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BY THE CITY COUNCi
OFFICE OF THE CITY CLE.};K

DEPARTMENT OF
UTILITIES

Cif f Ut3ACRA1V1ENTO

5770 FREEPORT BLVD.
SUITE 100
SACRAMENTO, CA
95822-29 I

CALIFORNIA

OFFICE OF THE DIRECTOR

December 11 1997

PI-I 916-433-6607
FAX 9167433-6652

City Council
Sacramento, California
Honorable Members in Session:
SUBJECT: FLUORIDATION OF THE CITY'S WATER SUPPLIES
LOCATION AND COUNCIL DISTRICT: City-wide
RECOMMENDATION:
This report is for information only in response to a request by Councilmember Waters.
CONTACT PERSON:

Ii.6t`PiC"E)

)071

FOR COUNCIL MEETING OF: January 13, 1998
SUMMARY:
It has been requested that the City of Sacramento consider paying for the annual costs of adding
fluoride to its water supplies if the capital faciiities associated with fluoridation can be constructed
at no cost to the City. Installation of chemical feed and storage equiprnent is estimated to cost
$1,200,000 and initial annual costs to purChase the chemical and maintain equipment are
approximately $350,000.
COMMITTEE/COMMISSION ACTION
None.
BACKGROUND INFORMATION
Since 1853 the City of Sacramento's water supply has not had fluoride either naturally present in
sufficient amount or added to it as a means of preventing dental decay. However, State
legislation passed in 1996 mandated that water systems with more than 10,000 service
connections, that do not presently add fluoride to their water supplies rnust do so if sufficient
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Fluoridation of the City's Water Supplies
funds to pay capital and associated annual costs are made available from sources other than their
ratepayers.
Since passage of State legislation, the Department of Health Services !has created a prioritized
listing of water systems requiring fluoridation funding. This listing is ranked based on the least
cost per customer connection. Sacramento ranks 29th. The State of California is spearheading
a campaign to find money to fund water fluoridation, but in the near term it is not expected to find
adequate funds for Sacramento.
The Sacramento Dental Association has applied for a grant from the Sierra Health Foundation
to cover the City's start-up costs (i.e., costs to install chemical storage and feed equipment) at two
surface water treatment plants and 28 groundwater wells. However; once this equipment is
installed, the fluoride chemical must be purchased on an ongoing basis and equipment
maintained. The local dental association has requested that the City cover the annual operational
costs if the association obtains the capital funding.
The estimate of annual operations and maintenance costs of the fluoride storage and dosing
system is $350,000. As the water demand increases, the amount of fluoride will also increase
resulting in increased costs. In addition, market increases in the cost Of the chemical will also
drive annual operating costs upward.
FINANCIAL CONSIDERATIONS
Annual operating costs of $350,000 are equivalent to a 1.2 percent increase in water rates. If
there is no increase in customer rates, the additional funding would need to be generated by
reducing program funding levels in other areas such as Plant Services operations or the Water
Fund capital improvement program. Such program spending reductions would not be one time
reductions but rather annual and ongoing.
ENVIRONMENTAL DETERMINATION
As there is no City Council action called for as a result of this report, environmental review is not
required.
POLICY CONSIDERATIONS
Historically, the issue of fluoridating the City's water supply has been emotionally charged and has
been rejected at least once by the voters. Past policy has been to leave the decision to the
community at the voting booth.
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MBENVBE
• There are no MBE or WBE issues associated with this report as no services or supplies are being
purchased.
Respe ully Submitted By:

Jim S
ira
Director of Utilities

RECOMMENDATION APPROVED:

APPROVED:

William H. Edgar
City Manager

avid Martinez
Deputy City Mana

READING MATERIAL IS AVAILABLE FOR REVIEW, IN THE OFFI
OF THE CITY CLERK FROM THE FOLLOWING SOURCES:
1)

Letter dated 11/1/1991: Dr. Bob Carton of the Federal
Environmental Protection Agency, re: "Crippling ske 'tal
fluorosis is the single health effect upon which the fl 'oride in
drinking water standard is based".
ould Natick
Report to the town and Board of Selectmen:"
Fluoridate?", 1997, the Natick (MA) Fluori tion Study
Committee
Letters to Mayor Serna and related ma erials:
a.Citizens for Safe Drinking W ter", Jeff Green, San Diego
CA, letter dated 12/26/1997
David C. Kennedy, DDS, Sfi Diego CA, re: Drinking Water
b.
Fluoridation in Sacramenfti, letter dated 12/4/1997
News Release: Jeff Gre San Diego CA - "U.S. EPA
c.
Scientists Take Stand fgainst Fluoridation" (J. William
Hirzy, Ph.D., Senior/ P, NFFE, Local 2050
"America: Over-D ed on Fluoride", Lynn Landes and
d.
Maria Bechis, Ch ir and Vice-Chair, Fluoride Committee,
PA Sierra Club dated 3/14/1997
"Effect of Flu ide Exposure on Intelligence in Children",
e.
XS Li, JL Z and RO Gao, Guizhou, China - presented to
the XXth ç6nference of the International Society for
Fluoride Jesearch, Beijing, China, September 5-9, 1994.
Copy of rticle published in San Diego Weekly Reader: "It
f.
Will G . e You Cancer. It Will Make Your Child Stupid. It
Will J4reak Your Bones". Volume 26/number 39/ October 2,
199
L ter: Assemblyman John V. Kelly, New Jersey State
egislature, Nutley, NJ, dated June 3, 1993, regarding a
ew Jersey Health Dept. Study finding the incidence of
osteosarcoma significantly higher in nfluoridated
communities vs. non-fluoridated ones
Special Report: "Fluoridation of Water", Bette Hileman,
• C&EN, Washington, DC - August 1, 1988. Questions about
health risks and benefits remain after more than 40 years.

• "Exposure to high fluoride concentrations in drinking water
is associated with decreased birth rates", Stan C. Freni,
Division of Biometry and Risk Assessment, National Center
for Toxicological Research, Food and Drug Administration,
Jefferson, Arkansas, October 8, 1993.
j.
Case filed in Superior Court of the State of California:
David C. Kennedy, DDS vs. Daniel Lungren, Atty General,
No. 97CS01021 (transcript)
k.
"The Mechanism of Tooth Decay", John D.B. Featherstone,
M.Sc., Ph.D., F.N.Z.I.C., from Nutrition Today, May/June
1987
"Mechanistic Aspects of the Interactions Between Flou ride
1.
and Dental Enamel", J.M. ten Cate, Netherlands, and J.D.B.
Featherstone, Rochester, NY, reprint from Crtical Reviews
in Oral Biology and Medicine, 2(2):283-296 (1991)
m. Memo, dated May 1, 1990: William L. Marcus, Ph.D.,
Senior Science Advisor, Criteria & Standards Division,
Office of Drinking Water, Environmental Protection
Agency, subject: "Fluoride Conference to Review the NTP
Draft Fluoride Report"
4)

Two audio tapes available for listening in the City Clerk's Office:
a.
"Union of U.S. EPA Scientists Take Stand Against
Fluoridation" 58 sec. (Citizens for Safe Drinking Water,
San Diego, CA)
"Dr. Paul Connett Challenges Mandatory Fluoridation"
(Citizens for Safe Drinking Water, San Diego, CA) 18 min.

5)

Video available for viewing in the City Clerk's Office: "Fluoride
Forum - Clark University" (Citizens for Safe Drinking Water,
San Diego, CA) TRT: 58:00

6)

Package of material submitted by the Safe Water Coalition, Inc.,
San Jose, CA (sent by Maureen Jones). Includes:
a.

articles regarding various effects of fluorine on bones and
teeth when used excessively. Excerpts and-quotes from
January, 1997, Vol. 25. No.1, California Dental Association
2

Journal; 1957 Anat. Rec.119: pgs. 53-69; various
photographs showing effects of dental fluorosis.
b.

Reprint of article from the Oakland Tribune, September 15,
1997, subject: "Study: lead, tooth decay connected" , by
Robert Strucleman, Correspondent. Includes Report of the
California Oral Health Needs Assessment, 1993-94.

c.

Copy of letter sent to Maureen Jones by Richard G.
Foulkes, B.A., M.D., Abbotsford, B.C., Canada. Ms. Jones
had sent Dr. Foulkes a copy of the "Report of the California
Health Needs Assessment, 1993-94, and this letter is his
response. Ref: page 1, par. 5: "These calculations from the
data collected by the survey are meant to shock the
unsuspecting public (and their legislators) into believing
that there is an urgent need for dental care and, especially,
the universal implementation of water fluoridation. But the
calculations are not validated by the observations!)
(Attachments)

d.

Article re: Baby Bottle Tooth Decay
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"Exposure to high fluoride concentrations in drinking water
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for Toxicological Research, Food and Drug Administration,
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David C. Kennedy, DDS vs. Daniel Lungren, Atty General,
No. 97CS01021 (transcript)
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1987
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Video available for viewing in the City Clerk's Office: "Fluoride
Forum - Clark University" (Citizens for Safe Drinking Water,
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Robert Strucleman, Correspondent. Includes Report of the
California Oral Health Needs Assessment, 1993-94.
c.

Copy of letter sent to Maureen Jones by Richard G.
Foulkes, B.A., M.D., Abbotsford, B.C., Canada. Ms. Jones
had sent Dr. Foulkes a copy of the "Report of the California
Health Needs Assessment, 1993-94, and this letter is his
response. Ref: page 1, par. 5: "These calculations from the
data collected by the survey are meant to shock the
unsuspecting public (and their legislators) into believing
that there is an urgent need for dental care and, especially,
the universal implementation of water fluoridation. But the
calculations are not validated by the observations!)
(Attachments)
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Article re: Baby Bottle Tooth Decay

READING MATERIAL IS AVAILABLE FOR REVIEW IN THE OFFICE
OF THE CITY CLERK FROM THE FOLLOWING SOURCES:
1)

Letter dated 11/1/1991: Dr. Bob Carton of the Federal
Environmental Protection Agency, re: "Crippling skeletal
fluorosis is the single health effect upon which the fluoride in
drinking water standard is based".

2)

Report to the town and Board of Selectmen: Should Natick
Fluoridate?", 1997, the Natick (MA) Fluoridation Study
Committee
Letters to Mayor Serna and related materials:
"Citizens for Safe Drinking Water", Jeff Green, San Diego
a.
CA, letter dated 12/26/1997
David C. Kennedy, DDS, San Diego CA, re: Drinking Water
b.
Fluoridation in Sacramento, letter dated 12/4/1997
News Release: Jeff Green, San Diego CA - "U.S. EPA
c.
Scientists Take Stand Against Fluoridation" (J. William
Hirzy, Ph.D., Senior VP, NFFE, Local 2050
"America: Over-Dosed on Fluoride", Lynn Landes and
d.
Maria Bechis, Chair and Vice-Chair, Fluoride Committee,
PA Sierra Club, dated 3/14/1997
"Effect of Fluoride Exposure on Intelligence in Children",
e.
XS Li, JL Zhi, and RO Gao, Guizhou, China - presented to
the XXth Conference of the International Society for
Fluoride Research, Beijing, China, September 5-9, 1994.
f.
Copy of article published in San Diego Weekly Reader: "It
Will Give You Cancer. It Will Make Your Child Stupid. It
Will Break Your Bones". Volume 26/number 39/ October 2,
1997
Letter: Assemblyman John V. Kelly, New Jersey State
Legislature, Nutley, NJ, dated June 3, 1993, regarding a
New Jersey Health Dept. Study finding the incidence of
osteosarcoma significantly higher in fluoridated
communities vs. non-fluoridated ones
Special Report: "Fluoridation of Water", Bette Hileman,
h.
C&EN, Washington, DC - August 1, 1988. Questions about
health risks and benefits remain after more than 40 years.
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.Thenonorable Mayor Joseph Serna
s City * Of Sacramento
City Hail : •
.915 1Street
:SacrOnentO, CA 95814
RE: City of Sacramento Water Fluoridation
Dear Mayor Serna:
The Board of Directors of the Sacramento-El Dorado Medical Society wishes to inform
you Of the 'Society's support of water fluoridation for the City of Sacramento. This
Matter is scheduled for discussion at the Tuesday, January 13, 1998 City Council
meeting. We hope the City Council will study this issue and support water fluoridation.
Robert Meagher, MD, a member of our Environmental Health Committee, will be
representing the Sacramento-El Dorado Medical Society on this issue at the meeting.
Sincerely,

William
. A. Sandberg
• Executive Director
WAS:cs
cc: Robert Meagher, MD
Environmental Health Committee
I

.•

SACRAMENTO - EL DORADO MEDICAL SOCIETY

5'1130 rI.VAS AVENUE • SACRAMENTO CALIFORNIA 95819-2396 t916i 4,52-2671 ;:\ X: ('fl6)452-2690
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January 13,1998
TO: Mayor and Council Members
City of Sacramento
915 I Street, Room 205
Sacramento, CA 95814,
tele: 916-852-6300 (daytime)
FROM: Sarah Foster
1227 23rd Street
Sacramento, CA 95816

Re: Costs Associated with Fluoridation of City Water
Systems
Position urged: Please OPPOSE
Attached are copies of materials developed for testimony on AB 733 which
mandated that cities fluoridate their public water supplies. The cover statement
includes statements of opposition by city personnel, and others, with estimates
of the costs that would accrue -- plus three pages of data on water delivery in
California.

Regarding this latter: Information about Sacramento is on page three. According
to a spokesperson with the water district:
Sacramento has 40 wells, supplying 35 percent of the city's water.
Here are some questions that should be considered:
• Does The report from the Public Utilities Department reflect the day-to-day
costs of maintaining a fluoridation program? For example, personnel costs of
checking the meters as a precaution against overfeed.
• How about the cost of insurance which is going to go up when you start
trundling one of the most toxic and caustic substances known through our city
streets?
• How about cleanup costs if there are spills? Will the California Dental
Association pick up the tab?
• What about the pipe system? Since fluoride leaches lead from pipes, will

Sacramento taxpayers be asked to support a bond issue to replace those
destroyed by the overly-acidic water?
These are just a few of the questions that need answers before a decision is
made. Please vote NO.

5.0A-ed.

q,3
FROM: SAFE WATER COALITION
Albany, California
Sacramento Contact: Sarah Foster (916) 447-9618
TO: Members of the CALIFORNIA ASSEMBLY
n

RE: AB 733--No Matter How You Voted Before, PLEASE OPPOSE!
HOW MANY WELLS ARE IN YOUR DISTRICT? ? ?
LOGISTICAL PROBLEM: California has a decentralized system of water
distribution--MANY AREAS ARE HEAVILY DEPENDENT:ON GROUND WATER!
BAKERSFIELD: 200 wells

FRESNO: 300 wells, LA: 90 wells

500 in the ORANGE COUNTY WATER DISTRICT (includes-city wells)
California Water Service Company, which serves 20 communities,
owns 600 WELLS throughout the state: the 200 in BAKERSFIELD;
60 in CHICO; and so on.
"COMMUNITIES THAT RELY ON LOCAL GROUNDWATER PUMPED THROUGH A NETWORK
OF WELLS FACE A . . . CHALLENGE IN THAT EACH INDIVIDUAL WELL MUST
BE TREATED TO MEET OPTIMAL FLUORIDE CONCENTRATION LEVELS."
--City of Davis, Public Works Department, Staff Report
Implementation of AB 733 would mean EVERY WELL be equipped with
special injection equipment; EVERY WELL would !need protective
housing; EVERY WELL would have to be MONITORED DAILY to make
certain the fluoride level does not rise above the safety level
of 1.4 - 2.4 ppm. Some estimates--and the number of wells.
* City of DAVIS, 21 wells: $17.500 per well just for
conitruction of the facilities--total: $367,500. Estimates
a 6.25 PERCENT RATE INCREASE.

a

wells: $600,000 capital
* City of SANTA CLARA,
expenditure. Estimates a 7 PERCENT RATE INCREASE.

* City of SANTA ANA, U. wells plus 3 under construction:
$2 MILLION in capital expenditures; $100,000 per year for
maintenance, not including chemicals. Estimates a 10 PERCENT
RATE INCREASE.
* City of BAKERSFIELD (Calif. Water Service Co., supplier).
Would have to hire TWO FULL-TIME EMPLOYEES just to drive
around monitoring the 200 wells. CWSC figures $200,000 A
year for salaries, benefits, and some !equipment maintenance.
"Water systems with MULTIPLE SOURCES may have various naturally
occuring levels of fluoride. These different sources may be
blended in varying ratios in different parts of the water system
CAUSING AN ESPECIALLY PERPLEXING PROBLEM." .
--Calif. Municipal Utilities Association

q,

3

SURFACE WATER DISTRICTS WOULD FACE HIGH COSTS TOO
The program would require "SUBSTANTIAL CAPITAL COSTS to
add fluoridation equipment to our treatment facilities."
--Chris DeGabriele, North Mann Water District.
SAFETY MATTERS--FOR WORKERS AND THE PUBLIC
"Sodium silicofluoride is a very caustic . and hazardous
chemical. Shipping, handling and storage can pose
SIGNIFICANT logistical and safety problems, ESPECIALLY FOR
THOSE WATER SYTEMS WITH MULTIPLE SOURCES--e.g., NUMEROUS
WELLS."--California Municipal Utilities Association. .
Workers handling fluoride require special training and certification; drivers hauling it must be TRAINED and CERTIFIED for
hauling hazardous materials.
WHAT SOME ARE SAYING ABOUT AB 733
"It would "SUBSTANTIALLY INCREASE THE COST OF WATER TO
THE CONSUMER WITHOUT ANY CLEARLY DOCUMENTED BENEFITS."
--Independent Cities Association (49 member cities)
It is certain that the bill will have Strong emotional
support. HOWEVER, THIS MAY TEND TO OBSCURE THE FIDUCIARY
ANALYSIS TO WHICH ALL LEGISLATION MUST BE HELD ACCOUNTABLE.
--City of FRESNO, Mayor Jim Patterson

"...the

proposed legislation may not have the desired effect
strengthening teeth, as written. Secondly, the proposed
legislation may carry SIGNIFICANT HIDDEN COSTS IF WASTEWATER
AND RECLAMATION AGENCIES MUST INSTALL ADDITIONAL TREATMENT...."
--Irvine Ranch Water District

2

WATER DELIVERY IN CALIFORNIA: AN OVERVIEW
ARTIFICIALLY FLUORIDATED SYSTEMS
Cities

and.

City

Water Agencies: including sources

Service Base Accounts
Population ,

Of

water supply

Water Source
Ground L Surface*

Suoolv Acre-Ft:
Ey. 84-95

Oroville
(Cal. Water)
.8 ppm**

15,000

5,000

Beverly Hills
.6 ppm

*32,000

11,000

-0-

100%

Fntain Valley
.8 - .9 ppm

55,000

16,000

75%

25%

7 wells
MWDOC

192,000 .

48,000

75%

25%

9 wells

Rosemont, Sac. 35,897
Co. (Citizens Util.)
1.0 ppm (avr.)
1.5 ppm (max.)

10,898

100%

-0-

7 wells

7,000

2,000

--

4 wells
PG&E
MWD

n

Htn Beach

Placerville
1.0 ppm
Roseville
.9 ppm

56,000

San Francisco 680,000
1.0 ppm.

24,500

n

El Dorado
Irr. Dist.

-0-

100%

-0-

100% Folsom Lake
100%

17,300

90% Hch Hchy -10% local

San Fran. sells water to 50 communities, incl. Palo Alto.
Total service area: 3.6 million.
* "Ground water": water drawn from aquifers through wells.
"Surface water": includes local surface Water and water
imported into communites via aqueducts and pipeline projects.
** Indicates maintained level of fluoridation in parts per million.
THIS CHART IS AN OVERVIEW ONLY, INTENDED TOiILLUSTRATE THE DIVERSITY
OF CALIFORNIA'S WATER SUPPLY AND DISTRIBUTION SYSTEMS WITH RESPECT
TO ARTIFICIAL FLUORIDATION AND TO HIGHLIGHTTHE STATE'S DEPENDENCY
UPON GROUND WATER.
DATA WERE OBTAINED FROM ANNUAL REPORTS AND THROUGH INTERVIEWS
WITH ENGINEERS AND SPOKESPERSONS OF VARIOUS ' WATER DISTRICTS,
AGENCIES, AND COMPANIES.
PLEASE NOTE: IT HAS NOT BEEN POSSIBLE TO OBTAIN ALL DATA NEEDED FOR
A COMPLETE CHART.

SYSTEMS FLUORIDATED ARTIFICIALLY: continued
Agencies/Companies Serving More than One Community
City

Service Base Accounts
Population

E. Bay MUD

1,200,000 s 355,708

Water Source
Ground L Surface*
-0-

100%

Supply Acre-Ft:
94-95

a

Mokl. Riv.

. 20 incor. cities,

15 unmoor, communities
.8 - .9 ppm (max: 1.06 PPm)
-0100%
56,592
Con. Costa WD 400,000
"Raw" to 4 cities; treated to 7 communities
.8 ppm; target: 8.5 ppm
Mann Muni.
WD, 15 cities
1.0 ppm

170,000

58,186

-0-

100%

Estuary

75% local
25% Snoma
Wtr Agy

UNFLUORIDATED SYSTEMS
Cities and. Water Agencies: including sources of water supply
100%

300 wells 128,000

Fresno*

450,000

102,000

Bakersfield
(Cal. Water)

200,000

70,000

Costa Mesa
(Mesa Consol.)

100,000

23,000

75%

25%

7 wells
MWDOC

16,360
4,340

Santa Ana,

310,000

44,230

75%

25%

20 wells
MWD

35,341
11,780

Fullerton

120,000

28,000

75%

25%

13 wells
MWD

23,330

Irvine Ranch
Water Dist.

130,000

50,000

50%

50%

15 wells
MWD

20,000
20,000

Los Angeles 3,600,000
(Dept. Wtr & Power)

650,000

15%

85%

90+ wells
25% - MWD
60%-LA Aqdt

200 wells

SDCo. Wtr
100%
local surface

1,194,950
San Diego
(SDCo. Wtr Auth.)
Santa Clara

97,134

70-

24,568

65%

135%

28 wells
Hetch Hetchy
SCV WD

54,206
16,756
4,824
4,351

* Fresno fluoridates water for 30 wells (4,688 Service accounts).
Fluoridation Cost per customer: $2.65 permonth ($34.20/vr).

UNFLUORIDATED SYSTEMS: continued
City

Service aaat Accounts
Population

Water Source
Ground L Surface*

Novato
Pt. Reyes
(N. Mann WD)

54,000
500

17,297
1,210

-0-

Davis

52,000

12,000

100;

393,500

119,627

)Sacramento

Supply Acre-Ft: - •

94=2,5.

100% 80% Sonoma
Co. Wtr Agy.
20% Other
21 wells

35% ' 65%

40 wells

24:,621
. 82,502',

SDCo. Wtr
100%
local surface

San Diego • 1,194,950
(SDCo. Wtr Auth.)

54,206

Agencies/Companies Serving More Than One City;
.,

1

100%

Owens Lk 1.2 mil
Colo. Rivr
6tate'Wtr Proj..

Metropolitan
Water Dist.
wholesales to 17 member agencies
(250 cities in service area)
Eastern Muni. 750,000
WD (Rvrsd Co.)

225,000

25,000

10,000

Western Muni.
WD (Rvrsd Co.)

15%

85%

15 wells
'MWD

lop%

•
56,282

MWD

55%
1,400,000
362,000
45%
600 wells
Cal. Water
'
Purchase
•Service Co.
•
20 system, 30 communites, including most of Stock ton
Citizens Util.
Co. 12 systems

108 wells •

77

Snt Clr Vly 1,400,000
WD (9 cities, including San Jose)
Sn Diego Co. 2,604,483
-0100%'
Wtr Authority
23 member agencies, incl. 6 cities (San Diego)

401,498

* In FY 93-94, San Diego Co. Water Authority' took 23% of MWD's
total supply.
NOTE: Orange County Water District reports there are 500
producing yells in Orange County.

Staff has drafted the attached resolution that we believe reflects City Council's directive.
ENVIRONMENTAL DETERMINATION

Environmental review is not required as no action is being taken as a result of this report. If and
when external funding is offered to the City for payment of the initial Cost of fluoridation equipment
installation, the City will undertake any environmental review required prior to approving such
installation.
FINANCIAL CONSIDERATIONS

• There are no direct financial implications as a result of this report. When external capital funding
is identified and secured, the City Council, in consultation with the City Manager would determine
the precise mechanism of funding for the ongoing operations and maintenance cost of
fluoridation.
During the design and installation of fluoridation equipment there would be a window of
approximately 6 months during which the City could finalize the operation and maintenance
•funding mechanism. The current estimate of annual operating costs associated with fluoridation
•is $350,000. This level of funding is equivalent to a one percent increase in user fees. Such
costs could be met by increasing user fees or by cost reductions in existing programs.
POLICY CONSIDERATIONS

The City Council has expressed a desire to consider fluoridation of the City's water supplies as
policy.
MBEJVVBE

There are no services or supplies being purchased as a direct result of this report.
,

Respectfully submitted,
‘44.4.004-44..

Jim

f Utilities

APPROVED:

APPROVED:

iam

queira, Dire

H. Edgar, City Manager/

D av id Martinez, Deputy City Mr ager

•
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RESOLUTION NO.
ADOPTED BY THE SACRAMENTO CITY COUNCIL

ON DATE OF

A RESOLUTION APPROVING CITY FUNDING OF ANNUAL OPERATIONS AND
MAINTENANCE COSTS ASSOCIATED WITH FLUORIDATION OF THE CITY'S WATER
SUPPLIES IF A PARTY, OTHER THAN THE CITY, PROVIDES FUNDING FOR THE
PURCHASE AND INSTALLATION OF NECESSARY EQUIPMENT
Whereas, over $4 billion is spent every year in California for dental care; and
Whereas, fluoridation is considered safe and effective in preventing dental decay, and is
endorsed by the Sacramento District Dental Society as well as the California State
Department of Health Services, the National Cancer Institute, the American Medical
Association, the American Dental Association, and the Food and Drug Administration; and
Whereas, a recently published study by the State of California's Department of Health
Services showed California children in non-fluoridated areas have 36-54% more tooth decay
than those in fluoridated areas; and
Whereas, various organizations such as the Sacramento District Dental Society are seeking
to provide the initial funding to purchase and install fluoridation equipment; and

Whereas, at the present time, the operational costs of fluoridation of the City's water supplies
could be absorbed without a rate increase,

NOW, THEREFORE BE IT RESOLVED BY THE SACRAMENTO CITY COUNCIL THAT:
1.

The City Council supports fluoridation of the City's water supplies.

2.

If another party or organization were able to provide the necessary funding, currently
estimated to be $1.26 million, to purchase and install fluoridation equipment at the
City's two surface water treatment plants and 28 groundwater well sites, the City of
Sacramento supports payment of the annual operating cost by the City.
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January 28, 1998
Dennis Wong, DDS, Chair
Fluoridation Committee
Sacramento District Dental Society
Dear Dr. Wong:
The Sacramento Pediatric Society is in full agreement; with the American
Academy of Pediatrics and the American Academy of pediatric Dentistry in
their endorsement of incorporating fluoride in thinking syater supplies.
"The use of fluoride for prevention and control Of dental caries is
documented to be both safe and effective optimizing fluoride in water
supplies is an ideal public health measure which is relatively inexpensive
and does not require the conscious cooperation of individuals.
... Daily fluoride exposure should be recommended for all children as a
primary preventive procedure."
As our local pediatricians can verify, one of the most common and
devastating pediatric health problems is dental caries; frequently these are
rampant caries and extensive treatment is required to restore dental
function.2
Please call me if you have questions or need further infOrrnation.
Sincerely,
Atizz:&i C 23izt-c04//42)
Marcia C. Britton, MD, President
Sacramento Pediatric Society

cc: Steve Lee, DDS, President, Sacramento District Dental Society
Honorable Joe Serna, Mayor of Sacramento
1 American Academy of Pediatric Dentistry
2 Youag, child= with painful andior missing teeth =not chew food and are unable. to develop normal
spccch.
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Valley Center Neighborhood Association

Neighborhood unity and pride

5880 Hollyhnrst Way
Sacramento; CA 95823

January 30, 1998

City Council
Sacramento, CA
VIA FAX
RE: FEB 3RD, EVENING AGENDA, ITEM 4.3 FLUORIDATION

OF THE CITY'S WATER SUPPLY
We wish to extend our support of the fluoridation
of the City's water suppl y , which . is long overdue.
In . the interest of, especially children, fluoridation has proven to help in the prevention of
tooth decay.
Respectfully,

Vickey Scott (Ostil) .
Vickey Scott
President
cc: Dennis Wong, DDS via fax 395-1193
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Mayor JoeSerna, Sacramento City
Members, Sacramento city Council
City Hall
915 I Street
Sacramento, CA 95814

Ket• vt, Srott.Anc
Comp

Reference: Fluoridation of City Water

(amain %War
Je.1 Nus
Sullwas et Atiotiuct

Honorable Mayor and Board members:,
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11.

The Sacramento County Taxpayers League was asked by
John Orsi, D.D.S.. whether we would support efforts'
to gain approval of fluoridation of City water. He..
was directed to us by Mayor :Serna who implied
taxpayers might object to implementing the process.'
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Let me assure the Mayor and Council that the League Hoard agrees with addition of fluoride to our water:.
Fluoridation processes to prevent cavities in teeth
have been in use in the V.S. for over 50 years, and
are already available to 56%, over 250 million, of
all North Americans.
,
If the fear of our'organization's possible rejection
was based on the preception we automatically oppose
possible utilities rate increases, the fear. is
groundless. We will always oppose unreasonable rate
increases and improper use of money paid for
utilities service, but we also stress efficiency in
government, which includes use of taxpayer money. Ih
this case studies show that the cost-benefit ratio
is.. - a'bout 1T80 0
cletly1 .....*4rames ve'd - '
Mt
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s gained by the general s.:,,,,
public, but accrues also through services provided
by health departments, welfare clinics, health
insurance premiums and other publicly supported.
medical programs.
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As fluoridation of water is both cost effective and
medically sound, we recommend its use in Sacramento'.
Respectfully,
svi-4.42
.

Joe Sullivan
Revirti ,,,,, •.•;"

Executive Director
cc: Bill Edgar, City Manager

1832 Tribute Road

no •

Sacramento, California 95 15

•

phone/14s (916) 921-59:91

Citizens far Safe Drinking Water
A Not-For-Pivti t Ballot Areaswe Committee

3243 Madrid Street, San Diego, Ca 92110'
David C. Kennedy, DDS
(800) 728-3833
Jeff Green
(619) 231-4455 Fax dkennedy@abac.com
jgreelittabac.com
www.sonic neti-kryptox/fluorideltm
Mayor Joe Sema,Jr.
City Council Members
915 I Street, Room 2O5
Sacramento, CA 95814
December 26, 1997
Mayor Sema and Council Members,
The decision to fluoridate is first a decision about the Use of the public waterAyskiti„
and only secondarily a question of whether fluoride is goodior bad for health
Should your City Council pass the first and foremost of the legislative ethics tests
concerning your responsibility for public resources, you will reject fluoridation, as
98% of Europe, almost all of California, and your own citiienry of Sacramento has
already done, regardless of your opinion of fluoride's benefit or harm.
Any due-diligence examination of the enclosed package of materials, delineating the
overwhelming evidence of fluoride's adverse health effects, as well as facts, rather
than the myth, of ingested fluoride's effect on tooth decay; will result in the same "no
fluoridation" decision. I have highlighted for the record some of the contents of this
package at the end of this letter.
You already have been presented with the 90+ page Natick Commission report that
reviews current scientific information made available from both proponents and

opponents of fluoridation. It not only emphatically concludes that fluoridation should
not be implemented, but also establishes a standard for comprehensive review that
should be noted.
The thousands of residents of Sacramento who have been participating with Citizens
for Safe Drinking Water in an effort to prohibit the forced ingestion of fluoride
throughout the state ask that you consider this information as if the life and health of
each of your loved ones is at stake, because certainly your decision will impact the
lives and health of all of your constituents, and generations to come.
However, I would be remiss ill did not express the anger and frustration of the
informed citizens of California and throughout America who resent having to coax
and remind our public representatives to toe the line of Public responsibility. The
informed public knows that a decision to fluoridate by arepresentative based on "the
weight of the evidence," or "I have to rely on the experts," really means "contrary
evidence has been suppressed," and "I can not manage this lie all by myself."

This is not acceptable. The cities of San Diego and Los Angeles have enacted laws
prohibiting fluoridation as a result of citizens' initiative after their city councils took
positions contrary to the public trust.
25 countries of Europe, with bodies of health professionals, scientists and public
health agencies of their own, reject fluoridation, some with outright bans. Like our
European counterparts, 83% of Californians remain non fluoridated, despite
attempts by promoters to force the ingestion of increased levels of fluoride upon us for
more than 50 years. A major difference between fluoridation status in Europe and
California that must be noted is that California citizens have frequently had to act on
their own to protect the public safety when public agencies abandon their scientific
integrity and social ethics in order to promote a political agenda.
AB733 was passed into law in October 1995, and the common impression is that all
water districts with more than 10,000 connections must now comply. Contrary to
proponents' claims, even if the exact wording in this State law, or any other State
law, were to claim that it is a statewide concern, that claim is not a factor in the legal
determination of whether it supersedes municipal law.
AB733 was passed with no allocation of funds from the State, no requirement that
any municipality or water supplier raise ratepayer rates or taxes, and does not
compel any entity to re-allocate funds in order to fluoridate.
Sacramento is a Charter City with the authority to manage its own municipal affairs
without intrusion from the State. Should funds be made available to Sacramento
from another source, AB733 still does not meet any of the legal criteria necessary for
State law to pre-empt Sacramento's own controlling authority.
One such test of whether a State law qualifies as a statewide concern is whether the
State pre-emptively occupies the field to the exclusion of all other laws. Article 5,
Section 12814-12815 of the California Public Utilities Code continues to rule that even
non charter cities may only be allowed to fluoridate upon a majority decision of the
voters at a general election. Charter cities are not compelled to relinquish their
voters' rights. Sacramento has already decided against fluoridation.
Any conflict between the State and municipal laws wouldibe ultimately decided by a
court where the State would be required to present more than political opinion. As
the premise for passing AB733 was the claim that fluoridation is the most costeffective method of reducing tooth decay in indigent children, the court would be
presented with the State's own welfare records that show in a county comparison
that the State pays more for dental care per eligible Medi-Cal recipient in fluoridated
counties than it does for non fluoridated counties, and a transcript from court
records that announces that the legislative analysts reftise to consider the California
fluoridation experience of more than fifty years in deterrnining its effectiveness.
The court would also consider the data from the largest study performed in North
America of 39,000 children in 84 communities, which shows no significant difference
in tooth decay rates between fluoridated, partially fluoridated, and non fluoridated
communities.

And maybe most telling of all, the State would have to submit one scientifically valid,
random, blinded study that shows that ingesting fluoride at 1 ppm reduces tooth
decay in humans with comparable tooth eruptions. While promoters tout thousands
of studies espousing the effectiveness of fluoridation, they have yet to reveal the
existence of even one study proving their case that conforms to scientific credibility.
Throughout history, neighbors have fought and lives have been lost over the pursuit
and protection of access to safe water.
As modern-day stewards of the public water supply, your city council bears the
responsibility, and thus the authority to effect that responsibility, of providing for and
protecting the safety of drinking water for every man, woman and child in the
community you serve.
The citizenry accepts your exclusive management of their most essential resource
with the expectation that you will reject all interlopers, who: for purposes of greed, or
power, or even claims of public benefit would have you abandon your responsibility to
EACH of your constituents in favor of the interloper's special interest.
Under the cover of altruism for indigent children, once again a trade organization is
requesting that, on the basis of their reputation, their expertise, and their word, you
forgo your responsibility. Tell them no.
Tell them no, just as you would any purveyor of aloe vera, or vitamin E, or Kool Aid,
regardless of their intended benefit or desirability.
The public water supply is no less precious to the citizenry today than it was 100 years
ago, or even thousands of years ago. The essential nature of water transcends all
other needs beyond the air we breathe, and transcends all forms of government,
including your own. Indeed, the formation of collective society is validated by the
effectiveness of protecting essential resources for the good of all.
It is hard to imagine that the most frail of maidens of days of old, upon seeing an
intruder pour something into the public well, would hesitate to take a cane to the
intruder; and should she become exhausted, or overwhelmed, even crawl to where
she could be heard to sound the alum. It would be expected that the keeper of the
well, or any other citizen who allowed an adulteration of ,the water supply, would
receive the same swift and furious fate as the intruder.
It is only in recent times, under the cover that other chemicals are used to make
water safe to drink, that compromising the essential nature and necessity of water
has been dared for any other reason than poisoning an enemy. Mass medication of
, the American public by adding iodine to the water, in order to prevent goiter, was
rapidly rejected in the 1920's on the basis of personal freedom.
The effects of iodine are dependent upon individual conditions. Because dosage and
other variables could not be controlled solely by a pre-established concentration in the
water, the incidence in goiter actually increased when drinking water was used as a
delivery system for iodine. Variables such as age, weight, nutrition, health status,
total intake from other sources, volume of water consumed, need, and the interaction
with other elements in the water are just as important factors in the effects of
fluoridation.

Universal access to iodine was ultimately accomplished in the lUnited States by
adding it to salt, with individuals free to choose between iodized salt and iodine-free
salt based upon their individual health needs. Countries such as France extend that
same choice and accessibility to fluoride, where an individual is free to choose salt
with fluoride, or iodine, or both or neither, with negligible cost differentials.
Had the quest for an avenue to increase access to fluoride been one born solely out of
health concern, the experience with iodine, and the universally accepted medical
and ethical requirements to evaluate all variables before prescribing medication,
would not have been discarded; nor the public trust to provide water safe for all to
drink breached.
But, as the heavy financial and political actions to promote fluoridation by such
entities as the Atomic Energy Commission, Alcoa Alurninurn, and the phosphate
fertilizer industry attest, there is a more important agenda at stake.
95.5% of all fluoridated public water is never consumed by humans, with only a
fraction of the consumed water going to targeted indigent children; a fact that should
alert any intelligent person to the agenda: it is the distribution system, not the health
goal, that is the pro fluoridationist's imperative. Or in modernized slogan terms, "It
is still the economy, stupid."
It is no coincidence that historically fluoridation has been implemented by legislative
bodies, and voted out by citizens. The decision to purposelycontaminate our entire
water supply for the sake of a few (even if it worked) is contrary to thousands of years
of societal wisdom and must be made in the dark, where the coin of the realm is
power, and the barter consequence is not improved water safety for all, but a transfer
of public resource to commercial interest.
The conscientious city council or legislative body using the due diligence required of a
decision that will effect every person in their community will not find it difficult to
spot the con-man tactics of the trade-organizations-turned-sales-agents. The question
at hand is will the representative body truly represent the People?
A large segment of the population has been kept in the dark about the nature and
adverse effects of fluoride and, prior to the Sacramento Dental Society request to
fluoridate, that segment could very easily include Council Members. However, the
due diligence now required of you will establish an astonishingly different picture
than the one presented by the dental societies.
Major news media in your town opted to side with commercial interests rather than
report in April, 1997 that 90% of the population are brushing their teeth with fluoride
products that are required to display a poison label, waniing them to contact a poison
control center should they swallow more than a pea-sized drop. Parents of children
under six years of age are still not well informed that packaging warns them to keep
the fluoridated toothpaste out of reach of their children ' that it is not safe for
children under six years old to use fluoride products by themselves.
Many Sacramento residents may be shocked to learn that after weeks of media focus
on the withdrawn approval of the two diet pills, Redux i (dexfenfluramine) and PhenFen (phendermine-fenfluramine), for heart damage and lung damage, that they are
fluoride products. Only the fluoride-containing half of Phen-Fen was outlawed.

Many may be just as surprised to find that one of the recommended replacements,
Prozac (fluoxetene), is another fluoride-based product.
Prozac and fluvoxamine are just two of the fluoride products classified as Selective
Serotonin Reuptake Inhibitors (SSRI). Serotonin is a chemical in the brain that acts
as a neurotransmitter, transporting a signal from neuron to neuron during brain
activity. These fluoride products inhibit the absorption of serotanin by the receiving
neuron and are recommended on the theory that serotonin will thus be more
available to other neuron activity; however, well-informed physicians recognize that
these drugs do not directly address the serotonin deficiency, and in fact may work
against improving serotonin production, creating a functional dependency on the
drug. The fluoride is not present in these drugs to reduce tooth decay.
The dental societies do not inform us that fluoride is the only toxic element in Sarin,
the gas, rated 1500 times more toxic than cyanide, that was Used in the Japanese
subway by terrorists, and is linked to the Gulf War Syndrome.
Fluoroquinolones, a relatively new class of fluoride-based antibiotics that include
ciprofloxacin and norfloxacin (there are at least 17 others), have been initially
effective at eradicating bacteria that have become resistant to older drugs; however,
even in the short time since they have been introduced, fluoroquinolones have
already been reported to promote more resistant strains of bacteria that upon second
exposure are not effective, including eschirichia coli in patients with cancer or
neuropenia.
Fluoride-based Fluconazole was given high hopes by researchers working on HIV
infections until it was revealed that it induced jaundice.
There are already medical reports of human resistance to antibiotics developed as a
result of eating chickens that were treated for infections With fluoroquinolones.
Medical contraindications for fluoroquinolones include, "They should not be used
during pregnancy or breast-feeding because of severe effect on bone growth of the
fetus or infant."
The trade-organizations-turned-sales-agents do not describe these uses of fluoride
because it accentuates the fact that fluoride is used extensively for purposes other
none of
than resisting tooth decay, and that there are a wide array of risks
which supports their proposition that fluoride is this benign element with absolutely
no adverse health effects.
Fluorides are used for such far ranging purposes as laundry sour and household
cleaners and general anesthetics. Fluorides are used to etch glass, ceramics and
computer chips; separate uranium isotopes; crack petroleum products; refine heavy
more porous; and
metals; polish aluminum; clean refrigerant coils; make:
inhibit fermentation in breweries. It is a widely used to enzymatically kill insects,
pests such as rats, and coyotes.
Fluoride is more toxic than lead and just slightly less poisonous than arsenic.
It is the most negatively charged, and most interactive, of all of the elements in the
spectrum. Fluoride does not stop being toxic, nor interactive with other elements,
when we swallow.

In 1979 the FDA required the deletion of all government references classifying
fluoride as "essential or probably essential" (Federal Register, ( Mar 16, 1979, p 16006).
i
1979 was also the year that Harold Hodge, the Chief Toxicologi st for the Manhattan
Project, corrected his own mathematical error that for 40 years had been used as the
reference point for how much fluoride a person must ingest to accumulate enough
fluoride to cause crippling skeletal fluorosis. (Does it seem strange that a national
policy could be forged with scientists, who supposedly performed peer reviews, never
questioning why Hodge didn't convert kilograms to pounds ?)
Yet the American Dental Association, and its component dental societies, even while
referencing the publication containing his correction, continue to make written and
oral claims that fluoride is an essential nutrient, and that it would take 20 to 80 mgs
of fluoride over 10 to 20 years to cause crippling skeletal fluOrosis, when in fact
Hodge's corrected figures are 10 to 20 mgs over 10 to 20 years.
If the corrected figures are extended over a lifetime for a child introduced to
fluoridated water from birth, the amount of fluoride from all sources estimated to
cause crippling skeletal fluorosis is 2 1/2 to 5 mgs per day over a 40 to 80 year span,
with the initial phases of soreness in the joints, lower back pain, and arthritis
occurring at even lesser levels of accumulation. Studies published in the ADA
journal show that even residents of non fluoridated communities are currently being
exposed to fluoride in these quantities.
Any household consumer, much less an astute business executive, would toss the
salesman, who had outright lied and omitted so many salient facts, out on his rump.
Will you not do the same?
The dental societies have asked you to forgo any scrutiny of their proposal based on
their expertise, reputation and word. Due diligence requires that you examine their
expertise, reputation and word.
A dentist's expertise is limited to treatment in the oral cavity. They are in fact
precluded from even diagnosing a removal of materials they have placed in the
mouth themselves should they suspect that those materials are having adverse
systemic effects. They must refer that patient to a physician for a diagnosis, rather
than practice medicine without a license.
The dental societies claim that ingested fluoride's effect On tooth decay has been
proven and is supported by the entire scientific community. Yet on Thanksgiving
weekend, 1997, the Canadian Dental Association hosted a conference on fluoride
supplements that, like other countries, has decided that this is not true.
The conference was held to negotiate agreement on standardized recommendations
for supplements because dental fluorosis is found in 35 to 65% of Canada's children.
The first day of the program reiterated information that was presented to this same
group in 1993.

