Group 1: 0.9 ppm (artificial fluoridation)
Group 2: < 0.01 ppm (natural fluoridation)
Outcomes Dental fluorosis
Age at assessment: 12-16 years
Funding Not stated
Notes Data extracted from Al-Alousi 1975 differs from that presented in CRD review
Risk of bias
Bias Authors’ judgement Support for judgement
Sampling Unclear risk Children were selected from schools in
Leeds in a quasi-random way whereby ev-
ery nth child (n = total children in school/
20) from the register was selected. Eligi-
ble children in Anglesea were selected from
schools randomly
Confounding High risk Did not account for use of other fluoride
sources or SES
Blinding of outcome assessment (detection High risk A clinical investigation and double-
bias) blinded photographic examination were
All outcomes conducted. However, the results reported
are those of the unblinded clinical investi-
gation
Incomplete outcome data (attrition bias) ~ Low risk Data presented for all participants
All outcomes
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Selective reporting (reporting bias)

Unclear risk Outcome of interest reported

Other bias

High risk Diagnoses had to be “agreed” on by the two
examiners and there was no mention of any
sort of calibration of the examiners. This
may have resulted in measurement bias

Alarcon-Herrera 2001

Methods

FLUOROSIS STUDY

Country of study: Mexico

Geographic location: Durango

Year of study: not stated

Year of change in fluoridation status: NA
Study design: cross-sectional

Participants

Inclusion criteria: children aged 6-12 years who had established permanent residence in
the area

Exclusion criteria: not stated

Other sources of fluoride: not stated

Social class: not stated

Ethnicity: not stated

Residential history: permanent residents

Other confounding factors: not stated

Interventions

All natural fluoridation

Group 1: non-detectable-1.5 ppm
Group 2: 1.51-4.99 ppm

Group 3: 5.0-8.49 ppm

Group 4: 8.5-11.9 ppm

Group 5: > 12 ppm

Outcomes

Dental fluorosis (Dean’s Index)
Age at assessment: 6-12 years

Funding

Project grant from the Mexican National Council of Science and Technology Conacyt-
Sivilla, Project 9502160

Notes

Risk of bias

Bias

Authors’ judgement Support for judgement

Sampling

Low risk Through a polystage conglomerate random
sampling, 380 families were selected and
prorated into 77-80 families per concentra-
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6.28-60

tion area zone. The division yielded a total
of 1437 individuals from the five different

areas

Confounding High risk Did not account for use of other fluoride
sources or SES

Blinding of outcome assessment (detection High risk Insufficient information

bias)

All outcomes

Incomplete outcome data (attrition bias) ~ Low risk Data presented for all participants

All outcomes

Selective reporting (reporting bias) Low risk Outcome of interest reported

Other bias

Unclear risk No information examiner calibration with

regard to detection of the outcome variable

Albrecht 2004

Methods

FLUOROSIS STUDY

Country of study: Hungary

Geographic location: Bdr and Dunaszekess
Year of study: 2004

Year of change in fluoridation status: NA
Study design: cross-sectional

Participants

Inclusion criteria: healthy schoolchildren, aged 6-18 years; lifelong residents in the com-
munities Bdr or Dunaszekess ; only permanent teeth were investigated

Exclusion criteria: any systemic disease

Other sources of fluoride: not stated

Social class: not stated

Ethnicity: not stated

Residential history: lifetime residents

Other confounding factors: not stated

Interventions

All natural fluoridation
Group 1: 1.7 ppm
Group 2: 2 ppm

Outcomes

Dental fluorosis (Dean’s Index and TSIF)
Age at assessment: 6-18 years

Funding

Not stated

Notes

Paper translated from Hungarian
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Risk of bias

Bias Authors’ judgement Support for judgement

Sampling Unclear risk There was insufficient detail reported to de-
termine how selection took place

Confounding High risk Did not account for use of other fluoride

sources or SES

Blinding of outcome assessment (detection
bias)

All outcomes

High risk Insufficient information

Incomplete outcome data (attrition bias)
All outcomes

Low risk Data presented for all participants

Selective reporting (reporting bias)

Low risk Outcome of interest reported

Other bias

Low risk No other apparent bias

AlDosari 2010

Methods

FLUOROSIS STUDY

Country of study: Saudi Arabia
Geographic location: Riyadh

Year of study: 2010

Year of change in fluoridation status: NA
Study design: cross-sectional

Participants

Inclusion criteria:Saudi nationality; lifetime residence in the area

Exclusion criteria: non-Saudi nationality; absence from school on the day of dental
examination

Other sources of fluoride: not stated

Social class: both schools from urban and rural areas were included in the sample frame
Ethnicity: Saudi nationals, no further details