Without dispute from the entire group, proponents of the use oil. fluoride repeated that,
after a medline search of all materials, there are no scientific4lly adequate studies
that show ingested fluoride causes any significant reduction in tooth decay; that
increasing the amount of fluoride in the blood level by 100's ofitimes would not raise
the fluoride content in the glandular saliva or enamel to a sufficient level to meet the
bacterial challenge of tooth decay or remineralization; and that the mechanism of
fluoride's effect is topical.
The consensus of this forum, to be presented to their respective constituents, is that
fluoride supplements, which were to be prescribed as a substitute for fluoridated
water in non treated communities, should no longer be recommended for an
individual using fluoridated toothpaste, and only to the highest caries-risk cases on
the basis that the supplements should be sucked on for the topical effect. They
conclude as other countries have that systemic fluoride does not reduce tooth decay,
but does came objectionable dental fluorosis.
As for reputation, the American Dental Association and its component societies
readily reveal that
point to their support of fluoride as an act of altruism; but d,
for more than 30 years they have been collecting royalties from toothpaste
manufacturers for their seal of approval, which requires that the product contain
fluoride.
The ADA recently petitioned the FDA to allow manufacturers to reduce the size of the
print on the poison warning label and modify the wording, exclusively on the
products that they endorse, so that the poison warning does not interfere with the
display of their seal of approval. The ADA's stranglehold over manufacturers with
their seal of approval prevents non fluoride toothpastes from appearing on the
shelves of mainstream stores.
Contrary to the ADA position, in an enclosed Associated Press story from Dallas on
December 10, 1997, American Medical Association delegates voted to investigate how
the organization got involved in a deal to endorse Sunbeam's health products using a
"seal of approval". The executive vice president resigned over the matter and the
delegates approved a recommendation to ban the AMA from all endorsements of
products it does not produce. Sunbeam is suing for $20 million.
Beyond the constant misrepresentations, the word of the ADA can best be summed
up by their legal stance in Tolheirst vs. Johnson and Johnson Consumer Prrxiact4
Inc. , et al.:

"The ADA owes no legal duty of care to protect
dangerous products used by dentists."

th.eipublic

from allegedly

"The information it disseminates is intended for the benefit of its membership
only. Dissemination of information relating to the practice of dentistry does not
create a duty of care to protect the public from potential injury."

The promoters of fluoride frequently state that they are not medicating the population,
merely adjusting what already naturally occurs in geological formations, and
therefore in some sources of drinking water.
The promoters blatantly misrepresent the facts. The predominant agent used to
fluoridate the public water systems is hydrofluosilicic acid, Vvhich is a hazardous
waste of the fertilizer industry that must be placed in the highest rated hazardous
waste site if not identified as a product destined for our public water supply.
Hydrofluosilicic acid does not naturally occur in geological formations, and is not,
therefore, found in natural sources of drinking water.
A reason for the promoters' distortion of this fact may be that the hydrofluosilicic
acid used as an additive to our public water systems is neither pharmaceutical
grade, nor food grade, and comes directly from industrial scrubbers. The chemicals
used to fluoridate contain traces of the contaminants involved in the specific industry
usage as well as the geological source, which in the case of the manufacture of
phosphate fertilizer commonly include cadmium, arsenic, and lead, as well as the
carcinogens uranium, radium, radon, and polonium. And While their concentration
at the time of testing may conform to standards, latency periods and sequential decay
in combination with other elements can create a time released assault.
The U.S. EPA abandoned oversight of the chemicals used to fluoridate water on
October 4, 1988 in favor of voluntary product standards. In a June 15, 1995 letter to
George Glasser, the U.S. EPA states "EPA has no specific information concerning
fluosilicic acid." and "In the United States, there are no Federal safety standards
which are applicable to additives, including those intended for use in drinking
water." The only data available is a manufacturer's specification sheet that is not a
certified analysis, but a typical solution. One batch may be more contaminated, and
of an entirely different consistency, than another.
Once again it is important to note, "It is still the economy,istupid."
It costs the producing industries approximately $1.40 per gallon to treat the fluoride
waste at the highest rated hazardous waste site, and they:gain approximately $0.35
per gallon when they sell it to the public water supply fora net turnaround in their
bottom line of $1.75 per gallon. Yet this does not express the true financial interest at
stake.
Fluoride is viewed as essential to industry. It is the most economically abundant,
negatively charged and interactive element. Fluoride was introduced into our water
supplies as a convenient way for industry to rid itself of the toxic waste and the
liabilities that rightfully go with it. The estimated annual clean-up costs surpass $50
billion.
There is a lot at stake to convince the entire United States to drink industries waste.
It requires collusion for city councils to vote for fluoridation. The crawling maiden
must be rebuked as an alarmist. The common voice for life's communal concerns
must be shunned in favor of the expert. Expert status must be determined by pro
fluoridation stance. Opposition to the hijacking of the public water system must be
labeled reactionary. Comprehensive public debate, where proponents must be
accountable for their claims, must not be required or allowed.

The primary question before you is not about fluoride, but whether you are worthy of
the task of Keeper of the Well.
Respectfully,

Included in this package:
Letter of unanimous sponsorship of our initiative to prohibit fluoridation in the
State of California from the union that represents ALL of the toxicologists,
chemists, biologists, engineers, attorneys, statisticians, and other scientists
and professionals at the U.S. Environmental Protection Agency, headquarters,
Washington, D.C., which clearly states their scientific judgment.
Scientifically weighted and non weighted comparison of State costs for dental
care in fluoridated versus non fluoridated counties, which exposes that the
State pays more per eligible welfare recipient (for indigents at the same
statewide fees) in combined fluoridated comities than combined non
fluoridated counties. Sacramento county, with only 2.3% of the population
fluoridated, has dramatically lower State dental care costs per eligible
recipient than San Francisco which has been fluoridated since 1952.
A Sacramento Superior Court transcript of Kennecfr Versus Lupgreri et al
which records the State's repeated refusal to even examine the 50 year dental
care cost experience of fluoridation in California, when submitting their
opinion for any effect that prohibiting fluoridation would have on State costs.
Studies that show even those communities without ifluoridation are overdosed.
Studies that show the mechanism of fluoride's ingested versus topical effect.
Studies that link fluoride/fluoridation to increased:incidence of hip fracture,
cancer, lower fertility rate, dental fluorosis, bone pathologies, neurological
impairment, and lower IQ in children.

David C. Kennedy, DDS
2425 Third Avenue
San Diego, CA 92101
(619) 231-1624

Mayor Joe Serna, Jr.
City Council Members
961 I Street, Room 205
Sacramento, CA 95814
RE: Drinking Water Fluoridation in Sacramento
December 4, 1997
Mayor Serna and Council Members,
I am David Kennedy, DDS. I am a preventive dentist. Olave practiced dentistry
in San Diego for more than 20 years. My father and grandfather before me were
also dentists.
I served on the board of the San Diego Better Busines Bureau for over 10 years,
and have been a member of the Centre City Optimist Club for 20 years as well.
I have been a member of the San Diego County Dental', Society for over 20 years,
and for three years elected to the Board of Directors. I have participated on
numerous committees including Senior Care, Speakers , Bureau, Political Action
Committee, and the Council on Dental Care.
In 1974 Eddy Oriole and I planned and built the Chicano Children's Dental Health
Clinic at 1809 National Avenue. I care about children's dental health.
I am immediate Past President of International Academy of Oral Medicine and
Toxicology, the author of a book on preventive dental, health entitled How to
Save Your Teeth, and a nationally and internationally recognized lecturer on
toxicology and restorative dentistry.
I am intensely interested in the welfare of my patients and the community at
large.
Although I am a member of the San Diego County Dental Society (SDCDS), The
California Dental Association (CDA) and the American; Dental Association (ADA), I
must begin my statement by expressing my opposition to these organization's
stances concerning the safety of fluoride, and further clarify what an
endorsement by any of these organizations represents.
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David C. Kennedy, DDS
2425 Third Avenue
San Diego, CA 92101
(619) 231-1624

1)SDCDS, CDA, and ADA perform no research of their own.
2) These trade associations have successfully argued in court that they assume
no legal liability for any harm that may result from their recommendations.
3) Dental organizations are not responsible for studying adverse systemic effects
of water fluoridation. These issues are appropriately studied by medical
researchers, epidemiologists, and toxicologists.
4) SDCDS, CDA, and ADA have never provided their Members any large scale
blinded studies which prove that fluoridation reduces tooth decay. An expert
for the ADA testified in court that she was not aware Of any blinded animal or
broad based blinded human epidemiological studies that has ever found a
reduction in tooth decay from drinking water with one part per million fluoride.
5) The SDCDS, CDA, and ADA have never polled their membership for their
knowledge or opinion of water fluoridation.
The two following examples clearly illustrate the depth and reliability of
dentist's understanding of this controversial issue.
A) Despite the local dental society's recommendation 'of water fluoridation, my
conversation with the President, Dr. Joel Berick, reveled that he was completely
unaware of even the existence of numerous studies linking water fluoridation to
hip fracture.
B) An elderly dentist from Chula Vista took umbrage with my position opposing
water fluoridation. He daimed that, over the last 50 Years in his practice, he had
personally witnessed the tremendous benefit of water fluoridation in Chula
Vista. When I pointed out that Chula Vista was an non fluoridated community,
he appeared disoriented and mumbled, "It had to be the fluoride. Tooth decay is
not nearly as prevalent as when I began to practice 50 years ago."
The above summary is not intended to criticize the dental society, but rather to
place the dental trade organintions endorsements in their proper perspective.
Increasing the fluoride intake of a patient without regard to established risk
factors such as age, kidney function, weight, physical condition, water
consumption, total fluoride intake, and mitigating dietary calcium is medical
negligence. Although the courts have ruled that the state has the power to do so
under police powers, mandating fluoridation for 25 Million Californians or the
entire City of Sacramento is no less negligent.
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Dental Fluorosis
The first visible sign of this negligence will be a doubling in dental fluorosis. The
cells that produce the collagen matrix, which forms enamel, are poisoned to the
point that they can no longer produce opalescent pearl-like enamel. Fluorotic
enamel is irregular in texture, porous, chalky white tabrown in color, and
brittle. In severe cases, the enamel forms incompletely and corners easily break
off the teeth.
All of the organizations promoting water fluoridation agree that dental fluorosis,
which is the first visible sign of systemic poisoning, increases with water
fluoride levels. The Legislative Office of Budget Management acknowledges that
drinking water fluoridation would increase disfiguring dental fluorosis, but since
treatment of this disease is not covered for children on welfare, calculated that
there would be no additional cost to the state. Clearly they are not considering
the enormous legal liability for physical and psychological damage which
accompany this disfiguring disease.
The fact that the state will not spend money to correct this defect does not alter
the basic truth that fluorosis will have to be treated if the child is to be happy in
our image conscious society.
Let's be clear about what children will be adversely affected. Bottle fed babies
are most likely to develop dental fluorosis. Mothers Milk has virtually no
fluoride present. Those children who are deficient in intake of protein, calcium,
magnesium, phosphorous, and Vitamin C are especially vulnerable to fluoride
poisoning. The accumulation of fluoride is greatly increased if the person has
impaired kidney function. In short, the weakest members of our society, the
undernourished, the underfed, the very children that fluoridation was to
allegedly benefit. In some poorer communities as much as 80% of the children
have fluorosisl.
The correction of this permanent disfigurement involves crowns, laminates,
bonding, and bleaching. The physical, psychological, emotional, and financial
costs of the repeated trauma necessary to correct this condition far exceeds any
projected benefit that fluoridation can possibly produce. This is truly a case
where the treatment is worse than the problem.

1 Health Effects of Ingested Fluoride, National Research Council, page 37 (1993)
page 3

David C. Kennedy, DDS
2425 Third Avenue
San Diego, CA 92101
(619) 231-1624

The incidence of dental fluorosis has steadily increased since the introduction of
fluoride to the drinking water in 1945. Since the introduction of fluoride
containing toothpaste the amount of fluorosis has dramatically risen 2 . Fluoride
tablets which deliver in prescription form the amount of fluoride alleged to be
beneficial for tooth decay reduction cause dental fluotosis in 64% of the children
(Pebbles 1974). These same tablets if swallowed provide no protection against
decay. If they are chewed and dissolved in the mouth; they do appear to reduce
decay 3 . The effect is topical4.
Hip Fracture
Fluoride has been tested on humans for the purpose of treating osteoporosis. The
theory was that fluoride would strengthen bones. What the researchers found
was that it did increase bone mass; however, the bone was much more brittle
leading to a dramatic increase in hip fracture s . Numerous studies have linked
long term consumption of fluoridated water to increased risk of hip fracture.6.
2 D. Christopher Clark, DDS, MPH Appropriate use of fluorides for children: guidelines from
the Canadian Workshop on the Evaluation of Current Recommendations Concerning
Fluorides, J. Canadian Medical Association Vol. 149 #12 (1993)
3 J.M. ten Cate & J. D.B. Featherstone Mechanistic Aspects of the Interactions Between
Fluoride and Dental Enamel Critical Reviews in Oral Biology and Medicine 2(2):283296 (1991)
4j. D. Featherstone, The Mechanism of Dental Decay Nutrition Today May 1987
5 Riggs BL, Hodson SF, O'fallon WM, et al. Effect of fluoride treatment on the fracture rate in
post menopausal women with osteoporosis. NEJM 1990; 322:802-809
6References for Fact #6
1) Jacobsen SJ, Goldberg J, Miles TP, Brody JA, et al. Regional variation in the incidence of
hip fractures: U.S. white women aged 65 years and older. JAMA Vol. 264, pp. 500-502 (1990)
2) Cooper C, Wickham CAC, Barkcr DJR, and Jacobsen SJ. Water fluoridation and hip
fracture [letter]. JAMA Vol. 266, pp. 513-514, 1991
3) Danielson C, Lyon IL, Egger M, and Goodenough GK. Hip fractures and fluoridation in
Utah's elderly population. JAMA Vol. 268, pp. 746-748 (1992)
4) Journal of the American Medical Association Vol. 273, pp. 775-776 (1995)
5) Jacobsen SJ, Goldberg J, Cooper C, and Lockwood SA. The association between water
fluoridation and hip fracture among white women and men aged 65 years and older: A
national ecologic study. Ann Epidemiol 1992: 2:617-26
6) Sowers MFR, Clark MK, Jannausch ML and Wallce RB, A prospective study of bone mineral
content and fracture in communities with differential fluoride exposure. Am J Epidemiol
1991; 133:649-60
7) Keller C. Fluorides in Drinking Water. Paper presented at the Workshop on Drinking
Water Fluoride influence on Hip Fractures and Bone Health. April 10, 1991, Bethesda, Md.
8) May, DS and Wilson MG. Hip fractures in relation to water fluoridation: an ecologic
analysis. Presented at the Workshop on Drinking Water Fluoride Influence on Hip
Fractures and Bone Health. April 10, 1991, Bethesda, Md.
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This is not a small matter, it is about life and death. The surgical cost of repairing
a hip fracture is $35,000. 25% of the victims die in the first 30 days. Only 11% of
the victims ever return to independent living. 100% of the victims are
debilitated and few, if any, of the elderly ever regain their former ability to
walk normally. The research clearly shows that water fluoridation increases the
number of people who will suffer this devastating injury.
Nine of thirteen studies show a correlation between hip fracture and
fluoridation, including four published in the Journal of the American Medical
Association in the last five years. In matters as serious as the health of our
nation, no risk is acceptable if it is avoidable.
Cancer

Research has shown in numerous studies that fluoride is a mutagen (genetic
damage), a carcinogen (cancer causing), and cancer promoting in laboratory cell
studies, animals, and humans. In 1990 the Congress-ordered National
Toxicological Program (NTP) found bone cancers in male rats.
The test animals, in the words of the board certified pathologists, "were awash
with disease." The high dose animals had kidney failure and cancers of their lips,
cheeks, throats, livers, and bones. The highest rates of cancer were found in the
highest dose animals. The lucky rats and mice that drank the distilled fluoridefree water had no significant disease. When the actual data indicated a causal
relationship between fluoride and bone cancer the NTP down-graded the results
to "equivocal."
Dr. William Marcus, former senior science advisor at the office of drinking water
Environmental Protection Agency (EPA), concluded that the NTP studies proved
fluoride was a carcinogen 7 . In July 1997 the National , Federation of Federal
Employees, the Union representing all of the scientist's, toxicologists and
statisticians at EPA headquarters, also stated that "Our members review of the
body of evidence over the last eleven years, including animal and human
epidemiological studies, indicate a causal link between fluoride/fluoridation and
cancer, genetic damage, neurological impairment, and bone pathology. Of
particular concern are recent epidemiological studies linking fluoride exposure to
lower I.Q., in children."8
7 Marcus Memo May 1 1990 (enclosed)
8 Letter dated July 2, 1997 to Citizens for Safe Drinking Water (enclosed)
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Political protection for fluoride is not new. The Spin Doctors of fluoridation

routinely minimize the peer-reviewed documented scientific research by setting
up biased review committees, which then publish their own opinion claiming
that fluoridation is safe, without regard to the original findings. The US Public
Health Service has been accused of scientific fraud by , the National Federation of
Federal Employees over the cover-up of the cancer/fluoride link.
After the NJ Department of Health documented a dramatic increase in bone
cancers in young men who resided in their fluoridated cities, New Jersey
Assemblyman John V. Kelly asked the Food and Drug Administration (FDA) for
the evidence they relied upon in approving prescription fluoride drops and
tablets.
The FDA responded that no application for approval, or studies of safety or
effectiveness, had ever been submitted and that they were not in possession
of any such evidence. Ask yourself for another example of a prescription drug on
the United States market (30 plus years) for which no FDA Application has ever
been submitted.
When pressured as to why he did not remove the drops and tablets from the
market Frank R. Fazzari, Chief of Prescription Drug Compliance reportedly
expressed concern for his position and recommended Assemblyman Kelly sue
him in order to have a Federal Judge make him comply with congressional law.
The new Food and Drug required warning should provide some clarification as to
the safety of fluoride. The FDA now requires all toothimste containing fluoride to
have the following warning attached, "WARNING: Keep out of reach of children
under 6 years of age. In case of accidental ingestion, seek professional assistance
or contact a Poison Control Center immediately." The amount to be used in
brushing is a pea sized amount or about 1 milligram. One liter of water in a
fluoridated community will contain one milligram

Tooth Decay Costs Savings
All of the recent large scale studies have found no relationship to tooth decay
and water fluoride levels. Earlier studies that are often cited by fluoridation
promoters are transparently flawed. The examiners were not standardized or
blinded. There are no randomized controlled blinded, studies of animals or
humans that have ever found a reduction in decay from ingesting fluoride. On
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the contrary, all of the recent large-scale studies have failed to show any
significant reduction.
Studies of fluoride have confirmed that the effect it has on tooth decay reduction
is not systemic. The effect is not produced by swallowing the toxic substance, but
is in fact a topical effect upon the bacteria that live in the mouth and cause tooth
decay. It poisons them. The design of the experiment 'leaves little doubt as to the
results. Cavity-prone rats were given fluoride in two ways. One group got
fluoride in the mouth from a time release tablet bonded to the outer surface of
the tooth. The other group got the same amount administered in a slow pump
under the skin. The oral dose of fluoride produced some reduction in decay over
controls, but the systemic exposure did not reduce tooth decay at all. However,
the poisonous nature of fluoride does not change when ingested.
Animals fed sugar-water and fluoride fare no better in terms of tooth decay
than animals fed sugar-water alone. Human tooth decay is linked to diet, sugar
intake, tooth brushing technique, hours of sunlight, parental education, and
family income. These variables must be considered in order to produce accurate
results.
In the largest study of tooth decay in America, there was no significant
difference in the decay rates of 39,000 fluoridated, partially fluoridated, and non
fluoridated children, ages 5 to 17, surveyed in that 84 city study. The decayed
missing or filled rate in non fluoridated Los Angeles Was not significantly
different than fluoridated San Francisco. In fact, the lowest decay rate was found
in non fluoridated Buhler, KS.
Comparing the State of California 1994 non-weighted dental costs for the 14
largest counties reveals that counties 90% fluoridated spent on average $121.93
per eligible recipient for treatment of tooth decay, and counties with less than
10% fluoridation spent only $118.33 per eligible recipient.

Weighted 1995 California per Eligible Welfare Recipient Dental Costs
CA Counties 90-100 % Fluoridated $125.27
CA Counties 0.5-10% Fluoridated $107.26
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With less than 17% of the state fluoridated, California children have fewer
cavities than the nation as a whole. Where is the alleged proof of safety and
effectiveness? Why are the costs of dental care higher in fluoridated areas?
This public health fraud will result only in increased misery__ kidney disease,
hip fractures, cancers and even death to its many unfortunate victims. Not only
will fluoridation not reduce the dental care costs, it will exponentially increase
the fluorotic damage to underprivileged children.

David C. Kennedy, D.D.S.
DCK/hs
Enclosed: Fluoride Fact Sheet
America Overdosed
P.S. The attached Fluoride Fact sheet has the scientific documentation to back up
each of the 6 proven effects of fluoride.
Upon request the actual studies to support each statement will be happily
provided.
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U. S. EPA Scientists Take Stand
Against Fluoridation
The EPA scientists, engineers and attorneys who assess the scientific data for
Safe Drinking Water Act standards and other EPA regulations have gone on
record against the practice of adding fluoride to public drinking 'water.
On Wednesday, July 2, 1997, National Federation of Federal Employees, Local
2050, which represents all toxicologists, chemists, biologists and other
professionals at EPA headquarters in Washington, D.C., voted unanimously to cosponsor the California Safe Drinking Water Initiative that would reverse the State
Legislature's 1995 law mandating fluoridation.
Both proponents of fluoridation and the sponsors of this initiative consider the
result of the fluoridation battle in California to be crucial to the federal
government's plan to fluoridate the entire United States by the year 2000.
Citizens for Safe Drinking Water and their sponsors are circulating petitions to
gather 500,000 signatures by October to place the initiative prohibiting fluoridation
in California on the June 1998 statewide ballot.
In its endorsement of the initiative, the EPA professional's union states, "It is our
hope that our co-sponsorship of the Safe Drinking Water Initiative to prohibit

fluoridation Will have a beneficial effect on the health and welfare of all
Californians by helping to keep their water free of a chemical substance for which
there is substantial evidence of adverse health effects and, contrary to public
perception, virtually no evidence of significant benefits."
The statement from NFFE Local 2050 continues, "Our members' review of the
body of evidence over the last eleven years, including animal and human
epidemiology studies, indicate a causal link between fluoride/fluoridation and
cancer, genetic damage, neurological impairment, and bone pathology. Of
particular concern are recent epidemiology studies linking fluoride exposure to
lowered IQ in children.
"As the professionals who are charged with assessing the safety of drinking
water, we conclude that the health and welfare of the public is not served by the
addition of this substance to the public water supply."

After numerous attempts to correct EPA management conclusions that were not
supported by the available facts, the union attempted to join a lawsuit against
their own employer in 1986, citing "fraudulent alterations of data and negligent
omission of fact to arrive at predetermined Agency political positions regarding
fluoride."
Dr. Wm. L. Marcus, Senior Science Advisor in EPA's Office of Drinking Water,
was fired for a 1990 whistle-blowing memo calling for a review of the cover-up of
the National Toxicology Program study that shows fluoride is a "probable human
carcinogen [cancer causing agent]".
Under the Safe Drinking Water Act, that finding alone prohibits the addition of
fluoride to the public water supply. Although Dr. Marcus won his whistle-blower
lawsuit, with punitive damages, and returned to work- at the EPA, the altered
classifications were never reviewed.
Historically, fluoridation is mandated by government and rejected by citizens.
Objecting to health dangers and violations of individual rights, citizens
throughout the United States are working to halt the use of the public water
systems to enforce mass medication with no control of dosage.
Japan and nearly all of Europe (now 98% fluoridation-free) have already rejected
fluoridation, and there is active opposition in Britain, Australia, and New
Zealand.
The California Safe Drinking Water Initiative reads:
The public water supply should be safe for all to drink.
In order to protect the public health from increased risk of hip fracture,
cancer, dental fluorosis and other harmful effects which have been linked
to fluoride in the scientific literature, and whereas data from the U.S.
Public Health Service and the State of California show no significant
difference in decay rates of permanent teeth and dental costs in fluoridated
and non fluoridated areas in California;
Section 116410 of the Health and Safety Code is amended to read:
No fluoride or fluorine-containing substance may be added to public water
systems. All laws to the contrary are hereby repealed.
For more information on the petition drive, contact Citizens for Safe Drinking
Water at 1 (888) 704-3833. For more information on the hazards of fluoride, visit:
http:// www.sonic.net/-monty/fluoride.htm
Reference June 16, 1997, The Washington Post, Toothpaste: How Safe? [FDA now
requires POISON label for fluoride toothpaste and other fluoride products] by Don
Oldenberg, p c5
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Poison Label on Fluoride Toothpaste Bolsters Safe Drinking Water Initiative
The Washington Post report of the Food and Drug Administration's requirement
that all manufacturers of fluoridated toothpaste include a more precise poison
warning on their packaging has directed more attention to the Safe Drinking
Water Initiative banning fluoridation recently mandated in California.
The June 16, 1997 Washington Post article describes an 8-year old child's reaction
to a new poison warning on a large-sized tube of toothpaste that reads: "If you
accidentally swallow more than used for brushing, seek, professional help or
contact a poison control center immediately."
This new warning more.. accurately reflects the supporter's of the Safe Drinking
Water Initiative contention that the true nature of fluoride is poisonous, and
harmful when swallowed, whether in high concentrations in toothpaste or
cumulative amounts from drinking water.
While government continues to push for fluoridation of the entire nation by the
year 2000, this requirement for more accurate poison labeling by the FDA is just
one of many recent instances of retraction of support for fluoride.
In 1979 the FDA published in the Federal Register that all references to fluoride
as an essential nutrient be removed from government documents.
In 1993 Frank Fazzari, Chief of Prescription Drug Compliance, admitted that the
FDA has never approved fluoride drops or tablets as safe or effective, and never
even received an application for evaluation.
In 1995 the American Academy of Pediatrics revised their recommendation for
fluoride supplements because of "an increased incidence of dental .fluorosis in
children living in the United States."
In 1995 and 1996 the Journal of the American Dental Association published
studies reporting on pervasive over-exposure to fluoride. The 1996 study warned
parents to limit their children's intake of juices due to excessive fluoride content.
In 1997 the International Academy of Oral Medicine and Toxicology classified
fluoride as an unapproved dental material.
The petition to qualify the Safe Drinking Water Initiative for the June 1998
California statewide ballot is in circulation. More than 500,000 registered voters
must sign the petition to assure that the people of California, rather than the
government, will decide whether each and every person in California will be
ingesting fluoride in every food and drink processed with public water.

National Federation of Federal Employees
P.O. Box 76082, Washington, DC 20013
202-401-3139(F)
202-260-1683(V)

Local 2050
July 2, 1997
Mr. Jeff Green
Citizens for Safe Drinking Water
3243 Madrid Street
San Diego, CA 92110
Dear Mr. Green:
am pleased to report that our union, Local 2050, National Federation of Federal Employees, has
voted to co-sponsor the California citizens' petition to prohibit fluoridation of which your organization is
the sponsor. Our union represents, and is comprised of, the scientists, lawyers, engineers and other
professionals at the headquarters of the U.S. Environmental Protection Agency here in Washington, D.C..
A vote of the membership was taken at a meeting during which Professor Paul Connett and Dr.
Robert Carton made presentations, respectively, on the recent toxicological and epidemiological evidence
developed on fluoride and past actions (and their bases) of Local 2050 with.respect to fluoride in drinking
water. The membership vote .was unanimous in favor of co-sponsorship.
It is our hope that our co-sponsorship will have a beneficial effect on the health and welfare of all
Californians by helping to keep their drinking water free of a chemical substance for which there is
substantial evidence of adverse health effects and, contrary to public perception, virtually no evidence of
significant benefits.
These judgements are based, in part, on animal studies of the toxicity of fluoride coupled with the
human epidemiology studies which corroborate them, and the studies of rates of decayed, missing and
filled teeth in the United States (fluoridated and non-fluoridated communities) versus non-fluoridated
European countries.
Our members review of the body of evidence over the last eleven years, including animal and
epidemiology studies, indicate a causal link between fluoride/fluoridation and cancer, genetic
damage, neurological impairment and bone pathology. Of particular concern are recent epidemiology
studies linking fluoride exposures to lower I.Q. in children.
human

As professionals who are charged with assessing the safety of drinking water, we conclude that the
health and welfare of the public is not served by the addition of this substance to the public water supply.
Best wishes to you and your organization for success in keeping what would otherwise be a
hazardous waste of the fertilizer industry from being disposed of in California's drinking water supplies.

Sincerely,

J. William Iiirzy; Ph.D.
Senior Vice-President

Important Fluoride 14 acts
Fluoride is cancer-causing in rats, mice
and humans.
1)Carcinogenesis, volume 9, pages 2279-2284 (1988)
2)Sodium Fluoride: individual animal tumor pathology
table (rats], Battelle Memorial Institute, Feb. 23, 1989
3) Sodium Fluoride: individual animal tumor pathology
table [mice), Battelle Memorial Institute, April 11, 1989
4) Lancet 36, page 737 (1990)

5)Review of Fluoride: Benefits and Risks, U. S. Public
Health Service, pages F1-F7 (1991)
6)Fluoride volume 26, pages 83-96 (1992)
7)A Brief Report on the Association of Drinking Water

Fluoridation and the Incidence of Osteosarcoma among
Young Males, New Jersey Department of Health,

The U.S. National Research
Council admits that dental
fluorosis (fluoride poisoning of
the teeth) affects from 8% to 51% of
the children drinking fluoridated
water.

Fluoride tablets and drops are not
approved by the U.S. Food and Drug
Administration as safe or effective.

1) Science volume 217, pages 26-30 (1982)
2) Journal of the American Dental Association volume

2) Preventing Tooth Decay: Results from a Four-Year
National Study, Robert Wood-Johnson Foundation,

108, pages 56-59(1984)

3) Journal of Public Health Dentistry volume 46, pages
184-187(1986)

4) Health Effect's of Ingested Fluoride, National
Research Council, page 37 (1993)

November 1992

8)Fluoride, the Aging Factor, Health Action Press, pages
72-90 (1993)

Hip fracture rates are much higher
in people residing in fluoridated
communities.

Women 28% Increase
• Untluoridated
0 Fluoridated

2) Journal of the Canadian Dental Association volume

30—

20—

1) Community Health Studies volume 11, pages 85-90
(1987)

Graph from reference 3 below Daineilson et al.
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Recent large-scale studies show no
difference in decay rates of
permanent teeth in fluoridated and
non fluoridated areas.

Men 41% Increase
• Unlluoridated
0 Fluoridated

53, pages 763-765 (1987)

3) Fluoride volume 23, pages 55-67 (1990)

1) Letter from Frank R. Fazzari, Chief, Prescription
Drug Compliance, Food and Drug Administration to
New Jersey Assemblyman John Kelly (June 8, 1993)

Special Report number 2/1983, 18p
•.3) Community Dentistry and Oral Epidemiology,
volume 19, pages 88-92 (1991)

Fluoride is more toxic than lead,
and even in minute doses, accumulates in and is damaging to
brain/mind development of
children; i.e. produces abnormal
behavior in animals and reduces
IQ in humans.
1) Mullenix, Phyllis et. al Neurotoxicity of Sodium
Fluoride in Rats, Neurotoxicology and Teratology,
Vol. 17, No. 2, pp. 169-177, 1995
2) Li, XS; Zhi, JL; Gao, RO Effects of fluoride exposure
. on intelligence in children, Fluoride 28:4, pp. 189-192
(1995)
3) Zhao, LB; Liang, D; W Wu Lu-Liang Effects of a
— -high fluoride water supplY orTerhildreliTititelligence. -
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1) Journal of the American Medical Association volume
264, pages 500-502 (1990)

2) Journal of the American Medical Association volume
266, pages 513-514 (1991)

3) Journal of the American Medical Association volume
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4) Journal of the American Medical Association volume
273, pages 775-776 (1995)
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AMERICA:OVER-DOSED ON FLUORIDE
Compiled by Lynn Landes and Maria Bechis, Chair & Vice Chair, Fluoride Committee ,PA Sierra Club, March 14, 1997

The widespread and uncontrolled use of fluoride in our water, food. iuices, soft drinks, beverages, and
dental products is causing pervasive over-exposure to fluoride in the U.S. population. Most developed countries have banned fluoride in water. Today, over 60% of the United States population drink fluoridated water. In general,
Americans are not warned of the risks of fluoride. Food and beverage labels do not include fluoride concentrations.
Fluoride is the only chemical added to U.S. municipal water that is used to mass medicate, rather than to
render water safe to drink. It is not an essential nutrient. It has never received "FDAApprovar(U.S. Food and Drug
Administration) as safe or effective. It is listed as an "unapproved new drug." Although fluoride can occur naturally in
some water supplies, the type of fluoride added to water is a hazardous waste of the aluminum, uranium, and phosphate fertilizer industries.
For two consecutive years, 1995 & 1996, The Journal of the American Dental Association (JADA) has published
studies reporting on pervasive over-exposure to fluoride due to "the widespread use of fluoridated water; fluoride
dentifrice, dietary fluoride supplements and other forms of fluoride...(There is) an increased prevalence of dental
fluorosis, ranging from about 15% to 65% in fluoridated areas and 5% to 40% in non-fluoridated areas in
North America." The 1996 study warned parents to limit their children's intake ofjuices due to excessive fluoride content.
Fluorosis is symptomatic of an over-exposure to fluoride throughout the body. Its visible characteristics are the

discoloration or pitting of the teeth. White flecks in the teeth may also occur. Fluorosis can lead to tooth decay. FDA's claim
that fluorosis is only a "cosmetic" effect is unsubstantiated. Fluoride accumulates throughout the body, over an
individual's lifetime. It effects all age groups with both long and short-term harmful health consequences.
In 1993, U.S. Dept. of Health and Human Services (HHS) stated in its Toxicological Profile on fluoride (TP 91/17),
"Existing data indicate that subsets of the population may be unusually susceptible to the toxic effects of
fluoride and its compounds. These populations include the elderly, people with deficiencies of calcium, magnesium and/or vitamin C, and people with cardiovascular and kidney problems ...Postmenopausal women
and elderly men in fluoridated communities may also be at increased risk of fractures."
Is there a margin of safety for exposure to fluoride? In the 1940's, when fluoridation of municipal Water began,
the "optimal" level of exposure to fluoride for dental benefit was determined to be 1 milligram/day. Even at the 1 mg/day
exposure level, 10% of the population was expected to suffer dental fluorosis. It was estimated that individuals drank 1 liter
of water per day. At that time, other sources of fluoride were scarce.
In 1986, the EPA set new "maximum contaminant levels (MCLs)" for fluoride. Above 2 mg/liter "children are likely
to develop objectionable dental fluorosis" and parents must be officially notified. Above 4 mg/liter, individuals are at
risk of developing "crippling skeletal fluorosis". It is against federal law to fluoridate water above 4 mg/liter.
Below is a summary and analysis of a IIHS table that estimates fluoride exposure levels from food, beverages, toothpaste, and mouthwash (U.S. Dept. of Health and Human Services, ,Review of Fluoride Benefits and Risks. 1991).
Fluoride Intake
Fluoride Concentration in Drinking Water
% Over 1 mg "Optimal" Dose
<0.3 mg/L
0.88 - 2.20 mg/day
as much as 120%
Unfluoridated Communities
0.7-1.2 mg/L
1.58 - 6.60 mg/day
"Optimally" Fluoridated
as much as 560%
2.10-> 7.05 mg/day
> 2.0 mg/L
Fluoridated communities
possible > 605%
(Table does not include Fluoride supplements, pharmaceuticals, emissions, and workplace exposures to fluoride)
RECOMMENDATION: The FDA should be required to put fluoride through the rigorous "controlled studies" necessary for "FDA Approval." If fluoride gains FDA approval, then it should be treated as a prescribed medication in order
to protect individuals from over-exposure.
Citizens for Safe Drinking Water
•

a not-for-profit ballot measure committee

3243 Madrid Street, San Diego, CA 92110

(800) 728-3833

jgreen@abac.com
Jeff Green Initiative co-ordinator

dkennedy@ucsd.edu
David Kennedy, DDS Initiative author

AMERICA: OVER-DOSED ON FLUORIDE
by Lynn Landes (215) 493-1070 and Maria Bechis (215) 321-3811 ., Chair & Vice Chair, Fluoride Committee, PA Sierra ' Club, March 14, 1997

The widespread and uncontrolled use of fluoride in our water, food, juices, soft drinks, beverages, and dental
products is causing pervasive over-exposure to fluoride in the U.S. population. Most developed countries have
banned fluoride in water. Today, over 50% of the United States population drink fluoridated water. In general,
Americans are not warned of the risks of fluoride. Food and beverage labels do not include fluoride concentrations.
Fluoride is the only chemical added to U.S. municipal water that is used to mass ,medicate, rather than to render
water safe to drink. It is not an essential nutrient. It has never received "FDA Approval"(U.S. Food . and Drug
Administration). It is listed as an "unapproved new drug." Although fluoride can occur naturally in some water supplies,
the type of fluoride added to water is a hazardous waste of the aluminum, uranium, and phosphate fertilizer industries.
For two consecutive years, 1995 & 1996, The Journal of the American Dental Association (JADA) has published
studies reporting on pervasive over-exposure to fluoride due to "the widespread use of fluoridated water, fluoride

dentifrice, dietary fluoride supplements and other forms of fluoride...(There is) an increased prevalence, of dental
fluorosis, ranging from about 15% to 65% in fluoridated areas and 5% to 40% in non-fluoridated areas in North
America." The 1996 study warned parents to limit their children's intake of juices due to excessive fluoride content.
Fluorosis is symptomatic of an over-exposure to fluoride throughout the body. Its visible characteristics are the
discoloration or pitting of the teeth. White flecks in the teeth may also occur. Fluorosis can lead to tooth decay. FDA's
claim that fluorosis is only a "cosmetic" effect is unsubstantiated. Fluoride accumulates throughout the body, over an
individual's lifetime. It effects all age groups with both long and short-term harmful health consequences.
In 1993, U.S. Dept. of Health and Human Services (1-IHS) stated in its Toxicological Profile on fluoride, "Existing data
indicate that subsets of the population may be unusually susceptible to the toxic effects of fluoride and its
compound& These populations include the elderly, people with deficiencies of calcium, magnesium, and/or vitamin
• C, and people with cardiovascular and kidney problems...Postmenopausal women and elderly men in fluoridated
communities may also be at increased risk of fractures."
Is there a margin of safety for exposure to fluoride? In the 1940's, when fluoridation of municipal water began, the
"optimal" level of exposure to fluoride for dental benefit was determined to be 1 milligram/day. Even at the
1 mg/day exposure level, 10% of the population were expected to contract dental fluorosis. It was estimated that
individuals drank 1 liter of water per day. Al that time, other sources of fluoride were scarce.
In 1986, the EPA set new "maximum contaminant levels (MCLs)" for fluoride. Above 2 mg/liter "children are likely to
develop objectionable dental fluorosis" and parents must be officially notified. Above 4 mg/liter, individuals are at risk
of developing "crippling skeletal fluorosis." It is against federal law to fluoridate water above 4 mg/liter.
Below is a summary and analysis of a Hi-IS table that estimates fluoride exposure levels from food, beverages,
toothpaste, and mouthwash (U.S. Dept. of Health and Human Services, Review of Fluoride Benefits and Risks, 1991).
Fluoride Concentration in Drinkin g Water /
Unfluoridated Communities <0.3 mg/L ,
0.7-1.2 mg/L
"Optimally" Fluoridated
> 2.0 mg/L
Fluoridated communities

/
Fluoride Intake
0.88 - 2.20 mg/day
1.58 - 6.60 mg/day
2.10-> 7.05 mg/day

% Over 1 me "Optimal" Dosage
L as much as 120%
, as much as 560%
possible > 605%

(Table does not indude: Fluoride supplements, pharmaceuticals, anissiats, and workplace exposures to fluoride)

RECOMMENDATION: The FDA should be required to put fluoride through the rigorous
"controlled studies" necessary for "FDA Approval." If fluoride gains FDA approval, then it should be
treated as a prescribed medication in order to protect individuals from over-exposure.

Most major developed countries do not
fluoridate their water supplies
Country

Population
(millions)

•

,Parc•nl of population
drinking artificially
fluoriciat•d water

Albania
Australla
Austria
Belgium'
Bulgaria
Canada

3.1
16.1
7.6
9.9
9.0
25.9

.0% .
66
0
0
0
50

Czechoslovakia -

15.6
5.1
16.6

20
0
9

Denmark
East Germany
Finland°
France
Greece
Hungary
Ireland
Italy
Japan
Luxembourg
Netherlands c

New Zealand
Norway
Poland
Portugal'
Romania
Spain
Sweden
Switzerland
U.K.
U.S.
U.S.S.R.
West Germany°
Yugoslavia

4.8

55.6
10.0
10.6
3.5
57.4

122.0
0.4
14.6
3.3
4.2

37.7
10.3
22.9
39.0
. 8.4
6.6
56.8
243.8
284.0
61.0
23.4

1..5
0

0
0
50
0
0
.0
0
66
0

4
0
0
Less than 1%
0
4
9
50
15
0
0

a One •aperimenuti vestment plant now Oiscontonueci. 0 One *Tall experimenui
vestmentC Di$CCintinve0 in 1976 after 23 years of e xp o/I rnentS C.DiSCOntin.
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. • FLUORIDES, HYDROGEN FLUORIDE, AND FLUORINE

A Toxicological Profile by the U.S. Dept. of Health and Human Services, Public Health Service, Agency for
Toxic Substances and Disease Registry (ATSDR) TP-91/17, Page 112, Sec. 2:7 (Health Impacts), April 1993

POPULATIONS THAT ARE UNUSUALLY SUSCEPTIBLE
Existing data indicate that subsets of the population may be unusually susceptible to the toxic effects of fluoride and
its compounds. These populations include the elderly, people with deficiencies of calcium, magnesium, and/or
vitamin C, and people with cardiovascular and kidney problems.
Because fluoride is excreted through the kidney, people with renal insufficiency would have impaired renal clearance
of fluoride (Juncos and Donadio 1972). Fluoride retention on a low-protein, low-calcium, and low-phosphorus diet
was 65% in patients with chronic renal failure, compared with 20% in normal subjects (Spencer et al. 1980a). Serum
creatinine levels were weakly correlated (r=0.35-0.59) with serum fluoride levels (Hanhijarvi 1982). People on
kidney dialysis are particularly susceptible to the use of fluoridated water in the dialysis machine (Anderson et al.
1980). This is due to the decreased fluoride clearance combined with the intravenous exposure to large amounts of
fluoride during dialysis. Impaired renal clearance of fluoride has also been found in people with diabetes mellitus and
cardiac insufficiency (Hanhijarvi 1974). People over the age of 50 often have decreased renal fluoride clearance
(Hanhijarvi 1974). This may be because of the decreased rate of accumulation of fluoride in bones or decreased renal
function. This decreased clearance of fluoride may indicate that elderly people are more susceptible to fluoride
toxicity.
Poor nutrition increases the incidence and severity of dental fluorosis (Murray and Wilson 1948; Pandit et al. 1940)
and skeletal fluorosis (Pandit et al. 1940). Comparison of dietary adequacy, water fluoride levels, and the incidence
of skeletal fluorosis in several villages in India suggested that vitamin C deficiency played a major role in the disease
(Pandit et al. 1940). Calcium intake met minimum standards, although the source was grains and vegetables, rather
than milk, and bioavailability was not determined. Because of the role of calcium in bone formation, calcium
deficiency would be expected to increase susceptibility to effects of fluoride. No studies in humans supporting this
hypothesis were located. Calcium deficiency was found to increase bone fluoridelevels in a two-week study in rats
(Guggenheim et al. 1976) but not in a 10-day study in monkeys (Reddy and Srilcantia 1971). Guinea pigs
administered fluoride and low-protein diet had larger increases in bone fluoride than those given fluoride and a
control diet (Parker et al. 1979). Bone changes-in monkeys following fluoride treatment appear to be more marked if
the diet is deficient in protein or vitamin C, but the conclusions are not definitive because of incomplete controls and
small sample size (Reddy and Srikantia 1971). Inadequate dietary levels of magnesium may affect the toxic effects of
fluoride. Fluoride administered to magnesium-deficient dogs prevented soft-tissue calcification, but not muscle
weakness and convulsions (Chiemchaisri and Philips 1963). In rats, fluoride aggravated the hypomagnesernia
condition, which produced convulsive seizures. The symptoms of magnesium deficiency are similar to those
produced by fluoride toxicity. This may be because of a fluoride-induced increase in the uptake of magnesium from
plasma into bone.
Some people with cardiovascular problems may be at increased risk of fluoride toxicity. Fluoride inhibits glycolysis by
inhibiting enolase (Guminska and Sterkowicz 1975; Peters et al, 19.64). It also inhibits energy metabolism through the
tricarboxylic acid cycle by blocking the entry of pyruvate and fatty acids and by inhibiting succinic dehydrogenase
(Slater and Bonner 1952).
There is evidence that daily doses of 34 mg fluoride (0.48 mg/kg/day) increases the risk of nonvertebral fractures in
women with postmenopausal osteoporosis (Riggs et al. 1990). Postmenopausal women (Danielson et al. 1992;
Sowers et al. 1991) and elderly men (Danielson et al. 1992) in fluoridated communities may also be at increased risk
of fractures.

Review of Fluoride Benefits and Risks (1991)
Committee to Coordinate Environmental Health and Related Programs
Public Health Service
U S Department of Health and Human Services (MIS)
Note MIS claims "optimum" fluoride exposure at 0.7 - 1.0 parts per million, based on a
person weighing I 10 pounds.

TABLE 11
Summary .. Daily fluoride intake of adults'
Fluoride Intake

Concentration
of Flubride in
Drinking Water Intake
Estimate'
mg/L

<0.3 mg,/1.

Food Sources

Drinking Water
and
Beverages.

Fluoride
Dentifrice'

Fluoride
Mouthrinsed

mg/day

0.2 to 0.8

0.1 to 0.7

0.018 to 0.145

0.56

(mg/kg/day1

0.004 to 0.0161

10.002 to 0.0141

10.0004 to 0.003)

10.011

mg/day

0.4 to 2.7

0.6 to 3.2 .

0.018 to 0.145

0.56

10.008 to 0.541

10.012 to 0.0641

10.04004 to 0.0031

10.011

1.2 to 3.4

0.9 to >3.5

. 0.018 to 0.145

. Not
Recommended

(0.02 to 0.071

10.018 to >0.071

(0.0004 to 0.0031

0.7 to 1.2 mg/L
Img/kg/dayl

>2.0 mg/L.
•

▪
▪
•

mg/day
ImgAg/day1

.

.

Estimated
Total Fluoride
Intake
0.88 to 2.2 4-211:441“/Ail/'
.10.016 to 0.041

espsoz-e
e Aceeckecil.

1.58 • 6.6 e_u,.-••-_calemicitc,
e•-101--r)
(0.03 to 0.131
Corr vrtecV

2.1 to >7.05 •
(0.04 to >0.14)

Calculation based upon adult weighing 50 kg.
Estimated daily fluoride intake for an adult based upon data extrapolated from various sources reponed in the scientific literature; ranges rounded
to reflect widest range from listed fluoride sources.
Assumed that fluoride dentifrice and mouthrinsc used twice per day.
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Comments on Drinking Water Standards

Comments on Reevaluating the Fluoride in Drinking Water Standard
by

Robert J. Carton, Ph. D.,
Vice-President, Local 2050 of the National Federation of Federal Employees (NFFE)
before the
Drinking Water Committee of the Science Advisory Board of the Environmental Protection Agency.
Arlington, VA, Nov. 1, 1991.

My name is Dr. Bob Carton, I am Vice-President of Local 2050 of the National Federation of Federal
Employees. Our union represents the 1100 scientists, lawyers, and engineers at EPA Headquarters.
We are the professionals who are responsible for providing the scientific , basis for EPA's regulations.
We have an obviously important stake in ensuring that the scientific process used in assessing risks
from chemicals is sound and that those who conduct this assessment are,not forced or coerced in any
way into supporting predetermined conclusions.
In this context, I am here today to alert you to the fraudulent nature of EPA's previous efforts on
fluoride and to request that you take an active role in insisting that EPA conduct an unbiased, indepth
investigation of the risks posed by exposure to fluoride, not a whitewash as occurred in 1985. Let me
explain to you what happened in 1985.
The fluoride in drinking water standard, or Recommended Maximum Contaminant Level (RMCL],
published by EPA in the Federal Register on Nov. 14, 1985, is a classic case of political interference
with science. The regulation is a fraudulent statement by the Federal Government that 4 milligrams
per liter (mg/ 1) of fluoride in drinking water is safe with an adequate margin of safety. There is
evidence that critical information in the scientific and technical support documents used to develop
the standard was falsified by the Department of Health and Human Services and the Environmental
Protection Agency to protect a long-standing public health policy.
EPA professionals were never asked to conduct a thorough, independent analysis of the fluoride
literature. Instead, their credentials were used to give the appearance of scientific credibility. They
were used to support the predetermined conclusion that 4 mg/1 of fluoride in drinking water was safe.
Ethical misconduct by EPA management included the following: they ignored the requirements of the
law to protect sensitive individuals such as children, diabetics, or people with kidney impairment.
Contrary to law, they made the criteria for considering health data so stringent that reasonable
concerns for safety were eliminated. Data showing positive correlations between fluoride exposure
and genetic effects in almost all laboratory tests were discounted.
By selective use of data, they fit science to the desired outcome. They reported to the Administrator
data demonstrating that dental fluorosis was an adverse health effect, but then hid this information
from the public when the Administrator decided to call dental fluorosis a "cosmetic" effect. The
National Institute for Dental Research had warned EPA that admitting dental fluorosis was an adverse
health effect would be contrary to the long-standing policy of the Public Health Service that
fluoridation at 1 mg/1 is totally safe. EPA had already admitted in the Federal Register that
objectionable dental fluorosis can occur at levels as low as 0.7 mg/l.
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EPA management based its standard on only one health effect: crippling skeletal fluorosis. In setting
the safe level at 4 mg/I, however, they ignored data showing that healthy individuals were at risk of
developing crippling skeletal fluorosis if these individuals happened to drink large quantities of water
at the "safe" level of 4 mg/I. EPA's own data showed that some people drink as much as 5.5
liters/day. If these people ingested this amount of water containing 4 mg/I of fluoride, they would
receive a daily dose of 22 mg. This exceeds the minimum dose necessary to cause crippling skeletal
fluorosis, or "20 mg/day for 20 years" as stated by EPA and the Public Health Service. This situation
is made worse by the fact that there are additional sources of fluoride, such as toothpaste, tea,
mouthwash, etc. Even more unsettling is the fact that there is no sound scientific basis for the 20
mg/day threshold. The threshold is probably lower.
There is evidence, ignored by EPA, in a preliminary study by Dr. Geoffrey Smith, that exposure to
fluoride at 1 mg/lin drinking water over a long period of time may calcify ligaments and tendons
causing arthritic pains, and may be partially responsible for the alarming increase in cases of repetitive
stress injury.
EPA management also relied upon a report from the Surgeon General which they knew was false.
This report claimed to represent the conclusions of an expert panel (on which EPA was present as an
observer) when in fact the concerns of this panel for the effects of fluoride on the bones of children,
for its effects on the heart, for dental fluorosis, and for the overall lack of scientific data on the effects
of fluoride in U.S. drinking water were deleted. There is a report in the press that these changes were
made without the knowledge or approval of the expert panel.
EPA accepted the falsified report from the Surgeon General's office and asked a contractor to turn
this into an "assessment." The contractor dutifully collected only literature that supported the report.
The report was submitted for public comment, but was never altered to incorporate the volumes of
information sent in by world class experts, and by ordinary citizens who had taken the time to look
for all of the appropriate literature. Any opinions contrary to the report were dismissed. It can truly be
said that there is no final report, because the substance of the public comment was virtually ignored.
What we have is actually a "Draft" stamped 'Final"!
After the regulation was published, NFFE Local 2050 spent a great deal of energy attempting to get
this issue resolved. We did not want any part of such a charade. In 1986, after numerous letters to
EPA management which were ignored, NFFE Local 2050 prepared an amicus brief in an unsuccessful
suit by the Natural Resources Defense Council to overturn the fluoride regulation. Our message
began to be heard in August of 1988, when Chemical & Engineering News, a weekly magazine of the
American Chemical Society, published a 17 page feature story on the fluoride issue, focusing in part
on our union's efforts. In 1989, with prodding from Mr. Reilly's staf, we had an exchange of letters
and some productive meetings with Mr. Bill Whittington, Deputy Assistant Administrator for Water,
who unfortunately has now left the Agency.
In one of these letters, we detailed for Mr. Whittington, our recommendations for conducting an
assessment of the risks from fluoride exposure. We grouped them into three categories: (1) focus on
the scientific endpoints the law requires us to examine which the previous effort did not, (2) bring in
scientific experts from around the world who have published extensively on various aspects of the
risks from fluoride exposure, and (3) create an independent scientific assessment committee with no
conflict of interest to peer review the report. We also recommended that all of this should be done
under the direction of EPA scientists with expertise in the various disciplines that an understanding of
fluoride risks requires: carcinogenicity, mutagenicity, metabolism, etc.
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We would like you to take these recommendations seriously. We do not need another exercise in
political expediency. And we do not need to see EPA scientists attacked by their managers, as is now
occurring, because they reveal unpleasant facts . A number of recent pUblications in prestigious
journals show there is overwhelming evidence that the aged population Of the US is experiencing a
significant increase in hip fractures as a result of the reckless practice of fluoridation. The senior
toxicologist who brought this and other negative information on fluoride to the attention of EPA
management is being threatened with dismissal.
It is about time that science prevailed on this subject, and past errors Were corrected. This will not
happen by using the so-called "Frank Young" report or the National Academy of Sciences to review
his report. This will only result in the same whitewash that emerged from the Surgeon General's
office. The NAS has already indicated that they will produce the party line, even if they can't
substantiate it. In a recent series of letters between the NAS, Ms. Darlene Sherrell, and Sen. Graham
of Florida, the NAS was forced to admit that it could not document the derivation of the chronic
effect level for crippling skeletal fluorosis. As already mentioned, crippling skeletal fluorosis is the
single health effect upon which the fluoride in drinking water standard is based.
EPA should reconsider their current plans to duck major responsibility for assessing fluoride risks and
should let EPA professionals do the job that the American public who pays their salaries expects of
them. The seriousness of the coverup on this issue requires that we go back to square one, evaluate
the primary literature and let the chips fall where they may. A budget commensurate with the size of
this task needs to be developed, even if it means going to Congress for 'a special appropriation. We
ask Your support in ensuring that the above recommendations are taken seriously.
NFFE Local 2050
Box 76082
Washington, D.C. 20013
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FLUORIDE IN DRINKING WATER
Fluoride oCcurS . naturally in water. It IS also added to drinking water 10 reduce tooth decay.
State agencies or local public water supply authorities make the decision as to whether or not to aoa
fluoride to specific drinking water supplies.
Drinking Water Standards
Fluoride in drinking water Is regulated under
Section 1412 of the Safe Drinking Water Act
(SDWA). When regulating a contaminant
under this Act, EPA promulgates both a
Maximum Contaminant Level Goal (MCLG, a
nonenforceabie health goal), and a Maximum
Contaminant Level (MCL, which is a federally
enforceable standard). The MCL It set' as
close to the MCLG as technically feasible
taking costs and other factors into

consideration. When establishing an MCLG,
the Act requires EPA to protect against
adverse health ettects with a margin of safety.
The SDWA leaves the question •of what
constitutes an adverse health effect to EPA.
EPA may also . promulgate nonenforceable
secondary standards which are designed to
protect the public welfare. Secondary
standards are. usually based on aesthetic
considerations such as taste or odor.
Fluoride Standards

>

In 1986, EPA promulgated both the fluoride
MCLG and MCL at 4 mg/I. This level protects
humans from crippling Skeletal fluorosIs. an
adverse health effect.

Fluoride Review
In 1992, as part of an ongoing review ot
fluoride, EPA requested the National Academy
of Sciences (NAS) to review fluoride toxicity
and exposure data. In addition, EPA signed a
consent decree in 1992 with Citizens
Interested in Bull Run, Inc. concerning a review
of the fluoride standard.
The National Academy of Sciences completed
the fluoride review in August 1993. Among
other points, they concluded that:
• The current 4 mg/I MCLG and MCL is appropriate as an Interim standard pending receipt
of additional data, and
• The question of whether dental fluorosis is
an adverse effect is wdecIsion for regulatory
agencies.
Findings and Conclusions
Based on the NAS review and other studies.
there are no data available at this time to
conclude that the fluoride drinking water

be revised.

At the same time. EPA also set a
nonenforceable Secondary Maximum

standards should

Contaminant Level Of 2 mg/I for fluoride in
.drinking water to protect against obiectIonabl;
dental fiuorosis (i.e., a staining and/or pitting
of the teeth). While community water sI s rns

EPA has requested that the U.S. Department of

are not required to reduce the level of fluoride
if it exceeds 2 mg/I, they are required to

distribute a public notice which advises that

e>

dental fiuorosis is a cosmetic effect and not an
adverse health effect.

children are likely to develop oblectionable
dental Iluorosis. In developing the MCL and

mCLG at 4 mg/I (vs. 2 • mg/I to protect
against dental fluorosis), EPA concluded that
the

•

Health and Human Services address whetner
dental :fluorosIs should be Considered an

.adverse health effect or a cosmetic effect
which may Impact the MCLG and MCL
standards. EPA has also asked the U S

Department of Health and Human Services to
. explore- ways to reduce fluoride exposure
when It exceeds beneficial levels.
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Fruit juices may foster fluorosis in children
Now evert fruit juices—those "healthy" alternative .

beverages for your children—may cause a not-so-healthy
response in their teeth. A recent study shows that too much
fruit juice could damage the enamel on your children's teeth,
reports the Academy of General Dentisuy, an
international organization of.34.000 general
dentists from the United States, its territories
and Canada dedicated to continuing dental
education to ensure the best possible dental
care for the patient.
An analysis of 532 juices was
conducted to determine the amount of fluoride in
these drinks. Manufacturers of ready-to-drink juices, frownconcentrate juices, and juice-flavored drinks were contacted
to determine bow much fluoride was in their juices. The
study concluded that more than half of the juices have more
fluoride than is reconunended.
Me problem with fluoride is that sometimes you
could have too much of a good thing." explains William

Chase, DDS, FAGD, spokr.sdentist of the Academy of
General Dentistry. "The ccxrect amount of fluoride can
prevent cavities, but too much fluoride can lead to Mows's,
which causes damage ID the enamel and even decay.
Fluorosis is typically characterized by either a chalky white

stain or a dark brown stain against a normal enamel.'
Investigators* of this study looked at the
recommended doses of supplemental fluoride and
determined which juices were above or below those
amounts. The recommended dose of supplemental fluoride
is between 0.30 and 0.60 parts per million. The results of the
study, however, show that about 43 percent had

concentrations above 0.60 parts per million, and 19 percent
had fluoride concentrations above 1.00 pans per million.

ages 5 years to 7 years drink less than a quart of fruit juice a
day because these are the formative years of the development
of enamel.
The study even differentiated which flavors of juice
bad the most fluoride. White grape juice had the highest
concr.ntratioas of fluoride, with a MaIll value of 1.45 pans
per million. The high fluoride content of grape juices was
attributed to the use of an insecticide that contains fluoride.
In contrast, grape juices prepared from grapes after the skin
had been removed contained no detectable concentrations of
fluoride. Thus, the authors . concluded that grape skins
appeared to have concentrated ILIDOUIIIS of fluoride.
Tea, prune1 cranberry, pear, red grape, cherry and
apple-grape juice all had titan fluoride concentrations
greater than 0.60 parts per million. Orange juices, lemonades.
fruit nectars and pineapple juices usually, but not always, had
lower fluoride concentrations.
*
There were wide Variations in fluoride
concentrations, ranging from 0.02 to 2.80 pans per million.
The fluoride content of most juices and juice-flavored drinks
correlated with the. arnount'of fluoride in the water used to
manufacture the product.

"Pan of the problem is that the product labels of
that juices contained no information about the large
differences in fluoride concentrations between the juices."
said Dr. Chase. "Manufacturers should Libel products with
their fluoride content."
This wouLJ be a daunting task. however,
because the same products usually have very
different fluoride concentrations because they
were manufactured at different sites.
O's
What a puff!

The good news is that 48 percent of the juices had
concentrations below 0.30 pans per million.

If you start smoking at age 18 and smoke one pack a
day, bow many teeth will you lose by the time you are

"This is very revealing," says Dr. Chase, who has
noticed an increase in fluorosis among the children in his
own dental practice. "Although fluoride can also be found in

35 years old?

drinking water and toothpaste, the fact that there's so much
fluoride in some of these juices is startling."
Parents have been coming to his practice
concerned about the chalky white marks on their children's
teeth, especially the two front, upper teeth. Because of this
study, Dr. Chase may begin recommending that children

,

•

Answer. Between 4 and 5 teeth. The Academy of
General Dentistry reports' tooth loss due to smoking
at the nue of 2.9 teeth every 10 years fur men and 1.5
teeth every 10 yam for Women.
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Please credit the Academy of General Dentistry
as the source of this information.

INTERVENTION: FLUORIDE SUPPLEMENTATION
INDICATIONS;.

Children1 Months to 16 years of age living in areas with less than optimally fluoridated water, for example, home or "primary" water supply
is fluoride deficient.

ADA Council on Scientific Affairs Recommendations, new dosaire schedule approved April 1994:
ACE

PLUCIRIDIE_JION_I-EVIIIL IN DRINICINO WATER (PPrei)

0.3-0.6.ppm . .

<0.3 ppm
Birth§ months
. .
6 months3 years
. 3-6 years
6-16 years

None
0.25
ing/darf
0.50 mg/day -1.0 meday

.

-

, None

>0.6 ppm
None

None –

None

0.25 mg/day

None
—
None

0.50 mg/day

...,—..._

1

• I.C1 ppm • 1 mg/11w
t 2.2 mg sodium fluoride amitina 1 mg fluoride ion.

ADVANTAOES: 'Permits eirly exposure, which TruLtirnizes protection. Fluoride supplements are
sold in two forms: drops for infants age 6 months and up. and chewable tablets for
children and adolescents. Systemic and topical benefits when chewed, swished
and swallowed. Caries protection from 6 months of age when used as
recommended.
LIMITATIONS:

All sources of fluoride must be evalusted with. thorough fluoride history. If
fluoride level is unknown, drinking water must be tested for fluoride content
before supplements are prescribed. For testing of fluoride content. contact the
local or state health . department. Requires long-term compliance on a daily basis.
Ingestion of higher than recommended levels of fluoride by children has been
associated with an increase in mild dental fluorosis indeveluping. unerupted
teeth .- Patient exposure to multiple water sources can make proper prescribing

40r

w: •••n•z

glitm n•n ni ma • =MGM •,n•

complex.

CONSIDERATIONS:

roomi • Caries reduction benefits must be balanced with risk for mild and very mild

w

Am= sin 1=1.710

fluorosis.
PATIENT: Home water.filtratiOn systems may remove fluoride. therefore. treated water
• should be tested. Other sourees of fluoride need to be determined, including
fluoride. prescribed by a physician. (Refer to Figure 5.)
ReFIBRIMICUS:

American Dental Association, Council on Scientific Affairs. Association Report on
Dietary Fluoride Supplements. JADA 1995 (In press).
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Risk of
Fluorosis in a
Fluoridated
Population

DAVID G. PENDRYS. D.D.S.. PH.D•

.

Implications
for the Dentist
and Hygienist
The preValence of
enamel fluorosis
has Increased in optimally 'fluoridated areas
recent years. This has led to efforts to Identify,i
the cause or causes and to make recomnsem:
datione that seek to maintain the cariespreventive effectiveness of fluoride use while ,
.
.
• .
,
-71
minimizing the risk of fluorosis. In this study,
the author estimated the potential direct impact that dental practitioners could have on
reducing the amount of enamel fluorosis in
U.S. children. The findings suggest that dental
practitioners could have an important impact
on reducing the prevalence of enamel fluoroels by guiding the public toward the most appropriate use of fluoride products.

he practicing dentist and hygienist are
important sources of information for
patients regarding the use of fluoridecontaining products, such as toothpaste. It is vitally important that
these health care professionals be kept
fully informed about new information and recommendations related to the most appropriate use of
these products. In this way, the findings of the research community can best ba transmitted to the
public at large.
The classic work of Dean' and subsequent community trials established that a fluoride concentration
of approximately 1 part per million in the dr'_nking
water imparted a significant reduction in caries,
while the occurrence of enamel fluorosis remained
low and limited to only very mild categories, unnoticeable to all but the trained eye." Since then, other
efficacious fluoride products have been introduced,
including fluoride tnothpaste,and supplements." •
In recent years, however, there has been an increase in the nrevalence of enamel fluorosis in both
optimally fluoridated and non-fluoridated communities.°-" leading to efforts to identify the =deriving
cause or causes. The goal of these investigations has
been to define the most effective recommendations
for preventing caries, while minimizing the occurJADA, Vol. 126, December 1995 1617
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rence of fluorosis.
Children younger than 6
years old generally swallow,
rather than expectorate, the
toothpaste they brush with,'"
and most of the toothpaste is
absorbed in the gastrointestinal
tract.":k Since nearly all of the
toothpastes in use today in the
United States contain fluoride,"
the inadvertent swallowing of
toothpaste by young children
has become a suspected fluorosis risk factor." Nevertheless,
until recently, consistent evidence of an association between
enamel fluorosis and use of fluoride toothpaste at a young age
was lacking.
In recent years, however, evidence has begun to accumulate. Osuji and colleagues" reported a strong 11-fold increase
in the risk of very mild fluorosis
associated with early brushing
in a population of 8- to 10-yearold Canadian children living in
an optimally fluoridated community. Pendrys and Katz" reported a non-statistically significant, but suggestive, threefold
increase in the risk of mild-tomoderate fluorosis associated
with early use of fluoride toothpaste in a population of 11- to
14-year-old children in Massachusetts and Connecticut who
had grown up in non-fluoridated areas.
Riordan" reported a nearly
threefold increase in the risk of
fluorosis associated with toothbrushing in a population of 7year-old Australian children
who had lived in both fluoridated and non-fluoridated
areas. Pendrys and colleaguesr
reported a nearly threefold increase in the risk of mild-tomoderate enamel fluorosis associated with frequent brushing
with fluoride toothpaste in a
population of 12- to 16-year-old
1618 JADA. Vol. 126. December 1995

Connecticut children who grew
up in optimally fluoridated
areas. In a study of children in
a North Carolina dental practice, Laltunandier and Rorier"
reported a threefold increase in
the risk of fluorosis associated
with the commencement of
brushing with fluoride toothpaste by children younger than
2 years of age.
While fluoride supplements
are intended to be used by
children served by a non-fluoridated drinking water supply,20
the inappropriate prescription
of supplements to children
drinking optimally fluoridated
water has been shown to be a
persistent problem." Pendrys

Since nearly all of the
'toothp. astes in use today
the. United St-2+es •
the
contain
.
. . .fluOride,7°
ina dire.rtent
iwallowmg
.•. .
of toothpaste hy.youngl
a
.became
chill:6111as
.
.
-.• •
suspected fluorosis.risk
factor.
and colleaguesr found a very
strong 23-fold increase in the
risk of mild-to-moderate enamel
fluorosis associated with the inappropriate use of fluoride supplements by children living in
optimally fluoridated areas.
which illustrates the importance of this problem.
Before 1979, infant formula
contained variable and often
high concentrations of fluoride
and has been shown to have
been an important risk factor
for enamel fluorosis."-"" Osuji
and colleagues" reported a 3.5fold increase in the risk of iluo-

rosis associated with use of in•fant formula. Riordan's reported
a 2.8-fold increase in the risk of
fluorosis associated with early
cessation of breast-feeding.
Pendrys and colleaguesr reported a 3.3-fold increase in the risk
of fluorosis associated with
milk-based infant formula and
a sevenfold increase associated
with soy-based infant formula.
However, in 1979, manufacturers of infant formula in the
United States voluntarily
agreed to control the concentration of fluoride in their products
at a low level, w with subsequent
studies indicating that this had
indeed occurred."
The demonstration of increased risk of fluorosis in a
population associated with a
specific fluoride exposure contributes information needed for
making rationally based recommendations for fluoride use. For
example, the very strong association between fluorosis and inappropriate use of supplements
illustrates the need to better
educate all health professionals
about the appropriate prescription of fluoride supplements.
However, the influence that a
particular fluorosis risk factor
will have on the overall prevalence of fluorosis in a population depends, not only on the
degree of increased risk associated
. with that specific exposure, but also on how frequently
that exposure occurs in the
population.
For this reason, it is important to estimate the proportion
of fluorosis observed in a population that can be explained by,
or attributed to, a particular
fluorosis risk factor. This proportion, called the attributable
risk, provides an estimate of the
reduction in fluorosis prevalence that would be expected if
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ure 1. Left Enamel fluorosis of mild to moderate severity is seen across much of this patient's dentition.
ht: Mild-to-moderate enamel fluorosls is more localized in this patient.

articular fluorosis risk factor
re eliminated." For example,
•attributable risk associated
.h inappropriate fluoride
)plementation and enamel
3rosis is an estimate of the
.uction in fluorosis prevace that would occur if all in)ropriate supplementation
:-e eliminated.
to date, there have been only
) published studies that have
essed attributable risk asso-.ed with enamel fluorosis;
ther of them involved a U.S.
nulation. In their study of
ladian children, Osuji and
eagues" reported that 22
-:ent of the fluorosis cases
Id be attributed to use of
Int formula. whereas 72 per: of the cases could be atuted to early toothbrush" In his study of Australian
dren, Riordan" reported
55 percent of the observed
!s of fluorosis could be atuted to early cessation of
ast-feeding. while 47 percent
le cases were attributed to a
ory of swallowing tooth(The sum of these values
•exceed 100 percent because
exposures are not mutually
usive.") There have been no
lished estimates, to my
wledge, of the attributable

risk associated with the inappropriate use of fluoride supplements by children living in an
optimally fluoridated community.
The purpose of this article is
to report attributable risk estimates for mild-to-moderate
enamel fluorosis on the maxillary anterior teeth of sixth- to
ninth-grade children who grew
up in optimally fluoridated communities in Connecticut. The
practical implications for patient education and practitioner
intervention are also discussed.
MATERIALS AND
METHODS

A detailed description of the
methods used in this investigation has been published elsewhere; therefore, I present
only a brief summary of the important elements here. All
study procedures were approved
by the University of Connecticut Health Center Institutional
Review Board. The study sample consisted of middleschool—aged children living in
six Connecticut communities
enrolled in a case-control investigation of fluorosis risk factors.
All six participating communities had begun fluoridation programs many years before the

births of these children.
Using portable dental chairs
and headlights, three examiners trained to use specific diagnostic criteria conducted fluor°.
sis examinations in the subjects'
schools during a one-month period. The examiners diagnosed
fluorosis using the Fluorosis
Risk Index," which categorizes
fluorosis case subjects and control subjects . based on the presence and specific location of
mild-to-moderate fluorosis according to the traditional clinical diagnostic criteria of
Moller," Russell" and Zimmerman." Figure 1 (left) shows a
subject with•mild-to-moderate
enamel fluorosis across much of
the anterior dentition. Figure 1
(right) shows a subject with
more localized fluorosis. The examinerS conducted random,
blind intereicaminer and intraexaminer reliability examinations daily throughout the
data collection period on 7 and
11 percent of the subjects, respectively.
For this analysis of attributable risk, 1 defined a fluorosis
case subject as any child who
had positive scores for fluorosis
on two or more enamel-surface
zones on the incisal two-thirds
of the maxillary anterior teeth

COVER STORY
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TABLE 1
ADJUSTS ATIIIIBUTABLE RISK ESTIMATES FOR MIIMO-MOBEHE
[WORDS'S ON THE MAXIBRYANTE111011 TEETH.*
VARIABLE

PERCENTAGE OF
CASES THAT CAN BE
ATTRIBUTED TO
EXPOSURE TO EACH
VARIABLE?

05 PERCENT
CONFIDENCE
INTERVAL

71

51-99

25

18-34

Brushed teeth
more than once
per day using

more than a peasized amount of
toothpaste

throughout the
first eight years
of life

Inappropriately
• given fluoride
; supplements
during the first
eight years of
• life

• arributable risk estimate (also known u the population attributable risk percentage)
I forThe
each or the two fluoride exposure variables was adjusted for the other fluoride variable,
I age and dental examiner.
I t The arcesutable risk equals the percentage of cases that can be attributed to a particular
exposure.

(canine to canine). A fluorosis

control subject was defined as
any child who had no positive or
questionable scores for fluorosis
on the incisal two-thirds of the
maxillary anterior teeth and
was not a case subject based on
any other enamel surfaces.
I obtained fluoride exposure
histories retrospectively via a
. questionnaire that was mailed
to the parents of all case and
; control subjects. This question .
naire had been pretested and
, used in a prior fluorosis risk investigation.= The questionnaire
asked for the main source of
, food (that is, breast milk, for, mule or cow's milk/solid food)
for each quarter of the subject's
first year of life and throughout
the second year. For each of the
child's first eight years, the par, ent was asked to indicate
the subject's residence;
am whether or not fluoride sup: plement drops or tablets (alone
1620 JADA. Vol. 126, December 1995

or as a multiple vitamin) were
! used;
: No the frequency of brushing
! (that is, did not brush, brushed
' once daily, brushed more than
•once daily);
ln the usual brand of toothpaste
used;
am by circling a drawing of different-sized toothpaste beads on
a toothbrush, whether the child
usually used a pea-sized or
greater amount of toothpaste
when brushing.
In all subsequent references
to the amount of toothpaste
used by subjects, I will refer to
this history of usual usage.
I offered parents $20 to return the completed questionnaire. A randomly drawn sam• pie of subjects completed the
: questionnaire a second time to
allow questionnaire reliability
to be assessed.
i I included in this analysis
only data from subjects who

were residents of an optimally
fluoridated community for the
entire eight-year survey period,
and whose questionnaires were
completed by a parent who had
resided with that subject for the
entire survey period. I determined the fluoridation status of
prior residences outside Connecticut using the Fluoridation
Census."
Adjusted attributable risk estimates were derived for each of
the early fluoride exposures
found to be strongly associated
with an increased risk of mildto-moderate enamel fluorosis on
the maxillary anterior teeth."
Adjusted 95 percent confidence
intervals were also generated
for these attributable risk estimates." I also derived an adjusted summary attributable
risk estimate to estimate the
total proportion of mild-to-moderate fluorosis cases within the
study population that could be
explained by the combination of
all fluoride exposures identified
in this investigation.

a

1
it

a
L.

: IC

RESULTS

A total of 916 subjects were examined for fluorosis, representing 95 percent of those enrolled
and 20 percent of all children in
; the targeted grade levels in the
I, enrolled
communities. Reli.
ability examination results
showed that there was 100 per: oent agreement on identification of fluorosis case subjects
vs. control subjects. The fluoride history questionnaires had
' a response rate of 89 percent.
: Analysis of a 13 percent reliability sample (n=74) revealed an
; average agreement between the
second and first questionnaire
responses of 87 percent. One
, hundred forty-six subjects with
; mild-to-moderate fluorosis on
the incisal two-thirds of the
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tory of having received inapprothan a peapriate fluoride supplements
sized amount of
during the first eight years of
toothpaste, and
'
life.
While not statistically siginappropriately
nificant;
the data suggest that
having been
using More than a pea-sized
given fluoride
amount of toothpaste and
supplements.
brushing only once per day conVirtually all of
veyed a moderate increase in
the toothpaste
the risk of fluorosis. Brushing
that had been
more than once per day with no
used by submore than a pea-sized amount
jects in this
of toothpaste was not associated
study contained
with increased fluorosis risk. A
fluoride.
Table 1 gives
history of formula use as an inFLUOROSIS EXPLAINED BY
EXCESS EARLY TOOTHPASTE USE
fant, while previously shown to
the attributable
OR INAPPROPRIATE FLUORIDE
be associated with fluorosis on
risk
estimates
SUPPLEMENTATION
other enamel surfaces," was not
for having
Figure 2. The estimated proportion of all cases of
brushed more
found to be significantly associmild-to-moderate fluorosis In fluoridated communi- than once a day
ated with fluorosis on the maxties that can be attributed to early use of more than
illary interior teeth.
using
more
the recommended amount of fluoride toothpaste
and inappropriate use of fluoride supplements.
than a peaFigure 2 shows that an estisized amount of
mated 78 percent of all cases of
maxillary anterior teeth and
toothpaste and for inapproprimild-to-moderate fluorosis on the
102 fiuorosis-free control subately using supplements during
maxillary anterior teeth in optijects were available for analysis
the first eight years of life, admally fluoridated communities
" after subjects were excluded eijusted for each other, for age
could be attributed to either the
ther because they had not lived
and for dental examiner.
use of More than the recom•in an optimally fluoridated area
Individual admended amount
for all eight years or the quesjusted 95 perof fluoride tooth!An
estimated
71
percent
tionnaire respondent was not a
cent confidence
paste or the inparent or guardian who had
intervals for
of the fluorosis-cases:Can appropriate use
lived with the child throughout
these atbe explained by a histo- ; of fluoride sup; his or her first eight years.
tributable risk
plements during
ry of having brushed
Seventy-five percent of these
estimates are
the first eight
subjects were life-long residents
also shown.
more than once a day
years of life.
of the community in which they
The table
,
with more thana
• pea- This summary
resided at the time of the study.
shows that an
estimate of the
sized amount of tooth- total number of'
These subjects, aged 12 to 16
estimated 71
percent of the
, paste (that is, greater
* years, were evenly divided accases explained
cording to gender and were
fluorosis cases
: than the recommended does not equal
nearly all white. reflecting the
can be exthe sum of the
:amount) throughout the individual atplained by a
town populations from which
first eightyears of life.
they were drawn.
history of havtributable risk
•
estimates beTwo early fluoride exposure
ing brushed
more than once
cause these two
patterns during the subjects'
fluoride exposures are not mutua day with more than a peafirst eight years were found to
ally exclusive.
sized amount of toothpaste
be strongly associated with an
(that is, greater than the recomincreased risk of mild-to-moderDISCUSSION
mended amount) throughout
ate fluorosis on the maxillary
the first eight years of life.
anterior teeth (P<.05). These
Twenty-five percent of the
These study findings are parpatterns were having brushed
ticularly important to the denmore than once a day with more cases can be explained by a hisFLUOROSIS
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TABLE 2
DEVISEll FLUORIDE SUPPLIMENTATION SCHEDULE AS ACCLPI ED BYTHE
ADACMINCIL ON SCIENTIFIC

CHILD'S AGE
Birth6 months

FLUORIDE
ION CONCENTRATION
IN I
DRINKING
WATER
.(0.3 ppm
0.3-0.6 ppm 9.0.6 ppm I
None

None

None

6 months3 years

0.25 mg/day

None

None

3-6 years

0.50 mg/day

0.25 mg/day

None

6-16 years

1 mg/day

0.50 mg/day

None

ppm.par.s per million (1 ppm E 1 mg/L).
• Adapted from 'Caries Diagnosis and Risk Assessment.'"

tal practitioner. They indicate
that the use of more than the
reco=ended pea-sized amount
of toothpaste throughout the
first eight years of life contributed to more than 70 percent of the fluorosis observed on
the esthetically important maxillary anterior teeth of children
who grew up in optimally fluoridated co=unities. It is important to understand, however,
that a history of brushing more
than once per day with a peasized amount of toothpaste was
not associated with increased
fluorosis risk. By contrast, the
data suggest that young children who use more than a peasized amount of toothpaste only
once per day are at a moderately
increased ; while not statistical. ly significant, risk of developing
fluorosis. Therefore, these find: ings support the belief that it is
: the amount of toothpaste used
during the early years, and not
the frequency of brushing itself,
that is an important underlying
fluorosis risk factor. These findings strongly support the three
main dental public health rec. ommendations that have been

made to reduce the amount of
1622 JADA. Vol. 126, December 1993

; fluoride ingested from tooth-

paste by young children.
The first recommendation is
that children younger than age
6 years should not use a toothpaste containing more than
1,100 ppm fluoride, and that
toothpastes containing more
than 1,100 ppm fluoride should
be clearly labeled to indicate
that they are not to be used by
children younger than age 6
years.° Dentists and hygienists
should advise parents about
which toothpastes should not be
used by their young children.
The second recommendation
is that children younger than
age 6 years should be supervised while they brush their
teeth and taught to use only a
pea-sized amount of toothpaste.4042241 This message to
patients is relatively simple and
the dentist and hygienist can
play a major role in communicating it. To be successful.
dentists and hygienists must effectively communicate with parents, especially since the directive to use only a pea-sized
, amount may conflict with long. held notions that more is bet' ter." While some toothpastes

carry labels with this message,
the dentist's and hygienist's involvement is clearly pivotal to
success. It is an area in which
practitioners, a major source of
oral health advice, have the opportunity to make an important
impact in the community.
The third recommendation is
not under the direct influence of
dentists. It is to introduce a reduced fluoride concentration
toothpaste (that is, one containing less than the current conventional 1,000 ppm fluoride),
specifically for use by preschoolaged children.° The rationale
for this is to limit the amount of
fluoride ingested per unit of
toothpaste swallowed. A consensus among dental researchers
and public health dentists has
not yet been reached concerning
this recommendation. Despite
the strong support of several re; searchers and public health
; dentists," .°-° others have mu! tioned against this approach.°
; Toothpastes with fluoride concentrations of between 250 and
500 ppm are marketed in
Europe, New Zealand and
Australia. NA However, a product of this type is not currently
available in the United States.
Introducing one would require
Food and Drug Administration
approval following appropriate
testing of caries efficacy, a process that would likely take sever41 years.
Some researchers also have
recommended that parents
avoid providing flavored toothpastes, which encourage young
•children to ingest them.°" Par. ents should also be advised to
keep toothpastes out of the
reach of toddlers° and to caution older preschoolers against
ingesting toothpaste recreationally.
These study findings suggest
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78 percent of the fluorosis on
a further role for the dentist tothe esthetically important maxward reducing the prevalence of
illary anterior teeth could be atenamel fluorosis. Studies have
tributed to the use of moreconsistently indicated that inappropriate fluoride supplemen- than-recommended amounts of
toothpaste or to inappropriate
tation practices are a problem
use of fluoride supplements
in the United States.°45-32 The
during the first eight years of
findings of this study indicate
that inappropriate use of fluolife. Clearly, the guidance proride supplements contributed to
vided by the dentist to patients
and local physicians could have
25 percent of the fluorosis oba major impact on the occurserved in this population of chilrence of fluorosis in fluoridated
, dren. It is, therefore, clearly important for dentists to keep
populations.
It is important to bear in
abreast of current recommendations for appropriately prescribmind that the estimation of ating fluoride supplements. Table
tributable risk for a specific ex•2 shows the most recent fluoposure (for example, toothride supplement prescription
schedule as approved by the
•
.1 .
.
Committee on Scientific Affairs
"The
guidance
provided
of the American Dental
by.ilie'cleriiit to patients
•Association,""'' the American
: Academy of Pediatric
*• and_loeal physicians
:
Dentistry° and the American
could have a major
Academy of Pediatrics."
the occurrence
. Studies indicate, however,
•that physicians are the major
of fluor.oSis in
source of fluoride supplement
dated populations:
prescriptions for young children." Therefore. the dentist or
•hygienist has the additional important responsibilities of
brushing habits) will depend on
am, providing information and the prevalence of other expoadvice to patients who are parsures in the population.'
ents of infants, including an
_Therefore, these values may
; evaluation of the child's current
vary from one population to anfluoridation/supplementation
other, as overall exposure
status;
prevalence patterns vary.
we working directly with the
However, the attributable risk
child's pediatrician or family
estimates generated in this
study relating to early use of
physician, via consultation and
advice, to ensure that fluoride
fluoride toothpaste and mild-tosupplementation is being appro- moderate enamel fluorosis are
priately managed:
consistent with the findings of
serving as a continuing eduOsuji and colleagues" for a
cational resource for family
population of 8- to 10-year-old
physicians and pediatricians in
Canadian children and those of
the community.
Riordan," for a population of
The potential for dentists to
7-year-old Australian children.
contribute to a reduction of fluo- Thus, while there have been
rosis is reflected in Figure 2,
only three studies reporting attributable risk estimates associwhich shows that an estimated

at,ed 4.ith enamel fluorosis,
their results are consistent with
one another. They all suggest
that the ingestion of fluoride
dentifrice by young children is
an important risk factor,
regardless of whether the community is fluoridated or not.
CONCLUSION

No studies, to my knowledge,
have reported attributable risk
estimates for fluorosis associated with inappropriate use of
fluoride supplements. The findings of this study indicate that
inappropriate supplementation
contributed to 25 percent of the
fluorosis observed in a population of children who grew up in
optimally fluoridated areas.
These findings suggest that the
major contributor to the overall
prevalence of fluorosis in the
six-community fluoridated area
was the early use of more than
the recommended pea-sized
amount of toothpaste, which
contributed to more than 70
percent of the cases of enamel
fluorosis.
Furthermore, these findings
suggest an important role for
the dentist and hygienist in preventing fluorosis. It was
Frederick McKay, a practicing
dentist, who first scientifically
investigated enamel fluorosis
or "Colorado Brown Stain," as
it was known early in this century).
"4' Therefore, it is entirely
appropriate that practicing dentists and hygienists have the
opportunity to meaningfully
contribute toward reducing the
prevalence of enamel fluorosis
in children today.
Dr. Pendrys is an assistant professor.
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Infants'
Fluoride
Ingestion
from Water,
Supplements
and Dentifrice
Concerns about dentai fiuorosis and the
paucity of detailed fluoride intake data.prompt-.
ed this longitudinal study of fluoride intake In
Infants from birth to 9 months of age. On average, water fluoride Intake greatly exceeded
that from 'dietary fluoride supplements or fluo ride dentifrice. . However, fluoride auP-Plarnerits"."
and dentifrice contributed substantial proper- .
bons of fluoride Intake among children using' •
them. So.rne children had estimated fluoride intake from water, supplements and dentifrice
that exceeded the recommended "optimal" Intake (a level that has yet to be determined scientiflcally). Practitioners should estimate fluoride ingestion from all these sources if
considering systemic fluoride supplementation.

STEVEN M. LEVY. D.D.S.. m.P.H.;
FRANK J. K01-40UT, PH.D.. M.S.:
MARY C. KIRITSY. M.SC.. R.D.:
JUDY R. HEILMAN. B.S.:
JAMES S. WEFEL. PH .D.

y the mid-1980s, the prevalence of
dental caries', in children had declined dramatically in the United
States and other developed countries. mainly due to the widespread
B use of fluoride in many forms.' More
recently, concerns have been raised about the increased prevalence and severity of dental fluorosis
in the United States4 due to the widespread ingestion of fluoride from a variety of sources. Local and
regional studies in the United States and Canada
have found the prevalence of mostly mild dental
fluorosis to range from about 20 to 80 percent.6-' In
an effort to help people achieve the "optimal" intake of ingested fluoride to balance dental caries
prevention and dental fluorosit, the recommended
dietary fluoride supplementation dosage recently
has been reduced in both the United States" and
Canada.0 In addition, prudent use of small quantities of fluoride dentifrice by preschool-aged children
has been widely recommended.'u (Author's note:
The optimal level of fluoride intake has never been
determined scientifically 'and has been used only in
general terms. Levy and Guha-Chowdhury u addressed the limitations of current knowledge of 'optimal" fluoride intake levels.)
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TABLE 1

cerning their infants at 6 weeks
and 3, 6 and 9 months of age.

ESTIMATED MAI f11101111ff INTAKE FROM WATER (mg)."
AGE
6
weeks months
(n1 22) (n=1 18)
Percentile
0 (minimum)
25
50 (median)
75
90
100 (no EL3CIECL urn )
Overall mean
(SD)
Means (SD) by
water fluoride
level (ppm)
c0.3
0.3-0.6
>0.6

months
(n=98)

months
(n=75)

0
0.02
0.14
0.46
0.83
1.24
0.29
(0.32)

0
0.02
0.14
0.56
1.06
1.57
0.35
(0.42)

0
0.01
0.24
0.62
0.93
1.29
0.38
(0.40)

0
0.03
0.14
0.49
0.80
1.73
0.33
(0.36)

0.03
(0.06)
0.20
(0.12)
0.46
(0.33)

0.04
(0.06)
0.17
(0.08)
0.57
(0.44)

0.03
(0.06)
0.17
(0.12)
0.64
(0.36)

0.04
(0.07)
0.13
(0.08)
0.46
(0.39)

Few rrudies have reported
comprehensively on fluoride ex! posures or ingestion by children;
•most of these studies have used
! retrospective designs, which
I may limit their validity and util;! ity,"- especially in terms of the
level of detailed response possible many years after the expo' sure. Little is known about the
relative importance of different
sources of ingested fluoride
among preschool children whose
I permanent teeth are developing
and who are at risk for dental
fluorosis. Levy, Kohout, Guha; Chowdhury and colleagues re! cently reported on the frequency
distribution of estimated intake

of fluoride from water by itself,
•mixed with infant formula and
mixed with other beverages
: among a group of infants from
: birth to 9 months of age." The
1626 JADA. Vol. 126, December 1995

!purpose of this article is to re-

port on the relative contribution
of fluoride ingested from water,
supplements and dentifrices to

overall fluoride intake among a
group of infants studied longitudinally from birth until 9
months of age.

METHODS
One hundred ninety-two women
with newborns were recruited in
1990 from the postpartum wards
of two Iowa City hospitals, after
they had delivered but before
they had left the hospital." This
constituted approximately 65
percent of all those invited to
participate. Appropriate informed consent procedures were
used. The mothers completed a
recruitment questionnaire and
subsequently completed structured mailed questionnaire: con-

•
•
•

The questionnaires focused primarily on the children's feeding
habits, water sources and intake,
as well as use of dietary fluoride
supplements and fluoride dentifrice during the time since the
previous questionnaire. Nonrespondents received a second
mailing after three weeks and
were contacted by telephone
again three weeks later.
Participants received tooth: brushes as incentives. Fifty-six
mothers did not return any questionnaire after recruitment, 21
I returned one of the four, 24 re; turned two, 26 returned three
and 65 returned all four.
Mothers reported whether
their infants had ingested any
of these 13 categories of beverages and food during the previous week, and if so, the average
daily amount ingested:
' ••• water by itself;
I= powdered concentrate for! mula reconstituted with water;
nI liquid concentrate formula
; reconstituted with water;
; mn ready-to-feed formula;
in cow's milk;
I EN breastmilk;
ready-to-drink juices;
; beverages reconstituted with
' water;
nI other ready-to-drink beverages;
ready-to-feed baby food;
NB powdered infant cereal reconstituted with water;
so other food made with water;
gm, table food.
! Total daily water intake was
estimated from the reported in: take of water by itself; powdered and liquid concentrated
formulas reconstituted with
water; beverages reconstituted
with water; powdered infant cereals reconstituted with water;
and other food made with water
(such as gelatin, pudding, soup).

COVER STORY

TABLE 2
DIETARY FL11ORIDE SUPPLEMENT USE.

VARIABLE

Percentage receiving
supplements

AGE
6
weeks months, months months

25

19

23

23

31
63
(29)

22
84
(26)

22
82
(30)

17
72

91
(19)
0.19
(0.08)

Supplement use
(among users only)

Number of subjects
Mean percentage
(SD) of weeks in
period
Mean percentage
(SD) of days per week
Mean daily intake
(SD) from supplementst

83

86

(28)

(22)

0.13
(0.08)

0.18
(0.08)

(35)

86
(26)

0.14
(0.09)

• In weeks when supplements were received.
Mean daily intake Emma supplements.(supplement dosage prescribed) . (proportion of weeks
that supplements were received) • (proportion of days that supplements were received).