Residential history: lifetime residents

Other confounding factors: not stated

Interventions

All natural fluoridation
Group 1: 0-0.3 ppm
Group 2: 0.31-0.6 ppm
Group 3: 0.61-1 ppm
Group 4: 1.01-1.5 ppm
Group 5: 1.51-2 ppm
Group 6: 2.01-2.5 ppm
Group 7: > 2.51 ppm
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Outcomes Dental fluorosis (TF Index)
Age at assessment: 6-18 years
Funding Supported by a grant from King Abdulaziz City for Science and Technology, Riyadh,
Saudi Arabia

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Sampling Unclear risk A list of zones was considered as the sam-
pling frame for the schools, and munici-
palities were randomly chosen from each
zone to represent the urban area. Addition-
ally, rural areas in the municipality with at
least one school were surveyed. However
there was insufficient detail reported to de-
termine how selection of schools and chil-
dren within those schools took place

Confounding High risk Did not account for use of other fluoride
sources

Blinding of outcome assessment (detection High risk Insufficient information

bias)

All outcomes

Incomplete outcome data (attrition bias) ~ High risk Over 95% of the subjects sampled were ex-

All outcomes amined. However, it is not clear why fluo-
rosis was not scored in permanent teeth of
the 6- to 7-year olds

Selective reporting (reporting bias) High risk The authors did not report or justify not

presenting fluorosis data for the age group
15-18 years

Other bias

Unclear risk

Clinical examination was carried out by 2
dentists, but no information on whether
the examiners were calibrated with regard
to detection of the outcome variable was
given
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Angelillo 1999

6.28-63

Methods FLUOROSIS STUDY
Country of study: Italy
Geographic location: areas around Naples (F); Catanzaro (non-F)
Year of study: 1997
Year of change in fluoridation status: NA
Study design: cross sectional
Participants Inclusion criteria: lifetime residents of study areas (children only); children aged 12 years;
used community water supply as main sources of drinking water
Exclusion criteria: partially erupted teeth; orthodontic banding
Other sources of fluoride: tooth brushing habits (frequency of tooth brushing); fluoride
tablets; fluoride dentifrices
Social class: parents’ employment status
Ethnicity: not stated
Residential history: lifetime residents
Other confounding factors: sweet consumption; climate
Interventions All natural fluoridation
Group 1: > 2.5 ppm
Group 2: < 0.3 ppm
Outcomes Dental fluorosis; caries data evaluated in study but not included in review due to study
design
Age at assessment: 12 years
Funding Partially supported by a grant of Acquedotto Vesu- viano S.p.A
Notes
Risk of bias
Bias Authors’ judgement Support for judgement
Sampling Low risk Schools were selected at random, as were
classes with the schools. All eligible children
within the selected class were recruited to
the study
Confounding High risk There was a reported imbalance between
groups in the use of fluoride supplements,
toothbrushing behaviour and in SES
Blinding of outcome assessment (detection High risk Insufficient information
bias)
All outcomes
Incomplete outcome data (attrition bias) ~ Low risk Data for the majority of participants pre-
All outcomes sented
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Selective reporting (reporting bias)

Low risk Outcome of interest reported

Other bias Unclear risk The 2 examiners involved had previously
been trained and calibrated, but details not
presented

Arif 2013

Methods FLUOROSIS STUDY
Country of study: India
Geographic location: Nagaur district
Year of study: 2013
Year of change in fluoridation status: NA
Study design: cross-sectional

Participants Inclusion criteria: only villages where the mean fluoride concentration was > 1.0 mg/L
were selected for the dental fluorosis survey. No other information provided for partici-
pants
Exclusion criteria: not stated
Other sources of fluoride: not stated
Social class: not stated
Ethnicity: not stated
Residential history: not stated
Other confounding factors: not stated

Interventions 54 villages receiving water with different natural fluoride concentrations ranging from
0.9 5.8 ppm

Outcomes Dental fluorosis (Dean’s Index)
Age at assessment: not stated

Funding Not stated

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Sampling Unclear risk Only villages where the mean fluoride con-
centration was > 1.0 ppm were selected.
There was insufficient detail reported to de-
termine how selection took place

Confounding High risk Did not account for use of other fluoride
sources or SES
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6.28-65

Blinding of outcome assessment (detection High risk

bias)

All outcomes

Insufficient information

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk Insufficient information to determine

whether data presented for all participants
as study details were poorly reported