In addition to completing a
questionnaire at each time
point, mothers also completed
, three-day intake diaries of all
beverages and foods that we
used to confirm the mothers'
answers concerning these categories of ingestion. We contact: ed the mothers by telephone or
' mail to clarify important discrepancies between questionnaire and diary responses. No
assessment of reliability of subject responses was conducted.
Fluoride levels of well water,
bottled water and filtered water
supplies in homes and child
care settings were assayed with
; a fluoride-specific electrode.
' Available information obtained
from the State of Iowa Health
Department reporting monthly
fluoride values was used to determine fluoride levels in those
homes and child care settings
using public water supplies. We
estimated the amounts of fluoride ingested from water at
each age by multiplying the
: amounts of water ingested

times the fluoride levels of the
water used.
At each time point, mothers
reported whether their infants
received dietary fluoride supple! ments. If so, then they reported
the number of weeks that supplements were given, the average number of days per week
given and the brand and dosage
used. From these responses, we
calculated an average daily
fluoride supplement dosage. If
dosage data were not available,
we assumed that the thenrecommended dosage of 0.25
milligrams of fluoride was used.
Mothers also reported
whether their infants had any
teeth yet, whether the teeth
were brushed, the daily frequency of brushing, whether fluoride
dentifrice was used, the quantity of dentifrice used (by choosing
from among pictures of toothbrushes with varying quantities
of dentifrice)"9 and an estimate
, of the proportion of dentifrice
usually ingested. From these re! sponses, we estimated the in-

fants' average daily fluoride
; dentifrice use and ingestion.
We analyzed the data using
: SPSS-PC Plus (SPSS Incorporated) with descriptive statistics generated at each time point
for each variable for the whole
, sample. Here we present selected
results according to composite
water fluoride levels (individually
weighted averages of home, bottled water and child care setting
sources) categorized as <0.3 parts
per million, 0.3 to 0.6 ppm or >0.6.
ppm, according to the dietary
fluoride supplement categories
for water fluoride levels recently
adopted by the American Dental
Association, the American
Academy of Pediatrics and the
American Academy of Pediatric
Dentistry."
The results presented here
are for the 122 respondents at 6
weeks of age, 118 at 3 months,
98 at 6 months and 75 at 9
months. This is the same group
of children followed longitudinally, not different groups at
each time period.
RESULTS

We compared the baSeline
responses at recruitment of respondents with those of nonrespondents at the different
time points to assess possible
non-response bias." No significant differences arose between
respondents and non-respondents in source of water, child
care plan, number of adults or
children in the family or family
income. Only on parent education did respondents differ significantly; the mothers and fathers of infants remaining in
the study at 6 months and 9
months of age had significantly
higher levels of education than
did the parents of non-respondents." We also compared 3month and 6-month fluoride inJADA, Vol. 126, December 1995 1627
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'TABLE 3

weeks that supplements were

used, they were used an average
of 83 to 91 percent of the days.
Among the children using supplements, estimated mean daily
fluoride
intake from supplements
AGE
varied only from 0.13 mg at 6
a
3
a
weeks to 0.19 mg at 6 months.
months
months months
No parents reported their in.
.
fants' using fluoride dentifrice
before their 9-month question0 •
0s
•
•
naires.
At 9 months, 88 percent
0.06
. 0.11
0.06
of the mothers reported that
0.29
0.22
0.21
their infants had 1 or more
teeth and 56 percent of these
0.49
' 0.56
0.68
said their infants' teeth were
0.80
1.06
0.98
being brushed. Among these 37
1.57
1.65
1.73
children, 40 percent had teeth
brushed less than once daily, 57
0.34
0.42
0.38
(0.36)
(0.41)
(0.37)
percent brushed once daily and
3 percent brushed twice daily
.
(mean=0.80, SD=0.36). Thirty
.-..
percent of those whose teeth
' 0.12
. 0.07
0.12
were brushed used fluoride den(0.11)
(0.14)
(0.08)
tifrice (n=11). The estimated
0.13
0.19
0.26
quantity of fluoride dentifrice
(0.11)
(0.14)
(0.08)
used per brushing varied from
0.60
0.65
0.49
less than 0.01 to 0.25 grams
(0.35)
(0.41)
(0.39)
(mean=0.08, SD= 0.07). The estimated quantity of fluoride ingested daily ranged from less
months with median intake of
than 0.01 to 0.25 mg (mean=
0.24 mg, while the mean intakes
0.06, SD=0.08).
were from 0.29 to 0.38 mg. The
Table 3 summarizes the estimaximum individual intakes
mated
total fluoride intake from
ranged from 1.24 to 1.73 mg per
water,,supplements and dentiday. Table 1 also presents the
means separately for water fluo- frice combined. The results are
very similar to, but slightly highride levels (weighted average of
er than, those shown in Table].
home, bottled and child-caresetting water sources) and catefor fluoride intake from water,
gorizes them as <0.3, 0.3 to 0.6,
since most infants received neither fluoride supplements nor
or >0.6 ppm fluoride.
dentifrice. There is substantial
Table 2 summarizes the use of
variation in total estimated fluodietary fluoride supplements.
ride intake from these sources,
Supplement use varied little at
I and the distributions are posithe different time points, and
tively skewed (means were
there was no apparent increase
! greater than medians). There
or decrease over time. Among
was a fairly consistent trend tothose who gave their children
supplements, the mean percentward increased daily fluoride in! ages of weeks (in each time peritake with increasing age (except
at 9 months). However, when ad1 od) that they used supplements
were 63 to 84 percent. In the
justed on the basis of fluoride in-

TOTAI FLUORIDE INTAKE FROM BM, SUPPUMENTS
AND DENTIFRICE (mg).
a .
vossius
Pe raezatile

.

0 (max
0
' Limourrt)
25
0.05
0.26
50 (soediszt)
75
6.49
- 90
------------ ---0.83
100 (maximum) , 1.24
Over-all mean
0.32
(SD)
(0.32)
':- - '....•
Mesas (SD) by
.....
a, ate r i).
fluoride
.
l e vel (p pm) . _. . . .._
<0.3
:0.09
(0.10)
0.3-0-6
0.20
(0.12)
>0.6
0.48
(0.33)

take estimates between those
responding and those not responding at later time points
(six months and nine months)."
Although we found no statistically significant differences,
those responding at more time
points tended to have a higher
estimated fluoride intake."
Table 1 summarizes the previously reported" frequency distribution of estimated total fluoride intake from water for the
total sample at each age checkpoint. There is substantial variation in intake, with the stand. ard deviations larger than the
means. The distributions are
skewed: the means are approximately twice as large as the medians. The medians were 0.14
mg of estimated ingested fluoride daily, except at age 6
1628 J.A.D.A, Vol. 126, December 1995
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trib'uted up to 46 percent, with a
mean of 19 percent.

I TABLE 4

PERCENTAGESOFFIEREINTAKEFIMATER,
DISCUSSION

SIIPPLEMENTSANDDENTIFRICE.
AGE

VARIABLE

From water
Range
Mean (all)
SD (all)
Mean (among
users only)
From supple: merits

w••ks

3
months

6
months

9
months

1-100
86
32
86

0-100
88
30
89

0-100
82
36
83

1-100
86
30
86

0-99
14
32
65

0-100
12
30
80

3-100
18
36
77

0-98
12
27
52

t

Range
Mean (all)
SD (all)
Mean (among
users only)

From dentifrice
Range
Mean (all)
SD (all)
Mean (among
users only)
take per unit body weight (milligrams of fluoride per kilogram
of body weight), fluoride ingestion remained relatively constant
or declined slightly with increasing age."." Table 3 also presents
the means reported separately
for the different water fluoride
levels (composite of home, bottled
and child-care—setting water).
Standard deviations also were
higher for those with higher
water fluoride levels.
Table 4 summarizes the separate distributions of total combined fluoride intake from water,
supplements and dentifrice that
come from each source separately. The mean percentage of this
intake from water varied only
slightly, from 82 percent for
6-month-olds to 88 percent for
3-month-olds. Overall, supplements and dentifrices contributed little to the fluoride intake.
However, among those using

0-46
2
15
19

supplements or dentifrice, these
sources contributed more substantially to fluoride ingestion.
For example, supplements contributed 12 percent (among 3-..
month- and 9-month-olds) to 18
percent (among 6-month-olds) of
the total fluoride intake from
these three sources for the whole
sample. However, when considered for only those receiving supplements, the percentage contributions ranged up to maximums
of 98 to 100 percent, and the
mean percentage contributions
ranged from 52 percent (at nine
months) to 80 percent (at three
months). Dentifrice ingestion
was not reported until the 9month checkpoint. Among the
total sample of 9-month-olds, the
mean percentage of fluoride intake contributed by dentifrice ingestion was only 2 percent.
However, among only users of
fluoride dentifrice, dentifrice con-

Sample. There are several factors to consider in interpreting
the results of this study.
Although the infants in this
convenience sample did show a
wide range of feeding patterns,
water fluoride levels and patterns of use of supplements and
dentifrice, the sample is not
necessarily representative of
the broader population of infants." The values of fluoride
intake calculated are estimates
only, derived from parents' reports that were not validated."
And fluoride intake from readyto-consume infant formulas,
juices, baby foods and other
foods and beverages was not inchided in this study." Also, the
ages of the participating infants
actually varied by anywhere
from a few days to several
weeks, which could affect food
and beverage intake patterns."
Furthermore, the numbers of
infants for whom we have data
varied across the time periods.
However, comparisons of baseline data from respondents and
non-respondents and of threeand six-month data according to
response/non-response at later
time points showed few significant differences. In addition,
other analyses (not described in
this article) showed similar dietary patterns and estimated
dietary intake for respondents
who provided data at all four
time points as for the respondents overall." Individual body
weights were not available;
thus calculations of fluoride intake per unit of body weight
u.sed only aggregate weights
linked to individual fluoride intake data and, therefore, are
only estimates." For these and
JADA. Vol. 126. December 1995 1629
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TABLE 5
PERCENTILES OF DISTRIBUTION OF ESTIMATED FLUORIDE INTAKE
FROM WATER, SUPPLEMENTS AND DENTIFRICE.*

PERCENTILE

ESTIMATED F
BODY
INTAKE FROM WEIGHT*
THIS STUDY
(KG)
(MO/DAY)

EXPECTED
"OPTIMAL"
F INTAKE
(MG/DAY)"'

6 weeks

50 (median)
75
90
3 months
50 (median)
75
90

6 moratlue •
50 (median)
75
90

9 mouths
50 (median)
75
90

0.26
0.46
0.83'

4.8
5.1
5.4

0.24-0.34
0.26-0.36
0.27-0.38

0.21
0.56
1.06

6.4
6.8

6.0

0.30-0.42
0.32-0.45
0.34-0.48

7.6
8.1

0.38-0.53
0.41-0.57

0.29
0.68
0.98

8.5

•

0.43-0.60

1
0.22

0.49
0.80

8.7
9.3

9.8

0.44-0.61

0.47-0.65
0.49-0.69

• Adapted from Levy and colleagues."
't Average weight of boys and girls combined." Body weight of 6-week-old infants has been
calculated by taking the average of weights of infants aged 4 weeks and 8 weeks.
Expected range of fluoride intake based on 0.05.0.07 mg fluoride/kg body weight traditionally being accepted as optimaL

other reasons, caution is neces- ; Contributions of fluoride
sary in generalizing from the
; sources on ingestion andinresults of this study, and specif- I take levels. We evaluated the
ic assessment of fluoride expocontributions of the three fluosures and ingestion must be
ride sources—supplements.
done at the individual level.
dentifrice and water (alone and
Despite these limitations,
in food and beverages)—to in1 this report has demonstrated
gestion and intake levels.
substantial variation in estiSupplements and dentifrice.
mated total ingestion of fluoride
When we averaged the con=ibufrom water, dietary fluoride
tons of dietary fluoride supple. ments and fluoride dentifrice
supplements and dentifrice
. over the whole study group. we
among children ranging from 6
weeks to 9 months of age.
•found that they contributed
small absolute quantities of fluoVirtually every child received
some fluoride from drinking
•ride ingestion and small percentages of total fluoride intake at
water, whether only at home or
each age from 6 weeks to 9
both at home and in the child
care setting. Supplements were
months. However, in the children
used by about 25 percent of the
who ingested supplements or fluchildren, and only a small peroride dentifrice, absolute quanticentage of 9-month-olds ingestties of intake from these sources
and percentages of total intake
, ed fluoride dentifrice.
1630 JADA. Vol. 126. December 1995

were substantially larger. For
some infants, estimated ingestion of fluoride from supplements
and/or dentifrice exceeded that
from water and all beverages
and foods prepared with water.
Thus, all three general sources of
fluoride intake—water, supple. ments and dentifrice—should be
considered when estimating total
fluoride intake.
Since children in this study
were studied only until 9
•months of age, fluoride dentifrice use was not yet nearly universal, as it generally becomes
by about age 18 months to 24
months. Fluoride dentifrice was
•used at 9 months by only about
30 percent of those whose teeth
were brushed, as many mothers
•initially brush without dentifrice until more teeth have
erupted. Thus, dentifrice would
be a much more important
source of fluoride intake at 12
months of age and thereafter.
• Water. Although infants who
had higher fluoride levels in
•their drinking water generally
•received more fluoride and
•clearly had higher mean fluoride ingestion than did those
with lower water-fluoride levels, there was substantial variability at the individual level.
Some children ingesting large
•quantities of water with moderate fluoride levels may receive
more fluoride than do others ingesting much smaller quantities
of optimally fluoridated water.

fr
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Ready-to-feed food and beverages. It would be desirable also

in

to include fluoride intake from
ready-to-feed foods and beverages or those prepared without
adding water. However, it generally is difficult to estimate
fluoride intake from these
sources since their levels can
vary substantially, especially
depending on the water sources
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for a meanweight (6.0 kg)
323:3-month-old,
• "
0.38-0.53 mg
fluoride for a
mean-weight
N. Otariout Is • pmMe. KIM.), M
Dr. Lamy to s pnof•o- .
(7.6
kg) 6lissiter, Depoebnsint
sore& simislant.
per end vtirktoto
month-old
and
SI Ilhoto•itatio• end
Dimoortmont tof
program Oltsater,
Dews Institut* ter
limmontivo mina
Docortmont
0.44-0.61 mg
Penult 111•••••on.
Community
Ilimmontom ana
fluoride for a
C•ll•.• of Coontiotioy.
Dontiouy. Golloge et .
Oitimmunky Dentmetv.
mean-weight
Unlmtronly •f
Donuatm. UnivilmOtv
ICongo* of Defttletrth
loom City.
at lows, loom Cloy.
; The Univers/Ty
(8.7 kg) 9i
Immo city, loom
month-old.
IWO& ANIMMII•
filarInt noctuomes
; used in their
• Mean (and median) fluoride
Or. iDOVV.
intake in this study from water.,
rnanufacsupplements and dentifrice (but,
ture."."-""
excluding other dietary fluoride
' This does not negate the need
intake) in infants up to 6 months
for the clinician to estimate a
old was within or less than these
child's total fluoride intake to
j optimal total daily intake
(account fur any substantial
quantities of ready-to-feed high- ranges. However, the 75th per; fluoride foods or beverages—for
centiles from our data for
I; instance, ready-to-feed soy' 6-week-olds, 3-month-olds and
! based infant formulas, chicken
•6-month-olds clearly exceeded
the ranges for 75th percentiles Of
1 baby foods, infant grape juices,
tea—that the child may be conexpected optimal intake by
about 0.10 to 0.27 mg, The 90thf
; suniing. Perhaps mean values
could be used as estimates for
percentile of estimated fluoride
these products' fluoride levels.
intake exceeded the expected opThe optimal intake level.
timal daily fluoride intake for all
We reported previously that estiage groups from 6 weeks to 9
mated daily fluoride intake only
months, with the extra amounts
from water itself, from water
being about 0.45 to 0.56 mg for
added to beverages and from
6-week-olds, 0.56 to 0.72 mg for,
i foods made with water probably
3-month-olds, 0.38 to 0.55 mg for
I exceeded the traditionally accept- •6-month-olds and 0.11 to 0.31
mg for 9-month-olds. These 90th
ed optimal total daily fluoride inpercentiles of intake for 6-weeki take of 0.05 to 0.07 mg fluoride
per kg of body weight for a sub•olds and 3-month-ol4s are more:
than twice the expected optimal
stantial percentage of the infants
in this study.'" Similar and slight- intake, with the proportional differences somewhat less dramatic
ly stronger patterns of fluoride
for
those 6 months or older.
intake that exceed optimal fluoDeciding when to use a
ride intake are evident when intake from supplements and den- , supplement. With the majority
tifrice (Table 3) are included. For I of children having much less !
' example, a total optimal daily flu- decay than in the past, with di 1verse sources and variable • ,
oride intake of 0.05 to 0.07 mg
•quantities of ingested fluoride
fluoride/kg body weight would
•and with the role of systemic
mean totals (Table 5) of about
I fluoride understood to be less
! 0.24-0.34 mg fluoride for a 6, week-old with mean body weight
important than previously believed, decisions about use of di1 of 4.8 kg, 0.30-0.42 mg fluoride

etary fluoride supplements are
more complex than they were in
the past. Their use has been
; questioned." because it increases the risk of dental fluorosis,
while average reductions in
I decay are more modest compared with those in the past.
1 Therefore, our research
group""" and others'"' have
recommended more conserve! tive use of dietary fluoride supplements, although continued
emphasis on dietary fluoride
i supplements has also been rec. ommended." Specifically, our
research group recently recom1. mended" that supplements be
'considered a targeted preventive regimen instead of being
used routinely for the general
population of all children living
in non-fluoridated areas."
When considering use of dietary fluoride supplements, assessment of the patient's caries
risk should be a primary consid, eration." Although this determination is especially difficult
to make for young children,
•often the "previous caries history for the child, siblings, and
! parents; the family's dental
•knowledge and preventive ori! entation; the'child's physical
and cognitive status and use of
I medications; the child's oral
I preventive behaviors; the child's
: other fluoride exposures; and

possibly results of caries activi1 ty tests" are important aspects
to consider.
1 Monitoring fluoride in' take. The results of this study
i are consistent with our recent
! recommendations" concerning
dietary fluoride. Since it is•diffi' cult to avoid excessive intake of .
, fluoride by adjusting fluoride
take via control of food and bey
-'eragconsumpti,"ry
emphasis should be on limiting
, flucride ingestion from the more
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defined sources of supplements
•and dentifrices. However, manu, facturers of bottled waters, juices
and soft drinks; infant formulas;
and baby foods should be required to monitor and list the fluoride levels on their products."
Also, "infants receiving substantial quantities of infant formula
•generally should not use powder
or liquid concentrate if water fluoride levels are near optimal or
' above, since the water fluoride
alone might then exceed total,
recommended daily levels!"2
Monitoring dentifrice use.
Concerning dentifrice use, the
prevention of ingestion of large
quantities of fluoride dentifrice
by young children should be a
major emphasis of the whole
dental team within the office, as
well as of professional organizations and manufacturers. Use of
: small, pea-sized quantities of
; dentifrice by young children;
parental responsibility for placement of dentifrice and actual
•brushing. with special attention
•to dentifrices flavored for chil•dren that may encourage ingestion" and those with high
fluoride concentration; and eliminating corporate promotion of
•use of a full strip of dentifrice
are all important components of
such efforts. u. " . "4° In addition,
emphasis on future research and
•acceptance of dentifrices that
: have a lower-than-conventional
1632 JADA. Vol. 126, December 1995

It is hoped that by considering
all sources of ingested fluoride;
making more conservative, individualized use of dietary fluoride supplements; and prudently using fluoride dentifrice,
dentists and their patients can
best balance caries prevention
and the risks of dental fluorosis.
Also, because physicians prescribe most of the dietary fluoride supplements used by infants and young children, it is
important for dentists and Or
other members of the dental
team to discuss these considerations with their medical colleagues. •
Parts of this research were presented at the
1994 annual meetings of the Internanpnal
Association for Dental Research and the
American ABIOCSCOri of Public Health
Dentistry.
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Few studies have investigated
fluoride exposures from juices
and julce-flavored drinks manufactured with water. In this
study, the authors analyzed 532
juices and juice drinks for fluoride. Fluoride ion concentrations
ranged from 0.02 to 2.80 parts
per million, In part because of
variations in fluoride concen-

dramatic decrease in dental caries among children in developed
0countries
has been attributed to the widespread use of fluoridated
water, fluoride dentifrice, dietary fluoride supplements and other
forms of fluoride." This health benefit has been accompanied by an
increased prevalence of dental fluorosis, ranging from about 15 to
65 percent in fluoridated areas and 5 to 40 percent in nonfluoridated areas in North America." Water, beverages made with
water, dietary fluoride supplements (drops and tablets) and unintentional ingestion of fluoridated dentifrice are thought to be important sources of ingested fluoride among young children."
All individual fluoride sources are important, although it is the
total fluoride intake from all sources that is critical in the development of fluorosis." However, the amount of fluoride needed to
cause fluorosis is not known precisely,' and variation among individuals probably exists.

trations of water used In production. Children's ingestion of
fluoride from juices and juiceflavored drinks can be substantial and a factor in the development of fluorosis.

STUDIES OF FLUORIDE INTAKE FROM BEVERAGES

Recent dietary studies indicate that water intake among children
has declined and consumption of soft drinks and juices has increased in recent years.'"-'"
National survey data indicate that
children younger than age 1 year consume an average of 3 ounces of
juices and other beverages per day, 'children aged 1 to 2 years consume 9 oz and children aged 3 to 5 years consume 10.5 oz." (For
each liter of juice, the number of milligrams of fluoride ingested
equals the fluoride concentration in parts per million, so that an 8oz glass [approximately 0.25 LI of juice with a fluoride concentration of 1 ppm would provide about 0.25 mg of fluoride.)
Investigators have indicated that the increased consumption of
soft drinks and juices prepared with fluoridated water may be a significant source of systemic fluoride for children, and have implicated
this source as a risk factor for dental fluorosis in young children."
phenomenon has been called the "diffusion effect" or
"halo effect" when those living in nonfluoridated communities ingest
fluoridated beverages that have been produced elsewhere." Both the
fluoride content of beverages and the quantity of beverages consumed by children have been the subject of several studies."'
12.14-111.1111 This

JADA. Vol. 127. July 1996 895

lifSfARCH

FLUORIDE CONCENTRATIONS OF JUICES AND j uicE.R.AvoR[g DRINKS.. -

TABLE 1.
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CONCENTRATION
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0.56
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The fluoride contentof beverages prepared with water varies
among products made by different manufacturers, as well as
among products made by the
same manufacturer.' The
variability among juices is determined mainly by the fluoride
content of the water used at the
site of manufacture.".2L2'
IOWA FLUORIDE STUDY

As part of a multiyear study of
early childhood fluoride exposures, dental fluorosis and dental caries (the Iowa Fluoride
Study), we have undertaken a
systematic analysis of fluoride
concentrations of many foods
and beverages consumed by
young children. These products
include juices, juice-flavored
drinks, other beverages, water
from the home and from child
care facilities, bottled waters,
infant formulas, and infant
foods and cereals available in
lowa.
A previous report summarized our results involving fluoI ride concentrations in water
and infant formula." The goals
896 JADA. Vol. 127. Juiy 1996

•
.

MATERIALS AND
METHODS

Our research team purchased
all of the juices and juice-flavored beverages available in
Iowa City, Iowa, from the four
largest supermarket chains. We
recorded the brand and product
names, ingredient information,
product codes stamped on the
packages and manufacturers'
. information (name, address and
telephone number) for all beverages. Batch numbers of the beverages were also recorded to de. termine distribution routes. We
contacted manufacturers by
telephone for information concerning sites of production, in-

0.85

•

0.02-2.80

111.-`T: Lee4L.TrYrt t :SI-h. - • - ,-'
inparisparsiilliai ..

..;.: . *e4r •- *-, .... .' -•-:

of this report are to summarize
. the results from our analysis of
532 ready-to-drink and frozen. concentrate juices and juice-fla, vored drinks available in east: ern Iowa, to discuss the
challenges associated with determining fluoride concentrations in water used in the manufacturing process and to
discuss the implications for dental practice.

•

'-';'

.

. '•

'

: chiding water sources; water
! fluoridation status; and water
' filtration systems used. We also
obtained information concerning routes of distribution from
the various manufacturing sites
to Iowa.
Frozen-concentrated beverages were reconstituted volt'.
metrically with distilled water.
according to the manufacturers'
'directions. We analyzed beverages for fluoride concentration
directly using the fluoride ion, specific electrode (Orion model
no. 9609, Orion Research Inc.
and ionalyzer (Orion model no.
! 920). An earlier report describe5
in detail our laboratory methods of analysis."
RESULTS

Table 1 summarizes the results
of our analyses of the 532 differ
ent juices and juice-flavored
drinks purchased. We used the
values 0.30 and 0.60 ppm to establish categories that are consistent with the recently revise(
fluoride supplement dosage
schedule recommended by the
American Dental Association.
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the American Academy of Pediatrics and the American Academy of Pediatric Dentistry.'
The overall mean fluoride concentration for the 532 juices analyzed was 0.56 ppm. Approximately 48 percent of the juices
had concentrations below 0.30
ppm. 43 percent had concentrations above 0.60 ppm and 19
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percent had fluoride concentramean value of 1.45 ppm. In addition, tea, prune, cranberry,
tions above 1.00 ppm.
pear, red grape, cherry and
Table 2 summarizes the fluoride content of the juices accord- ' apple-grape juices and juice-flai. vored drinks all had mean fluoing to the first flavor listed in
the product name and the mean
ride concentrations greater
fluoride concentration (in dethan 0.60 ppm. Other flavors
. scending order). White grape
r ; analyzed had mean fluoride
juices had the highest concenconcentrations below 0.60 ppm.
All of the juices and juice-flatrations of fluoride. with a
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TABLE 3

FLUORIDE CONCENTRATIONS OF PRODUCE WITH GRAPE JUICE AS AN INGREDIENT (N=531). 4
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vored drinks had wide ranges of
fluoride concentrations: in most
cases. the upper limit exceeded
1.50 ppm.
Table 3 compares the fluoride
concentrations of juices and
. juice-flavored drinks with and
without white grape or red
grape juice as ingredients.
• Products containing white
grape or red grape juices generally had higher fluoride concentrations than other products.
but the maximum values were
similar. The 19 juice products
that contained white grape juice
had a mean fluoride concentration of 1.33 ppm. Juices and
juice-flavored drinks containing
red grape juice had a mean fluoride concentration of 1.00 ppm.
Those that did not list grape
juice as an ingredient had a
mean concentration of 0.57 ppm.
We found great variation in
fluoride concentrations when
we conducted our analysis of
products from the same company but from different manufacturing sites. Table 4 illustrates the variation in water
sources and fluoride concentrations of three products manufactured by one company. The
same-flavor juices varied in
898 JADA. Vol. 127, July 1996

their fluoride content according
to the site of manufacture: with
significantly lower fluoride concentrations found in juices manufactured at the nonfluoridated
sites.
For example. a juice labeled
as "apple-grape" manufactured
at one nonfluoridated site had a
fluoride concentration of 0.28
ppm. while the same brand and
flavor of juice (apple-grape)
manufactured at a fluoridated
site had a fluoride concentration of 0.88 ppm. The product
label contained no information
about-the large differences in
fluoride concentrations between
the juice batches. Thus, the
same products may have very
different fluoride concentrations
because they were manufactured at different sites. Because
no sites of manufacture were
listed, consumers and dentists
should not assume that the
same products are manufactured at a single. uniform site
having consistent fluoride concentrations.
DISCUSSION
Our study is limited in that we
purchased products from only

one geographic area: conse-

_

'RANGE
(PPM)

(PPM)
1.40

.

1.33

(3.6)

•
66 (12.4)

'... 2 ."" MEDIAN
CONCENTRATION

`**

0.05-2.45

0.02 -2.64
• ..•
".•-• - -.

-

quently. extrapolating our results to the rest of the United
States warrants careful consid

eration. However, to place our
results in context. it is helpful
to understand the production
and distribution routes of juice:
and juice-flavored drinks
throughout the country. For
some juices (apple juice in particular), the fruit is grown and
processed locally and shipped
throughout the United States.
For other juices. the juices or
juice concentrate is purchased
from other locations, both within the United States and internationally, and processed and
shipped throughout the country.
Individual companies may

have multiple sites of production. For some companies. both
the fruit source and water
source may be relatively constant throughout the United
States. For other companies.
the fruit source may vary
among batches of juice product
manufactured at individual
sites: in addition. water fluoride
concentrations may differ at
various production sites •Joe
Utzman. Golden Gem. ..popka.
Fla.. oral communication. Oct.

IlL

ii L. I1IlL IL

water. In contrast. grape juices
prepared from grapes after the
skin had been removed contained no detectable concentrations of fluoride. Thus. the authors concluded that grape
skins appeared to have concentrated amounts of fluoride.:'
Our investigations revealed
that the majority alone compa: ny's infant juices distributed to
Iowa were manufactured with
fluoridated water: 94 percent
had fluoride concentrations
above 0.71 ppm. By contrast. we
: found that another company's
; infant juices were manufac• tured at four sites that ship
products to the state. including
•three sites that used nonfluoridated water. As a result. the
fluoride concentrations of these
• products varied more, but generally were lower than concentrations of products manufactured with fluoridated water.
. Such variability increases the
difficulty of assessing total fluoride intake...
A smaller study in the late
1970s" found that infant, juices
available in Iowa City varied
considerably in fluoride concentrations. Similar to our findings, one manufacturer's prod• ucts had higher concentrations
of fluoride than another manufacturer's products. Adair and
Wei attributed the variation
mainly to the different concentrations of fluoride in the water
. used during processing."
One manufacturer produces
many of the cranberry juice
' drinks on the market. In our investigations. 91 percent of the
samples analyzed from this
company had fluoride concentrations above 0.60 ppm imean
concentration. 0.97 ppm: median. 1.01 ppm: range, 0.08 to
1.29 ppm. We also discovered
that the only plant that ships
900 JADA. Vol. 127. July 1996
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the cranberry juice drinks to
Iowa has a fluoridated water
source.
In addition to variations in
fluoride concentrations caused
by different sites of manufacture. the site of production may
change over time. For example.
one manufacturer of bottled'
water we reported on earlier
changed its water source, resulting in a reduction in fluoride concentration from 1.36 to
0.41 ppm." Similar changes
could occur with juices and
juice-flavored drinks.
Children who drink I
quart of juice per day
' and only a little milk
may be at higher risk
of developing fluorosis than those who
consume only a few
ounces of juice per
day and I qt of milk.
We found that the form of the
juice had little overall effect on
the fluoride concentrations
measured. Ready-to-drink
juices and juice-flavored drinks
had a mean fluoride concentration of 0.57 ppm. while frozenconcentrated juices and juiceflavored drinks reconstituted
with distilled water had a mean
fluoride concentration 0.0.54
ppm. Clearly, had these products been reconstituted with
anything other than low-fluoride water. their mean:fluoride
concentrations would have exceeded those of ready-to-drink
products.
We did not analyze powdered
drink mixes in this study since
most of the fluoride conies from
the water used to reconstitute

the beverages. The fluoride content of powdered fruit drinks—
such as Kool-Aid (Kraft General
Foods) and Tang Orange
(Kraft)—reconstituted with
• deionized water is generally
less than 0.1 ppm. :c Reconstituting powder or liquid-concentrated beverages with optimally
or near-optimally fluoridated
water essentially makes the
• beverages optimally or near-optimally fluoridated.
In addition to the fluoride
; concentrations of products, the
quantities consumed are also
I important. Children who drink
1 quart of juice per day and only
a little milk may be at higher
risk of developing fluorosis than
those who consume only a few
ounces ofjuice per day and 1 qt
of milk (which is low in fluoride).
However, for children who
consume juices with fluoride
concentrations approaching
2.80 ppm, even small quantities
would substantially increase
.° One
their total fluoride intake
large manufacturer is now mar:
. keting its white grape juice as a
better choice than apple juice
i for infants and young children
because of its better digestibility.' However, increased consumption of these high-fluoride
juices may contribute substantially to an infant's total fluoride intake.
• Studies such as ours assess: ing multiple fluoride sources
; and total fluoride ingestion are
valuable, especially in light of
• the new, more conservative
. dietary fluoride supplement
protocols recommended by the
American Dental Association.
the American Academy of Pediatrics and the American Academy of Pediatric Dentistry and
the increased awareness of den. tal fluorosis.'" Recent recommendations'"" for beverage
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21. 1993). Therefore, although
the specific fluoride values obtained for juice products may be
specific to our study. the variance within and among juice
types is not specific to our study
and is applicable to a wider geographic area. .
We found wide variations in •
fluoride concentrations, ranging
from 0.02 to 2.80 ppm. Fortyeight percent of the products
analyzed had fluoride concentrations below 0.30 ppm. while

content of most juices and juiceflavored drinks correlated with
the amount of fluoride in the
water used to manufacture the
product.'""-1 Of the 532 juices
and juice-flavored drinks we
tested. 250 (47 percent) were
manufactured at fluoridated
sites. The mean fluoride concentration of these juice products
was 0.88 ppm. compared with
0.28 ppm for products prepared
with nonfluoridated water.
Juices and juice-flavored

19 percent had concentrations

drinks containing grape juice.
especially white grape juice.

above 1.00 ppm. The fluoride

had substantially higher concentrations of fluoride than did
other juice products. In a recent
study of ready-to-drink juices
and juice-flavored drinks.
many of the grape juices analyzed were found to contain
even higher concentrations of
fluoride. Stannard and colleagues-" attributed the high
fluoride content of grape juices
from different companies to the
use of an insecticide that contains fluoride (not identified in
the article). since many of the
juices were made without added
JADA. Vol. 127. Jut' 1996 699
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types of juices and juice-flavored drinks (prune. cranberry.
pear, grapefruit, cherry, apple
and mixed fruit) had fluoride
concentrations that varied more
substantially, making it difficult to develop broad recommendations.

who are considering prescribing
manufacturers to label products
dietary fluoride supplements for
with their fluoride content •
those with nonfluoridated water
would be helpful, but many
inquire about young children's
manufacturers may be relucfluoride exposure from all imtant to. voluntarily commit the
portant sources, including denresources needed to track these
tifrice. infant formula (type,
values.
brand
and quantity), water
Some researchers have sug(Sources,
quantities and filtragested that the use of fluoridattion system) and beverages (ined beverages by consumers in a
cluding specific juices and juicenonfluoridated area could have
a beneficial effect on caries, and • flavored drinks).
Questions about beverages
result in an increased intake of
should be detailed enough to defluoride. 51012 Consumption of
termine whether juices and
beverages made with fluoridated water could provide amounts •juice-flavored drinks are from
the categories most likely to
of fluoride similar to, or greater
•provide substantial fluoride
than, those obtained from
concentrations (Tables 2 and 3).
fluoridated tap water; conse• Our results show that teas conquently. fluorosis is a risk even
• in nonfluoridated areas.
sistently had high fluoride conThe true risk factor or detercentrations (Table 2), as did the
majority of beverages with at
minant of the occurrence and
severity of dental fluorosis is
least some white grape juice or
total fluoride ingestion."°
. red grape juice (Table 3). Our
However, precisely estimating
•data suggest that young
total fluoride intake is quite difchildren who regularly or freficult in research studies and
•quently drink substantial quanclearly not feasible in clinical
tities of these beverages possipractices." Substantial fluoride
bly should not receive dietary
intake from a single source (for
fluoride supplements, since
example. dentifrice, supplethey might be at increased risk
ments, water, juice) could put a
•of developing dental fluorosis.
child at high risk, even when inOrange juices, lemonades,
take from all other sources is
fruit nectars and pineapple
moderate or low.
juices usually, but not always,
Thus, we
had lower fluoride concentrarecommend
tions and would present fewer
problems in regard to prescribthat dentists
ing supple.
•
ments. Other

' copicLuseok
In this study, we found considerable variation in the fluoride
I
co
ntent of juices and juice-flavored drinks. Sources of variation include flavor, brand, manufacturing site and distribution
patterns. While it is dearly difficult to fully explore these factors
when assessing fluoride intake
and making fluoride recommendations, we urge dentists to consider the quantity, brand and
flavor of juices consumed by
young children before prescribing fluoride supplements.
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atahe University of Iowa when this research
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EFFECT OF FLUORIDE EXPOSURE
ON INTELLIGENCE IN CHILDREN
X S Li,a J L Zhi, b and R 0 daoc
Guizhou, China
SUMMARY: The intelligence was measured of 907 children aged 8-13 years living
in areas which differed in the amount of fluoride present in the environment. The
Intelligence Quotient (IQ) of children living in areas with a medium or severe
prevalence of fluorosis was lower than that of children living in areas with only
slight fluorosis or no fluorosis. The development of intelligence appeared to be
adversely affected by fluoride in the areas with a medium or severe prevalence of
fluorosis but to a minor extent only in areas with only a slight prevalence of
fluorosis. A high fluoride intake was associated With a lower intelligence. No
correlation was found between age and intelligence in the areas with a medium
and severe prevalence of fluorosis. The effect of exposure to a high level of
fluoride on intelligence may occur at an early stage of development of the embryo
and infant when the differentiation of brain nerve cells is occurring and development is most rapid.

Keywords: Child; China; fluoride; Fluorosis; Intelligence; Intelligence testing.
Introduction

With the study in recent years of endemic fluorosiS, attention has been given to
the effect of fluoride on intelligence in children. 1 -2 In the present study children
living in areas with differing prevalences of fluorosis received intelligence testing.
Materials and Methods

The survey was carried out in November and December 1991 in the Anshu and
Zhijin counties in Guizhou Province. The prevalence of fluorosis due to soot from
coal burning varied from being absent to being present to a slight, medium or
severe degree. In the medium and severe fluorosis areas, it was customary for coal
to be used as a domestic fuel for cooking, heating and drying grain whereas in the
areas without or only slight fluorosis there was no custom of drying grain by the
use of coal. The standards of material and cultural life for the children were similar
in all four areas. The survey areas have no iodine deficiency disease.
The children surveyed were of Han nationality and numbered 907 with ages
from 8-13 years. Children whose intelligence had been affected by congenital or
acquired diseases not related to fluoride were excluded.
Intelligence was measured using the China RUi Wen 's Scaler for Rural
Areas .3 In each area, 20-24 children were examined, by a special examiner, in
each age group with the groups being separated by intervals of six months in age.
a Guizhou Provincial Sanitary and Anti-Epidemic Station. Guiyang City, 550001,
China. b Anshun Prefecture Sanitary and Anti-Epidemic Station. c Zhijin County Sanitary and Anti-Epidemic Station.
Presented to the )0(th Conference of the International Society for Fluoride Research,
Beijing. China. September 5-9, 1994.
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The significance of the various levels in the Intelligence Quotient (IQ) were: <70
low: 70-79 borderline: 80-89 lower medium; 90-109 medium: 110-119 upper
medium; 120-129 excellent: >129 special excellence.
The dental fluorosis index using the method of Dean and the urinary fluoride
concentrations for the children from the four different areas are shown in Table 1.
Table 1. Dental fluorosis prevalence, dental fluorosis index and urinary fluoride
concentration for children from areas with no fluorosis and slight,- medium
and severe prevalences of fluorosis

Dental fluorosis
index
Urinary F mg/L

Nonfluorosis
area

Slight
fluorois
area

Medium
fluorosis
area

Severe
fluorosis area

<0.4

0.8

2.5

3.2

1.02

1.81

2.01

2.69

Results
The numbers of children examined in each area and their mean IQs are shown
in Table 2.
The distribution of the IQ scores is shown in Table 3.
As shown in Table 3, more children with IQs of <70 and 70-79 and fewer
children with IQs of 90-109 and 110-119 were present in the medium and
severe fluorosis areas than in the slight fluorosis and non-fluorosis areas. No
children with IQs of 120-129 and >129 were found in the medium and severe
fluorosis areas.
In Table 4 the IQs of children of different ages from areas with differing
prevalences of fluorosis are shown.
A comparison of the IQs of boys and girls is shown in Table 5.
Discussion
The results of the survey show that the intelligence, as measured by the mean
-IQ, of children aged 8-13 years living in areas with a medium or severe prevalence
of fluorosis was lower than that of children living in areas with a slight prevalence
of fluorosis or no fluorosis. Similarly more children with a low or borderline IQ
were present in the medium and severe fluorosis areas. That a high fluoride environment can adversel y affect the development of intelligence in children is in
agreement Nt i th the findings of Guo et (11. 1 No significant difference in intelligence
was present between children in the slight fluorosis and the non-fluorosis areas.
The lowering of intelligence in the moderate and severe fluorosis areas indicates
that the central nervous systems of the children in those areas are adversely
affected by fluoride.
Because no correlation was found between age and IQ for children in the
medium and severe fluorosis areas, it appears that the influence of a high fluoride
environment on the development of intelligence may occur early in development
• such as during the stages of embryonic life or infancy when the differentinti,

Table 2. Numbers of children examined and their mean IQs
in areas differing . in the prevalence of fiuorosis
Non-fiuorosis
area

Slight fluorosis
area

Medium
fluoros s area

Severe
fluorosis area

226

227

224

230

89.9±10.4

89.7±12.7

79.7± 2.7**

80.3±12.9**-*

Number of
children
examined
IQ (mean±SD)

* comparing the non-fluorosis and slight fluorosis areas t = 0.110, p > 0.05.
comparing the medium and severe fluorosis areas t = 0.367, p > 0.05.
*'** comparing the severe and medium fiuorosis areas, and the slight and non-fluorosis
areas t = 5.922, p <0.01.