Selective reporting (reporting bias) Low risk Outcome of interest not reported in paper,
but made available by authors via email
Other bias High risk Fluoride concentration for the different vil-
lages overlapped making the data impossi-
ble to interpret
Arnold 1956
Methods CARIES STUDY
Country of study: USA
Geographic location: Grand Rapids (F); Muskegon (non-F)
Year study started: 1944
Year study ended: 1951 (after which time the control group became fluoridated; evaluated
until 1954)
Year of change in fluoridation status: 1945
Study design: CBA
Participants Inclusion criteria: children aged 4-16 years; used city water supplies since birth
Exclusion criteria: children who lived outside study areas for more than 3 months of any
1 year
Other sources of fluoride: author stated that there were no concerted efforts to commence
special caries control programmes e.g. topical fluoride programmes, in either of the cities
since the study began
Social class: not stated
Ethnicity: not stated
Residential history: lifetime residents
Other confounding factors: not stated
Interventions Initiation of water fluoridation
Group 1: 1 ppm (artificial fluoridation)
Group 2: < 0.2 ppm (natural fluoridation)
Outcomes DMFT; deft
Age at baseline measure: 5-13 years (deciduous dentition); 6-16 years (permanent den-
tition)
Age at final measure: 5-13 years (deciduous dentition); 6-16 years (permanent dentition)
Funding Not stated
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6.28-66

Notes Data extracted from Arnold 1956 differed from that presented in CRD review (additional
data extracted)

Risk of bias

Bias Authors’ judgement Support for judgement

Sampling Low risk Children were selected through schools. Al-
most all eligible children in the areas of
study were examined

Confounding High risk No efforts were made to stop topical flu-

oride application in either control or test
group. However it is not known if the ar-
cas differed in terms of the programmes/
services on offer. No details on the dietary
habits of the children were reported

Blinding of outcome assessment (detection High risk

bias)

All outcomes

No blinding of assessors

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk

Quote: “samples consist of all available chil-
dren in certain grades (or in sections of the
»

grades)

Number of children examined each year
presented, however, numbers varied across
each age group and each year (not a con-
tinuous study sample)

Selective reporting (reporting bias)

High risk

It is noted in the results that fluorosis ob-
servations had been made, but no details
were given for the methods and data (just
% increase). Also, standard deviation not
reported

Other bias

High risk

Calibration of examiners not mentioned
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Ast 1951
Methods CARIES STUDY
Country of study: USA
Geographic location: Newburgh (F); Kingston (non-F)
Year study started: 1945
Year study ended: 1952
Year of change in fluoridation status: 1945
Study design: CBA
Participants Inclusion criteria: all 5- to 12-year-old children present at school on days of examination;
lifetime residents of study areas
Exclusion criteria: none stated
Other sources of fluoride: not stated
Social class: not stated
Ethnicity: not stated
Residential history: lifetime residents
Other confounding factors: not stated
Interventions Initiation of water fluoridation
Group 1 baseline: < 0.1 ppm (natural fluoridation)
Group 1 post intervention: 1-1.2 ppm (artificial fluoridation)
Group 2: < 0.1 ppm (natural fluoridation)
QOutcomes DMEFT rate per 100 erupted permanent teeth; % caries-free children (deciduous denti-
tion)
Age at baseline measure: 5 years (deciduous dentition); 6-12 years (permanent dentition)
Age at final measure: 5 years (deciduous dentition); 6-12 years (permanent dentition)
Funding Not stated
Notes Data extracted from Ast 1951 differs from that presented in CRD review (additional
data extracted)
Risk of bias
Bias Authors’ judgement Support for judgement
Sampling Low risk All 5- to 12-year-old school children
present in the schools within the study areas
on the days of examination were included
in the study
Confounding High risk Did not account for SES, the use of other
fluoride sources, or the dietary habits of the
children
Blinding of outcome assessment (detection High risk Insufficient information
bias)
All outcomes
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6.28-68

Incomplete outcome data (attrition bias)  High risk The number of participants for whom out-

All outcomes come data was reported (F = 3054; non-F
=2812) varied from the number of partici-
pants reported to have been included in the
study (F = 3200; non-F = 3100)

Selective reporting (reporting bias) High risk Baseline dates of children in the inter-
vention (1944-45) and control (1945-46)
groups varied, which would result in in-
comparability of data from both study
groups

Other bias High risk There was no mention of examiner calibra-
tion

Awadia 2000

Methods FLUOROSIS STUDY
Country of study: Tanzania
Geographic location: Arusha and Moshi
Year of study: 1996
Year of change in fluoridation status: NA
Study design: cross-sectional

Participants Inclusion criteria: age 9-14 years; lifelong residence in respective towns or villages
Exclusion criteria: not stated
Other fluoride sources: toothpaste use: Arusha = 94%; Arusha Meru = 100%; Moshi =
97.1% and Kibosho = 40%Magadi use: Arusha = 31(47%); Arusha Meru = 1(2.9%);
Moshi = 41 (58.6%); Kibosho = 83(97.6%)
Social class: peasant mothers: Arusha = 1 (1.5%); Arusah Meru = NR; Moshi = 7 (10%);
Kibosho = 33 (38.8%); other: Arusha = 65 (98.5%); Arusha Meru = 35 (100%); Moshi
= 63 (90%); Kibosho = 52 (61.2%)
Ethnicity: Arusha area (Arusha and Arusha Meru) - mainly ethnic Asians; Kilimanjaro
region (Moshi and Kibosho) - Africans
Residential history: lifetime residents
Other confounding factors: not stated