Table 3. The distribution of child IQ scores from areas of differing fluorosis prevalence
Fluorosis
status of area
Non
Slight
Medium
Severe

IQ
<70

10
70-79

IQ
80-89

IQ
90-109

110-119

IQ
120-129

10
>129

2.6%
3.1%
25.4%
20.9%

9.7%
15.9%
23.7%
26.6%

37.1%
29.1%
29.9%
26.9%

46.8%
47.1%20.5%
25.2%

3.9%
3.1%
0.4%
0.4%

0.8%
1.3%
0
0

0
<0.4
0
0

IQ

Table 4. lQ f children of different ages from areas
differing in the prevalence of fluorosis
IQ (mean±SO) of children from areas in which the fluorosis prevalence was:
Age in years b
8.0 - 8.49
8.5 - 8.99
9.0 9.498
9.5 - 9.99
10.0-10.498
10.5-10.998
11.0-11.498
11.5-11.998
12.0-12.49
12.5-12.998
13.0-13.498

non-fluorosis c

slight

mediumd

severe

86,1±11.4
88.9±13.9
91.1±11.2
86.3±11.3
88.4 ± 8.6
90.6 ± 9.1
92.2±13.1
91.7 ± 9.5
87.4 ± 5.9
93.2 ± 5.7
93.8 ± 9.5

90.7 ± 9.7
87.2±20.2
92.6±11.1
88.7±12.6
92.0±13.9
91.7±12.6
86.7 ± 9.8
90.1±13.4
86.8±10.4
86.6±10.2
94.3±12.7

78.9±13.9
79.8±10.0
78.7±14.6
75.8±15.6
81.1±13.5
75.5 ± 9.2
77.3±11.8
78.4±13.5
85.9±12.8
85.5 ± 9.5
85.5±10.6

83.8±14.4
80.2±15.1
82.1±14.1
81.9±15.2
82.9 ± 9.0
79.6±10.5
75.9±12.3
79.6±13.5
76.9±14.3
77.1±12.6
83.1±10.4

•

a comparing non-fluorosis and slight fluorosis areas, and medium and severe fluorosis
areas t = 1.945-4.81, p < 0.05. For other age groups comparisons were not significant.
comparing the IQ for one age group with that for other age groups in the same area, no
significant differences were found t = 0.03-1.70, p > 0.05. No trend was found indicating
that the IQ became lower as the time spent in a high fluorosis area increased.
c comparing non-fluorosis and slight fluorosis areas, no significant difference was found.
d comparing the medium and severe fluorosis areas, no significant difference was found.
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Table 5. The IQs of boys and girls aged 8-13 from areas of differing fluorosis prevalence
IQ (mean±SD) of children living in areas in which the prevalence of fluorosis was:
medium
slight
severe
non-fluorosis
Boys *

89.3±0.82
(n=148)

89.8±1.10
(n=139)

81.2±1.07
(n=132)

80.6±1.06
(n=151)

Girls

91.0±1.26
(n=78)

89.4±1.30
(n=88)

77.6±1.33
(n=92)

79.8±1.44
(n=79)

*comparing boys and girls in each of the areas differing in fluorosis prevalence p>0.5
(Standards established for the test show no significant difference between the sexes4)

growth of the nervous system is most . rapid. A higher concentration of fluoride has
been found in embryonic brain tissue obtained from termination of pregnancy
operations in areas where fluorosis due to coal burning was prevalent.5-6
Stereological and ultramicroscopic study of this tissue showed the differentiation of
brain nerve cells was poor, and brain development was delayed. This suggests that
developing brain tissues are sensitive to the toxic effects of fluoride.
The findings in the present study suggest that in areas Nvith a medium or severe
prevalence of fluorosis, active and comprehensive measures should be taken to
reduce the fluoride intake for the population, especially in pregnant women and
infants. Avoiding a high intake of fluoride is seen to be a important factor in
determining the quality of health enjoyed by communities.
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EFFECT OF A HIGH FLUORIDE WATER SUPPLY
ON CHILDREN'S INTELLIGENCE
LB Zhao,a G H Liang,a D N Zhang b and X R Wu b
Lu-Liang, Shanxi, China
SUMMARY: In Shanxi Province, China, children living in the endemic fluoride
village of Sima (water supply F = 4.12 mg/L) located near Xiaoyi City had average
IQ (97.69) significantly lower (p < 0.02) than children living to the north in the
nonendemic village of Xinghua (F = 0.91 mg/L; average IQ = 105.21). These
differences were not associated with gender, but the IQ Scores were directly
related to educational level of the parents.
Key words: Intelligence; IQ; Parents' education; Shanxi; Sima; Water fluoride; Xinghua.
Introduction
It has been reported that fluoride can penetrate the fetal blood-brain barrier
and accumulate in cerebral tissue before birth, 1 thereby /apparently affecting
children's intelligence. 2 In the present study, conducted in A.pril 1993, this hypothesis was further investigated by comparing the performance on IQ tests administered to 320 randomly selected children, age 7 to 14, residing in central Shanxi
Province, China, in two suburban villages with significantly different fluoride
content in the drinking water.
Materials and Methods
The two sites in Shanxi Province selected for study were Sima Village located
5 km northeast of Xiaoyi City and Xinghua Village situated 13 km northeast of
Fenyang City which, in turn, is about 15 km north of XiaoYi City. In Sima the
average fluoride content of the drinking water is 4.12 mg/L, 86% of the population
have clearly evident dental fluorosis, and 9% have clinically diagnosed skeletal
fluorosis. In Xinghua the fluoride content of the drinking water is 0.91 mg/L, the
dental fluorosis rate is 14%, and the bone fluorosis rate is 0%. The occupations,
living standards, and social customs of the residents in the two villages are similar.
Only children whose mothers lived in the survey location while pregnant were
included for testing. A total of 160 children, age 7 to 14, half male and half female,
were randomly selected from each village. Official intelligence quotient (IQ) tests
lasting 40 minutes 3 were taken by each child in groups of 20. Besides this common
parameter, the educational level of the parents of each child was also recorded.
Results and Analysis
1 Average IQ of children in each village
In Sima, where the children were exposed to higher water-borne fluoride in
embryo, the average IQ was 97.69, and in the lower fluoride village of Xinghua it
was 105.21. This difference is statistically significant (p <0.01), but there was no
significant difference between male and female IQ in the two areas. The details
are recorded in Table 1.
a Lu-Liang Public Health Bureau, Shanxi 033000, China. b Lu-Liang Epidemic Station.
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TABLE 1. IQ findings for children In Sima and Xinghua
Number

Village
Sima
Xinghua

-5( ± SD

IQ

(n)

(range)

male

160
160

60-133
69-141

98.11±13.21
105.81± 15.04

female

mean

97.32±12.93
104.98±14.96

97.69±13.00
105.21±14.99

2 Frequency distribution of IQ in each village

As shown in Table 2, most children in both Sima and Xinghua had IQ scores in
the normal range of 90-109 or above. At the low end, however, 6 children (3.75%
of the total) in Sima had scores of 69 or below (low intelligence), whereas only one
child (0.62%) in Xinghua was in this category. On the other hand, the number of
children with IQ scores of 120 or higher (superior intelligence) was 27 (17%) in
Xinghua but was only 20 (12%) in Sima.
TABLE 2. IQ distribution of children in Sima and Xinghua

Xinghua

Sima

•IQ
_

130 or higher
120-129
110-119
90-109
80-89
70-79
69 or lower
Total

male
1
9
11
36
10
10
3
80

female
2
8
14
33
11
9
3
80

total
3
17
25
69
21
19
6
160

(%)
(1.88)
(10.62)
(15.62)
(43.12)
(13.13)
(11.88)
(3.75)

male
4
9
22
31
10
4
0

(100)

80

female
3
11
21
27
13
4
1
80

total
7
20
43
58
23
8
1
160

(%)
(4.38)
(12.50)
(26.88)
(36.25)
(14.37)
(5.00)
(0.62)
(100)

3 Comparison of children's IQ by age in each village
As shown in Table 3, the average IQ of the children in each age group, 7 through
14 years, was lower in Sima than Xinghua. Although IQ increased with age, it did
not go as high in Sima as in Xinghua.
TABLE 3. Average IQ by age in Sima and Xinghua

Age

Sima

7
8
9
10
11
12
13
14

89.47 ± 10.62
90.92 ± 12.04
92.34 ± 13.17
98.28 ± 12.46
100.08 ± 11.77
100.99 ± 12.31
103.36 ± 11.82
105.83 ± 10.98

Xinghua
95.26 ± 12.31
100.47 ± 15.01
102.90 ± 12.34
104.34 ± 14.18
105.99 ± 13.97
108.03 ±14.22
111.19 ± 13.36
113.28 ± 10.44
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4. Correlation between IQ of children and educational level Of parents

For this comparison, the children were divided into three groups according to
the educational level of their parents: primary school only, junior high school, and
senior high school and above (Table 4). The results show that the IQ scores of the
children are closely related to the educational level of their parents, irrespective of
which village they lived in. Children of parents with higher education showed a
statistically significant higher IQ than the other children (p z 0.01).

TABLE 4. Educational

Sima

Parents education
number
Primary school and below
Junior high school
Senior high school and above

level of parents and children's IQ

23
99
38

IQ
89.97 t 11.42
98.11 ± 9.63
105.93 t 10.54

, Xinghua
number
IQ
27'
87
46 1

92.43 t 10.89
104.37 t 11.44
110.32 t 10.02

Discussion
The results of this study indicate that intake of high-fluoride drinking water
from before birth has a significant deleterious influence on Children's IQ in one
of two similar villages. No real differences were found for gender. In the high- •
fluoride village of Sima the number of children with IQ of 69 or below was six
times that in the healthier low-fluoride village of Xinghua. There were also fewer
children (20) in Sima with superior IQ scores of 120 or higher than the number (27)
in Xinghua. Moreover, the fact that the IQ scores increased More slowly with age
in Sima than in Xinghua supports the view that exposure to high levels of fluoride
in utero exerts a cumulative adverse effect that is not overcome with increasing
age in a high-fluoride community.
As expected, and also found here, the educational level of the parents has a
significant positive influence on the children's IQ. However, other factors that
might affect children's IQ need to be considered as well, and further studies are
therefore needed both to confirm the present findings and to elucidate the
mechanism of fluoride involvement.
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THE FLUORIDE CONNECTION
Richard G Foulkes
Abbotsford BC, Canada
Fluoride and the Placental Barrier
Kaj Roholm, in his extensive investigation of fluoride intoxication in Danish
cryolite workers published in 1937, 1 stated that he did not think that fluoride
crossed the placental barrier. This opinion was based, primarily, on his failure to
see fluorosis in the deciduous teeth of offspring. However, he was convinced that
sufficient fluoride was passed through the milk of contaminated female workers to
cause fluorosis of the anterior permanent teeth in their children.
W R Cox, in 1953, published his personal account of multiple problems in a
commercially valuable, fur-producing chinchilla ranch that were traced to the high
fluoride content of commercial animal feed.2 In 1951, when the probable cause
was first identified, the research physician and the chemist consulted from the
University of Oregon Medical School did not hesitate to state that fluoride
penetrated the placental barrier in these animals.
Fluoride and Fertility
One of the major problems encountered in the chinchillas concerned fertility.
After changing to a diet low in fluoride there were increases in the number of
offspring born, the number of litters, and the numbers born alive. The adult
mortality rate decreased from 14.6% in 1951 to 3.3% in 1952. However, a number
of abnormalities associated with the fluoride-contaminated feed were passed on
through multiple generations.
It is of more than passing interest that although Cox found more than 1400
studies that demonstrated adverse effects of fluoride in animals, both wild and
domestic, there was a profound lack of knowledge and interest in these findings
and their implications for humans. This was especially true for possible soft tissue
damage. Cox, a layman, was shocked by the fact that those professionals exhibiting
this lack of knowledge and disinterest were, at that time, spearheading the campaign
to fluoridate public water supplies.
Freni, in a 1994 review,3 noted decreased fertility in most animals studied.
High doses (i.e. 430 ppm dietary fluoride in rats) showed anest ,rus with cumulative
generational effects. This phenomenon, according to Freni's . research, was first
noted in 1933 and confirmed in 1984.
His paper presents multiple examples that led him to state, without equivocation, that fluoride "easily crosses the placenta."
Freni participated in the 1991 US Public Health Service review of the toxicity
of fluoride 4 and in the National Toxicology Program study that emphasised the
"cancer paradigm" discussed in Our Stolen Future 5*. He was concerned about the
implications of reproductive problems that were encountered. As a result, in 1991
he searched for reproductive studies that involved humans, but he found none.
Dr R G Foulkes, Box 278, Abbotsford BC, Canada V2S 4N9.
*Reviewed on pages 227-229.

It may come as a surprise that, after 46 years of fluoridation of drinking water,
no appropriate study had taken place on the effect of fluoride on the developing
fetus or on the possible effect on human fertility.
Freni, in a complicated study, compared the total fertility rate ('lFR) in US
counties having at least one water system with 3 ppm or more fluoride. He found a
negative TFR/fluoride association that fitted the toxicity data on animals. He
presented several theories to account for the lowered 1 .1-R: one, that fluoride
lowers protein synthesis in osteoblasts; the other, that fluoride inhibits the adenylyl
cyclase system in human spermatozoa.
Narayana and Chinoy referred in a 1994 paper 6 to "the wide prevalence of
infertility in the fluorosis-afflicted human population in India and other parts of
the globe." In their study, mature rats were treated with sodium fluoride (10 mg/kg
daily for 50 days). They found that fluoride interferes with androgenesis and
adversely impaired the target organ structures. They suggested that the effect of
fluoride may be on receptor sites, i.e. that fluoride may alter the concentration or
configuration of the receptor, thereby inhibiting the action of testosterone. The
similarity of this action to that of the hormone-disrupting chemicals, described in
Our Stolen Future, is obvious.
Fluoride and the Brain
The 1991 review Fluoride Benefits and Risks, published by the USPHS,4 states
that there is "relative impermeability of the blood-brain barrier to fluoride." No
reference was made to studies concerning fluoride effects on the brain.
In their 1978 book Fluoridation, the Great Dilemma, Waldbott, Burgstahler
and McKinney 7 describe the findings of Soviet physicians that 79% of patients
with occupational fluorosis demonstrate "dysfunction of subcortical axial nonspecific structures of the brain."
Recent studies from China 8,9 on the relationship between residence in endemic
fluorosis areas in that country and IQ contain references and discussions dating to
the 1980s. These Chinese studies indicate that the influence of a high fluoride
environment on intelligence may occur early in development such as during the
stages of embryonic life or infancy when differentiation and growth are more
rapid. Ultramicroscopic study of embryonic brain tissue obtained from termination
of pregnancy operations in endemic fluorosis areas showed "differentiation of
brain nerve cells was poor, and brain development was delayed." 9
The studies of Li et al 8 (coal soot fliiorosis) and Zhao et a1 8 (water supply
fluorosis) compare the IQ status of children living in high-fluoride areas with that
of children in low-fluoride areas whose mothers also resided in the same areas
during gestation. A graph constructed from Li's data shows, in the high fluoride
population, a flattening of the normal "Bell Curve" distribution of the IQ and a
shift of the'curve toward the low IQ ( < 70 IQ) end compared to those in the low
fluoride population (Figure 1). Data from Zhao's study shows the same IQ shift
(Figure 3). Both studies demonstrate that IQ is lower in all age groups in the highfluoride population compared to the low-fluoride population (Figures 2 and 4).
This finding suggests neurological damage in early development, i.e. in utero.

'

Fluoride Vol. 29 No. 4

232 Foulkes

%
60
Severe fluorosis area •
50
Non-fluorosis area
40

30

20

10

Mean IQ 70

75

95 100 105 110 1 1 5 120 125 130+

90

80

FIGURE 1. Distribution of child IQ scores [Li XS et al. Fluoride 28 (4) 189-192 1995 Table 3]
Note: In the "severe and medium" fluorosis areas high-fluoride coal is used as a domestic fuel
for cooking, heating and drying grain. In the "slight or no" fluorosis areas there is no such
custom. Dean DF Index was 3.2 in the "severe" area and <0.4 in the non-fluorosis area. From
230 to 224 children were studied in each area.
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FIGURE 2. IQ of children of different ages in areas with high and low fluoride exposure
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FIGURE 3. Distribution of child IQ scores [Zhao et al. Fluoride 29 (4) 190-192 1996 Table 2]
Note: Study compares two villages: Sima with 4.12 mgF/L and Xinghua with 0.91 mgF/L in their
water supplies.
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FIGURE 4. IQ of children of different ages in areas with high and low fluoride exposure
[Zhao et al. Fluoride 29 (4) 190-1921996 Table 3]
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Other causes of lowered IQ appear to have been ruled out. These include:
iodine deficiency; other congenital and acquired diseases; and cultural and ethnic
differences. Dietary differences, which are known to Play an important role in
dental and skeletal fluorosis, were not specifically accounted for, although the
authors mention "similar circumstances of material life."
These studies present evidence that, as with infertility, brain dysfunction is
prevalent in endemic fluorosis areas in countries outside those that practise
deliberate fluoridation of drinking water. But when the rising prevalence of dental
fluorosis and the high dietary intakes of fluoride in fluoridated areas are
considered, it may be said that large areas of endemic fluorosis have now been
created in Canada, the US, and other fluoridated countries pursuant to the policies
of their respective governments. How much responsibility can be attributed to
fluoride for the infertility and behavioral problems addressed by the authors of
Our Stolen Future?
Are fluoridated countries seriously looking for possible associations?. It has
already been noted that appropriate research into the association between fluoride
and human reproductive problems was not undertaken until 1991, 46 years after
the start of fluoridation. What is the status with regard to possible links with the
signs and symptoms of brain dysfunction?
In 1995, the 50th anniversary of fluoridation in the i_JS and Canada, Mullenix
et al published a study of the neurotoxicity of sodium fluoride in rats. 10 They state
I NS functional output is
"This is the first laboratory study to demonstrate that C
vulnerable to fluoride, that the effects on behavior depend on the age at exposure
and that fluoride accumulates in brain tissue." The authors state further the
"Experience with other developmental neurotoxins prompts expectations that
changes in behavioral function will be comparable across species, especially
humans and rats."
This study demonstrated generic behavioral pattern disruption that the authors
point to as indicative of a potential for motor dysfunction, IQ deficits, and learning
disabilities in humans. They also note that the plasma Iluoride levels (0.059 to
0.640 ppm) in their rat model are similar to those reported in humans exposed to
high levels of fluoride. In addition, they cite early Chinese studies and point out
that high levels of fluoride in drinking water (i.e. 3 to 11 ppm) affect the nervous
system directly without first causing physical deformities from skeletal fluorosis,
currently used as the ultimate indicator of fluoride intoxication in discussions by
proponents of fluoridation.
"Still unexplained," Mullenix et al continue, "is the possibility that fluoride
exposure is linked to subtle brain dysfunction."
The characteristics of the latter and the implications for society are well
described in Our Stolen Future, even though the causative agents named there are
the hormone-disrupting chemicals.

Fluoride and "the Paradoxical Effect"
As already noted, Our Stolen Future emphasises the importance of the
"paradoxical effect" in establishing the biological effects of toxins and, more
particularly, the hormone-disrupting artificial chemicals. The authors credit
Frederick vom Saal's investigations, which began in 1976, with the demonstration
of a "U-shaped" response curve for DES. This illustrates the "paradoxical
response"; that is, the response increases for a time and then diminishes with even
higher doses.
This phenomenon, in which a high dose may paradoxically cause less damage
that a lower dose, was described in a 1964 article by Schatz, Schalscha and Schatz.11
These authors showed that paradoxical effects are not isolated phenomena but are
broadly operative and of widespread importance in the biochemistry and physiology of many living systems under many different conditions.
Schatz et al mention the different terms that investigators have used when
they encountered this phenomenon. They describe the way in which conditioning
leads investigators to think only in linear dose relationships, thereby leading them
to attribute deviations to experimental error or experimental variability. Their
paper illustrates that paradoxical effects are real, not artifacts. In their words,
"Paradoxical effects have been produced by radiation, temperature, mutagenic
and carcinogenic chemicals, fluoride, steroid hormones, dextran, detergents, trace
metals, herbicides, fungicides, insecticides, germicides, antibiotics, drugs, and a host
of other agents."
It is noteworthy that fluoride is included in their list of chemicals that may
produce a paradoxical effect. They show, as an example, the curve of inhibition of
human prostatic acid phosphatase. "As the fluoride concentration is increased over
a thousand-fold range, the extent of inhibition rises, attains a maximum that may
approach 100%, and subsequently falls." In a recent paper, 12 Schatz compared lowlevel fluoridation with low-level radiation: "The occurrence of paradoxical effects
with low-level fluoridation and low-level radiation shows that there is no threshold
level below which fluoride and radiation are harmless."
Recognition of the importance of the paradoxical effect and the way in which
research may be blinded by continued pursuit of the "linear dose relationship" and
the "cancer paradigm" is essential if we are to determine the nature of all the
elements that conspire to steal our future.Conclusion
The similarities between the DES story, so well told in Our Stolen Future, and
the story of the fluoridation of drinking water is striking. In both, numerous animal
studies have been declared to be irrelevant. Both DES and fluoridation of water
supplies have been shown to be without effect for the purposes claimed - the
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prevention of miscarriage in the case of DES and of t oI oth decay in the case of
fluoridation. DES continued to be prescribed for several decades after it had been
discredited; fluoridation is being pushed now as hard as ever with the full support
of governments, their public health services and Professional organisations
representing dentistry and medicine, especially pediatrics. The failure of the US
Food and Drug Administration to act on DES is described in Our Stolen Future.
This failure to act is repeated in the case of the human, consumption of fluoride.
Is our future being stolen? Yes. There are many medical problems that can be
attributed to the hormone-disrupting chemicals and other substances, including
fluoride. Lowered fertility and increased brain dysfunction are two of these for
which there is mounting evidence.
The message is clear. Action is required immediately. However, such action
must be inclusive, not selective, as suggested in Our Stolen Future.
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MULLENIX. P. J.. P. K. DENBESTEN, A. SCHUNIOR AND W. J. ICERNAN. Nestrotaxicity of sodium fluoride in
NEUROTOXICOL TERATOL 17(2) 169-177. 1995.— Fluoride (F) is known to affect mineralizing tissues, btu effects.
upon the developing brain have not been previously considered. This study in Sprague-Dawiey rats compares behavior, body
weight, plasma and brain F levels after sodium fluoride (NaF) exposures during late gestation, at weaning or in adults. For
prenatal exposures, dams received injections (SC) of 0.13 mg/kg NaF or saline on gestational days 14-18 or 17-19. Weanlings
received drinking water. containing 0, 75. 100, or 125 ppm F for 6 . or 20 weeks. and 3 Month-old adults received-water
r: f,-Jr 4 vt,..• kz. R.ic w.s iestai in a computer vfiltall rc..r.opition sysieti Elsa: LIL:..silled az= a
containing ; "%-:)
environment and quantified act initiations, total times and time structures. Fluoride exposures causeci WM' anti am,c-spzda.
behavioral deficits with a common pattern. Males were most sensitive to prenatal day 17-19 exposure. whereas females were
more sensitive to weanling and adult commutes. After fluoride ingestion, the severity of the effect on behavior increased
directly with plasma F levels and F concentrations in specific brain regions. Such association is important considering that
plasma levels in this rat model (0.059 to 0.640 ppm F) are similar to those reported in humans exposed to high levels of
fluoride.

rats.

fluoride

Neurotoxicity

Central nervous system

DENTAL fluorosis has been on the rise since the 1950s, indicating that our total fluoride exposure is increasing (9). Fluoride, including sodium fluoride (NaF), has been added to public water supplies for over 40 years in the United States as a
preventative measure against dental caries. Other sources of
fluoride exposure include processed beverages, toothpastes,
mouth rinses, dietary supplements, and food. Although dental
fluorosis causes discoloration of teeth, it is not considered a
public health concern because it does not hinder tooth function or oral health. In addition, no clear link has been established between fluoride and cancer risk, bone fractures, birth
defects, or problems of the gastrointestinal, genito-urinary, or
respiratory systems (1). Therefore, the impetus to limit total
fluoride exposure in the United States is currently based on
cosmetic concerns and a general desire not to expose the public
to any more fluoride than the amount necessary to prevent
dental caries.
One concern that has not been fully investigated is the link
between fluoride and effects on the central nervous system
(CNS). In vitro studies have shown that intracellular fluoride
can alter the kinetic properties of cakium currents in hippo-

campal neurons (22). Fluoride is a normal component of cerebrospinal fluid (21). bui it has not been found to accumulate
there during endemic fluorosis or nervous system disease
(21,41). Yet, there have been reports from Chinese investigators that high levels of 'fluoride in drinking water (i.e., 3-11
ppm) affect the nervous system directly without rust causing
physical deformations from skeletal fluorosis (13,20,40). One
study of adult humans found attention affected by sublingual
drops containing 100 ppm of sodium fluoride (39), an exposure level potentially relevant to humans becalm toothpastes
contain 1000 to 1500 ppm fluoride (8,48) and mouthrinses
contain 230-900 ppm fluoride (48).
Many years of ubiquitous fluoride exposure have not resulted in obvious CNS' problems such as seizures, lethargy,
salivation, tremors, para
lysis, or sensory deficits. Still unexplored, however, is the possibility that fluoride exposure is
linked with subtle brain
The present study evaluates the neurotoxic potential of sodium fluoride in an animal
model. It uses behavioral methodology that focuses on behavioral repertoire, responses to novelty and the temporal or sequential organization of spontaneous behavior, all important

Requests for reprints should be addressed to Phyllis .1. Mullenis. P.O. Box 753. Andover. MA 01810-0013.
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TABLE

1

EFFECTS OF PRENATAL FLUORIDE EXPOSURE IN 9-WEEK-OLD RATS
Body Weight

Plasma F
(ppm SD)

SD)
GCSLIIi0/11.1 Ajt
of F Exposure

Females
Days 14-18
Days 17-19
Males
Days 14-18

Control

Exposed

228.6
15.6
n = 18
242.0I.- 15.0
24
n

240.5 ± 15.6
n = 27
244.0 tr. 22.9
n = 24

347.4 I 25.3

38.7
351.8
n = 31
371.0 t 32.4
n = 24

n = 20
Days 17-19

366.2 t 37.9
n -24

Control

Exposed

Behavior
(RS Statistic)

0.037
n = 18 pairs
0.008 te 0.002
n=9

0.011 ::. 0.003
n = 10

0.066

0.008 tt 0.003
n = 10

n = 20 pairs

0.002
0.008
n= 11

0.082
n = 20 pairs
0.144'
n = 20 pairs

< 0.001.

to the study of CNS function and cognitive processes (12,
32.35,46). Rats were exposed at various stages of development
to determine critical periods of CNS susceptibility to fluoride.
Also, effects on behavior were related to levels of fluoride
found in plasma and in different regions of the brain.
METHOD
.4 nimols

Five hundred and thirty-two pathogen-free Sprague-Dr wley rats from the Charles River Laboratories (Kingston, RI)
were evaluated in this study. All procedures were conducted
-under the auspices of Forsyth Dental Center's Animal Care
and Use Committee. The animals were assigned randomly to
either experimental or control groups and housed 2/cage/
treatment and sex. Light cycles were maintained as 12L: 12D
cycle (6:00 a.m. to 6:00 p.m.), and food and water were given
ad lib except during the behavioral observation periods. Body
weight was recorded once weekly and a t test was applied
with a p < 0.01 required for significance. Further details of
treatment protocols depended on the age at exposure.
Prenatal exposures. Twenty-nine timed pregnant dams
were obtained on gestational day (GD) 8 (vaginal plug is day
1) and individually housed throughout gestation and lactation.
At birth, litters were culled to 10 pups/dam with an equal
number of males and females whenever possible. The diet of
the dams consisted of Purina Rat Chow (FormuLsb), and the
pups received Certified Purina Rat Chow (5002) after weaning
on GD 21. Drinking water • for both was deionized water
throughout the study. On GDs 14-18 or 17-19, experimental
dams (n 7 and 9, respectively) received SC injections of
0.13 mg/kg sodium fluoride (in saline) two or three times daily
(a total of 9 injections per group) at least 4 h apart. Control
dams (13 total) received SC injection of an equal volume/
body weight of saline on the same gestational days to match
each experimental group. This route and concentration of fluoride exposure produces peak plasma fluoride levels of 0.150.20 ppm which return to control levels within 4 h in nongravid females (4). Beyond the prenatal period, these pups
received no other experimental fluoride vestment.
Weanhng exposures. At 19 days of age, male and female
pups were shipped with dams having 10 pups/litter. When

weaned on GD 21, the pups (n = 19-27/sex and treatment)
were maintained thereafter on a low fluoride diet ( <10 ppm
fluoride, Purina 5010, or Teklad L356, Madison, WI). When
teeth were broken in either the control or experimental groups,
this diet was given in powdered form for a few days until
normal occlusion returned. Their drinking water contained
either 0, 75, 100, 125, or 175 ppm fluoride (3.9, 5.3, 6.6, or
9.2 mM NaF in deionized water, respectively) for 6 or 20
weckt:. Tr 175 rrim !eve. studied only in females, resulted in
dehydration and the death of 10 of the exposed animals within
10 days. Therefore, the 175 ppm exposure was discontinued
after 10 days, and the 11 survivors were given deionized water
for the remainder of the study: Each fluoride treatment group
had matching controls who received deionized water only.
This range of fluoride exposures was selected because 100 ppm
fluoride in drinking water produces dental fluorosis without
other overt signs of toxicity in rats (11).
Adult aposutes. Male and female rats (n = 21-24/sex/
treatment) were obtained at 10 weeks of age and given 0 or
100 ppm sodium fluoride in deionized water for 5 to 6 weeks

starting at 12 weeks of age. They were fed the same low fluoride diet as in the weanling exposure.
Plasma and Brain fluoride

After the behavioral tests at the termination of each study,
blood samples were collected by cardiac puncture under CO2
anesthesia. When plasma fluoride determinations were needed
at ages prior to termination of the study, blood samples were
obtained from extra control and exposed animals not included
in any behavioral study. All plasma fluoride concentrations
were determined using an ion-specific electrode (Orion, Cambridge, MA), following the hexamethyldisiloxane diffusion
method (HM:DS) of Whitford and Reynolds (51). Brain fluoride concentrations also were determined for two treatment
groups receiving weanling or adult exposures. After C O: eu

-thansiemlwrdcapitenhbr-

moved, blotted, and chilled with further dissection performed
on an ice-cooled glass plate. Seven regions of the rat brain
were dissected:
1. Cerebellum,
2. Medulla oblongata,
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TABLE 2

A

EFFECTS ON BODY WEIGHT BY FLUORIDE EXPOSURE STARTED
AT WEANING
ao

F in Drinking
Water

ao

40

Esposed
SD
g

248.1 It 19.3.
n = 20
247.0 23.0
n = 22
237.7 2 15.4
n = 21
296.1 t 25.8
it = 21
329.0 2 26.1
it = 21
339.1 t 30.1
it = 21
227.0 t 20.8
it = 19
352.9 t 33.3
it = 16

257.0 ± 30.2
it = 21
242.0 t 24.0
n = 22
208.3 I 30.2t
n = 26
265.1 t 26.2t
n = 27
300.4 t 31.6°
n = 27
313.4 t 33.4°
it = 26
206.5 t 11.5°
rt = 11
331.4 t 31.8

9 weeks 381.1 t 25.4
n = 20
9 Weeks 380.1 t 37.2
it = 21
14 Watts
545.1 t 56.1.
n = 18
19 Weeks 656.6 n10.3
it = 21
717.8
t 90.8
23

380.9 t 21.8
n = 21
330.1 t 35.9:
ii = 24
451.3 t 30.12
n .2 23
f53.6 t 44.4:
n = 25
592.9 t 66.3:

Age When

Duration

Weighed

6 weeks

9 weeks

100 ppm

6 weeks

9 weeks

125 ppm

6 weeks

9 weeks

11 weeks

14 weeks

16 weeks

19 Weeks

20 weeks

23 Weeks

Females
75 ppm

Kit) t SD

Controls
•11 ± SD

Exposure

20

30
20
Time (sin)

10

. 40

50

120

175 ppm 10 days

9 weeks

10 days

18 weeks

100

Males
75 ppm

SO

Kit) t SD
60

6 weeks

125 ppm

6 weeks
11-weeks

40

IC: week;
20 -

20 weeks

21

10

20

30

40

50

it

=

n=

n

25

< 0.01. mest; tp <0.001, t-test: :p <0.0001, 1-test.

Time (see)

FIG. 1. Regardless of the gestational period of exposure or sex of the
offspring, prenatal fluoride typically affected behavioral time structure but not behavioral initiations or total times. These example K
functions illustrate the time-structure changes found in 9-week-old
male rats significantly affected (RS = 0.144; p < 0.001) by fluoride
otposure on GDs 17-19 (•) compared to respective controls (0).
Significant dispersions (decreased K values) are shown for the behav-

iors groom/attention

(A)

and turn (B). Error bars indicate t SD.

3. Hypothalamus,

4. Midbrain,
5. Striatum,
6. Hippocampus and
7. Cortex
The procedures described in detail by Glowinski and Iversen

(17) were used. Each brain region was individually lyophilized
and weighed, and the fluoride content was measured following
diffusion of ionic fluoride (51).
Behavior

Methods to assess effects on behavior were the same as
in prior studies of amphetamine induced hyperactivity and
stereotypy (34), triethyltin induced hypoactivity (23), and cognitive deficits induced by CNS therapy (35,36). Except for

TABLE

3

PLASMA FLUORIDE LEVELS AFTER FLUORIDE EXPOSURE
STARTED AT WEANING
F in Drinking Exposure Age When
Water
Duration Measured

Females
75 ppm 6 weeks

Controls
ppm z SD

Exposed
ppm t SD

0.009 t 0.003 0.066 t 0.021
n = 8
n=8
100 ppm 6 weeks
9 Weeks 0.007 t 0.001 0.150 t 0.03:
n= 6
n=7
125 ppm 6 weeks
9 seeks 0.006 t 0.001 0.107 t 0.028:
n=4
it =6
Z0 weeks 23 weeks 0.015 r. 0.006 0.640 t 0.308:
n - 8
n g
Males
75 ppm 6 weeks 9 weds 0.012 t 0.002 0.170 0.0972
it = 10
it = 10
125 ppm 6 weeks
9 weeks 0.011 t 0.011 0.126 2 0.0311
n 4
n=7
20 weeks 23 Weeks 0.013 t 0.005 0.408 t 0.255'
n= 8
n =8
•p<

9 weeks

0.01, t test: tp <

test: p <

0.0001. t test

MULLENIX ET AL.

172
0.• -

TABLE 4
EFFECTS ON BEHAVIOR BY FLUORIDE DCPOSURE
STARTED AT WEANING
F in Drinking
Watr:

Exposure
Duration

Age Warn
Measured

RS
Searsaic

Females
75 ppm

6 weeks

9 weeks

0.052
n = 20 pairs
0.359t
n = 22 pairs
0.115'
n = 20 pairs
0.140t
n = 20 pairs
0.169/
n = 20 pairs

100 ppm

6 weeks

9 weeks

125 ppm

6 weeks

9 weeks

11 weeks

14 weeks

16 weeks

l9 weeks

6 weeks

9 weeks

6 weeks

9 weeks

11 weeks

14 weeks

16 weeks

19 weeks

Males
75 ppm
125 ppm

0.024
n = 20 pairs
0.086
n
20 pairs
0.2041
n = 20 pairs
0.311t
n = 20 pairs

0 .3 -

0.2 RS Statistic

0.1

0.0
0.00

0.05

0.15

0.10

Plasma F (ppm)

FIG. 2. Severity of behavioral disruption indicated by the RS statistic
increased as plasma fluoride levels increased. Elevated plasma fluoride levels were induced by 6-week exposures to sodium fluoride in
drinking water of female rats whose exposure began at 21 days of age.
Concentrations of fluoride in drinking water associated with each
plasma level are highlighted with asterisks.

'13 < 0.01: tp < 0.001.

adult exposures, benavior was tesicil in anima& at 9 wee its
age, and behavioral tests were repeated at 14 and 19 weeks
when the period of exposure extended beyond 6 weeks. Behavioral tests were conducted in an isolated observation room
between 0900 and 1300 h each day for consistent diurnal testing. Two video cameras taking 1 frameis were used to monitor
simultaneously the spontaneous behavior of 1 fluoride-treated
rat and its matched control during a 15-min exploration of a
novel environment. The novel environment consisted of a
clear Plexiglas box, where the control and treated rats were
separated by a clear partition with small holes that allowed
them to see and smell each other during exploration. The
video signals were transferred to a MICRO VAX I and a VAX
111750 for pattern analysis and behavioral classification of
the data. The behaviors identified by the computer consisted
of five major body positions (stand, sit, rear, walk, and lying
down) and eight modifiers (groom, head turn, look, smell,
sniff, turn, wash face, and blank or no recognized activity).
The system of cameras, computers, computer software, and
novel environment has been described in detail (26).
Three measures of spontaneous behavior were taken: a calculation of behavioral initiations (BI), behavioral total time
(BTT), and a measure of behavioral time structure (BTS) concerning the time distribution of the initiation of discrete acts
and of sequences of joint acts. The B1, BIT, and BTS measures in this study were computed for 18-22 pairs (a pair
consists of 1 fluoride-treated rat and 1 matched control) per
treatment group.
Calculation of behavioral initiations (BI). The frames in
which a specific behavior began were totaled for each act
during the 15-min observation period for each rat. The mean
number of initiations was determined for each control and
experimental group of rats. A student's t test was applied and
• a p < 0.05 was required for statistical significance.

Calculation of behavioral total time (B77'). The number of
frames that a behavior continued, including the frame it was
initiated, was totaled for the 15-min observation period. The
mean total time Car &act ai in cnntr:1 cnerizterital
groups of rats was determined and statistical significance was
evaluated using the student's t test, with a p < 0.05 required
for a change to be considered significant.
Calculation of behavioral time structure (B7s). The time
0

-10

AK I 50 20

-30

-40

0

10

30
20
Tints Isisci

40

FIG. 3. The AKs [the difference between K(t) for a control and an
exposed group at the first six time points evaluated) are shown for 100
ppm fluoride for 6 weeks starting at 3 months of age in females (•)
and 125 ppm fluoride for 20 weeks starting at 21 days of age in
females (0) and males (0). Regardless of the different doses. exposure durations, and ages when exposure began, the fluoride in drinking water caused the time structure of the behavior an to duster (negative AK values) by 5 months of age. Error bars indicate SD.
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TABLE 5
CONSISTENT BEHAVIORAL EFFECTS OF FLUORIDE EXPOSURE STARTED AT WEANING

Females
Control

123 ppm F
for 16 Weeks

Control

125 ppm F
for 16 Weeks

22.4 t 2.2
66.8 10.9

15.2 t 1.8°
5.5'
37.7

.57.7 ± 3.3
245.6 21.8

42.8
3.5t
174.4 t 23.6°

2.0
20.1 t. 6.2

5.2 ± 1.2
11.4 t 3.4

, 30.0 t 5.5
170.3 16.1

t

14.3 t
35.8 t

2.2°
8.9

105.9 t 5.5

97.2 ± 5.0

81.7 t

5.46

58.6 t 1.5t
1.9t

n 68.1 t 4.0
84.9 t 5.5

58.5
72.7 lt

23.7
32.5 t

1C0 ppm F
for

Control

Behavior

Sit
BI et SE)
BTT ( ± SE)
Groom
131
BTT
Turn
BI
Head turn
BI
BTT
Groom/explore
(cluster)
BI
BTT

13.8
29.8 :t

6

We

16.0 ± 1.8
37.9 t 5.1

20.7 t 3.0
76.6
19.3

t
8.1 t

6.5 t 1.1•
9.4 ± 1.81

2.6
6.3

Males

Females

5.5

123.1 ± 5.1

61.9
75.8 :::

3.5
5.3

57.4
2.9
66.8 ± 3.7

67.3 t 2.2
78.8
2.9

12.6
17.3 1:

3.1
4.8

8.5 t 0.9
10.7 t 1.2

15.4
19.5

1.9
2.4

8.6 I 1.0t
11.5
1.4t

137.5 t 3.0
149.5
4.3

4.4
11.8

16.1 ± 2.4°
43.2 ± 9.0

20.4 t- 2.9
40.3
8.6

12.6 I 1.88
21.5 t 3.66

; 72.1
184.9

2.5
6.2

4.6 .4: 0.9°
7.0 ± 1.6°

123.5

110.7

t

3.8

t

t

69.4

t

t

t

t

t

5.0
7.0

2.9f
4.6t

Groom/attention

(cluster)
81
BTT
Groom (cluster)
BI
WM*
Stand
977
Attention (cluster)
BIT

26.5
60.7
10.4
22.7 t

22.1

576.0
494.9 t

607.9

4.3
6.9 I 1.6
1.1
13.9 t _ 3.7 _ _ 8.2 t 2.4

12.0

633.1 t 14.9

629.2

17.7

t 14.8

528.7

t 20.0

529.5 t 13.4

19.9

505.3

t 5.2
t 19.8

46.1
4.1:
131.4 t 18.7

j 22.6 ± 3.8
.42.4
7.8

t

11.7
2.0°
23.6 t 4.5!

532.5 t. 20.2

599.0 t 22.C"

418.4

21.4

t

499.3

t 20.9°

*p < 0.05, test: tp < 0.01. t test: :p < 0.001. t test.
distribution and time sequence of behavioral acts were calculated using equations for K(t) as previously reported
(27,28,33). The K function was calculated for specific behavioral acts (e.g., sit, rear) or sequences of specific behavioral
acts (e.g., sit . . . rear) (33) and for combined arts (e.g., attention or attention/groom) or sequences of combined acts (e.g..
attention. . . explore or attention/explore. . . groom/attention) (28). For each of these, a z K(t) [the difference between
K(t) for the fluoride animals and matched controls] was calculated for eight time points (2,5,10,20,30,45,100, and 200 s).
At any one time point. when K values increase (compared to
controls) for a behavior, it means that that particular behavior

(or sequence) is "clustering" in time (as seen in hypoactivity),
while a decrease means it is "dispersing" in time (it had increased regularity of timing between initiations as seen in hyperactivity). Whenever a behavioral act was initiated less than
10 times on average per animal, control or experimental, K(t)
values were not determined for that behavior and related sequences. The bootstrap technique was used for estimating SD
at each time point of the K-function for a behavior, and the
ad hoc criteria for significance of a difference between control
and exposed groups have been described (23,25.27,28.33.34).
An RS statistic was determined for each fluoride treatment.
The ad hoc RS statistic distinguishes low level behavioral ef-

TABLE 6
EFFECTS OF 100 ppm FLUORIDE FOR 6 WEEKS STARTING IN 3 MONT/1710 LD-RATS

Plasma F
(ppm t SD)

Body weight
t- SD)
Control

Females

331.8

41.6

n = 21
Males

620.3

45.3

n = 24

Exposed

319.8 t 36.1
n = 22
609.0 72.1

n

72

•p < 0.05. t test: tp < 0.01.! test :p < 0.031.

Control

0.010

0.002

Exposed

Behavior
(RS Statistic)

0.077 t 0.040°
0.200:
n
5
'
n = 20 pairs
0.053
0.012 t 0.005 0.059 ± 0.0271
n=6
_ n 18 pairs
o5

n 5
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fects from noise (24).
This encompasses all data pro'statistic
duced in an experiment into one simple statistic. This is an
advantage considering that the computer system generates
over 100 behavioral measures of three distinctly different
types (initiations, total times, and time structures) per experiment. The RS statistic indicates whether behavior is changed
overall and the confidence level associated with that change.
Statistical significance was set at the p < 0.01 level.

100
SD

RESULTS
Prenatal Exposures

No maternal or offspring toxicity was indicated by reduced
body weight in dams during treatment or in their pups soon
after birth. Yet, prenatal exposure to sodium fluoride altered
behavioral outcome in male offspring when exposure occurred
on GDs 17-19 (Table 1). This effect consisted entirely of time
structure changes in 11 behaviors and behavioral sequences,
10 of which were significantly dispersed compared to matching controls as illustrated in Fig. 1. These behavioral effects
did not coincide with reduced body weight nor elevated
plasma fluoride levels at 9 weeks of age (Table 1). At 3 weeks
of age, plasma fluoride levels also were not elevated despite
prenatal exposure on GD 17-19; plasma fluoride levels were
no different in prenatal fluoride females (0.007 ppm 2: 0.003
SD; n = 7) compared to matched controls (0.006 ppm
0.002 SD; it = 7) or in prenatal fluoride males (0.004 ppm
0.002 SD; it = 8) compared to controls (0.004 ppm -1- 0.003
SD; it = 8).

SO.

0
0

10

20

$0

40

60

Time (660)

FIG. 4. Exposure to fluoride at the adult stage significantly altered
(RS = 0.200; p < 0.001) behavior of female rats (111) compared to
respective controls (0). This example K function illustrates timestructure changes typical of the adult F effect. Significant clustering
(increased K values) is Mown for the behavior groom/attention.
which prenatal F. in contrast, significantly dispersed (Fig. 1A). Error
SD.
bars indicate

Weanling Exposures
When fluoride exposures began at 21 days of age, efffxts
on body weight depended on the fluoride concentration in the
drinking water(Table 2). Concentrations below 125 ppm did
not affect body weight gain at any time during a 5-to 6-week
exposure. In contrast, at 125 ppm body weight was reduced
throughout 20 weeks of exposure in both sexes. The 11 survivors of a 10-day exposure to 175 ppm F also had stunted
growth compared to matched controls at 9 weeks of age. However, by 18 weeks of age, stunting among the 175 ppm female
survivors was ameliorated (Table.2).
Plasma fluoride levels were significantly increased in all
exposed animals but again the increase depended upon the
fluoride concentration given in the drinking water (Table 3).
At 75 and 100 ppm fluoride in drinking water of females for 6
weeks, plasma fluoride levels increased respective of dose.
When concentration in the drinking water was 125 ppm for 6
weeks, plasma fluoride levels increased compared to controls
but not to levels expected considering results observed at lower
drinking water concentrations (Table 3).
Fluoride in drinking water of weanlings altered behavior
in both sexes (Table 4). The duration and concentration of
exposure determined whether significant effects occurred. In
females, a 6-week exposure to 100 or 125 ppm was sufficient
to alter behavior, whereas in males an 11-week exposure to
125 ppm in drinking water significantly affected behavior.
Too few 175 ppm fluoride females (11 in total) survived after
a 10-day exposure to determine an RS statistic for that group.
A relationship between behavioral effects and plasma fluoride
levels was observed in females exposed for 6 weeks to 75, 100,
or 125 ppm fluoride. Figure 2 illustrates that as plasma fluoride levels increased, the RS statistic increased, with significant behavioral impact estimated to occur at a plasma fluoride
level of approximately 0.107 ppm. Significant behavioral im-

plazma levels expact tu m,Lies,1:owLvtic, did not occrr
ceeded 0.126 and 0.170 ppm (Table 3 and Table 4).
Regardless of sex, duration of exposure, or the fluoride
concentration in the drinking water of weanlings, a common
pattern among behavioral disturbaices developed. Table 5 includes all behaviors that were significantly affected in I31 and/
or BTT by at least one fluoride exposure. Age and sex influenced the BI and BTT of these behaviors in controls, but still
a general effect of fluoride emerged. Whether exposure lasted
6 or 16 weeks, at the 100or 125 ppm level, in males or females,
the same direction of change with respect to controls occurred
for a certain array of behaviors and related behavioral clusters. Whereas the act of standing and the related attention
cluster tended to increase in total time, the other acts consistently decreased in initiations and total times.
Adult Exposures

Male and female adult rats given 100 ppm fluoride for 6
weeks had significantly increased plasma fluoride levels with
no effect on body weight, whereas behavior was affected only
in females (Table 6). Compared to females exposed at weaning, females exposed as adults had a lower plasma fluoride
level (0.077 ppm) associated with significant behavioral impact. However, the same pattern of B1 and BTT changes seen
with weanling exposures (Table 5) also developed in females
exposed as adults. For example, initiations of sitting, the
groom/attention cluster, and the groom/explore cluster in
adult female controls (42.9 t 3.0; 50.4 t 5.4; 23.9 2.4
SE, respectively) were more frequent than in adult exposed
females (30.2 t 3.0; 34.7 t 3.7; 15.3 t 1.8 SE, respectively; p < 0.01). Another similarity appeared among B'TS
effects when adult and weanling exposed rats approached 5
months of age (Fig. 3). Other BTS effects appeared to differ
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TABLE 7
BRAIN REGION FLUORIDE LEVELSm(pp
s: SE)

Females
Control'

Hypothalamus

Cerebellum

0.396 z 0.073

0.358 t 0.055

n = 12

n = 13

0.565t 3.120 v..- 0.968t
125 ppm F for 1.685
n= 8
n= 8
20 wks in
weanlings
0.052
0.043 0.325
100 ppm F for 0.308
n= 6
n= 5
6 wks in
adults
Males
0.052
0.292
0.055
0.364
Control
n= 14
n = 13
0.130t 2.133 0.573t
125 ppm F for 0.839
n- 8
n= 7
20 wits in
weanlings
100 ppm F for 0.340 t 0.049 0.412 t- 0.095
fl= 6
= 5
6 wks in
adults

Medulla t)blongaus

0.609

0.107
=

14
3.281 s 1.054t
1= 7
it

1.280 t 0.445

=

6

0.281 _t 0.044
it

= 14

1.875 ± 0.334

n= 8

IN 5-

TO 6-M01714-OLD RATS

Basal Ganglia

Mid-Hrain

0.213

0.406 t 0.103
it = 14
1.281 t 0.229t
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0.252 t 0.043
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0.306 i t 0.087

0.273 t 0.036
n = 14
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14
1.09112: 0.194
11 : =

ft ai

rth,.

Cortex

0.479 e 0.107
it t2 14

0.258 t 0.043
n = 12

1.830 t 0.383t

0.993 t 0.168t
n= 8

= 8

8

5
0.035

no= 14

1-Eppociunptu

0.602 -t 0.195
n= 6

0.790

0.372

0.287 t 0.048

n

0.069

= 14

0.3286

it-

it

4

= 14

0.697 t 0.101t o.no 0.14st 1.727 t 0.435t 0.834 t 0.1041
8
it- 8
it =
n'= 8
a- 8
1

3.922 t 2.379t

0.422 t 0.146

0.378 ,t 0.106

0.350 t 0.057

n= 5

n= 5

nI= 6

it- 6

0.411 t 0.088
it-

6

'Controls pooled from 100 and 125 ppm fluoride exposures; Sp s 0.05; one-factor ANOVA followed by Fisher's procedure for multiple
comparisons; tp 5 0.01; one-factor ANOVA followed by Fisher's procedure for multiple comparisons.

depending on the age when exposure occurred; the significant
dispersing of groom/attention after prenatal fluoride (Fig. 1)
is in contrast with the significant clustering of the same behavior by fluoride exposures stared in adults (Figure 4). Future
studies will have to determine if this variation is a function of
the age at exposure or the age when tested.
Fluoride Levels

in Brain

Fluoride exposure via drinking water elevated the fluoride
levels in various brain regions (Table 7). In male and female
rats exposed to 125 ppm fluoride for 20 weeks starting at
weaning, brain fluoride levels increased in all seven brain regions examined. In rats exposed to 100 ppm fluoride for 6
weeks starring at 3 months of age, fluoride levels increased in
the medulla oblongata in both sexes and in the hippocampus
of females, the sex with significant behavioral disturbances.
DISCUSSION

This study demonstrates a link between certain fluoride
exposures and behavioral disruption in the rat. The effect on
behavior varied with the timing of exposure during CNS development. Behavioral changes common to weanling and adult
exposures were different from those after prenatal exposures.
Prenatal exposure on GDs 17-19 dispersed many behaviors as
seen in drug-induced hyperactivity (34), while weanling and
adult exposures led to behavior-specific changes more related
to cognitive deficits (35.36). Prenatally induced behavioral effects were unaccompanied by changes in body weight or elevated plasma fluoride levels. Rather, the most obvious hypothesis is that the effects relied on transient peaks in maternal
plasma fluoride levels, fluoride passing the placenta, and fluoride penetratitig the blood-brain barrier of the fetus. Fluoride
has been reported to pass the placenta in rats (45), and on
GD 17-19 the blood-brain barrier is immature and readily
penetrable (52). In contrast, the behavioral effects induced
by weanling and adult exposures were accompanied often by

weight reduction and always by elevated plasma fluoride levels. In fact, effects on behavior related directly to plasma
fluoride levels and the fluoride accumulation in the brain.
This contradicts findings from short-term fluoride kinetic
studies, which found that the adult blood-brain barrier was
relatively impermeable to fluoride when whole brain fluoride
levels were measured within 1 h following IV injection (49,50).
Considering the brain 'fluoride accumulations found in this
study, such impermeability does not apply to chronic exposure
situations.
Hyperactivity and cognitive deficits are generally linked
with hippocampal damage (3), and in fact, the hippocampus
is considered to be the central processor which integrates inputs from the environment, memory, and motivational stimuli
to produce behavioral, decisions and modify memory (12).
GDs 17-19 in the rat is a period when pyramidal cells of the
hippocampus are forming (6), and granule cells of the dentate
gyrus of the hippocampus form at the ages when weanling
and adult exposures were administered (7). Involvement of
different cell types would explain variation in behavioral outcomes between prenatal, weanling, and adult exposures. The
hypothalamus and the hippocampus in normal female rat
brains have the lowest Concentrations of fluorine, the element
which was found to be the most regionally distributed by instrumental neutron activation analysis (10). The method used
for ionic fluoride analysis in the present study also revealed
that the brain region containing the lowest fluoride concentrations was the hippocaMpus of controls but only in females.
This hippocampal selectivity was disrupted when adult females were exposed for 6 weeks to 100 ppm fluoride; hippocampal fluoride levels !increased and behavior was affected.
Adult males raxiving the same fluoride exposure did not have
significantly elevated fluoride levels in the hippocampus, nor
did they have significant behavioral disturbances. Sex differences in hippocampal function have been deathbed recently

in other studies (2,47): Cfverall, the behavioral changes from

fluoride exposure are consistent vnlh interrupted hippocampal
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development. Whether the hippocamus is indeed the brain
region most susceptible to fluoride is.a possibility deserving
consideration in future studies.
Interruption of normal brain development often results in
responses that are sex-dependent. The brain responds differently to drugs depending on which hormones are present at
the time and whether the brain is male or female (30). In male
primates the orbital cortex matures earlier than in females,
and such developmental differences are thought responsible
for the consequences of perinatal injuries appearing more frequently in males (18). This type of developmental difference
might explain why transient peaks of fluoride on prenatal days
17-19 affected males and not females. The effects of chronic
fluoride exposures at weanling and adult stages may have involved still other sexual dimorphisms. There are developmentally regulated sexual dimorphisms in hypothalamic somatostatin and growth-hormone-releasing factor signaling, growth
hormone secretion and even hepatic metabolism (5,29,38).
The sexually dimorphic control of growth would be especially
important to fluoride distribution. The rate of fluoride uptake
by bone depends on age or the stage of skeletal development;
fluoride is deposited in mineralizing new bone more readily
than in existing bone (49). As males experience greater and
more prolonged growth spurts than females, their plasma fluoride might be directed more to bone than to brain, perhaps
explaining why longer exposures and higher plasma fluoride
levels were needed in males to affect behavior. Fluoride's tendency to seek developing bone may also explain why adult
female rats had behavioral effects at a lower plasma fluoride
concentration than did weanling female rats. Levels of fluoride in plasma and bone must be correlated with those in
specifir brain regions of both sexes to fully understand behavioral consequences.
Rats ingested 75-125 ppm fluoride for weeks to attain
plasma fluoride levels of 0.059-0.640 ppm. Six weeks of consuming 75 and 100 ppm fluoride produced higher plasma Quo-.
ride levels than did 125 ppm. Perhaps a taste aversion limited
water consumption at the 125 ppm level, prolonging the period needed to attain plasma levels that were achieved in 6
weeks by the two lower exposure levels. Regardless, it was

fluoride levels in plasma, not fluoride levels of exposure,
which best predicted effects on behavior. Similar plasma fluo-

ride levels of 0.076-0.23 ppm have been found in humans
ingesting 5-10 ppm fluoride in drinking. water (19,37,42), and
plasma levels as high as 0.28 to 0.43 ppm have been measured
in children drinking water containing 16 ppm fluoride (44).
This plasma fluoride range also occurs in pertain therapies.
Fasting serum fluoride levels of 0.2 to 0.3 ppm are used in the
treatment of osteoporosis (31), and plasma fluoride levels as
high as 1.44 ppm are found in children 1 h after receiving
topical applications of an acidulated phosphate fluoride
(1.23%) gel (14.15).
Because humans occasionally are exposed to high amounts
of fluoride and plasma levels as high as those found in this rat
study, neurotoxic risks deserve further evaluation. This is the
first laboratory study to demonstrate that CNS functional output is vulnerable to fluoride, that the effects on behavior depend on the age at exposure and that fluoride accumulates in
brain tissues. Experience with other developmental neurotoxicants prompts expectations that changes in behavioral function will be comparable across species, especially humans and
rats (16,43). Of course behaviors per se do not extrapolate,
but a generic behavioral pattern disruption as found in this rat
"study can be indicative of a potential for motor dysfunction,
IQ deficits and/or learning disabilities in humans. Substances
that accumulate in brain tissue potentiate concerns about neurotoxic risks, but the conditions leading to fluoride deposits in
any species are still not clear such that quantitative extrapolations are not possible at this time. Thus, conclusions concerning the neurotoxic potential of fluoride require further rat and
human studies, both focused on the relationship of plasma
fluoride levels with the brain, behavior, and skeletal growth.
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It Will Give
You Cancer.
It Will
Your C
Stupi

HILLCREST DurnsT DAVID KENNEDY

recently posed the following question to
several friends with whom he was dining: What

•

It

would you do if you knew that .a toxic
substance was going to be added to San
Diego's water supply — a substance that
would lower children's lQs, increase the
cancer incidence, double the rate of hip
fractures among the elderly? Kennedy has

Anri-j/nariduriarr dyruhkar

become convinced thaE fluoride causes all
those ills and more. But the consensus of his
affluent, well-educated dinner companions

Your Bones.
THE FLUORIDE CONTROVERSY CONTINUES

was that they would buy bottled water,"
the dentist relates. "That hurts my heart."
No one is yet adding fluoride to the
city's drinking water. ButIwo years ago, the
state legislature passed a law ordering California
CONTINUED ON PAGE 16

.

Kennedy was raised with this
philosophy. His father was a
dentist who "painted my teeth
It Will Give You
with fluoride [gel] when I was
eight or nine." The senior
Cancer.
Kennedy also served on the
Lawrence, Kansas city council
It Will Make Your
in the early 1950s, when the
town faced the question of
Children Stupid.
whether fluoride should be
added to its drinking water.
"Dad still remembers the pubIt Will Break
lic health officials who came and
Your Bones.
basically shouted down the opposition. They said, 'It's known
to be safe. It's been proven by
hundreds and hundreds of studOr Will It?
ies. And blah, blah, blah.' They
had uniforms, and they were
from the government. This was
The Fluoride Controversy
just after World War II. Dad had
Continues
served in the military and
fought to save this nation. And
No one is yet adding fluoride to Ask Ellie Nadler and she'll tell when somebody from the govthe city's drinking water. But you that San Diego residents ernment came and made these
two years ago, the state legis- will begin to reap enormous ben- kind of claims, you didn't queslature passed a law ordering efits. "This is the most re- tion them."
California communities with searched, the most studied pub10,000 or more residents to lic health program ever, and its How fluoridation by 1950 had
start doing so on January 1, effectiveness is equated with the come to be official U.S. govern1997. The lawmakers didn't pasteurization of milk, the pu- ment policy is a story that beprovide money to pay for this, rification of water, and immu- gins right after the turn of the
so compliance has been slow. Its nization against communicable century. According to Dentistry,
imminence, however, has driven diseases!" says Nadler, coordi- Dental Practice and the Comthe local dentist to charge into nator of the San Diego Fluori- munity ("the Bible for public
the latest battle of a war that's dation Coalition. "Fluoridation health dentistry," in the words
now more than 50 years old. is extremely effective at reduc- of one local fluoridation advoKennedy has filed a petition to ing tooth decay. That's been cate), a Colorado Springs denplace a measure on a state-wide proven over and over and over. tist by the name of Frederick
ballot that would prohibit fluo- Then you have to ask: Is that McKay noticed that many of his
ridation everywhere in Califor- terribly important?" Nadler an- patients had "a curious blotchnia. October 15 is the deadline swers her own question by ing of the enamel," and he defor collecting the roughly pointing out that 95 percent of cided to investigate the extent
750,000 signatures he needs. Americans get one or more cavi- of Colorado Brown Stain, as the
Should the measure qualify, a ties at some point. "It's a very condition was known. Over the
monstrous fight will unfold. costly disease in terms of time, next 20 years, McKay found the
Should the petition drive fail discomfort, disfigurement, and spotted teeth to be endemic in
and fluoridated water begin to money. And it's highly prevent- many Midwestern states, and
he began to suspect that they
flow through the taps of San
able."
were caused by something in the
Diego households, what then?

HILLCREST DENTIST David
Kennedy recently posed the following question to several
friends with whom he was dining: What would you do if you
knew that a toxic substance
was going to be added to San
Diego's water supply — a substance that would lower
children's IQs, increase the cancer incidence, double the rate of
hip fractures among the elderly? Kennedy has become convinced that fluoride causes all
those ills and more. But the consensus of his affluent, well-educated dinner companions "was
that they would buy bottled
water," the dentist relates.
"That hurts my heart."

443
he had published what's now
known as the "21 Cities Study."
Based on analyses of the teeth
of 7,257 12- to 14-year-old children living in five Midwestern
states, he concluded that the
incidence of cavities dropped as
the concentration of fluoride on
the water approached 1.0 pprm,
"The immediate reaction of the then it leveled off above that
scientific community to the amount. Data from the study led
identification of F in drinking "to the adoption of 1.0 to 1.2 ppm
waters was one of concern, be- as the appropriate concentracause F in high concentrations tion of F in drinking water for
was known to be a protoplasmic temperate climates, a standard
poison," Dentistry, Dental Prac- that remains in place today," actice and the Community cording to Dentistry, Dental
records. The Journal of Dental Practice and the Community.
Research, for example, published an article that saw "no The first real-world tests of fluoalternative except to discard ridation began in early 1945 as
fluorine-bearing water supplies the cities of Grand Rapids,
and substitute others that are Michigan and Newburgh, New
fluorine-free." The federal gov- York began adding fluoride at a
ernment in 1931 also appointed rate of 1.0 parts per million to
a U.S. Public Health Service their water supplies. (Public ofdentist named H. Trendley ficials assumed that no health
Dean to further investigate the risks were involved becaUse
people in other communities
mottled tooth enamel
had been drinking water conBy the mid-1930s, Dean was taining higher levels of fluoride
using the term "fluorosis" to re- without suffering any obvious
fer to the condition, and he re- harm other than the tooth-spotported that in communities ting.) Both studies were to last
whose water contained as little for ten years, after which tooth
as 1.0 parts per million (ppm) decay rates among children in
fluoride, ten percent of the popu- Grand Rapids and Newburgh
lation had "mild or very mild" were to be compared with thOse
fluorosis. Any alarm that Dean of kids in unfluoridated
felt about this, however, was Muskegon, Michigan and
mitigated by his growing convic- Kingston, New York. But after
tion that drinking fluoridated only a year and a half, reports
water had another important of the experiments' success ;beconsequence. Many of the people gan to appear, and by 1949 'Dr.
whose teeth were mottled also Francis Bull, Wisconsin's state
seemed to have a lower rate of dental health director, was telltooth decay than people living ing the U.S. Congress that "Muin communities where drinking nicipalities should not wait for
water contained less fluoride, the completion of present largeDean came to believe. By 1942, scale control tests" before start-

affected communities' drinking
water. In 1931, an Alcoa Aluminum chemist named H.V.
Churchill (to whom McKay had
sent suspect water samples) determined that each of the
samples contained the trace element fluoride (F).

ing to fluoridate. By the following year, both the U.S. Public
Health Service and the American Dental Association had endorsed fluoridation, launching
what would soon become a juggernaut.
From the very beginning, the
drive to fluoridate America's
drinking water met with fierce
opposition. Some naysayers
voiced concerns about the safety
of consuming even a highly dilute version of what had theretofore been used as a rat poison.
In response, Bull in 1951 advised his fluoride-promoting
peers to "lay off [the question of
toxicity] altogether. Just pass it
over. 'We know there is absolutely no effect other than reducing tooth decay,' you say and
go on." Other fluoridation opponents bristled over the loss of
their freedom to choose whether
they wanted to consume the controversial element. Film director Stanley Kubrick lampooned
this camp in his 1964 film, Dr.
Strangelove, in which the deranged General Jack D. Ripper
rants about precious bodily fluids and the Communist plot to
contaminate them through fluoridation.
It didn't take long for San Diego to become embroiled in the
fracas. Despite hearing some
concerns about the long-term
health effects of fluoride consumption, in 1951 the city council voted 5-1 to add the element
to the local water supply, and on
the morning of November 11,
1952, fluoridated water began
flowing to homes in East San
Diego, University Heights, Mission Valley and Pacific Beach;

it reached other communities
soon thereafter. Opponents sued
the city, but lost all the way up
to the state Supreme Court.
They then launched a successful petition drive to put the issue before the electorate, and on
June 8, 1954, 53 percent of the
voters agreed to forbid the addition of any fluoride to San
Diego's drinking water.

(Elsewhere the optimal amount
is thought to be 1.0 ppm, but
proponents assume that people
in warm climates drink more
water.) These recommendations
derive from the estimates of the
1940s, but have "never been determined scientifically," a 1995
article in the Journal of the
American Dental Association
reminded readers. Nor has the
Food and Drug Administration
Just two days later, the city ever evaluated the safety or the
council was instructing the city efficacy of adding fluoride to the
manager "to look into ways and water supply in order to reduce
means of getting [the proposi- cavities. Nor has a formal dostion] on the ballot again," the age level ever been established,
San Diego Union reported. Al- according to Herschel Horowitz,
though the council backed down an independent dental consultfrom this aggressive stance, ant formerly on the staff of the
public health officials continued National Institute for Dental
to press for another vote Research. "That research has
throughout the 1960s. By 1968 not been done," Horowitz stated
proponents succeeded in getting in a recent telephone interview.
a measure to overturn the 1954 "Coming up with a number for
ban on the ballot. But this how many milligrams per day
proposition lost by a narrow individuals of various ages and
sizes should ingest is just not
margin.
known. We do know that where
Similar scenarios have played water is fluoridated at 1.0 parts
out in so many other California per million, at least in the tracities that today only about 17 ditional studies, there's maxipercent of Californians consume mum caries prevention with
fluoride in their drinking water. only minimal amounts of very
That compares to roughly 62 mild or questionable fluorosis."
percent of the rest of the United
States. Fluoridation nonethe- The question of appropriate dosless is much more prevalent in age tops the list of the things
California than in Europe, that bother Kennedy about fluowhere less than one percent of ridation. "The fact is that you
the continent's population cannot put a medication in the
water supply and expect a readrinks fluoridated water.
sonable consistency of dose at
Today the fluoride level in San the human level," he says. Some
Diego's drinking water averages people drink only four cups of
about .26 parts per million. water per day (the quantity
That's only a third of the which early fluoridation propoamount (.7 to .8 ppm) that fluo- nents seemed to assume was the
ridation proponents consider to standard). But many drink
be optimal for warm climates. eight to twelve cups, and five out

of every hundred drink more
than 16, according to one study
by the U.S. Cancer Institute.
About half of the fluoride taken
into the healthy human body is
excreted in urine, but people
with kidney disease retain far
more of the element. In 1993,
the U.S. Department of Health
and Human Services stated in
its Toxicolog ical Profile on fluoride that "subsets of the population may be unusually susceptible to the toxic effects of fluoride and its compounds. These
populations include the elderly,
people with deficiencies of calcium, magnesium, and/or vitamin C, and people with cardiovascular and kidney problems...." Given fluoridation, that
means "there are groups of
people in our community who
will have to abandon the public
water supply or suffer the toxic
effects of fluoride," Kennedy
says.
If you look beyond the drinking
water supply, the question of
dosage becomes even more complex. In the 1940s, when the 1.0
ppm guideline was established,
drinking water constituted the
main source of fluoride; the food
supply contained only negligible
amounts. But this has changed,
both opponents and supporters
of fluoridation concur. Today
beverages produced in places
where the water is fluoridated
(beer from Milwaukee, for example) wind up being fluoridated. Crops sprayed with fluoridated water also absorb some
of the element. A far more important influence on America's
food supply has been the proliferation of pesticides and fertilizers containing fluoride. Ex-

posed in this way, different foods
retain differing amounts of the
chemical. One 1996 study of
juices and juice-flavored drinks
(published in the
Journal of the
American Dental
Association found
that the mean concentration of fluoride in oranges
juices was only .13
parts per million —
less than half the
concentration
found in San
Diego's (low-fluoride) drinking water. On the other
hand, the same
study found that
some of the white
grape juices had
fluoride concentrations of up to
2.8 parts per million. A child who
drinks just one 250-milliliter box
of such juice would get .7 grams
of fluoride — the amount contained in four cups of water fluoridated to the level recommended
for warm climates.
Modern dental products provide
us with still more fluoride. Manufacturers impregnate dental floss
with it. They lace mouth washes
with it. They cram it into toothpaste formulas. Kennedy points
out that the average family-sized
tube of most major toothpaste
brands contain about 260 milligrams of fluoride. By some estimates, that's enough to send a
110-pound adult to the hospital
or to kill a child.
Few adults may swallow their
toothpaste, but a lot of small children do. And so in 1991 toothpaste tubes began to carry warn-

1
ings such as "Do not swallOw
— use only a pea-sized amount
for children under six." This
year the Food and Drug Admin-

istration decided even thlose
words weren't strong enough.
The agency ordered all manufacturers shipping fluoridated
toothpastes as of April 7 to
print a warning on their tubes
advising parents whose children swallow more a pea-sized
amount to contact a poison control center at once. Proponents
of fluoridation have
downplayed this embarrassing
turn of events. "We think the
FDA overreacted," says Clifford
Whall, director of product
evaluations in the American
Dental Association's Council on
Scientific Affairs. He says, poison control centers do reCeive
perhaps 4,000 to 5,000 calls a
year from parents concerned
about their toothpaste-eating
offspring, but these calls "don't
have any serious outcomes."
That is, the children don'i t get
seriously ill or die, Whall says.
Toothpaste also contains other
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ingredients that induce vomiting, he adds, a fact which tends
to limit further harm from the
contents. Nadler of the San Di-

ego Fluoridation Coalition concedes that when San Diego's
water does become fluoridated,
there may be a danger that
young children who use fluoridated toothpaste could consume
too much fluoride. She suggests
that parents might thus want to
raise the age at which they allow their children to brush with
the stuff. "It's a matter of education," Nadler asserts. "It's a
matter of parental supervision."
Kennedy says he already encourages his patients to clean
their teeth in alternative ways.
When they tell him they can't
find an unfluoridated dentifrice,
he says he tells them, "Oh,
you've been going to those drugstores. Don't you know that
you're supposed to say no to
drugs? Listen up! You're supposed to go to a place where you
can find health, a place that has
health in the name.' Besides

health food stores, kitchen cabinets are another source of
cheap, non-toxic alternatives, he
advises. "You'll find me using
herbs or baking soda or salt."
Kennedy says it wasn't until the
early 1980s that he turned his
back on the conventional teethcleaning armamentarium. Under his dentist father's supervision, he grew up brushing his
own teeth with Crest and
Colgate and the like, and he continued doing so when he went
to college and got a degree in
comparative biochemistry and
physiology. He says he entered
the University of Missouri's
dental school in 1967 with very
traditional ideas. "I'm a kid from
Kansas. We slice cows up and
eat them." Though he joined the
U.S. Navy Reserve that year, his
politics were liberal. "While
other people were protesting the
Vietnam War by throwing fire
bombs and burning flags, I was
walking precincts for George
McGovern. Because I believed in
the political process, and the
only way I could get a student
deferment was to join the Navy"

didn't. We'd never heard of flossing. We were never instructed in
how to stop dental disease. We
were instructed in how to cut
holes in teeth surgically. Look at
the degree: doctor of dental surgery. You are cutting out disease.
That's what they do with lasers,
drills, knives, spoons, excavators. You cut it out. It's a surgical approach to bacterial infection, whereas [the lecturer] was
talking about a biological approach." Although the upperclassmen sitting on either side
of Kennedy reacted with hostility and skepticism, these ideas
rocked the first-year student
from Kansas.

As he thought about the concept
of preventive dentistry,
Kennedy began to take stock of
his own health practices, a subject that had never been at the
forefront of his consciousness.
"When I did the dietary analysis of myself as part of our nutrition class, I found that the
majority of my Vitamin C was
coming from potato chips." But
he was coming to believe that,
"Preventive dentistry is not
about the teeth. It's about
The first jolt to his orthodox as- health!" As he discovered such
sumptions about dentistry came health gurus as Nathan Pritikin
his freshman year, Kennedy re- and Ken Cooper, he says, "I becalls. The occasion was a lecture gan to change every single ason preventive dentistry by an pect of my life."
Illinois dentist. "In an all-student assembly with over 400 He says when he graduated
professors and students, he from dental school in 1971, he
asked this question: 'How many was already thinking about
dentists in the room this morn- writing a book about preventive
ing flossed?' You know how dentistry. But other tasks also
many hands went up? None. Not consumed his time. As part of
a hand." The lecturer went on his military service, he moved
to talk about the role of some- to San Diego and served on acthing called plaque. "You know tive duty at the Naval Training
the term?" Kennedy asks. "We Center. After two years, he left

the service to start his own private dental practice. From its
inception, Kennedy says he
placed heavy emphasis on
teaching his patients how to
limit the amount of bacteria in
their mouths. In 1983 he began
to use a microscope to help
achieve that goal. "Before that,
I was flying blind," he says.
"What you're trying to do is remove gook from the teeth." But
with a microscope, you can identify the specific pathogens that
constitute that gook and target
them with the antibacterial
agents that will best eradicate
them. Moreover, `You can tell
when you're successful and
when you're not," Kennedy asserts.
By the beginning of the 1980s,
he was also making progress on
his preventive dentistry book.
He says he always intended to
include within it a chapter on
the role of fluoride, which he
believed to be one of the keystones of modern preventive
dentistry. "My sister-in-law likes
to point out that in the '70s I
wrote a prescription for my
nieces and nephews to have
fluoride drops." He did the same
for patients. The chapter that he
produced extolled the benefits of
drinking fluoridated water and
brushing with fluoridated toothpaste. It also urged patients to
consider using fluoride supplements and rinses. To review its
accuracy, Kennedy sent the
manuscript to a physician friend
in Florida. "And he sent it back
with a big red scrawl and a note
saying, 'I think you need to
check your references!"
Startled, Kennedy dug out his
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unfluoridated counterparts had
5.81. And Kennedy also points
out that the study authors failed
to take into account any of the
variables such as diet, oral hygiene, dental care, and parental
The San Diego dentist asserts educational level which are now
that in other cases, study sta- recognized to "have a profound
tistics were Manipulated to effect on tooth decay."
paint a false picture. He Cites
the landmark Grand Rapids/ Today the Hillcrest dentist has
Muskegon study as one' ex- come to believe that none of the
ample. Today fluoridation advo- pro-fluoridation studies are
cates state that "For each of the sound. That assertion, echoed by
seven youngest age groups a number of fluoridation oppo[studied in the two cities],! ad- nents, outrages advocates.
Today only about vantages
for Grand Rapids Over "There is absolutely no doubt
Muskegon ranged between n 214 [fluoridation] reduces cavities,"
17 percent of
and 450 percent." That sounds declares Nadler of the San Dioverwhelming,
as does the claim ego Fluoridation Coalition. "It's
Californians
that the five-year-olds in Grand been proven over and over and
Rapids had 73 percent fewer over again." The ADA's booklet,
consume fluoride
cavities after drinking fluori- Fluoridation Facts calls the efdated water for five years, com- fectiveness evidence "overin their drinking
pared to the five-year-olds in whelming" and refers to some
water.
unfluoridated Muskegon, whose 113 studies done in 23 countries
cavity rate had increased by 133 that have shown favorable reThat compares to
percent. But look instead at the sults. Kennedy concedes that he
rates in both cities, and hasn't read and critiqued every
roughly 62 percent decay
the picture changes. At the !con- one of these, but he believes they
clusion of the study, five-year- all suffer from design flaws
of the rest of the
olds in Grand Rapids on aver- ranging from small study size to
age had .03 decayed, missing, examiner bias, a charge reiterUnited States.
and filled permanent teeth ated in an article published ear(DMFT) per child, versus an lier this year in the Australian
But the critique from his physi- average of .14 decayed, missing, and New Zealand Journal of
cian friend made him go back and filled permanent teeth in Public Health. "Of the many
and scrutinize the contents of the Muskegon five-year-olds. studies used by proponents of
the file, and he concluded "that That's a difference of barely one- fluoridation to claim that there
the pivotal papers are garbage!" tenth of one cavity per five-rear- are enormous benefits from fluoHe learned, for instance, that for old. In some age categories, the ridation, not one is a randomhis famous 21 Cities Study, H. DMFT rate fell more among the ized, controlled trial," assert the
Trendley Dean had not selected unfluoridated Muskegon kids. authors, who include a former
the target populations in a blind Overall, all the Grand Rapids Australian federal health minor random manner, a significant children — who had a slightly ister and a former convenor of
failing considering that decay lower rate of tooth decay to be- the New Zealand Fluoridation
rates vary a great deal from city gin with — had 5.14 decayed, Promotion Committee, both of
to city. Rather Dean had chosen missing, and filled permanent whom became disillusioned
his cities after surveying a much teeth per child at the conclusion with their profluoridation counlarger number of communities. of the study, whereas their terparts. This article goes on to

fluoridation file, the one he'd set
up when some of his patients
had questioned the value of using fluoride and he in turn had
sought supporting literature
from the American Dental Association library. "They had sent
me a stack an inch high of what
they said were the pivotal papers...." Kennedy says he had
skimmed the abstracts and
thumbed through the data and
accepted the conclusions without question.

"He was allowed to pick the data
that he tells you about,"
Kennedy says. "It's an
unblinded study that set out to
prove a predetermined point."

state that "hardly any of the
many small-scale studies by
enthusiasts of fluoridation are
'blind' and, in the rare cases
when they are, the so-called control was selected from a known
high-caries area.... Many other
studies have had no controls."
Kennedy adds that one of his
fellow fluoridation opponents
once offered $100,000 to anyone
who could disprove the assertion that no large, broad-based
blinded studies of permanent
teeth have demonstrated a decline in tooth decay. "Nobody
ever collected the money,"
Kennedy says. In contrast, he
says, "We [fluoridation opponents] have five major broadbased studies. One with 80,000
children. Another with 39,000
children. Another with 25,000.
Huge studies that show there's
absolutely no [beneficial] relationship between fluoridation
and tooth decay." These have all
been published in scientific and
dental journals within the last
17 years, he adds.

nearly 100 years ago. Kennedy,
waxing professorial, explains
the condition in this way. "Say
you're a cell, and you're going to
make enamel. What you do is to
lay out a perfectly beautiful
crystal in long ribbons that you
can almost see if you look at a
tooth very carefully" The material is crystalline hydroxyapatite, and "it's a beautiful opalescent color," Kennedy continues.
"It reflects light. But when that
cell is sucking too much fluoride
into itself in making the crystal, it becomes poisoned. So instead of laying out good straight
ribbons of enamel, it lays down
a little tangle. In some cases it
gets so sick it doesn't make it at
all, and you have a hole. That is
dental fluorosis."

In its mildest forms, the spots
are small and white, rather than
brown. Like many biological
processes, the development of
dental fluorosis can be affected
by several factors. Children who
drink lots of milk are less susceptible because the calcium in
the milk binds with fluoride and
In turn, fluoridation boosters inhibits its absorption. Magnehave quibbled with aspects of sium, Vitamin C, and selenium
the design of those studies. It's have a similar limiting influenough to make the neutral ob- ence, Kennedy says. Recent
server despair of ever getting to studies (published in such conthe bottom of the effectiveness servative organs as the Journal
question. However, whether of the American Dental Associadrinking fluoridated water cuts tion) estimate the incidence of
the tooth decay rate by 35% or dental fluorosis in fluoridated
not at all may not matter if American communities today at
Kennedy and other fluoridation 15 to 65 percent.
opponents are right about the
harmful effects of consuming But this is no big deal, the fluothe chemical.
ridation supporters insist. "At
the optimum fluoride level, only
Let's start with dental fluorosis the mildest forms of dental fluo— those spots on the teeth that rosis occur, most of which is
caught McKay's attention barely observable," writes

Stanley B. Heifetz, a professor
at the University of Southern
California's School of Dentistry
in Los Angeles. Even the larger,
uglier brown spots seen in more
severe cases represent a mere
cosmetic problem, rather than a
health concern, the proponents
say.
"Only a dentist could believe
that this amount of poisoning
could go on, and it would affect
the teeth alone," Kennedy
sneers. "We know that if you
skinned [people who have dental fluorosis] and looked at their
bones, the same thing is happening to them."

In Europe, less than
one percent of the
continent's
population drinks
fluoridated water.
Even ardent advocates of fluoridation do concede that exposure to enough fluoride over
time can wreck havoc with human bones. The damage takes
the form of something known as
skeletal fluorosis. Endemic in
India and other parts of Asia
and the Middle East where water fluoride levels are high,
people drink a lot of water, and
nutrition tends to be poor, this
condition involves crippling of
the spine and major joints, calcification of the ligaments,
wasted muscles, and other deformities. Fluoridation defenders say that almost no one gets
skeletal fluorosis in America.
The critics retort that American

doctors aren't trained to diagnose the early phases of the disease , which cause much subtler
symptoms such as joint pain
and stiffness. They add that it
can take decades for symptoms
of skeletal fluorosis to develop,
as fluoride builds up in bone
over time. Since fluoridation of
America's drinking water only
began in the mid-1940s, Americans may be harboring a time
bomb, Kennedy asserts.
How much daily fluoride consumption can cause skeletal
fluorosis? The ADA's
profluoridation pamphlet, Fluoridation Facts, states that the
National Academy of Sciences
(NAS) "found that daily intake
required to produce symptoms
of chronic toxicity after years of
consumption is 20 to 80 milligrams or more depending on
body weight." If that's correct,
than someone drinking tap water with 1 part per million of
fluoride in it (the equivalent of
one milligram per liter) would
seem to run little risk of contracting the disease, even if he
or she were also swallowing
some toothpaste and downing a
few boxes of white grape juice
every day. But how did the National Academy of Sciences derive those numbers? When a
Michigan housewife named
Darlene Sherrell began asking
that question in 1989, the NAS
program director overseeing
recommended daily allowances
referred her to the work of a
European researcher named
Roholm. Sherrell discovered
that in 1937 Roholm wrote that
consuming 0.20 to .35 milligrams of fluorine daily per kilogram of body weight for eleven

years would probably cause
skeletal fluorosis, and she
learned that a famous toxicologist named Harold Hodge in the
early 1950s had used Roholm's
work to derive the figure of 20
to 80 milligrams for 10 to 20
years. But Sherrell says when
she tried to duplicate Hodge's
arithmetic, it didn't add up. "I
finally figured out that Hodge
must have made the mistake of
multiplying by pounds instead
of kilograms," Sherrell recounts
today. Correcting for that, the
dangerous dose falls to 10 to 20
milligrams over 10 to 20 years.
Sherrell also discovered that
Hodge himself changed hiS figures in a 1979 book on fluoride,
a fact that she made known to
the NAS. In 1993, the NAS's
National Research CoUncil
stated that "Crippling skeletal
fluorosis might occur in people
who have ingested 10-20 Mg of
fluoride per day for 10-20 years."

studies that have shown no such
link, leading them to conclude
that "fluoridation neither increases nor decreases hip fracture risk," in the words of
Heifetz, the USC dental school
professor.

Beverages produced
• in places where the
water is fluoridated
(beer from
Milwaukee, for
example) wind up
being fluoridated.

In a statement on the "Benefits
Versus Concerns on Fluoridation" written earlier this year,
Heifetz also writes that "More
than 50 credible epidemiologic
studies of large communities
with sizable populations.. .have
found no evidence of a relation
between fluoridation and an inThough that still might sound creased cancer risk as deterlike a lot of fluoride, Kennedy mined from standardized morpoints out that if you think
tality rates." The fluoridation
about ingesting fluoride over a
opponents, on the other hand,
longer period, say 40 to 80 Years
point to other epidemiological
(as children living in fluoridated
studies that have found such a
cities will do), then the dangerrelationship. Moreover, they
ous dose falls to as low as 2.5 to
also talk about the'results of the
5 milligrams a day, an amount
clinical study conducted by the
consumed by many Americans
National Toxicology Program
now.
and made public in 1990. According to Kennedy, the indeKennedy says a growing body of
pendent testing agency hired to
evidence already has linked
do the study concluded that
fluoridated water consumption
laboratory rats given fluorito higher rates of hip fractures
dated water became "awash
among the elderly. At least eight
with disease. They had kidney
reports of such a link have apfailure. They had cancer of the
peared in the last seven years lips, tongues, throat, bone, and
in well-respected journals'. On
liver. Gosh, that doesn't sound
the other side of the fence, fluotoo good," the San Diego dentist
ridation boosters point to 'four

comments. He says the U.S.
Public Health Service thereupon "downgraded" the cancers
found in the rats — reclassifying them as less serious conditions. Kennedy says the public
health service gave a summary
of the study results (including
the reclassified cancers) to an
expert committee which declared that the cancer findings
were "equivocal." William
Marcus, the senior science advisor for the EPA's Office of
Drinking Water, was so disturbed by this and other aspects
of the study findings that he
publicly protested the irregularities. The EPA fired him in
response, but Marcus filed a
lawsuit under the
Whistleblowers Act. In 1993
Secretary of Labor Robert B.
Reich found that the reason for
the firing was "retaliation" and
ordered that Marcus be given
back pay, legal expenses, and
$50,000 in damages.
Laboratory rats are at the heart
of yet another area of concern
to the fluoridation opponents:
that of the impact of fluoride on
the human brain. The key scientist who has worked in this
area is Phyllis Mullenix, a
neurotoxicologist with extensive
academic credentials. Mullenix
was working at Boston's
Children's Hospital in 1982
when she was asked by the head
of the Forsyth Dental Center (an
affiliate of Harvard Medical
School) to join the Forsyth Research Institute. The next year
she was asked to establish a
toxicology department there.
"They wanted me to look at the
environmental impact of various substances used in den-

tistry, things such as nitrous
oxide, mercury, and fluoride,"
Mullenix explained in a recent
phone interview. Exposing rats
to various substances and then
seeing if the exposure has
changed how the animals act
lies at the heart of much toxicological research, but one drawback to this approach is that it
requires a lot of subjective judgment. Mullenix says her first
project at Forsyth was to develop a system of using computers to recognize and classify rat
behavior patterns, something
that had not been done before.
It took her and her collaborators
almost five years to get a reliable pattern-recognition system
working, and then, at the urging of her boss, she began to use
it on rats exposed to fluoridated
drinking water.
Up to then, "Fluoride hadn't
meant anything to me,"
Mullenix insists. "Prior to 1987,
I don't think I'd ever uttered the
word. Certainly I didn't understand or appreciate the whole
political background." In the
first three years that she exposed the rats to fluoride and
analyzed their behavior, however, she began to view the substance with concern. "Some of
the effects that we were seeing
were quite disastrous." She explains that rats exposed to the
fluoride prenatally became
markedly hyperactive (compared to control animals). Exposure after the rats were born
appeared to have the opposite
effect, creating what Mullenix
calls the "couch-potato syndrome." Mullenix also found
that the rats exposed to fluoride
had significantly higher levels

of fluoride deposits in their
brains.
When she showed her preliminary data to her boss in 1990,
she says he shared her concern
and dispatched her to give a
seminar on her results at the
National Institute of Dental
Research (NIDR) outside Washington D.C. She says she was
waiting to do so in the lobby of
the institute's main hospital,
when she happened to notice a
big display on the walls about
"The Miracle of Fluoridation."
Only then did she begin to suspect what effect her presentation might have. Probably 25
people from a variety of federal
agencies attended the seminar,
and "they did look at me with
absolute horror," she recalls. "At
one point I made some joke
about The Miracle of Fluoridation, and I was struck by the fact
that no one laughed." Mullenix
wasn't condemning fluoridation.
"I said the data was disturbing,
too big of a concern for me to just
walk away from it. But all I was
asking for was to do more studies." She felt encouraged a few
weeks later when the director of
the NIDR wrote a letter to her
boss at Forsyth, praising the
computerized pattern-recognition technology and suggesting
various ways for Mullenix to get
funding for additional work. But
though she followed the suggestions, no research money came
from any of them, she says.
"They were all dead ends."
By working on a shoestring,
Mullenix nonetheless continued
doing additional fluoride studies. (For example, she was able
to work with animals being
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studied by a dentist who had a
grant to study dental fluorosis.)
She says by 1992 some of her
colleagues at Forsyth had
started to express their disapproval of her work. "I heard comments to the effect that I was
jeopardizing funds that they receive from the NIDR." Undeterred, Mullenix in 1993 decided
it was time to write up her results from studying 532 rats. In
March of 1994, she sent a manuscript describing her research to
the peer-reviewed journal
Neurotwdcology and Teratology.
In May, the editor accepted it
(with some revisions), and that
same month, Mullenix was dismissed from the staff of the dental research institute.
Mullenix's article reached print
in February of 1995. By then she
had sued the Forsyth Research
Institute for wrongful termination, and in May of this year she
accepted a settlement from her
former employer. Since leaving
Forsyth, she has regained her
appointment at Children's Hospital in Boston, but she says she
hasn't yet set up a lab there because no one will fund her to do
additional fluoride studies.

sified U.S. government documents. They show that toxicologist Harold Hodge, who had
served as the chief pharmacologist on the Manhattan Project,
had expressed concerns about
fluoride's effect on the human
central nervous system back in
the mid- and late 1940s. But
Hodge was ordered not to Carry
out experiments that would investigate those effects. When
Mullenix joined the staff of the
Forsyth Research Institute,
Hodge was working in her department, and she says he;took
a keen interest in her fluoride/
rat work. "He came up to my lab
on a daily basis!" But for some
reason, Hodge never once Mentioned his long-standing !concerns about how fluoride Might
affect the human brain. "It's
maddening," Mullenix now Says.
"I don't know who knew What
and when."

of things in the cookies, and the
kids won't die. If you put fluoride in the cookies, the kids will."
After he made that decision,
Kennedy says he gave little
thought to fluoride. "Fluoride
wasn't a problem." With a few
exceptions such as the San
Francisco Bay Area and Beverly
Hills, "California isn't fluoridated," Kennedy knew. "California cities had rejected it something like 78 times! So here I
was, minding my own business,
when somebody called me up
and said, 'Did you know that
they're going to mandate fluoridation for the whole state?"' He
describes his reaction as "appalled."

Kennedy learned that the proposal for mandatory fluoridation had come from Jackie
Speier, the Democratic AssemBack in 1984, David Kennedy blywoman from Burlingame
knew nothing about fluoride's (which has fluoridated its water
effect on the central nervous since 1955). Speier reportedly
system; Mullenix hadn't yet be- got the idea for her bill after her
gun her rat studies then, let children began spending time in
alone published the results of (unfluoridated) Sacramento,
them. Kennedy still believed (as and their pediatrician recomhe continues to believe today) mended giving them a fluoride
that topical use of fluoride (as supplement. She was "stunned"
If her own research has ground opposed to ingestion of 'it in to learn how many of the state's
to a halt, Mullenix says other drinking water) reduces tooth residents were missing out on
disturbing information about decay. But his research for his fluoridation's benefits, accordfluoride's impact on the central fluoridation chapter had con- ing to subsequent news reports.
nervous system has come to vinced him to toss out his' fluo- Jubilant at the prospect of a leg.I
light in the last two years. Two ridated rinses and fluondated
islative champion, the CaliforChinese epidemiological studies toothpaste. "You don't prevent nia Dental Association pledged
have suggested that children dental disease by nuking kids $110,000 to help her get a bill
drinking fluoridated water may with poisonous substances," he passed. Speier rounded up four
wind up with lower I.Q.s than says. "You do it by keeping the co-authors, and on February 22
their counterparts in scum off the teeth, and if the of 1995, she introduced her bill.
unfluoridated areas. And scum does develop, you kill it
Mullenix last year was jolted by with something like baking soda "I initially thought that Jackie
the contents of some just-declas- or salt. You can put those kinds Speier was someone who was

confused," Kennedy says. He
says his first response to the
news of her bill was to do whatever he could to dispel that confusion. He flew up to attend the
Assembly Environmental
Health and Toxics Committee
hearing, and he also paid the
travel expenses of another antifluoridation activist from Ohio,
John Yiamouyiannis. For that
first committee meeting, Speier
"brought in the big guns," according to an analysis of the
California fluoridation campaign published in the California Dental Association Journal
this past January. "She presented videotaped testimony
from former Surgeon General C.
Everett Koop, who said fluoridation was an important benefit
for poor families who lack
proper dental care." Koop
pointed out that of the 150 large
U.S. cities that do not fluoridate
their water supply, 87 were in
California, including Sacramento, Los Angeles and San
Diego, according to the journal.
The article added that the chair
of the California Fluoridation
Task Force "urged the committee to look beyond the emotional
hysteria presented by the antifluoridationists, who packed the
hearing room." (The CDA Journal article also compares opponents of the bill to the mindless
followers of the Grateful Dead
and to the members of the Flat
Earth Society.)
Speier's bill passed that first
committee by one vote, and it
"squeaked its way through the
Assembly Appropriations Committee by the same narrow margin," according to the CDA Journal. Kennedy flew up for the fi-

nance committee meeting too,
but he was beginning to grow
discouraged. "They would decide
on a Monday that a committee
meeting was going to be on
Wednesday. Well, how do you get
to Sacramento if you've got an
appointment book that's full of
patients? Three different times
I canceled everybody, left my
staff working (because otherwise it wouldn't have been fair
to them), and raced up to Sacramento — where they'd give
me two minutes or something."

$230 instead of $90, cancel
$3,000 worth of treatment in my
office — all to tell these fools
what they don't want to hear?
It was an exercise in stupidity."