Interventions All natural fluoridation
Group 1: 0.2 ppm
Group 2: 0.3 ppm
Group 3: 3.6 ppm

Outcomes Dental fluorosis (TF Index)
Age at assessment: 9-14 years

Funding Supported by the Norwegian State Educational Loan fund, NUFU project 61/96, and
the committee for Research and Postgraduate Training, Faculty of Dentistry, University
of Bergen, Norway
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Awadia 2000 (Continued)
Notes
Risk of bias
Bias Authors’ judgement Support for judgement
Sampling Low risk Schools in all villages (except in Arusha
Meru) as well as participants were ran-
domly selected. For schools where partici-
pants were not randomly selected, includ-
ing the school in Arusha Meru, all the reg-
istered school children were chosen to par-
ticipate
Confounding High risk There was a reported imbalance between
groups in terms of SES and use of fluoride
from other sources
Blinding of outcome assessment (detection High risk Insufficient information
bias)
All outcomes
Incomplete outcome data (attrition bias)  Low risk Data presented for all participants
All outcomes
Selective reporting (reporting bias) High risk Outcome of interest not fully reported,
rather presented as a median score
Other bias High risk Only one examiner was involved; no test-
ing for intra-rater reliability with regard to
detection of the outcome variable
Azcurra 1995
Methods FLUOROSIS STUDY
Country of study: Argentina
Geographic location: Sampacho (F); Portefia (non-F) in the Cordoba province
Year of study: 1993
Year of change in fluoridation status: NA
Study design: cross-sectional
Participants Inclusion criteria: children aged 6-7 years (1*' grade) and 12-13 years e grade) at
primary school
Exclusion criteria: none stated
Other sources of fluoride: frequency of tooth brushing.
Group 1 (aged 6-7): 56% brushed at least once a day (28/50)
Group 1 (aged 12-13): 74% brushed at least once a day (37/50)
Group 2 (aged 6-7): 46% brushed at least once a day (23/50)
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Azcurra 1995  (Continued)
Group 2 (aged 12-13): 50% brushed at least once a day (25/50)
Social class: determined by occupation and highest attained level of schooling attained
by main breadwinner in familyClassified as high, medium, and low social class
Group 1 (aged 6-7): 80% low SES (40/50)
Group 1 (aged 12-13): 82% low SES (41/50)
Control (aged 6-7): 74% low SES (37/50)
Control (aged 12-13) 80% low SES (40/50)
Residential history: not stated
Other confounding factors: not stated
Interventions All natural fluoridation
Group 1: 9.05 ppm
Group 2: 0.19 ppm
Outcomes Dental fluorosis (Dean’s Index); caries data evaluated in study but not included in review
due to study design
Age at assessment: 6-7 years and 12-13 years
Funding Part of this work was subsidised by the Ministry of Science and Technology ( SeCyT )
of the National University of Cérdoba , Cérdoba, Argentina
Notes
Risk of bias
Bias Authors’ judgement Support for judgement
Sampling Low risk Stratified random selection was used. Fol-
lowing stratification by age, gender and
SES,100 school children were randomly se-
lected from each village
Confounding High risk Although SES was considered during sam-
pling, it was not controlled for within the
analysis. No details were reported on the
use of fluoride from other sources
Blinding of outcome assessment (detection High risk Blinding not stated, however the two cal-
bias) ibrated operators, as authors of the study,
All outcomes were likely to have knowledge of the study
areas
Incomplete outcome data (attrition bias) ~ Low risk Data presented for all participants
All outcomes
Selective reporting (reporting bias) Low risk Outcome of interest was fully reported on
and balanced across both groups
Water fluoridation for the prevention of dental caries (Review) 65

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Azcurra 1995  (Continued)

6.28-71

Other bias Low risk No other apparent biases
Backer-Dirks 1961

Methods CARIES STUDY
Country of study: Holland
Geographic location: Tiel (F); Culemborg (non-F)
Year study started: 1952
Year study ended: 1959
Year of change in fluoridation status: 1953
Study design: CBA

Participants Inclusion criteria: children aged 11-15; lifelong residents of the study areas; used the
piped water supply; 100 children of each age examined
Exclusion criteria: not stated
Other fluoride sources: not stated
Social class: areas similar in social class structure and proportional numbers of subjects
selected from each school type
Ethnicity: not stated
Residential history: lifetime residents
Other confounding factors: not stated

Interventions Initiation of water fluoridation
Group 1: 1.1 ppm (artificial fluoridation)
Group 2: 0.1 ppm (natural fluoridation)