The full Senate passed the bill
22 to 10, and Governor Pete
Wilson signed it on October 9,
1995. Since then, unfluoridated
communities have been responding in a variety of ways.
In Los Angeles, the city has decided to pay for the costs of fluoridating (even though L.A. residents passed a law banning
The Assembly passed the bill on fluoridation in 1975). Here in
June 2, and Kennedy says he San Diego, where the 1954 ban
pinned his hopes on the meet- is still on the books, the city
ing of the Senate Health Com- attorney's office has issued a
mittee, chaired by Diane Watson report concluding that it would
of Los Angeles. Kennedy says be illegal to spend local funds to
Watson's chief aide assured him carry out the mandate. But
"that the committee would pro- "They're going to find a way
vide unlimited time and give a around that," Kennedy frets.
fair, balanced, and unbiased "It's a temporary roadblock."
hearing of the scientific issues."
So Kennedy and a half dozen He says he decided that an iniscientists opposed to fluorida- tiative was the only hope of
tion prepared to speak at the averting a statewide catastromeeting. There Kennedy says phe. He also concluded that his
Speier talked at length, along proposition should ask voters to
with representatives from the ban fluoridation outright (since
state dental hygienists' society allowing communities to decide
and the public health service, as for themselves still might force
well various other proponents. fluoridation on individuals such
In contrast, "What we got basi- as infants and the elderly who
cally boiled down to about ten are particularly susceptible to
minutes," Kennedy recalls. On fluoride's toxic effects). In the
top of that, only three (of the hope of getting the measure on
nine) committee members were the November, 1996 ballot,
present. "Finally they grabbed Kennedy filed the necessary
two other members who had paperwork in January of that
been out in the hall and voted year. He was preparing to organize a statewide grass-roots sig5-0 in favor of the bill."
"It was a done deal," he declares nature-collection effort when he
today. "And when I realized that, learned that the attorney
my question was: What am I general's office was estimating
doing here? Why did I buy a late that banning fluoridation would
ticket on Southwest, which costs cost California taxpayers "about

$15 million dollars per year after five years." A summary of
this estimate would go on each
petition form.
"That is absolute malarkey!"
Kennedy exclaims. "In [the legislative analyst's] fiscal estimate of Speier's bill, they said
that mandatory fluoridation
would cost up to $60 million in
Year One alone — including up
to $45 million to buy the equipment and up to $15 million to
buy the chemicals. So my initiative should save $60 million,
right? No, it's going to cost $15
million because we're going to
have all this added tooth decay
that's going to immediately skyrocket up."
Around this time, Kennedy
gained an ally in the form of Jeff
Green, a management consultant who had worked with the
Hillcrest dentist for almost 20
years. Green grew up in San
Diego County, and he says he'd
never realized that any harmful effects were linked to fluoridation until he heard about
Kennedy's efforts to launch the
initiative petition. Skeptical at
first, Green says he started
reading, and the weight of the
evidence against fluoridation
convinced him that the statewide mandate was a terrible
thing He committed himself to
helping Kennedy, who was trying to get to the bottom of the
loathsome fiscal estimate.
Kennedy learned that the summary had been written by a dentist named Robert Isman, a fluoridation advocate who had previously worked as a county
health officer in Oregon. There

parison themselves, they obtained the records showing
what the state pays for indigent
dental care in each county. They
then related this data to each
county's fluoridation status and
found "no rhyme or reason at
all," Green says. Nonfluoridated
Napa County, for example, in
1995 paid $66.72 for dental
costs per eligible Medi-Cal recipient, while Contra Costa
County (99 percent fluoridated)
paid $127.80 per person. Los
Angeles County (5.2 percent
fluoridated) paid $143.52 — almost the same as 100-percent
fluoridated San Francisco,
which paid $144.84. When
Kennedy and Green had the figures weighted (to even out the
size differences between the
various counties) they found
that in 1995 the average annual
Medi-Cal cost per eligible recipient was $110.06 in non-fluoridated counties. The tab was
slightly less ($107.26) in counIsman extrapolated from these ties that were .5 to 10 percent
studies that banning fluorida- fluoridated, but it climbed to
tion in California would cause $125.27 in the three counties
a 67 percent rise in the tooth that are between 90 and 100
decay rates in currently fluori- percent fluoridated.
dated areas. And failing to
implement fluoridation in the Armed with these figures,
rest of the state would prevent Kennedy filed a lawsuit against
taxpayers from enjoying the 40 the state attorney general, askpercent improvement in dental ing among other things that the
health that would otherwise oc- biased fiscal estimate be decur. As a result, taxpayers Would leted. The judge responded that
pay millions of dollars more in even if he did this, Kennedy
Denti-Cal costs, he concluded.
would have only 60 days left to
collect all the required signaLooking at these calculations, tures (since the court proceedGreen says he and Kennedy ings had already consumed
wondered why the state officials three of the five months allothadn't compared the Denti-Cal ted for signature gathering).
costs for fluoridated versus The judge suggested that
unfluoridated California l com- Kennedy refile the initiative
munities. To make such a corn- and start the clock over again.
Isman and a number of other
county officials had been Isued
for lobbying on public time
against a Portland
antifluoridation initiative, and
the Oregon State Supreme
Court had ruled that they personally could be held liable for
the return of public funds spent.
Isman had later moved to California and now works for the
state's Department of Health
Services. To estimate the Costs
of banning fluoride in California, he had relied on four small
studies done in Europe,
Kennedy and Green learned. In
the European studies, "There
were no controls of any of the
other variables [affecting tooth
decay rates]," Kennedy bristles.
The researchers "didn't determine whether the people
brushed with a fluoridated
toothpaste. They didn't look at
the total daily intake of fluOride.
On and on and on."

Kennedy says the defendants'
lawyers pledged that any future
fiscal estimates would not be
biased, and the judge promised
to schedule a hearing within 24
hours if a biased summary were
prepared a second time.
"Suffering from a bloody nose
and a damaged ego, I waited a
while," Kennedy says. "Then in
January of 1997 I refiled it in
the hopes that they would keep
their word." But when the attorney general's office released the
fiscal summary this past April,
it was almost identical to the
one the San Diego dentist had
sued the government over the
previous year. "There aren't
three words different," he says.
He says the judge did keep his
word and gave him an immediate hearing. But then he "basically ruled against us," decreeing that if one authority agreed
with the attorney general [that
banning fluoridation in California would cost state taxpayers
millions of dollars] the summary
could not be considered "arbitrary and capricious." Since
Isman, the summary's author,
could be considered an authority, the summary passed that
test.
Kennedy says at that point he
and Green resigned themselves
to proceeding in spite of the biased language. If their initiative
qualifies for the ballot, "We'll
have another chance to get [the
cost summary] removed,"
Kennedy states. He explains
that the standard for bias in a
ballot argument is tougher than
that for one on an initiative petition. "It's the reasonable-man

test," Kennedy explains. "Would the vast majority of successful
it be reasonable to include stud- initiative sponsors and one that
ies from a foreign country, can cost up to $500,000). But
rather than looking at the Green and Kennedy claim that
record of what has already hap- a small army of volunteers has
pened in California?"
materialized. "We have more
than 5,000 names of people who
have
called up and are circulatFluoridation
ing the petition," Green says.
defenders say that Around 70 of those are dentists,
according to Kennedy. A poweralmost no one gets ful
ally also has been health
skeletal fluorosis in guru Julian Whittaker, who in
mailed the petition to
America. The critics August
each of his 75,000 California
retort that
subscribers, pleading for their
Other supporters have
American doctors help.
come from a broad political specaren't trained to
trum Kennedy says, "I was at
one meeting the other day
diagnose the early where
a former president of the
phases of the
Environmental Health Coalition was sitting across from a
disease.
lifelong member of the John
Birch Society. There was also a
Since April, Green and Kennedy past president of the Women
have been directing the petition Volunteers in Politics along with
drive. In order to do this, Green representatives from the Chrishas put his management-con- tian Coalition. They're all in
sulting business on hold, and agreement that we do not need
Kennedy says he tried to sell his to poison the children."
dental practice. "But I found you
can't do that at a moment's no- More moral support came this
tice, so I decided to devote ev- summer from a more distant
ery spare moment I had. source: the union representing
Everybody's got spare time." all the scientists who work at
Kennedy says he sees patients the federal Environmental Prothree days per week. "That tection Agency headquarters in
leaves me four days to do some- Washington. A dozen years ago,
thing else. Many people go surf- this group protested when the
ing or sailing or golfing. What I EPA management decided to
do is to sit at the computer and raise the Maximum Contamiwork til 10 p.m." The dentist nant Level for fluoride to 4.0
also estimates that he's fun- parts per million. The union
neled perhaps $100,000 of his even tried to join in a subsepersonal savings into the fight. quent lawsuit filed by the National Resources Defense CounThat's not enough of a war chest cil against the EPA manageto hire professional signature- ment, citing "fraudulent altergatherers (the route taken by ations of data and negligent
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omission of fact to arrive at pre- money, money, money, Money,
determined Agency political po- money, money." First and foresitions regarding fluoride."
most, he contends, a national
fluoridation policy solves a huge
This past July 2, the union took problem for many segments of
the further step of voting — American industry: disposing of
unanimously — to co-sponsor what would otherwise be a toxic
Kennedy's California Safe waste. If fluoridation is goOd for
Drinking Water Initiative. Fluo- us, then companies "don't' have
ride, the scientists' union stated, to clean up their smokestacks,"
is "a chemical substance for the dentist says. "Or they can
which there is substantial evi- pour their effluent right down
dence of adverse health effects the drain into the city sewer
and, contrary to public percep- plant." On the other hand, if evtion, virtually no evidence of sig- eryone acknowledged fluoride to
nificant benefits." The state- be a pesticide and a hazardous
ment continued, "Our members' waste material, disposal could
review of the body of evidence cost as much as $50 billion a
over the last eleven years, in- year, by one estimate. "It's il used
cluding animals and human epi- to crack gasoline," Kennedy
demiological studies, indicate a says. "It's used to etch glass and
causal link between fluoride/ circuit boards. It's used in 100
fluoridation and cancer, genetic different processes where you
damage, neurological impair- need a caustic chemical."
ment, and bone pathology"
1
Supporting fluoridation has also
Asked about the union's stance, enriched the American Dental
Nadler of the San Diego Fluori- Association, Kennedy asserts,
dation Coalition replied, "I don't pointing out that the ADA has
know very much about the accepted a lot of money over the
union at all." She also reiterated past 37 years in exchange for
that "there are no valid studies endorsing fluoride-fortified
in existence that corroborate" products such as Crest tooththe EPA scientists' assertion paste. Among the rank and file
that fluoridation has adverse dentists and public health workhealth effects. "I don't know that ers, he sees ignorance and inerI can make sense of [such oppo- tia. "Dentists follow dictates
sition] because I don't think it's blindly," he says. "They're taught
sensible. It's not sensible and it's in school that it's good, and they
not beneficial."
get sucked into it."
Kennedy, in contrast, has a
ready explanation for the force
behind the fluoridation juggernaut. He says, "The short version is that there are eleven reasons why fluoride has been put
into the water supply of this
nation. And they are: money,
money, money, money, money,

As for the average citizen,
Kennedy acknowledges that it's
.
easy to shrug, like his fn1ends,
and stock up on bottled Water.
"But if you allow the dumb dentists to put rat poison in the
water supply because they claim
it's going to reduce tooth decay,
if you just sit back and let that

happen, are you willing to lose
your country?" he asks. "Because that's what will happen.
If you dumb down the children,
create learning disabilities and
an inability to read and write,
you'll end up destroying the
foundation of this country — an
educated intelligent populace.
.It's a bigger threat to America
than Russia ever was."
Kennedy argues that the fall of
the Iron Curtain revealed "a
bunch of puky little Third-World
countries that are struggling to
make a living. They never were
a reason for Ronald Reagan to
spend hundreds of billions of
dollars on armaments. We were
told they were. And yet the real
threat is we have children dying of cancer.... What's going on?
It's that we are living in a country with a government that is
run by industry It should be run
without the government involved in your life. It shouldn't
be involved in medicating you.
If you want to take fluoride, you
can go to the store and buy it.
But the government shouldn't
be deciding that you need X
amount of fluoride in your water today." Jeannette De

Wyze
Text reprinted in its entirety by
permission of J. De Wyze
Additional ducuments are not a
part of this Reader article, and
are not intended to be an expression of opinion of the Reader or
J. De Wyze.

National Federation of Federal Employees
P. 0. Box 76082, Washington, DC 20013
202-260-4683 (V)
202-401-3139 (F)
LOCAL 2050

Mr. Jeff Green
Citizens for Safe Drinking Water
3243 Madrid Street
San Diego, CA 92110

July 2, 1997

Dear Mr. Green:
I am pleased to report that our union, Local 2050, National Federation of Federal Employees, has
voted to co-sponsor the California citizens' petition to prohibit fluoridation of which your organization is the sponsor. Our union represents, and is comprised of, the scientists, lawyers, engineers
and other professionals at the headquarters of the U.S. Environmental Protection Agency here in
Washington, D.C.
A vote of the membership was taken at a meeting during which Professor Paul Connett and Dr.
Robert Carton made presentations, respectively, on the recent toxicological and epidemiological
evidence developed on fluoride and past actions (and their bases) of Local 2050 with respect to
fluoride in drinking water. The membership vote was unanimous in favor of co-sponsorship.
It is our hope that our co-sponsorship will have a beneficial effect on the health and welfare of all
Californians by helping to keep their drinking water free of a chemical substance for which there
is substantial evidence of adverse health effects and, contrary to public perception, virtually no
evidence of significant benefits.
These judgements are based, in part, on animal studies of the toxicity of fluoride coupled with
the human epidemiology studies which corroborate them, and the studies of rates of decayed,
missing and filled teeth in the United States (fluoridated and non-fluoridated communities)
versus non- fluoridated European countries.
Our members review of the body of evidence over the last eleven years, including animal and
human epidemiology studies, indicate a causal link between fluoride/fluoridation
and cancer, genetic damage, neurological impairment and bone pathology.
Of particular concern are recent epidemiology studies linking fluoride
exposures to lower I.Q. in children. (emphasis added)
As professionals who are charged with assessing the safety of drinking water, we conclude that
the health and welfare of the public is not served by the addition of this substance to the public
water supply.
Best wishes to you and your organization for success in keeping what would otherwise be a
hazardous waste of the fertilizer industry from being disposed of in California's drinking water
supplies.
Sincerely,
J. William Hirzy, Ph.D.
Senior Vice-President

AMERICA. OVER-DOSED ON FLUORIDE
Compiled by Lynn Landes and Maria Bechis, Chair & Vice Chair, Fluoride Committee ,PA Sierra Club,March 14,1997

The widespread and uncontrolled use of fluoride in our water, food juices. soft drinks, beverages, and
dental products is causing pervasive over-exposure to fluoride in the U.S. population. Most developed
countries have banned fluoride in water. Today, over 60% of the United States population drink fluoridated water. In
general, Americans are not warned of the risks of fluoride. Food and beverage labels do not include fluoride concentrations.
Fluoride is the only chemical added to U.S. municipal water that is used to mass medicate, rather than to
render water safe to drink. It is not an essential nutrient. It has never received "FDA Approvar(U.S. Food and Drug
Administration) as safe or effective. It is listed as an "unapproved new dimg." Although fluoride can occur naturally in
some water supplies, the type of fluoride added to water is a hazardous waste of the aluminum, uranium, and phosphate fertilizer industries .
For two consecutive years, 1995 & 1996, The Journal of the American Dental Association (JADA) has published
studies reporting on pervasive over-exposure to fluoride due to "the widespread use of fluoridated water, fluoride
dentifrice, dietary fluoride supplements and other forms of fluoride... (There is] an increased prevalence of
dental fluorosis, ranging from about 15% to 65% in fluoridated areas and 5% to 40% in non-fluoridated
areas in North America." The 1996 study warned parents to limit their children's intake of juices due to excessive
fluoride content.
Fluorosis is symptomatic of an over-exposure to fluoride throughout the body. Its visible characteristics are
the discoloration or pitting of the teeth. White flecks in the teeth may also occur. Fluorosis can lead to tooth decay. FDA's
claim that fluorosis is only a "cosmetic" effect is unsubstantiated. Fluoride accumulates throughout the body,
over an individual's lifetime. It effects all age groups with both long and short-term harmful health consequences.
In 1993, U.S. Dept. of Health and Human Services (HHS) stated in its Toxicological Profile on fluoride, "Existing data
indicate that subsets of the population may be unusually susceptible to the toxic effects of fluoride and its
compounds. These populations include the elderly, people with deficiencies of calcium, magnesium and/or
vitamin C, and people with cardiovascular and kidney problems ..Postmenopausal women and elderly men
in fluoridated communities may also be at increased risk of fractures."
Is there a margin of safety for exposure to fluoride? In the 1940'S, when fluoridation of municipal water began,
the "optimal" level of exposure to fluoride for dental benefit was determined to be 1 milligram/day. Even at the 1 mg/
day exposure level, 10% of the population was expected to suffer dental fluorosis. It was estimated that individuals
drank 1 liter of water per day. At that time, other sources of fluoride were scarce.
In 1986, the EPA set new "maximum contaminant levels (MCLs)" for fluoride. Above 2 mg/liter "children are likely
to develop objectionable dental fluorosis" and parents must be officially notified. Above 4 mg/liter, individuals are at
risk of developing "crippling skeletal fluorosis". It is against federal law to fluoridate water above 4 mg/liter.
Below is a summary and analysis of a HHS table that estimates fluoride exposure levels from food, beverages,
toothpaste, and mouthwash (U.S. Dept. of Health and Human Services, Review of Fluoride Benefits and Risks. 1991).
Fluoride Concentration in Drinking Water
Unfluoridated Communities
<0.3 mg/L
"Optimally" Fluoridated
0.7-1.2 mg/L
Fluoridated communities
> 2.0 mg/L

Fluoride' Intake
0.88 - 2.20 mg/day
1.58 - 6.60 mg/day
2.10-> 7.05 mg/day

% Over 1 mg "Optimal" Dosage
as much as 120%
as much as 560%
possible > 605%

(Table does not include Fluoride supplements, pharmaceuticals, emissions, and workplace exposures to fluoride)

RECOMMENDATION: The FDA should be required to put fluoride through the rigorous "controlled studies" necessary for "FDA Approval." If fluoride gains FDA approval, then it should be treated as a prescribed medication in order
to protect individuals from over-exposure.

rnpor ant uon e ac s
Fluoride is cancer-causing in rats, mice
and humans.
1)Carcinogenesis, volume 9, pages 2279-2284 (1988)
2)Sodium Fluoride: individual animal tumor pathology
table (rats], Battelle Memorial Institute, Feb. 23, 1989
3) Sodium Fluoride: individual animal tumor pathology
table [mice], Battelle Memorial Institute, April II, 1989
4) Lancet 36, page 737 (1990)
5)Review of Fluoride: Benefits and Risks, U. S. Public
Health Service, pages Fl-F7 (1991)
6) Fluoride volume 26, pages 83-96 (1992)
7)A Brief Report on the Association of Drinking Water
Fluoridation and the Incidence of OsteOsarconta among
Young Males, New Jersey Department of Health,
November 1992
8) Fluoride, the Aging Factor, Health Action Press, pages
72-90 (1993)

Hip fracture rates are much higher
in people residing in fluoridated
communities.
Graph from reference 3 below Daineilson et al.
Women 28% Increase

Men 41% Increase

• Unlluoridated
0 Fluoridated

• Unlluoridated
13 Fluoridated

The U.S. National Research
Council admits that dental
fluorosis (fluoride poisoning of
the teeth) affects from 8% to 51% of
the children drinking fluoridated
water.
I) Science volume 217, pages 26-30 (1982)
2) Journal of the American Dental Association volume
108, pages 56-59 (1984)
3) Journal of Public Health Dentistry volume 46, pages
184-187(1986)
4) Health Effects of Ingested Fluoride, National
Research Council, page 37 (1993)

Recent large-scale studies show no
difference in decay rates of
permanent teeth in fluoridated and
non fluoridated areas.
1) Community Health Studies volume 11, pages 85-90
(1987)
2) Journal of the Canadian Dental Association volume
53, pages 763-765 (1987)
3) Fluoride volume 23, pages 55-67 (1990)

Fluoride tablets and drops are not
approved by the U.S. Food and Drug
Administration as safe or effective.
I) Letter from Frank R. Fazzari, Chief, Prescription
Drug Compliance, Food and Drug Administration to
New Jersey Assemblyman John Kelly (June 8, 1993)
2) Preventing Tooth Decay: Results from a Four-Year
National Study, Robert Wood-Johnson Foundation,
Special Report number 2/1983, 18p
.3) Community Dentistry and Oral Epidemiology,
volume 19, pages 88-92 (1991)

Fluoride is more toxic than lead,
and even in minute doses, accumulates in and is damaging to
brain/mind development of
children; i.e. produces abnormal
behavior in animals and reduces
IQ in humans.
1) Mullenix, Phyllis et. al Neurotoxicity of Sodium
Fluoride in Rats, Neurotoxicology and Teratology,

Vol. 17, No. 2, pp. 169-177, 1995
2) Li, XS; Zhi, JL; Gao, RO Effects of fluoride exposure
on intelligence in children, Fluoride 28:4, pp. 189-192
(1995)
3) Zhao, LB; Liang, D; W Wu Lu-Liang Effects of a
high fluoride water supply on children's intelligence.
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Fluoride vol. 29:4 pp. 190-192 1996
65 70 75 80 85+
Age

I) Journal of the American Medical Association volume
264, pages 500-502 (1990)
2) Journal of the American Medical Association volume
266, pages 513-514 (1991)
3) Journal of the American Medical Association volume
268, pages 746-748 (1992)
4) Journal of the American Medical Association Volume
273, pages 775-776 (1995)

United States 1987 Fluoridation Survey
found NO DIFFERENCE in Tooth Decay
Decayed 6
Missing & S
Filled 4
Permanent
3
Teeth
11111151
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ADA NOT RESPONSIBLE
"The ADA owes no legal duty of care
to protect the public
from allegedly dangerous products
used by dentists."
"The information it disseminates is intended for the benefit of its membership only. Dissemination of information relating to the practice of dentistry does not create a duty of care to protect the public from potential
injury." In a legal brief filed by the American Dental Association, Tolhurst vs.

Johnson and Johnson Consumer Products, Inc. , et al.

THE TOXIC NATURE OF FLUORIDE
Fluoride is used to etch glass and computer chips, separate uranium isotopes, inhibit
the fermentation in breweries, make ceramics more porous, polish aluminum, refine
petroleum products and heavy metals, and kill insects, rats and coyotes. It is the
primary ingredient in Prozac (fluexetene), and the only toxic element in the nerve
gas Sarin, rated 1500 times more deadly than Cyanide.
Fenflurimine (Phen-Fen) and dexfenfluramine (Redux), recently a subject of FDA
action concerning heart damage, are both fluorine-based products.
Fluoride is more toxic than lead and just slightly less poisonous than arsenic.
Approximately 50% of ingested fluoride is retained in the bones.
Fluoride concentrates when boiled, rather than evaporating; and can not be removed from water by carbon filters.

Fluoride does not stop being toxic
when we swallow.

Citizens for Safe Drinking Water
A Not-For-Profit Ballot Measure Committee

3243 Madrid Street, San Diego, Ca 92110
(800) 728-3833
dkennedygucsd.edu
(619) 222-6981 Fax
jgreen@abac.com
www.sonic.net/-monty/fluoride.htm

Stop
Government-forced
Ingestion of Fluoride
Protect citizens' freedom to choose
and the safety of the public water supply for all.

JOIN
Citizens
for

Safe Drinking Water
Books, Tapes, and Support Documentation Available
Reprint of Reader article and added documents paid for by Citizens for Safe Drinking Water
Additional documents are not intended to represent opinions of the Reader or J. De Wyze

NEW JERSEY STATE LEGISLATURE
ASSEMBLYMAN
JOHN V. KELLY
242 WAattiNGTON AVENUE
(USE GRANT AVE. ENTRANCE)
NUTLEY, NJ 07110
(201) 667-6123
FAX (201) 667-9614

LEGISLATIVE OFFICES

96TH DISTRICT
BERGEN-ESSEX-PASSAIC COUNTIES

ASSEMBLYMAN
PAUL DIGAETANO
71 UNION AVENUE
RuTHERFoRD, NJ 07070

(201) 933-0633
FAX (201) 933-4044

June 3, 1993
Dr. David Kessler, M.D., Commissioner
• United States . Food and Drug Administration
Rockville, Maryland 20857.
Dear Commissioner Kessler:
My office has been reviewing the issue of fluoride supplements for children
since last August. My concern originated from a report i that the liftw Jersey
Department of Health had conducted a study and found the incidence of
ostiidiarcorna to be significantly higher in fluoridated communities versus )
non-fluoridated ones. TheiNew Jersey findings, re/eased in November, supported
similar findings, by larger national studies and by the :National Toxicology
Program.
The Food and Drug Administration Office of Prescription Drug Compliance has,)
confirmed, to my surprise, that there are no studies to demonstrate either the 2
safety or effectiveness-of these drugs) which FDA classifies as unapproved new
drugs.

The presence of these drugs on the market at this time :appears to be contrary
to the 1962 amendment to the Food, Drug, and Cosmetic Act, which requires
prescription drug applications to provide evidence of effectiveness and the
1938 amendment requiring evidence of safety. There does not appear to be any
scientific or legal reason for those products to be on the market at this time.
with the mounting volume of evidence suggesting fluoride's harmful effects it
is irresponsible to permit these products to be prescribed to the most
vulnerable segment of our population--children.
I am therefore requesting that the public interest be Served and the products
be removed from the *market immediately.')
Sincerely,

/44
John V. Kelly
Assemblyman 36th District

JIMikstb
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Public Health Service

DEPARTMENT OF HEALTH & HUMAN SERVICES

Food and Drug Administration )
Rockville MD 20857

John V. Kelly

Assemblyman, 36th District
Bergen-Essex-Passie Countries
242 Washington Avenue, Suite D
Nutley, New Jersey 07110

JUN
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Dear Mr. Kelly:
This is in response to the questions raised in your June 7, 1993
letter.
1.) Since what year has the Food and Drug Act required* that new
drug applications be filed with evidence demonstrating the safety
of prescription drugs?
On June 7, 1938, the Food, Drug, and Cosmetic Act (FD&C Act)
became effective and required that new drug applications be
filed with the Agency, with scientific evidence
demonstrating the safety of certain drugs.
2.) Since what year has the law required new drug applications
to file evidence demonstrating effectiveness?
On October 10, 1962 the FD&C Act was amended to require that
new drug applications be file with the Agency, with
scientific evidence demonstrating effectiveness in addition
to safety. This requirement (effectiveness) was applied
retroactively to 1938, when the FD&C Act was passed.
3.) Are there any new drug applications or abbreviated new drug
applications on file with the Food and Drug Administration for
children's fluoride supplements?
At the present time, there are no approved new drug
applications or abbreviated new drug applications on file
with FDA for children's fluoride supplements. They can,
nonetheless, be marketed in accordance with the conditions
described in the package of information forwarded to your
office dated January 29, 1993. For your convenience, we
have attached a copy of this information.
Should you have any further questions, I can be contacted at
(301) 295-8073.
/1-S1')je
Frank R. razzari
Chief, Prescription Drtig Compliance
Division of Drug Labefing ComplianCe
Office of Compliance

enclosure
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NEW JERSEY GENERAL ASSEMBLY
JOHN V. KELLY

COMMITTEE

ASSEMBLYMAN, 36TH DISTRICT
BERGEN-ESSEX-PASSA1C COUNTIES
242 WASHINGTON AVENUE, SUITE D
(USE GRANT AVENUE ENTRANCE)

CHAIRMAN, HOUSING

Num.Ey, NJ 07110
(201) 667-6123
(201) 744-1140

May 26, 1995

FAX (201) 667-9614

Dr. David C. Kennedy
2425 Third Avenue
San Diego, CA 92101
Dear Dr. Kennedy:
Children' fluoride supplements are marketed without the required New Drug
Applications demonstrating safety and effectiveness. This situation exists as
a result of manufacturers introducing products directly ' into the market prior
to 1962 without seeking FDA approval. According to the FDA Office of
Prescription Drug Compliance there are approximately 3,000 drugs in this
category.
To deal with this problem the FDA established a program, "The Prescription
Drug Rap Up" to evaluate these products and take appropriate regulatory action.
Unfortunately, FDA allows these products to remain on the market in the
meantime, with estimates that the review could easily last ten more years..
FDA's limited resources are devoted primarily to evaluating new products.
•

As a result, consumers, state and the federal government spend a fortune
purchasing prescription drugs for which there is no evidence of effectiveness
or safety.
Because of the vast number of published studies demonstrating the adverse
effects of fluoride ingestion, I am confident the Federal Courts will force
FDA to comply with the law and remove children's fluoride supplements from the
market in a timely manner.
It should boggle one's mind that the inability to demonstrate the safety and
effectiveness of fluoride supplements (marketed since the 1950'e) to the FDA
has gone unnoticed by those proposing fluoridating water, but after many years
in the legislature nothing surprises me anymore.
Sincerely. , de
/ft

ohn V. Kelly
Assemblyman 36th District
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SPECIAL REPORT

Fluoridation
ofWater
Questions about health risks
and benefits remain after
more than 40 years

Bette HIleman, C&EN Washington

The controversy over fluoridation of water supplies
has raged ever since fluoride was first introduced into
the drinking water of Grand Rapids, Mich., in 1945.
Proponents of fluoridation say it prevents tooth decay
and presents absolutely no health risks. Detractors say
it causes, or may cause, serious damage to the health
of some people. Many also question its effectiveness.
For 43 years, there seems to have been no middle
ground between the two points of view. "Neither side
has given the other one rational moment," explains

Jacqueline M. Warren, senior staff attorney with the
Natural Resources Defense Council.
U.S. policy makers have had to make other scientific decisions, such as choices about pesticide regulation, that involve the careful balancing of risks and
benefits and about which information probably is
even more complex. But none .has aroused acrimony
quite like the fluoridation question. There is hardly
any individual interested in the issue who can be
classified as neutral, hardly an expert in the field who
seems not to be adamantly pro- or antifluoridation.
Neither side seems willing to listen to the other.
Neither seems able to engage the other in constructive debate.
On the surface this seems surprising. The goal of
fluoridation is unarguably worthy. Since U.S. communities began fluoridation in 1945, the prevalence of
dental caries has decreased dramatically. The average
number of decayed, missing, and filled permanent
teeth in U.S. school age children has declined from an
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estimated seven to about three, according to a national survey released by the National Institute of Dental
Research (NIDR) in June.
Why, then, is this issue so polarized?
According to Edward Groth III, an associate technical director of Consumers Union who wrote his Ph.D.
thesis in biology on the fluoridation controversy in
1973, pro- and antifluoridationists approach the issue
from completely different perspectives. "Proponents
see it as a simple public health measure, effective and
safe, which they need to 'sell' to the public, almost
like a box of soap. Opponents tend to be much more
concerned with risks than with benefits, and view
fluoridation the same way society views many other
'environmental;hazards'—granting that the risks may
be small and uncertain, they believe society's attitude
should be 'better safe than sorry.' Since any risks

fluoridation may present are imposed involuntarily
when a water supply is fluoridated, those risks—even
if they are tiny or unsubstantiated—tend to provoke a
disproportionate amount of outrage."
Indeed, anyone looking closely at the fluoridation

debate can discern several separate subdebates, most
with more than two distinct positions. Rezarding fluoriell
• 06011.1,
erican
Dental Association (ADA). claim it reduces the incidence of tooth decay 40 to 65%. wherever it is ungi,
Many proponents also insist dogmatically that there
is absolutely no evidence that fluoridation has had, or

ever could have, harmful effects of any kind on anyone. Some argue that because most natural drinking
water contains 0.1 to 0.2 ppm fluoride and nearly all

claiming that its effects on
tooth decay are nonexistent
or greatly exaggerated.
Yet another niche in the
debate has lately been filled
by environmentalists, who resist
being called "antifluori/
dation" but whose arguments
AI -AIL
tend to support the opponents.
In 1986, the Natural Resources
Defense Council (NRDC), one
•
of the U.S.'s pre-eminent enviCommunity. .
ronmental ad v ocacy organizaWater Fluondabi
tions, filed a lawsuit against the
The P1 Way
Environmental Protection Agenpro,nt rAvtir
cy (EPA), seeking to block the
agency's proposed relaxation of
drinking water standards for fluoFLLTORIDIZATION
ride in natural waters. NRDC ar"The Crime of the
gued that EPA had inadequately
Century"
considered the likely effects of
4 0,,,,„„,,h„ll
fluoride on susceptible subsets of
the
overall population, had overL„2" E. w•"14.•
looked a great deal of scientific
Ceil
literature that suggested possible
harm, and had not adequately evaluated a full range of possible hazards on which the evidence is incomplete or unconvincing. At best, NRDC asserted, EPA had no scientific
basis for its action and more research is needed.
food has traces of fluoride, human beings are adapted
In general, environmental advocates believe fluoto it. For man y years, they have also claimed that
ride should be investigated in the same manner many
fluoridation ma y reduce the incidence and severity of
other environmental pollutants have been studied in
osteoporosis—decreased bone density in old age. Othrecent years. The range of total human intake from
er proponents admit there are a number of recognized
air, water, and food must be assessed, they say. The
potential risks, but they believe there has been enough
effects on the most susceptible individuals and the
research of good enough quality to show that these
levels at which these effects begin to occur should be
risks are very remote and that the large benefits justify society's taking those risks.
For many opponents of fluoridation, the overriding
Tooth decay has been cut roughly in
issue is a moral one of personal rights. These critics
half in U.S. since the early 1970s
oppose fluoridation for ethical reasons. They view it
as a form of medication, imposed on the public in
Dental detects per persona
20
violation of individual choice. Given that there are
1971•73 me
several other ways for people who want fluoride to
1979-80
consume it (for instance, in pills, mouthwashes, tooth1988-87=1
paste, fluoridated bottled water), those who place a
15
high value on freedom of choice argue that the state
has no right to force them to consume fluoride.
ther onents of fluoridation claim that fluori10
dation causes cancer, irt defects, an a arse number of other ills. Such claims are frequently made
by unscientific activists, who cannot support them
with scientific references. But here, too, there are
other less extreme opponents who argue that research
has not adequately, answered most of the critical
questions about potential risks. Such critics, many
1
1
I
I
of whom are scientists, cite hundreds of papers pub9
10
11
12
14
15
16
17
6
7
lished in reputable journals, a collectively large
Age. years
bod y of evidence of potential hazards that, at a mini• MeaSure0 in terms of average number of decayed. missing, and filled surfaces in
mum, demands objective assessment. From the start,
permarteni teeth Source: National Institute of Dental Research
the y also have questioned the benefits of fluoridation,
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Promoters' style has fueled fluoridation controversy
The style of promotion that fluoridation's proponents have used from the
very beginning probably made the issue
more controversial than it need have
been.
The idea of fluoridating water supplies first arose from studies of dental
mottling in areas, such as communities
in Texas, where the water supply is
fluoridated naturally. In the 1930s, H.
Trendley Dean, a dental surgeon at the
U.S. Public Health Service, correlated
the occurence of mottling or dental fluorosis with the fluoride content of water
supplies in 345 U.S. communities. Fluorosis was most common in cities that
had the highest concentration of fluoride in their water. He and his colleagues also unexpectedly found a lower incidence of dental caries in areas of
endemic dental fluorosis.
Dean concluded that the fluoride con-

tent of the drinking water causes a low-:
er rate of dental caries. He also determined that the incidence of mottling'
was very minor when the fluoride content was 1 ppm or lower but rose linearly at higher concentrations. From this
PHS officials decided in 1943 that 1
ppm was an optimal level at which to
artificially fluoridate water supplies in
temperate climates. In areas where the
fluoride content exceeded 2 ppm, they
recommended fluoride be reduced to a
level near 1 ppm.
In 1945, PHS initially planned to conduct 10-year studies of artificial fluori'dation in two experimental projects, one
in New York and one in Michigan. One
city in each state would be fluoridated
artificially and another would serve as a
control. PHS officials intended to complete these projects before deciding
whether to recommend fluoridation of

determined. Extensive epidemiological studies should
be done to see if fluoride is causing cancer or any
other more subtle health effects in the general population.
Very little of the research advocated by the environmentalists has ever been done in this country and
not much of it has been done anywhere else either.
Since the early 1960s, most studies on the long-term
effects of chronic exposure to fluoride on human biological systems other than teeth have been carried out
in foreign countries.

Current status of fluoridation
Fluoridation of water supplies is largely confined to
the English-speaking countries, the Soviet Union, and
some Latin American nations. Of the estimated 250
million people in the world who drink artificially
fluoridated water (usually fluoridated at 1 ppm), 120
million live in the U.S. (50% of the U.S. population),
about 50 million in Brazil (33% of its population), and
40 million in the Soviet Union (15% of its population).
Nine percent of the U.K.'s population drinks fluoridated water, two thirds of Australia's and New Zealand's,
and 50% of Canada's. However, less than 1% of the
population of continental Western Europe has artificially fluoridated water. For 10 years, the Netherlands
tried fluoridation and gave it up in 1976 for legal
reasons. (Many citizens claimed that the government
had no right to add fluoride, which they considered a
medicine, to the water supply, and a number of doctors observed strong hypersensitivity reactions to fluoridated water in some people.) It also was tried and
then abandoned in a few towns in West Germany for
legal and health reasons.
28
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drinking water as a general practice for
all communities.
However, two public health officers
in Wisconsin, Francis A. Bull and John
Frisch, quickly became convinced of
the effectiveness of fluoridation and
launched a nationwide campaign to persuade PHS to endorse it. Also, results
from the two projects that leaked out in
1950, after the trials had been going on
for five years, revealed a sharp reduction in dental caries in the fluoridated
cities. As a result of this disclosure and
Bull's and Frisch's campaign, PHS officials endorsed fluoridation on June 1,
1950.

Several deficiencies in research by
PHS were subsequently aired at Congressional hearings in 1952 and 1957.
There had been almost no careful studies to assess the possible adverse health
effects of lifelong consumption of fluor-

In the fluoridation is endorsed almost universally by medical and dental associations and b y many
scientific bodies. The American Medical Association,
ADA, the U.S..Public Health 5entice—f,2134Laga,
Sur eon General since the earl y 1950s have
agreed
that water uorigle_yelsof
ancl_psrfecsix
duce

Outside the U.S., a number of scientific groups and
individuals have decided fluoridation is not safe. In
France, the Chief Council of Public Health rejected
fluoridation in 1980 because of doubts about whether
it harms human health. The minister for the environment in Denmark recommended in 1977 that fluoridation not be allowed primarily because no adequate
studies had been carried out on its long-term effects
on human organ systems other than teeth and because
not enough studies had been done on the effects of
fluoride discharges on freshwater ecosystems. In 1978,
the West Gentian Association of Gas & Water Experts
rejected fluoridation for legal reasons and because
"the so-called optimal fluoride concentration of 1 mg
per L is close to the dose at which long-term damage
[to the human body] is to be expected."
The battle lines between pro- and antifluoridationists
in the U.S. used to be very clear, with the medical and
dental establishment and a great man y public health
officials and scientists on one side and a number of
other scientists, private citizens, and members of extreme right wing groups (such as the John Birch Society and the Ku Klux Klan, who claimed fluoridation
was a communist plot) on the other. Most of those
who spoke out against fluoridation were, according to
profluoridationists, either members of one of these

idated water. Aside from their dental
health, the medical condition of residents of naturally fluoridated areas had
been examined superficially, at best. In
one of the fluoridation trials, research
plans Included a study of adverse effects of artificial fluoridation on children, but none on adults. No studies
focused on malnourished children and
infants, despite a warning in 1952 by
Maury Messier, professor of pedodontics
at the University of Illinois College of
Dentistry, that "low levels of fluoride
ingestion which are generally considered to be safe for the general population may not be safe for malnourished
infants and children, because of disturbances in calcium metabolism."
Neither PHS nor anyone else had investigated potential carcinogenic effects,
effects on pregnant women, or effects
on people with chronic kidney impairment or other chronic diseases. Even in
the early 1950s, enough was known of

fluoride's toxicity profile to identify these
as important topics to investigate.
From the beginning, the movement
to fluoridate water was conducted more
like a political campaign than a scientific enterprise. At a meeting of state
dental directors with PHS officials in
June 1951, Bull recommended tactics
for promoting fluoridation. "If it is a fact
that some individuals are against fluoridation, you just have to knock their
objections down. The question of toxicity is on the same order. Lay off It
altogether. Just pass It over. 'We know
there is absolutely no effect other than
reducing tooth decay,' you say, and go
on. If it becomes an issue, then you will
have to take it over, but don't bring it up
yourself."
"The minute doubt is created in the
minds of the public, any public health
program is doomed to failure," Bull later wrote in the Journal of the American
Dental Association.

radical groups or irrational, fanatic, unscientific, and
fraudulent, even if they had legitimate scientific
credentials.
Now, however, the lines are not so clearly drawn.
Zev Remba, the Washington Bureau editor of AGD
Impact, the publication of the Academy of General
Dentistry (a group of 28,000 dentists dedicated to
promoting the continuing education of general practitioners), described the situation in an editorial last
year: "Today ... the antifluoridation movement has
found supporters on the left as well as the right,
particularly among groups dedicated to safeguarding
the environment. And as the base of support broadens, community fluoridation appears to be losing
ground. In about 60% of 2000 referenda held in the
U.S. since 1950, fluoridation has been voted down. A
1985 poll by the American Dental Association found
that 36% of the 255 [planned or existing] fluoridation
programs surveyed had been cancelled," primarily
because they were rejected in referenda.
Last year, the Commissioner for the Department of
Health in New York State, David Axelrod, decided to
turn the department's emphasis away from fluoridation of water supplies and toward the use of topical
sealants and fluoride.rinses for school children. The
department is still in favor of fluoridating water supplies, but is no longer funding it.
Even now fluoridation remains an issue in many
cities across the U.S. Since 1983, referenda have been
held on the question in well over 60 communities. In
more than half of these, the majority of the people
voted against fluoridation. Some referenda are held in
cities without fluoridation in order to decide whether
to initiate it. Others are called by opponents of fluori-

The political role of dentists has been
erhphasized throughout the history of
fluoridation. In 1970, even after 25 years
of fluoridation, John W. Knutson, then
professor at the University of California
Medical Center, advised . dentists that
when they discussed fluoridation with
the public, they must realize that "they
are propagandizing, not simply educating." This attitude, widely shared by
political proponents, led early advocates
to treat fluoridation campaigns as debates to be won with dogmatic assertions and attacks on the credibility of
the opposition. To promoters, the debate has never been seen as a scientific search for truth.
As a result, profluoridationists prepare booklets for the public that contain
highly biased information. If scientific
studies are cited, only those that support their side of the argument are mentioned. Those opposed to fluoridation
counter with equally biased propaganda.

dation in cities where it already exists in order to
terminate it. ADA and NIDR carry on a continuous
campaign to persuade state legislatures to pass laws
making fluoridation mandatory in all communities.
So far only eight states have passed such laws, but
dozens of proposed similar laws have been defeated.
Fluoridation is becoming more of an issue in developing nations as their tooth decay rates rise with the
increasing use of sugar and processed food. Countries
such as Brazil are now deciding whether to expand
fluoridation or initiate it. In May, an international
conference was held in Porto Alegre, Brazil, to assess
the benefits and risks of fluoridation and help the
authorities evaluate the question.
If more diverse interest groups

are increasingly skeptical of fluoridation, what are the reasons? Is fluoridation just as effective as it appeared to be in the past?
Have scientists uncovered new evidence of real health
risks?
Benefits: a changing assessment
Originally, it was thought that the fluoride ion
prevented tooth decay solely by being incorporated in
tooth enamel as the teeth formed in childhood. Fluoride ingested in water or food is absorbed into the
bloodstream. Part of it is excreted and the remainder
is deposited in the bones and teeth. The proportion of
fluoroapatite in the hydroxyapatite of developing tooth
enamel is then increased:
Ca10(PO4)6(OH)2 + 2F- —0 Ca10(PO4)6F2+ 20HFluoroapatite is less easily dissolved by mouth acids
than hydroxyapatite and therefore more resistant to
decay.
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But today dental researchers believe two other mechanisms are just as important or more so. A number of
factors, including fluoride ion, influence a constant
exchange of ions across tooth surfaces. Bacteria in the
mouth convert sugar to acids, which cause demineralization of tooth surfaces. Demineralization and
remineralization take place constantly on the surface.
When the pH of the surface drops, calcium and phosphate ions pass from the enamel into the plaque, but
if the pH becomes neutral, these ions may redeposit
themselves into the enamel. Fluoride ions in the plaque
inhibit the bacterial conversion of sugar to acids and
thereby help maintain higher pH levels, allowing
remineralization to occur. Therefore, the fluoride ions
in saliva and plaque may be just as important in
preventing tooth decay as the ions in blood-and
perhaps just as easily provided by toothpaste as water.
A third mechanism by which fluoride may prevent
decay involves incorporation of fluoride into the
remineralizing enamel surface, making it more resistant to decay.
For many years, most dentists believed that fluori-

Most major developed countries do not
fluoridate their water supplies
Country

Population
(millions)

Percent of population
drinking artificially
fluoridated water

Albania
Australia
Austria
Belgium°
Bulgaria
Canada

3.1
16.1
7.6
9.9
9.0
25.9

0%
66
0
0
0
50

Czechoslovakia
Denmark
East Germany
Finland°
France
Greece

15.6
5.1
16.6
4.8
55.6
10.0

20
0
9
1.5
0
0

Hungary
Ireland
Italy
Japan
Luxembourg
Netherlands c
New Zealand
Norway
Poland
Portugal°
Romania
Spain

10.6
3.5
57.4
122.0
0.4
14.6

Sweden
Switzerland

8.4
6.6
56.8
243.8
284.0
61.0

U.K.
U.S.
U.S.S.R.