QOutcomes Average number of all approximal lesions; average number of approximal dental lesions
Age at baseline measure: 11-15 years (permanent dentition)
Age at final measure: 11-15 years (permanent dentition)

Funding Not stated

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Sampling Low risk A proportion of children were chosen at
random from different types of schools
(public school, Roman Catholic, Protes-
tant)

Confounding High risk No details were reported on the use of flu-
oride from other sources or on the dietary
habits of the children
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6.28-72

Blinding of outcome assessment (detection Low risk

bias)

All outcomes

Quote: “The radiographs made in Tiel and
Culemborg were put into unlabelled en-
velopes, and examined at random”. Each
examiner evaluated the same number of ra-
diographs without knowledge of the origin
of the films

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk

It is not clear whether the outcome data
were reported for all participants

Selective reporting (reporting bias)

High risk

Outcome of interest reported, however,
data not in useable format

Other bias

Low risk

No other bias apparent

Bao 2007

Methods

FLUOROSIS STUDY
Country of study: China

Geographic location: 3 cities (Harbin, Mudanjiang, Zhaodong) and 3 rural areas

(Zhaoyuan, Shuangcheng, Linkou) in the
Heilongjiang province

Year of study: not stated

Year of change in fluoridation status: NA
Study design: cross-sectional

Participants

Inclusion criteria: 12-year-old children in Heilongjiang

Exclusion criteria: not reported.
Other sources of fluoride: not reported

Social class: 396 (198 male; 198 female) from cities; 396 (198 male; 198 female) from

rural areas

Ethnicity: Chinese

Residential history: not reported

Other confounding factors: not reported

Interventions

All natural fluoridation

Group 1 (Linkou): 0.29 ppm
Group 2 (Mudanjiang): 0.40 ppm
Group 3 (Shuangcheng): 0.68 ppm
Group 4 (Harbin): 0.77 ppm
Group 5 (Zhaoyuan): 0.80 ppm
Group 6 (Zhaodong): 1.14 ppm

Outcomes

Dental fluorosis (CFI); caries data evaluated in study, but excluded from review due to

study design
Age at assessment: 12 years

Funding

Research Fund of Bureau of Health of Heilongjiang Province (grant no.2005[122])

Water fluoridation for the prevention of dental caries (Review)
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Bao 2007  (Continued)

6.28-73

Notes Translation from Chinese

Risk of bias

Bias Authors’ judgement Support for judgement

Sampling Low risk Quote: “Representative samples were se-
lected by multi-stage, stratified and ran-
dom sampling” “For each site, 66 12-year-
old boys and 66 12-year-old girls were ran-
domly chosen”

Confounding High risk 3 groups were from cities and 3 groups
were from rural areas. The authors did not
record/report or adjust for other confound-
ing factors (e.g. other fluoride sources, diet,
residential history)

Blinding of outcome assessment (detection High risk Insufficient information

bias)

All outcomes

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk

The authors did not report any information
on loss of follow-up or exclusion of partic-
ipants. Judging by the number of people
they chose randomly (792), and the num-
ber of people (792) with results of caries
examination, there was no loss of follow-

up or exclusion of participants

Selective reporting (reporting bias)

High risk

Data not presented in a format that allowed
for further evaluation

Quote: “Dean’s Index was used to classify
fluorosis.”

The authors did not report the number of
affected people for each Dean’s Index cat-
egory. They did not report the prevalence
fluorosis (number of affected people/num-
ber of people examined)

Other bias

Low risk

No other apparent bias

Water fluoridation for the prevention of dental caries (Review)
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6.28-74

Baskaradoss 2008
Methods FLUOROSIS STUDY
Country of study: India
Geographic location: 9 villages (Munchirai, Thovalai, Melpuram, Rajakkamangalam,
Kurunthencode, Thiruvattar, Agasteeswaram, Thuckalay, Killiyoor) in Kanyakumari dis-
trict
Year of study: 2006
Year of change in fluoridation status: NA
Study design: cross-sectional
Participants Inclusion criteria: not stated
Exclusion criteria: not stated
Other sources of fluoride: brushing patter (toothbrush) = 84.6%; toothpaste (Colgate)
= 92.2%; frequency (once daily) = 80.7%; age of starting to brush (< 2 years) = 69.2%
Social class: low SES (46.1%); urban residence (44.2%)
Ethnicity: not stated
Residential history: not stated
Other confounding factors: Information was collected on diet, seafood intake and tea
Interventions All natural fluoridation
Groups 1-9: specific ppm not presented. Groups listed according to number of Panchay-
ats in the various Blocks of Kanyakumari district with water fluoride level more than 1.
5and 1.7 ppm
Outcomes Dental fluorosis (Dean’s Index )
Age at assessment: 10-15 years
Funding Not stated
Notes
Risk of bias
Bias Authors’ judgement Support for judgement
Sampling Low risk A stratified cluster sampling method was
used to select the samples. 2 schools from
each block were selected at random from a
list of higher secondary schools. After ex-
amining an entire class, only the first 20
were taken until sample size was achieved
Confounding High risk Participants had different oral hygiene
habits and there was no mention of dura-
tion of residency
Blinding of outcome assessment (detection High risk Insufficient information
bias)
All outcomes
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Baskaradoss 2008  (Continued)

6.28-75

Incomplete outcome data (attrition bias) ~ Low risk Outcome data for all participants reported
All outcomes
Selective reporting (reporting bias) High risk Data not in suitable format for analysis
Other bias Unclear risk No mention of calibration
Beal 1971
Methods CARIES STUDY
Country of study: England
Geographic location: Balsall Heath and Northfield, Birmingham (F); Dudley (non-F)
Year study started: 1967
Year study ended: 1970
Year of change in fluoridation status: 1964
Study design: CBA
Participants Inclusion criteria: children aged 5 attending schools that participated in each year of the
study
Exclusion criteria: none stated
Other sources of fluoride: not stated
Social class: Quote: “The socio-economic composition of the districts has been described
previously ... ” Balsall Heath is a poor area of the city with high proportion of immigrants;
Northfield and Dudley are both industrial areas with comparable populations, but there
were more immigrants in Dudley
Ethnicity: all areas have some proportion of immigrants
Residential history: no attempt was made to select continuously resident children from
the samples
Other confounding factors: not stated
Interventions Initiation of water fluoridation
Group 1 and Group 2: 1 ppm (artificial fluoridation)
Group 3: < 0.1 ppm (natural fluoridation)
Outcomes dmft; % caries-free children
Age at baseline measure: 5 years (deciduous dentition)
Age at final measure: 5 years (deciduous dentition)
Funding MRC grant funded trial
Notes Quote: “The children, who were 5 years old in 1967, were aged about 3 years when
the fluoride in their drinking water reached the recommended level; they had erupted
all their deciduous, and these would be expected to have derived only slight benefit at
this time. These children do not represent a true baseline; any dental advantage that this
group had received, compared with the true but unexamined baseline before fluoride was
added would have the effect of decreasing the observed reduction, if any, over subsequent
years.”
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6.28-76

Beal 1971 (Continued)
Risk of bias
Bias Authors’ judgement Support for judgement
Sampling Unclear risk There was insufficient detail reported to de-
termine how selection took place
Confounding High risk No details were reported on the use of flu-
oride from other sources or on the dietary
habits of the children
Blinding of outcome assessment (detection High risk Insufficient information

bias)

All outcomes

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk Different children examined at before and
after time points. Unclear if all eligible chil-

dren examined at each time point

Selective reporting (reporting bias) Low risk Reporting of outcome of interest balanced
across groups
Other bias High risk No detail of who performed examinations,
their training/consistency
Beal 1981
Methods CARIES STUDY
Country of study: England
Geographic location: Scunthorpe (F); Corby (non-F)
Year study started: 1969
Year study ended: 1975
Year of change in fluoridation status: 1968
Study design: CBA
Participants Inclusion criteria: lifetime residents in study areas; children aged 5, 8 and 12
Exclusion criteria: teeth extracted for orthodontic purposes
Other sources of fluoride: not stated
Social class: both areas had iron/steel as main industry-socioeconomic; composition of
the 2 areas was similar
Ethnicity: not stated
Residential history: lifetime residents
Other confounding factors: not stated
Interventions Fluoride initiation
Group 1: 0.9 ppm (artificial fluoridation)
Group 2: 0.35 ppm (natural fluoridation)
Water fluoridation for the prevention of dental caries (Review) 71

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



6.28-77

Beal 1981 (Continued)
Outcomes dmft; DMFT; % caries-free subjects (deciduous teeth); % caries-free subjects (permanent
teeth)
Age at baseline measure: 5, 8 and 12 years
Age at final measure: 5, 8 and 12 years
Funding Not stated
Notes
Risk of bias
Bias Authors’ judgement Support for judgement
Sampling Low risk Schools were chosen by random selection
and every child of eligible age in these
schools was examined
Confounding High risk No details were reported on the use of flu-
oride from other sources or on the dietary
habits of the children
Blinding of outcome assessment (detection High risk Insufficient information
bias)
All outcomes
Incomplete outcome data (attrition bias) ~ Low risk Data for all participants appears to be pre-
All outcomes sented
Selective reporting (reporting bias) Low risk Outcome of interest reported
Other bias Low risk The authors reported that was no difference
in level of reproducibility of the examiners
Beltran-Aguilar 2002
Methods FLUOROSIS STUDY
Country of study: USA
Geographic location: not stated
Year of study: 1986
Year study ended: 1987
Year of change in fluoridation status: not stated
Study design: cross-sectional
Participants Inclusion criteria: aged 12-14 years; availability of data on type of water system and
fluorosis; having residences served by the same type of public water system with respect
to fluoride status; determinable date of public water system fluoridation initiation and
residence at area before initiation of water fluoridation; availability of continuous resi-
dence history if more than 1 residence; fewer than 5 residences; ascertainable exposure
Water fluoridation for the prevention of dental caries (Review) 72

Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



6.28-78

Beltran-Aguilar 2002  (Continued)
to fluoride drops or tables; served by public water systems with ascertainable fluoride
status in residences
Other fluoride sources: tablets = 623 (14.9%); drops = 627 (14.5%); tablets and drops
=317 (8.4%)
Suboptimal fluoride: drops only = 507 (23.0); tablets only = 512 (22.5); tablets and
drops = 279 (13.2)
Optimal fluoride:drops only = 103 (6.8); tablets only = 98 (6.0); tablets and drops = 32
(2.2)
Natural fluoride: drops only = 13 (5.5); tablets only = 17 (7.5);tablets and drops = 6 (2.
5)
Exclusion criteria: any criterion in discord with the inclusion criteria
Social class: not stated
Ethnicity: not stated
Residential history: all the children were continuous residents of areas with the reported
water systems
Other confounding factors: not stated
Interventions Group 1: < 0.7 ppm (natural fluoridation)
Group 2: 0.7-1.2 ppm (artificial fluoridation)
Group 3: 0.7-4 ppm (natural fluoridation)
Outcomes Dental fluorosis (Dean’s Index)
Age at assessment: 12-14 years
Funding Not stated
Notes
Risk of bias
Bias Authors’ judgement Support for judgement
Sampling Low risk The sampling frame was specified and the
sample represented 41 percent of all 12-
to 14-year olds and more than 4 million
schools children, there is no evidence that
any eligible children were excluded
Confounding High risk The use of other fluoride sources was sim-
ilar in those that consumed water with op-
timal and natural fluoride, but very differ-
ent from those in the suboptimal fluoride
group. Did not account for SES
Blinding of outcome assessment (detection High risk Insufficient information
bias)
All outcomes
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Beltran-Aguilar 2002

6.28-79

Incomplete outcome data (attrition bias)

All outcomes

Unclear risk Children with missing outcome data were
excluded. It is not clear whether there was
an imbalance across groups in excluded

children
Selective reporting (reporting bias) Low risk Outcome of interest reported
Other bias High risk There is an overlap in fluoride concentra-
tion between the exposure groups (0.7-1.
2 ppm and 0.7-4.0 ppm) which is likely
to dilute the observable effect of exposure
to intervention across groups. It is unclear
whether the examiners were calibrated as
the paper provides insufficient information
and we were unable to access associated re-
ports which may have contained examina-
tion protocols
Berndt 2010
Methods FLUOROSIS STUDY
Country of study: Namibia
Geographic location: Ombili, Ondera, Vryheid, Kakuse
Year of study: October 2004
Year of change in fluoridation status: NA
Study design: cross-sectional
Participants Inclusion criteria: aged 8-21 years
Other fluoride sources: 47 (39.3%) reported oral hygiene practice with fluoridated tooth-
paste (1400 ppm); 8 (6.7%) used traditional ’natural’ toothbrush. Different ethnic groups
differed markedly in their oral hygiene behaviour (P value 0.02)
Exclusion criteria: not stated
Social class: not stated
Ethnicity: 'Kung (45%); Heikum (35%); Damara (13%); Bantu (7%)
Residential history: residents of Ombili had been resident since 1991 and the residents
of the other farms were lifetime residents
Other confounding factors: not stated
Interventions All natural fluoridation
Group 1: 0.28 ppm
Group 2: 0.38 ppm
Group 3: 1.06 ppm
Group 4: 1.43 ppm
Outcomes Dental fluorosis (Dean’s Index; CFI)
Age at assessment: 8-21 years
Funding Not stated
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Berndt 2010  (Continued)

6.28-80

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Sampling Unclear risk Children selected from Ombill Primary
School and divided into groups according
into place of birth and ethnicity

Confounding High risk Imbalance in oral health behaviour and du-

ration of residency between ethnic groups

Blinding of outcome assessment (detection High risk Insufficient information
bias)
All outcomes
Incomplete outcome data (attrition bias) ~ Low risk All participants accounted for in analysis
All outcomes
Selective reporting (reporting bias) Low risk Outcome data fully reported
Other bias Low risk No other apparent bias
Birkeland 2005
Methods FLUOROSIS STUDY
Country of study: Sudan
Geographic location: Triet el Biga, Abu Delaig and Abu Groon
Year of study: not stated
Year of change in fluoridation status: NA
Study design: cross-sectional
Participants Inclusion criteria: residence in the village from the age of 1 year
Exclusion criteria: not stated
Other fluoride sources: not stated
Social class: similar socioeconomic conditions
Ethnicity: similar ethnicity
Residential history: lifetime residents
Other confounding factors: not stated
Interventions All natural fluoridation
Group 1: 0.3-1.4 ppm
Group 2: 0.8-2.2 ppm
Group 3: 2-4.2 ppm
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6.28-81

Outcomes Dental fluorosis (TF Index)
Age at assessment: 11-13 years

Funding Not stated

Notes

Risk of bias

Bias Authors’ judgement Support for judgement

Sampling Unclear risk The schools were selected from an unspec-
ified sampling frame and insufficient detail
was reported to determine how selection of
schools took place. However children were
selected at random from the schools

Confounding High risk No details were reported on the use of flu-
oride from other sources

Blinding of outcome assessment (detection High risk Insufficient information

bias)

All outcomes

Incomplete outcome data (attrition bias) ~ Low risk Data presented for all participants

All outcomes

Selective reporting (reporting bias) Low risk Outcome of interest reported

Other bias High risk There is inconsistency in the number of

water samples tested (Triet el Biga = 6, Abu
Delaig = 11, Abu Groon = 8) and an overlap
in range of fluoride concentrations between
the 3 study areas. Also examinations were
done by a dental assistant and it is not clear
whether reliability testing was carried out
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Blinkhorn (unpublished)

6.28-82

Methods CARIES STUDY
Country of study: Australia
Geographic location: Gosford city (newly-F); Wyong Shire (F); Ballina and Byron (non-
F)
Year study started: 2008
Year study ended: 2012
Year of change in fluoridation status: 2008
Study design: ITS
Participants Inclusion criteria: children aged 5-7 years (data for 10- to 12-year olds also provided)
Exclusion criteria: not stated
Other fluoride sources: information on toothbrushing habit was collected, but not re-
ported in details
Social class: Shires of Ballina and Byron were more rural and less industrialised than
Wyong Shire and Gosford Citylnformation on parent’s educational attainment and
cardholder status was recorded, but not reported in details
Ethnicity: aboriginal status was recorded, but not reported in details
Residential history: not stated
Other confounding factors: information on sugary drink was collected, but not reported
in details
Interventions Group 1: fluoridated (data not included in review)
Group 2: newly fluoridated
Group 3: non-fluoridated
Outcomes dmft; DMFT; % caries free (deciduous dentition); % caries free (permanent dentition)
Age at baseline measure: 5-7 years
Age at final measure: 5-7 years
Funding Centre for Oral Health Strategy, New South Wales Health, the Australian Dental Associ-
ation (New South Wales Branch) and Northern Sydney and Central Coast Local Health
Service
Notes All data unpublished
Risk of bias
Bias Authors’ judgement Support for judgement
Sampling Low risk Children were drawn from Catholic and
state schools in the 3 areas and schools were
randomly selected from a master list un-
til the individual school rolls for primary
school children aged 5-7 years added up to
around 900
Confounding High risk Multivariate analysis of dmft was done
taking educational attainment of parents,
toothbrushing behaviour and sugary drink
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Blinkhorn (unpublished) (Continued)

6.28-83

consumption into account, however this
was done by year, not by study area, and
there was insufficient information to de-
termine whether these confounding factors
were balanced across study groups

Blinding of outcome assessment (detection
bias)

All outcomes

Insufficient information

High risk

Incomplete outcome data (attrition bias)
All outcomes

Unclear risk Though response rate was unbalanced
across groups, data were presented for all

examined participants

Selective reporting (reporting bias)

High risk

Standard deviation not reported

Other bias

Low risk No other apparent bias

Booth 1991

Methods

FLUOROSIS STUDY

Country of study: England

Geographic location: Huddersfield (F); Dewsbury (non-F)
Year of study: 1989

Year of change in fluoridation status: 1989

Study design: cross-sectional

Participants

Inclusion criteria: all 3-year-old white children; lifetime residents of study areas; positive
informed consent

Exclusion criteria: children who had moved out of the area; children who were ill; children
taking fluoride tablets

Other sources of fluoride: children taking fluoride tablets excluded from study

Social class: areas matched using socioeconomic data from the 1981 census and recent
unemployment data; parents asked about occupation of head of household during in-
terview

Ethnicity: white children only

Residential history: lifetime residents

Other confounding factors: not stated

Interventions

Group 1: 1 ppm (artificial fluoridation)
Group 2: < 0.3 ppm (natural fluoridation)

Outcomes

Dental fluorosis (modified developmental defects of enamel index), caries data evaluated
in study but excluded from review due to study design
Age at assessment: 3 years

Funding

North Western Regional Health Authority
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Booth 1991