West Germany'
Yugoslavia

3.3
4.2

37.7
10.3
22.9
39.0

23.4

0
50
0
0
0
0
66
0
4
0
0
Less than 1%
0
4
9
50
15
0
0

a One experimental treatment plant now discontinued. to One small experimental
treatment plant. c Discontinued in 1976 after 23 years of experiments. d Discontinued in 1978 after 18 years of experiments.
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dation of water supplies reduced tooth decay about 50
to 65%. These figures were based primarily on four
studies during the early years of fluoridation: in Grand
Rapids, Mich.; Newburgh, N.Y.; Evanston, Ill.; and
Brantford, Ont. But!a great deal of evidence indicates
' that water fluoridation reduces dental caries much
less. In fact, some research suggests little or no reduction at all.
Alan S. Gray, former director of the Division of
Dental Health Services for the British Columbia Ministry of Health, finds, for example, that the average
number of decayed, missing, and filled permanent
teeth in British Columbia, where only II% of the
population uses fluoridated water, is lower than in
parts of Canada where 40 to 70% of the people drink
fluoridated water. School districts in the province
with the highest percentage of children with no tooth
decay are totally unfluoridated. These differences could,
of course, be caused b y factors other than fluoridation.
Tooth decay is a complicated process, influenced by
Jnany_factors, including_diet, oral hygiene, -cienta care,
.&e net i c 21 P2!O fl eocl CLoIS ,anci_pos45_1=11
sibl y other trace elements, such as stro,ntinm
_
fr wide in the water simply. Additional factors
that may affect decay rates are the use of fluoridated
toothpastes or topical rinses and the presence of fluorides in foods. Most people whose diet includes little
sugar and few processed foods have very low rates of
tooth decay. In those few developing countries in
which only small: amounts of sucrose and refined
foods are eaten, deca y rates are often lower than in
the developed nations. And if other factors are equal,
districts in the developed world where the socioecomic status is higher gene rally haveless decay.
Therefore, comparisons between fluoridated and
unfluoridated districts that don't adequately take such
factors into account can be readil y confounded. None
of the early epidemiological studies controlled very
well for most nonfluoride variables, so many scientists today have come to regard them as only part of
the evidence one ,must consider to assess the size of
fluoridation's benefits.
One recent development that bears on the question
is the widespread , observation that tooth deca y rates
in the U.S., Canada, New Zealand, Australia, and in
all countries of Western Europe have declined greatly
during the past 40 years. Mark Diesendorf, an applied
mathematician and health researcher in the Human
Sciences Prograni i! at Australian National University
and an expert in research design, has found, by comparing results from about 24 studies of unfluoridated
districts in eight Countries, that reductions in dental
caries are just as great in nonfluoridated as in fluoridated areas. In Queensland, which is primarily
unfluoridated, the rate of tooth deca y is as low as it is
in the fluoridated districts of Australia- .
Diesendorf concludes from such data that fluoridation of water supplies may not be nearly so important
in preventing tooth deca y as man y authorities believe. Some of the decline in dental caries in
unfluoridated areas might be explained by the introduction of fluoride toothpaste, tablets, and mouthrinses,

Many U.S. communities have 0.7 ppm or more natural
fluoride in their water supply

H. Trendley Dean's studies during
I930s and 1940s established relation
of fluoride level in drinking water
with tooth decay and dental fluorosis

Source: Naionai instnule of Dental Sesearen

he says, but decay rates began to fall in many of the
nonfluoridated regions long before these were available. He believes that changes in nutrition, oral hygiene, and possibly the immune status of the population may explain part of the decline.
A number of researchers in the U.S. have reported
similar findings. Stanley B. Heifetz and coworkers at
NIDR note in the April issue of the Journal of the
American Dental Association that "the current reported
decline in caries in the U.S. and other Western industrialized countries has been observed in both fluoridated and nonfluoridated communities, with percentage reductions in each community apparently about
the same."
Robert L. Glass of Forsyth Dental Center, Boston,
noted that in 1965, after more than 20 years of fluoridation, counts of decayed, missing, and filled permanent teeth for Grand Rapids, Mich., and Newburgh,
N.Y., were only minimally different from the average
for the entire U.S., which then was about 33% fluoridated. Because he had expected nonfluoridated areas
to have higher decay rates than fluoridated ones, and
to therefore raise the average for the entire U.S., he
concluded that the U.S. average had not been determined correctly. It is also plausible, however, that the
effects of fluoridation had been overstated, or perhaps
that Grand Rapids and Newburgh had exceptionally
high levels of decay before fluoridation began.
Other recent reports indicate that fluoridated areas
have lower decay rates than unfluoridated areas, but
by much less than the alleged 50 to 60% difference. A
1983 study of tooth decay in 10 cities by the Robert
Wood Johnson Foundation and Rand Corp. found
that fluoridated cities have roughly one third less
decay, which means that average 12-year-olds in fluoridated cities have about 0.6 fewer cavities than those
in nonfluoridated cities. Gray points out that decay
reductions of even 33% taking place today, when av-

erage base decay rates are at such a historicall y low
level, do not mean as much as they did in the past.
Research conducted in the 1930s and 1940s in the
U.S. showed that the incidence of dental caries was
reduced most effectively where the natural fluoride
level of the water supply was 1 ppm or above. But five
studies in India, Sweden, Japan, the U.S., and New
Zealand do not support this trend. In the Japanese
study, for example, children in an area with 0.3 to 0.4
ppm fluoride in the water have the lowest decay rates;
above and below this range, caries prevalence increases rapidly. These results contradict a central tenet of the fluoridation theory—that the ideal fluoride
level, producing low decay rates with minimal damage to the teeth, is about 1 ppm.
At NIDR, officials are reassessing the decay reductions that can be attributed to fluoridated water.
Herschel S. Horowitz, formerly chief of the clinical
trials section of the caries prevention and research
program, says that recent studies suggest that reductions are not so large as the 50 to 60% indicated by
early studies. NIDR scientists are trying to determine
what they call a "new baseline." Whatever the ultimate
result, a consensus seems to have emerged that the
promise of "two thirds less tooth decay" with fluoridation is no longer realistic, if indeed it ever was.
In a similar vein, the economic benefits of fluoridation appear to have been exaggerated. NIDR states
that every dollar, spent on fluoridation, which costs
only 20 to 50 cents per person per year, reduces dental
costs $50. NIDR assumes that fluoridation reduces
cavities some fixed percent, such as 40%, and then
multiplies the total number of cavities theoretically
prevented by the average cost of filling one cavity.
But when the actual costs of dental care delivered in

Similar cities are compared, residents of fluoridated

cities seem to reap no economic benefit from fluoridation. In one study, reported in a February 1972 article
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in the Journal of the American Dental Association, the
cost of dental care in five unfluoridated cities in Illinois was compared with costs in five similar cities with
naturally fluoridated water. Even though dentists' fees
and the nature of treatments in the two groups of
cities did not differ significantly, the cost per patient
and the average number of visits to the dentist per
year were greater in the fluoridated communities.
Proponents also are trying to show that fluoride can
be used to alleviate the symptoms of osteoporosis, and
therefore that people living in fluoridated areas may
be helped by the excess fluoride they are accumulating in their bones. Because excess fluoride produces
osteosclerosis (denser bones), patients in numerous
clinical trials have been given and are still being
given large doses of fluoride (60 to 80 mg per day) as
treatment for osteoporosis. So far this method has
produced no definitive beneficial results. In a 1987
review of fluoride therapy for osteoporosis, Louis V.
Avioli, professor at the Washington University School
of Medicine, concludes: "Sodium fluoride therapy is
accompanied by so man y medical complications and
side effects that it is hardly worth exploring in depth
as a therapeutic mode for postmenopausal osteoporosis, since it fails to decrease the propensity toward hip
fractures and increases the incidence of stress fractures in the extremities." FDA has not approved the
use of fluoride for osteoporosis.
Health risks: more questions than answers
The physiological effects of fluoride on the human
body range from those about which there is a great
deal of scientific information to those that are less
certain, but about which there is some credible evidence, to those that are almost purely speculative.
Even the effects for which there is good information
are controversial. Some scientists define them as health
effects, but others consider them as merely cosmetic
or conditions without negative implications for health.
More than any other area of fluoride research, scientific debate over potential health hazards has been
polarized by the political controversy over fluoridation. Does a study show adverse effects? Is certain
evidence relevant to an assessment of the safety of
fluoridation at 1 ppm? The answers experts give differ, depending on whether the experts favor or oppose fluoridation. The political schism over the measure has dominated scientific discourse on the topic,
almost totally blocking consensus.over what the evidence of adverse effects means—or in some cases,
even over whether such evidence exists.
The effects of fluoridation that have been studied
the most are dental fluorosis (mottling of teeth), skeletal fluorosis, kidney disease, hypersensitivity reactions, enzyme effects, genetic mutations, birth defects,
and cancer. The information about dental fluorosis is
clearest and least controversial. Knowledge of skeletal
fluorosis is extensive, but not at all complete. The
information about fluoride and kidneys is partly established and, in part, almost purely speculative owing to a lack of research. Hypersensitivity reactions
have been studied thoroughly by onl y a few investi32 August 1. 1988 C8EN

Fluoride in drinking water may affect teeth to various
degrees during the years of tooth formation, depending on
the degree of exposure and individual sensitivity.
Compared with a normal tooth (top row, left), a tooth
with questionable fluorosis (top row, right) shows no
clear evidence of change, for instance, and one with very
mild fluorosis (middle row, left) only has small white
flecks. However, a tooth with mild fluorosis (middle row,
right) has chalky white areas; moderate fluorosis causes
yellow or brown mottling (bottom row, left); and a tooth
with severe fluorosis (bottom row, right) is heavily
stained, pitted, brittle, and susceptible to fracture

gators and many important issues remain unresolved.
Birth defects and 'cancer have been much discussed,
but evidence in these areas is the most uncertain.
Though profluoridation statements almost always
claim that all risks have been fully investigated and
found to be groundless, in fact a number of important
unanswered questions remain about each of these
health risk areas. The 1977 National Academy of Sciences report "Drinking Water and Health" recommends research in 11 different areas. Even though
more than a decade has passed, research in only three
health effects areas, dental fluorosis, cancer, and birth
defects, has been funded by the federal agencies responsible for research on fluoride (PHS and EPA).
The fluoride ion is unusual among trace elements
in water or food ] because the same range of human
exposure to fluoride ion that can produce beneficial
physiological effects can also produce harmful effects.
For most trace elements, such as chromium, manga-

nese, and zinc, beneficial and harmful ranges of exposure differ greatly.
In 1962, PHS set fluoride levels of 0.7 to 1.2 ppm in
drinking water as the ideal range to prevent dental
caries with minimal dental fluorosis. The lower level
was suggested for hot climates and progressively higher levels were prescribed for cooler regions, because
average water consumption varies with temperature.
Natural fluoride levels exceeding twice the ideal for
the climate, PHS said, constituted grounds for rejection of the water supply, but it had no power to force
communities to remove excess fluoride.
In 1975, EPA took over PHS's responsibility for
regulating contaminants in drinking water and, in
1986, relaxed the maximum contaminant level to 4
ppm for all climates. Communities that add fluoride
to drinking water still do so according to the old PHS
formula. But communities with naturally fluoridated
water are not required to remove fluoride unless the
level exceeds 4 ppm. Some of the potential adverse
health effects, however, may occur at levels of about 1
ppm and above and are both more pronounced and
more widespread at levels near 4 ppm.
In humans, 98% of the fluoride ingested in water is
absorbed into the blood from the gastrointestinal tract.
The fluoride diffuses to the body's cellular tissues and
most of it is deposited in the bones and teeth or
excreted by the kidneys. The aorta is the only other
tissue that normall y accumulates significant amounts
of fluoride, mainly in calcified deposits. The amount

stored in bones and , teeth varies depending on the age
of the subject. According to NIDR's Heifetz and Horowitz, in children more than 50% of an ingested dose
of fluoride may be deposited in bone, but in adults
only about 10% is stored there. As with teeth, fluoride
is deposited in bone by simple ionic exchange with
the hydroxyl groups of hydroxyapatite. It also is removed from bone, though at a slower rate than it is
deposited. If the intake remains constant, the level of
fluoride in the bones increases linearly with age.
The most obvious and common effect of fluoride
on humans is dental fluorosis. This occurs only if
children drink fluoridated water, receive fluoride supplements, or ingest significant fluoride from other
sources (like toothpaste) during the years of tooth
formation. In excessive amounts, fluoride interferes
with the normal function of the enamel-producing
cells in the jaw, called ameloblasts, in laying down
amelogen matrix and in the mineralization of this
enamel matrix. (Amelogen is a collagenlike material
that forms the structural foundation and framework
upon which calcium and phosphate are deposited,
giving rise to tooth enamel.)
The late H. Trendley Dean, a dental surgeon at
PHS, defined five , degrees of dental fluorosis: questionable, very mild, mild, moderate, and severe. In
the questionable form, evidence of fluorosis is uncertain; in the very mild form, teeth have small white
specks; in the mild form, teeth have chalky white
areas; in the moderate form, they may have yellow

Some studies indicate that dental fluorosis is increasing
Scientists disagree over whether the
incidence of dental fluorosis is increasing in the U.S. as more children drink
fluoridated water and use fluoride supplements, toothpaste, mouth rinses,
and topical applications during the years
of tooth formation.
Dennis Leverett, chairman of the
department of community dentistry at
the Eastman Dental Center in Rochester. N.Y., claims that the prevalence
of dental fluorosis today in communities with fluoridated water is twice the
level that H. Trendley Dean, a dental
surgeon in the Public Health Service,
reported in 1942 from his studies of
communities with the same level of
natural fluoride in their water supply.
Leverett fears that if additional studies
substantiate his findings, fluoride levels in supplements, toothpastes (most
of which contain 1000 ppm fluoride),
and water may need to be reassessed.
He reasons that the increase in fluorosis may result from the increased use
of fluoridated toothpastes, supplements,

and perhaps from higher levels of fluoride in the food chain. Today, nearly
all bottled drinks and canned foods in
the U.S. are processed with fluoridated water. Should further studies confirm Leverett's conclusion, it would
validate a warning that has been
sounded by scientific critics of fluoridation for at least 25 years.
In contrast, William S. Driscoll, acting chief of the disease prevention
and health promotion branch at the
National Institute of Dental Research
(NIDR), and his coworkers report that
surveys in 1980 "suggest that no important changes in the prevalence and
severity of fluorosis have taken place"
since Dean's studies. However, Driscoll
did find eight children with either moderate or severe fluorosis in a community with a fluoride level of 1 ppm. In
the 1930s, Dean generally found no
children with advanced forms of fluorosis in the many towns he surveyed
with 1 ppm natural fluoride in the water supply.

' In 1985, Stanley B. Heifetz, Driscoll,
and their coworkers at NIDR surveyed
the same areas in Illinois they had
surveyed in 1980. The prevalence of
fluorosis in eight- to 10-year-olds
changed little between 1980 and 1985.
But among 13- to 15-year-olds, the
researchers note a greater prevalence
and severity of fluorosis in 1985 than
in 1980. In 1985, only 71% of tooth
surfaces were fluorosis-tree in a community with 1 ppm fluoride, compared
with 89% in 1980. In a community
With 4 ppm fluoride, fluorosis had became so prevalent that 93% of the
visible tooth surfaces showed some
signs of the condition, compared with
76% in 1980.
Several studies indicate, therefore, that
the prevalence of dental fluorosis is
rising, particularly at fluoride levels of
1 ppm, a level at which objectionable
fiuorosis was extremely rare in the
,
1930s.
But the populations studied are
so limited that it is difficult to determine how much fluOrOsis is increasing.
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and brown stains; in the severe form, depending on
the amount of fluoride ingested, they are pitted, brittle, and susceptible to fracture. Severe fluorosis not
only produces unattractive teeth but also may increase the risk of tooth loss because it destroys parts of
the protective enamel.
According to a recent study conducted by NIDR in
areas with different concentrations of naturally occurring fluoride in their water supplies, 2% of the children developed moderate or severe fluorosis and about
12% developed very mild and mild fluorosis at 1
ppm—the level of fluoride that NIDR considers ideal.
But at 4 ppm, the maximum fluoride level EPA now
allows in the U.S., 7% had moderate and 23% severe
dental fluorosis (approximately the same total fraction
of objectionable fluorosis Dean noted in the 1930s in
4-ppm areas). Since this study was very limited, the
percents of fluorosis may not be representative of the
country as a whole.
But if the fraction of children subject to moderate
and severe dental fluorosis is anywhere near 1 or 2%
in most areas with 1 ppm fluoride, a great many
children are at risk of developing disfiguring degrees
of fluorosis. And, of course, a large fraction of children in the 4-ppm areas would develop noticeable
fluorosis. To avoid dental fluorosis, "children under
five years of age should drink water diluted with a
fluoride-free source in communities with 4 ppm fluoride," NIDR's Horowitz says.
There seems to be little controversy over what levels of fluoride in water cause moderate and severe
dental fluorosis. Scientists disagree, however, about
whether moderate to severe dental fluorosis is a health
effect. This may seem like an academic issue, but under
the Safe Drinking Water Act, EPA is required to set
recommended maximum contaminant levels (RMCLs)
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that will prevent known or anticipated adverse health
effects with an adequate margin of safety and to set
the maximum contaminant levels as close to the RMCLs
as is feasible. (The, RMCLs are unenforceable goals;
the maximum contaminant levels are enforceable
standards.) A special committee convened by the Surgeon General in 1983 to guide EPA in setting its
fluoride standard wrote in the first draft of its report
that moderate to severe dental fluorosis per se is a
health effect. The second draft, presented to the Surgeon General in September 1983, said that moderate
to severe dental fluorosis is only a cosmetic effect—
the position long held by political advocates of fluoridation. This rationale allowed EPA to ignore dental
fluorosis in setting the RMCL for fluoride.
Skeletal fluorosis
One solidly established concept in environmental
health is that the effects of toxic agents fall on a
continuum of biological change, ranging from undetectable effects at the lowest levels of exposure to
severe health damage at very high doses. As exposure
to an agent increases, the first detectable effect may be
a subtle biochemical change, such as a decrease in the
activity of an enzyme. At somewhat higher doses,
measurable changes in some ph ysiological functions
may occur, but these often are not linked to clear
symptoms or adverse effects, and may not be harmful.
But as dosage increases, adverse effects begin to
appear—at first mild ones, then moderate ones, and
finally severe ones.,
Most environmental health experts believe that the
subtlest detectable effects—those with no outward
symptoms, which are not clearly harmful—should be
considered "precursors" of more serious effects. By
this logic, people who show such subtle changes should
be considered at risk for more serious effects if exposure continlues.
Skeletal fluorosi's, a complicated illness caused by
the accumulation Of too much fluoride in the bones,
has a number of stages. The first two stages are
preclinical—that is, the patient feels no symptoms but
changes have taken place in the body. In the first
preclinical stage, biochemical abnormalities occur in
the blood and in 'bone composition; in the second,
histological changes can be observed in the bone in
biopsies. Some experts call these changes harmful
because they are precursors of more serious conditions. Others say they are harmless.
In the early clinical stage of skeletal fluorosis, symptoms include pains in the bones and joints; sensations
of burning, pricking, and tingling in the limbs; muscle weakness; chronic fatigue; and gastrointestinal disorders and reduced appetite. During this phase, changes
in the pelvis and ;spinal column can be detected on
x-rays. The bone has both a more prominent and more
blurred structure.
In the second Clinical stage, pains in the bones
become constant and some of the ligaments begin to
calcify. Osteoporosis may occur in the long bones, and
early symptoms of osteosclerosis (a condition in which
the bones become more dense and have abnormal

EPA union's attempt to join lawsuit opposing fluoride standard was rebuffed
In an unprecedented move, the Emilronmental Protection Agency's union
of professional employees, Local 2050
Of the National Federation of Federal
Employees, attempted to file an amicus curiae brief in a lawsuit against
the agency itself in 1986. The lawsuit
in the U.S. Court of Appeals for the
District of Columbia was initiated by
the Natural Resources Defense Council. It charged that the agency had
ignored scientific evidence of adverse
health effects when it set the recommended maximum contaminant level
(RMCL) for fluoride in drinking water at
4 ppm.
The EPA union, authorized by law
to represent 1100 Washington area
scientists, lawyers, and engineers, tried
to join in the suit because its members believed that the support documents for the RMCL were unprofessional and an embarrassment to the
agency. They charged that the fluoride
health effects document, which was
written by an outside contractor, had
been skewed to meet the political goals

of requiring very few communities to
remove fluoride from their drinking water and avoiding the suggestion that
levels of fluoride found in the drinking
water of some communities (between
2 and. 4 ppm) might cause adverse
health effects.
The union's brief cited many studies showing health effects at 4 ppm
that had been omitted from the document. In particular, it opposed EPA's
labeling moderate to severe dental fluorosis a mere cosmetic effect that
therefore did not need to be protected
against by the new standard. It also
pointed out that some individuals living in areas with 4 ppm natural fluoride in their drinking water would be at
risk of developing crippling skeletal
fluorosis. Without comment, the court
refused to accept the amicus brief
from the EPA union.
In 1984, the South Carolina Department of Health & Environmental Control filed suit against EPA to raise or
eliminate the fluoride standard. South
Carolina objected to the 4-ppm stan-

These men in India have developed crippling skeletal
fluorosis from fluoride in water

dard because
it did not want any corn,
munity to have to spend the considerable amount of money—as much as
$10 per month per household--required
to remove fluoride from its drinking
water.
Both suits were thrown out of court
in February 1987 by a unanimous decision of the three judges, Ruth B.
Ginsburg, Robert Bork, and James
Buckley. They determined that "EPA
reasonably interpreted the statute. responsibly evaluated the sometimes
conflicting evidence in an extensive
record," and "provided rational explanations for its determination. We therefore uphold EPA's rule as within the
bounds of the agency's permissible
discretion."
Jaqueline M. Warren, senior staff
attorney at the Natural Resources Defense Council, believes the court made
the wrong decision. "I don't think EPA
should be allowed to set less protective standards in the absence of significant new evidence that would justify that." she says.

crystalline structure) are present. Bony spurs may also
appear on the limb bones, especially around the knee,
the elbow, and on the surface of tibia and ulna.
In advanced skeletal fluorosis, called crippling skeletal fluorosis, the extremities become weak and moving the joints is difficult. The vertebrae partially fuse
together, crippling the patient.
Most experts in skeletal fluorosis agree that ingestion of 20 mg of flUoride a day for 20 years or more
can cause crippling skeletal fluorosis. Doses as low as
2 to 5 mg per day can cause the preclinical and earlier
clinical stages.
The situation is complicated because the risk of
skeletal fluorosis depends on more than the level of
fluoride in the wafer. It also depends on nutritional
status, intake of vitamin D and protein, absolute amount
of calcium and ratio of calcium to magnesium in drinking water, and other factors.
In parts of India, China, Africa, Japan, and the
Middle East, large numbers of people have skeletal
fluorosis from drinking naturally fluoridated water.
In India about a million people have this disease.
Most of the victims live in areas where the water
fluoride level is 2 ppm or above, but some cases are
found in communities with natural fluoride levels
below 1 ppm.
In the U.S., more than a dozen cases of skeletal fluorosis have been reported. Some have occurred at high
fluoride levels, others at levels lower than 4 ppm when
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Voices of opposition have been suppressed since early days of fluoridation
Ever since the Public Health Service
(Pt-IS) endorsed fluoridation in 1950, detractors have charged that PHS and the
medical and dental establishment, such
as the American Medical Association
(AMA) and the American Dental Association (ADA), have suppressed adverse
scientific information about its effects.
Some of those who generally support
fluoridation make similar charges. For
example, Zev Remba, the Washington
Bureau editor of AGD Impact, the monthly
publication of the Academy of General
Dentistry, wrote last year that supporters of fluoridation have had an "unwillingness to release any information that
would cast fluorides in a negative light,"
and that organized dentistry has lost
"its objectivity—the ability to consider
varying viewpoints together with scientific data to reach a sensible conclusion.''
The dozen or so scientists C&EN was
able to contact who have done research
suggesting negative effects from fluoridation agree on this aspect. They all
say that fluoridation research is unusual
in this respect.
If the lifeblood of science is open
debate of evidence, scientific journals
are the veins and arteries of the body
scientific. Yet journal esfitors often have
refused for political reasons to publish
information that raises questions about
fluoridation. A letter from Bernard P.
Tillis, editor of the New York State Dental Journal, written in February 1984 to
Geoffrey E. Smith, a dental surgeon from
Melbourne, Australia, says: "Your paper ... was read here with interest,"
but it is not appropriate for publication
at this time because "the opposition to
fluoridation has become virulent again."
The paper poses the question: Are people ingesting increasing amounts of fluoride and can they do so with impunity?

Sohan L. Manocha, now a lawyer,
and Harold Warner, professor emeritus
of biomedical engineering at Emory University medical school in Atlanta, received a similar letter in 1974 from the
editor of AMA's Archives of Environmental Health. The editor rejected a
report Manocha and Warner submitted
on enzyme changes in monkeys who
were &inking fluoridated water because
of reviewers' comments such as: "I
would recommend that this paper not
be accepted for publication at this time"
because "this is a sensitive subject and
any publication in this area is subject
to interpretation by antifluoridation
groups.These papers were subsequently published in prestigious British journals, Science Progress (Oxford) and Histochemical Journal. Many other authors have.
reported similar difficulties publishing
original data that suggest adverse effects of fluoridated water.
Most authoritative scientific overviews
of fluoridation have omitted negative information about it, even when the oversight is pointed out. Phillipe Grandjean,
professor of environmental medicine at
Odense University in Denmark, wrote to,
the Environmental Protection Agency in
June 1985 about a World Health Organization study on fluorine and fluorides:'
"Information which could cast any doubt
on the advantage of fluoride supple-,
ments was left out by the Task Group.
Unless I had been present myself,
would have found it hard to believe."
In his 1973 Ph.D. thesis on the fluoridation controversy, Edward Groth Ill, a'
Stanford biology graduate student at that
time, concluded that the vast majority
of reviews of the literature were de-:
signed to promote fluoridation, not to
examine evidence objectively. Groth also

aggravating conditions were present, such as diabetes
or impaired kidney function.
In setting the recommended maximum contaminant
level for fluoride in drinking water in 1986, EPA
considered only crippling skeletal fluorosis as a health
effect and established little or no margin of safety,
even for this disease. (A margin of safety is a difference between the maximum contaminant level and
the level at which health effects first occur in the
most susceptible individuals.) According to a Department of Agriculture survey, about 3% of the U.S.
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noted a number of antifluoridation reviews that were equally biased.
According to Robert J. Carton, an
environmental scientist at EPA, the scientific assessment of fluoride's health
risks written by the agency in 1985
"omits 90% of the literature on mutagenicity, most of which suggests fluoride is a mutagen."
Several scientists in the U.S. and
other countries who have done research
or written reports questioning the benefits of fluoridation or suggesting possible health risks were discouraged by
their employers from publishing their
findings. After their paper had been
rejected by the editor of Archives of
Environmental Health, Manocha and
Warner were told by the director of
their department not to try to publish
their findings in any other U.S. journal.
NIDR had warned the director that the
research results would harm the cause
of fluoridation. Eventually, Manocha and
Warner were granted permission to publish their work in a foreign journal.
In 1982, John A. Colquhoun, former
principal dental officer in the Department of Health in Auckland, New
Zealand, was told after writing a report
that showed no benefit from fluoridation
in New Zealand that the department
refused him permission to publish it.
In 1980, Brian Dementi, then toxicologist at the Virginia Department of
Health, wrote a comprehensive report
on "Fluoride and Drinking Water" that
suggested possible health risks from
fluoridation. This 36-page study has been
purged from the department's library
even though it is the only one the department has prepared on the subject.
According to current employees, no copy
exists anywhere in the department.
Spokesmen say the report was thrown

population drinks 4 L or more of water per day.
Therefore, about 3% of the people who live in areas
where the water contains the natural fluoride level of

4 ppm allowed by EPA—such as certain communities
in Texas or South Carolina—are ingesting at least 16
mg of fluoride a day, not including the fluoride they
derive from other sources, such as toothpaste, food, or
air.
Also, because, a more or less constant percent of
intake is accumulated in bone, persons who consume
8 mg a day for 50 years accumulate about the same

Carlon: EPA document omitted 90%
of mutagenicity studies

away because it was old but also say
the department will be preparing another report on the subject soon.
An ADA white paper written in 1979
states: "Dentists' nonparticipation [in
fluoridation promotion] is overt neglect
of professional responsibility." An ADA
spokesperson says this is still the association's official policy. In recent years,
several dentists who have testified on
the antifluoridation side have been
reprimanded by their state dental officers.
ADA and PHS also have actively discouraged research into the health risks
of fluoridation by attacking the work or
the character of the investigators. As
part of their political campaign, they
have over the years collected information on perceived antifluoridation scientists, leaders, and organizations. Newspaper articles about them are stored in
files, as are letters about them from
various proponents of fluoridation. Little
or no effort has been made to verify the

accuracy of this information. tt is used
not only in efforts to counteract arguments of the antifluoridationists, but also
to discredit the work and objectivity of
U.S. scientists whose research suggests
possible health risks from fluoridation.
One example is the false information
about the late George L. Waldbott, founder and chief of allergy clinics in four
Detroit hospitals, that ADA disseminated widely to discredit the validity of his
research. Rather than deal scientifically
with his work, ADA mounted a campaign of criticism based largely on a
letter from a West German health off icer, Heinrich Hornung. The letter made
a number of untrue statements, including an allegation that Waldbott obtained
his information on patients' reactions to
fluoride solely from the use of questionnaires. ADA published Hornung's letter
in its journal in 1956 and distributed a
news release based on the letter. ADA
later published Waldbott's response to
this letter. But the widely disseminated
original news release was not altered or
corrected, and continued to be published in many places. As late as 1985,
it was still being quoted. Once political
attacks effectively portrayed him as
"antifluoridation," Waldbott's work was
largely ignored by physicians and
scientists.
In November 1962 and 1965, ADA
included in its journal long directories of
information about antifluoridation scientists, organizations, leaders, and others
known to be opposed to fluoridation.
Listed in alphabetical order were reputable scientists, convicted felons, food
faddists, scientific organizations, and the
Ku Klux Klan. Information was given
about each, including quotes from newspaper articles, some of which contained
false data. The information was published for use by proponents of fluoridation in local fluoridation referenda.

amount of fluoride in their bones as those who consume 20 mg a day for 20 years. Therefore, for people
who drink 2 L or more per day of water with 4 ppm
fluoride throughout their lives, there appears to be no
margin of safety even for crippling fluorosis. In its
regulations for most other drinking water contaminants, EPA has included safety factors of 10 to 100 and
has calculated intakes in terms of a lifetime — that is,
70 years instead of 20.
Joseph A. Cotruvo, director of the criteria and standards division of EPA's Office of Drinking Water, says

John S. Small, information specialist
at the National Institute of Dental Research, is quite willing to talk about the
files he keeps on antifluoridation organizations and their leaders. "Of course,
we gather information," he says. "These
people are running all over the country
opposing fluoridation. We have to know
what they are up to." Consumer advocate Ralph Nader has a different view
of this activity. He calls it an "institutionalized witch-hunt."
It is easy to understand why research
on' risks of fluoridation has never been
more vigorously pursued. Most of the
individuals and agencies involved have
been promoting fluoridation publicly for
near
l ly 40 years. Research that suggests
possible harm threatens them with a
loss
.1 of face. For example, PHS has
historically been the principal source of
funds for fluoride research; but ever
since June 1950, PHS has been officially committed to and responsible for promoting fluoridation. Thus, the agency
has a fundamental conflict of interest.
Colquhoun, now teaching the history
of education at the University of Auckland, offers another explanation for what
appears to be the suppression of research. He notes that the editorial policy of scientific journals has "generally
been to not publish material which overtly
opposes the fluoridation paradigm." Scientific journals employ a referee system of peer review. But when the overwhelming majority of experts in an area
from which the referees are selected
are committed to the shared paradigm
of fluoridation, Colquhoun notes, the system lends itself to preservation and continuation of the traditional belief that
fluoridation is safe and effective. This
results in "single-minded promotion, but
poor-quality research, and an apparent
inability to flexibly reassess in the presence of unexpected new data," he says.

the fact that so few people in the U.S. have actually
developed crippling skeletal fluorosis indicates that
fluoride levels fOund in U.S. water are safe and that
there is therefore an observed margin of safety. But
critics of EPA's standard speculate that there probably
have been many more cases of fluorosis—even crippling fluorosis,than the few reported in the literature because most doctors in the U.S. have not studied
the disease and do not know how to diagnose it.
Those who ingest much less than 20 mg of fluoride
per day may still be at risk of developing less severe
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Most of the largest U.S. cities have
fluoridated drinking water
city

Population

Fluoridation

(thousands)

Mattis

Date
Instituted

New York City
Los Angeles
Chicago
Houston
Philadelphia

7263
3259
3010
1729
1643

Artificial
None
Artificial
Natural/artificial
Artificial

1965

Detroit
San Diego
Dallas
San Antonio
Phoenix

1086
1015
1004
914
894

Artificial
Discontinued 1954
Artificial
None
None

1967
1952
1966

1956
1982
1954

Baltimore
San Francisco
Indianapolis
San Jose
Memphis

753
749
720
712
653

Artificial
Artificial
Artificial
None
Artificial

1952
1952
1951

Washington, D.C.
Jacksonville
Milwaukee
Boston
Columbus

626
610
605
574
566

Artificial
Natural
Artificial
Artificial
Artificial

1952

New Orleans
Cleveland
Denver
El Paso
Seattle

554
536
505
492
486

Artificial
Artificial
Artificial
Natural
Artificial

1974
1956
1954

Nashville-Davidson
Oklahoma City
Kansas City (Mo.)
Fort Worth
St. Louis

474
443
441
430
426

Artificial
Artificial
Artificial
Artificial
Artificial

1953
1954
1981
1965
1955

1970

1953
1978
1973

1969

Sources: Bureau of the Census. National Institute ol Dental Research

stages of skeletal fluorosis, such as preclinical forms
or the subcrippling clinical stages. In its final report,
the Surgeon General's panel said that radiologic
changes have been found in bone when fluoride exposure has been about 5 mg per day. Nearly all of
those drinking water containing 4 ppm of fluoride
and about 3% of the more than 124 million people
whose water contains only 1 ppm would have intakes
as high as this. It is not known, however, what fraction of those with low-level radiologic changes would
suffer joint pains or other clinically obvious adverse
health effects. In his landmark study of skeletal fluorosis in cryolite workers in the 1930s, the Danish
scientist Kaj Roholm found that some of those with
stage I of clinical skeletal fluorosis suffered joint pains
and stiffness.
Although skeletal fluorosis has been studied intensely in other countries for more than 40 years,
virtually no research has been done in the U.S. to
determine how many people are afflicted with the
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earlier stages of the disease, particularly the preclinical stages. Because , some of the clinical symptoms
mimic arthritis, the first two clinical phases of skeletal
fluorosis could be easily misdiagnosed. Skeletal fluorosis is not even discussed in most medical texts under the effects of fluoride; indeed, a number of texts
say the condition is almost nonexistent in the U.S.
Even if a doctor is aware of the disease, the early
stages are difficult to diagnose.
The possibility that fluoride might cause skeletal
abnormalities in children's bones is of particular concern. In its April 1983 draft report, the Surgeon General's committee wrote that moderate and severe dental fluorosis in children may be accompanied by skeletal changes. Although this statement was omitted
from the final report in September 1983, the committee did urge more research into the skeletal effects of
fluoride, particularly in children. It wrote: "The effects of various leYels of fluoride intake on rapidly
developing bone in young children are not well understood. Also, the modify ing effects of total intake,
length of exposure, other nutritional factors, and debilitating illness are not well understood." Since the
committee's report was written, PHS and EPA have
undertaken no research in this area.
PHS has conducted several studies that it claims
show that fluoride levels found in U.S water supplies
have had no clearl y adverse effects on bones. But the
majority of these Studies either included a study population too small to detect rare effects or excluded
people who would be most likely to suffer from skeletal fluorosis, such as those with kidne y disease.
EPA's approach lo subtle, preclinical effects of fluoride on the skelettin differs from its usual approach to
other environmental agents. For instance, when EPA
assessed the health hazards of lead, it made an extraordinary effort to connect the observable effects of
low-level exposure (inhibition of certain blood enzymes) with the known adverse effects of slightly
higher exposure (decreased synthesis of hemoglobin,
anemia, and possible neurotoxic effects). When it set
its standard for lead in air, EPA argued that to prevent
more serious effects, it needed to limit the more subtle biochemical changes that lead was provoking in
millions of children.
By contrast, EPA's assessment of fluoride in water
took an almost opposite tack. By defining the most
severe known hazard, crippling skeletal fluorosis, as
the only effect it Was concerned with preventing, EPA
dismissed all degrees of fluoride-induced changes in
bones less drastic than crippling fluorosis as not being
health concerns.
Because fluoride causes denser bones (osteosclerosis), a number of 'researchers have compared fluoridated and nonfluoridated areas to see if the _incidence
and severity of osteoporosis is lower in fluoridated
areas. A small number of studies in the past 25 years
have reported a lower incidence of hip fractures in
areas with fluoridated water, compared with nearby
areas with low-fluoride water. For example, a recent
report, comparing two towns in Finland, prompted
widespread media stories that fluoridation is benefi-

cial to the bones of the elderly, as well as to teeth. But
a larger number of well-designed studies have found
no evidence of a beneficial effect on osteoporosis.
However, some of the profluoridation literature states
as a fact that fluoridation will help prevent osteoporosis.
Kidney disease
Two areas are of concern in regard to fluoride and
kidneys. First, a fairly substantial body of research
indicates that people with kidney dysfunction are at
increased risk of developing some degree of skeletal
fluorosis. Second, a small and inconclusive amount of
research suggests that fluoride may actually cause or
aggravate kidney disease.
D. Raja Reddy of the Gandhi Medical College in
India claims, for example, that "patients suffering
from chronic kidne y diseases and those with transplanted kidneys do excrete fluoride, though in small
quantities, but the y are more vulnerable to osteofluorosis and even neurological complications than
others." In its final report, the Surgeon General's 1983
committee notes, "As renal function declines, due
either to diseases or with aging, plasma and bone
fluoride content both increase."
The National Kidney Foundation in its "Position
Paper on Fluoridation-1980" also expresses concern
about fluoride retention in kidney patients. It cautions doctors "to monitor the fluoride intake of patients with chronic renal impairment," but stops short
of recommending the use of fluoride-free drinking
water for all patients with kidney disease. It does
recommend, however, that dial y sis patients use
fluoride-free water for their treatments.
Studies show that children with moderately impaired
renal function (such as those who have diabetes
insipidus), are at some risk of skeletal changes from
consumption of fluoridated water, even if the fluoride
level is no higher than 1 ppm. A number of researchers have found high concentrations of fluoride in the
bones of patients who suffer from kidney disease and
have found symptoms of skeletal fluorosis in some of
these patients. However, there has been no systematic
survey of people with impaired kidney function to
determine how many actually suffer a degree of skeletal fluorosis that is clearly detrimental to their health.
Several animal studies suggest that fluoride may
have direct adverse effects on the kidneys. For instance, cytological and enzyme changes have been
found in the kidneys of squirrel monkeys drinking
water with 5 ppm fluoride. It is not known how the
changes affect kidney function in monkeys, nor is it
known whether humans would suffer similar changes
from relatively low levels of fluoride in drinking
water. Impaired renal function, however, has been
reported to be more common in areas of endemic
skeletal fluorosis.
Hypersensitivity
Just as a few people react idiosyncratically to almost
anything, some people may have adverse reactions to
fluoride whether contained in pills or water. Some
individuals seem to be hypersensitive to fluoride pills

Chemicals used to fluoridate water are
by-products of fertilizer production
Size of
Consumption
for fluoridation, community
served
!oncost year

How made

Hydrofluosilicic
acid

80,000

All sizes By-product of phosphate
fertilizer manufacture

Sodium
ellicofluoride

60,000

Neutralizing hydrofluosilicic
Medium
and large acid with sodium carbonate

Sodium fluoride

3,000

Small

Neutralizing hyttofluosilicic
acid with sodium hydroxide

or drops containing 1 mg or less as well as to fluoride
toothpaste. The 1983 edition of the "Physicians Desk
Reference" states: "ln h y persensitive individuals, fluorides occasionally cause skin eruptions, such as atopic
dermatitis, eczema, or urticaria. Gastric distress, headache, and weakness have also been reported. These
hypersensitivity reactions usually disappear promptly
after discontinuation of the fluoride." (This information was omitted frOm later editions of the reference.)
Many of those who agree that some people are
hypersensitive to fluoride pills, drops, or mouth rinses
deny that anyone 'could be hypersensitive to fluoridated water, even ,though just as much or more fluoride is contained in an average person's daily intake
of such water (the average water intake of 1 to 2 L has
1 to 2 mg of fluoride) as is contained in the standard
pills (0.5 to 1 mg).
Some doctors call such hypersensitive reactions allergies. The American Academy of Allergy, however,
defines allergies very narrowly—"quantitativel y abnormal responses !mediated by specific immunologic
mechanisms, and therefore b y specific antibodies or
by certain sensitized cells (lymphocytes)." According
to this definition, the academy says, allergies to fluorides do not exist.
Hans Moolenburgh, a Dutch physician who has
studied hypersensitive reactions to fluoride, believes
the reactions can be explained as effects of a toxic
agent rather than as allergies. In large doses, everyone
reacts to fluoride. A small fraction of the population,
he says, reacts to much lower levels of fluoride.
The late George L. Waldbott, founder and chief of
allergy clinics in four Detroit hospitals and noted
antifluoridation activist and author, reported treating
at least 500 patients who he concluded reacted negatively to fluoridated water. The symptoms included
muscular weakness, chronic fatigue, excessive thirst,
headaches, skin rashes, joint pains, digestive upsets,
tingling in the eZtremities, and loss of mental acuity.
Waldbott used double-blind tests to determine whether fluoride was the cause of symptoms in many of his
cases. In each of these patients, the symptoms disappeared when the 'fluoride was taken away without the
patient's knowledge and reappeared when it was given again, but not with the administration of other
possible agents.
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Other investigators have reported similar cases.
Reuben Feltman and George Kosel, then researchers
at Passaic General Hospital in New Jersey, found that
1% of their subjects, who were children and pregnant
women, reacted adversely to daily pills containing 1.0
to 1.2 mg of fluoride. The reactions, which affected
the skin and gastrointestinal and nervous systems,
disappeared when the fluoride was discontinued without the patients' knowledge.
Moolenburgh, G. W. Grimbergen, and a number of
other Dutch doctors performed double-blind experiments on patients who became ill after fluoridation
began in the Netherlands. By using coded bottles of
drinking water, some fluoridated and some not, the
physicians showed that the sy mptoms were caused by
fluoride, rather than some other factor.
Moreover, a report by the British Royal College of
Physicians states that some patients receiving 9 mg of
fluoride per day for osteoporosis suffered adverse side
effects. This is about the same intake some would
have in areas where the water fluoride level is 2 ppm.
Because the number of studies has been small, it is
not known with certainty what fraction of the population may be hypersensitive to fluoride. Since all of
the reported symptoms can be caused b y other factors,
reactions to fluoride could go undiagnosed unless a physician was looking specificall y for fluoride sensitivity.
Enzyme and mutagenic effects
Sodium fluoride is used in many in-vitro studies to
block the action of enzymes, in part because it can
interfere with so many different enzymes.
One way the fluoride ion serves as an enzyme
inhibitor in the lab is by acting on the GTP-binding
proteins (or G-proteins). Fluoride ion also may disrupt
enzymes by forming strong hydrogen bonds with
amides. Fluoride switches off an enzyme by attacking
its weakest links—the delicately balanced network of
hydrogen bonds surrounding the active site. In some
enzymes, the fluoride ion attaches itself to the atom at
the heart of the enzyme and then disrupts the active
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site by attracting groups that can form strong hydro=
gen bonds to itself. Eventually, this inactivates the
enzyme by changing its molecular conformation.
Because enz y mes mediate most of the biochemical
processes essential to life, any environmental agent
that can affect a wide range of enz y mes could, at least
in theory, have a wide variety of effects on an organism's health. For that reason alone, potential effects of
fluoride on enzymes are of great interest. In addition,
as has been discussed earlier, effects on enzymes are
often the first detectable biological changes produced
in an organism exposed to a toxic agent, just as enzyme changes in the heme biosynthetic pathway precede the onset of lead-induced anemia. Detailed knowledge of fluoride's effects on a number of human enzymes could lead to an arra y of sensitive tests for the
earliest signs of possible harm from excessive intake
of this element and more precise identification of
individuals who are at risk.
Studies on enzyme preparations in test tubes, however, don't necessaril y predict what will happen in
living humans. In at least 11 in-vivo animal studies,
fluoride has been shown to influence enzyme activity. In some tests, enz y me activity was depressed; in
others, it was stimulated. In addition, one stud y indicates a transient decrease in human serum enzyme
activity associated with the advent of water fluoridation. But there have been few other studies to measure the effects of t ypical levels of fluoride intake on
enzyme activity in people.
Some scientists believe that interference with enzyme activity is the major mechanism by which fluoride exerts ph ysiological effects. Certain changes in
enzyme activity can be minor, easil y repaired by the
body. But others 'could be the first signs of more
serious alterations that would take place with continued exposure to fluoride.
Just as the fluoride ion ma y disrupt enzymes with
its ability to form strong hydrogen bonds, it may also
disrupt DNA by interfering with its hydrogen bonding. The evidence for this mechanism consists of theoretical calculations, however, and some scientists,
such as George R. Martin, chief of the laboratory of
developmental biology and anomalies at NIIDR, do
not find it at all convincing.
A great many lab tests have been performed to
measure the possible mutagenicitv of the fluoride ion.
The results are contradictory and often very confusing. Some of the positive mutagenicitv tests involve
very high concentrations of fluoride ion, so high that
they would not be found anywhere in the human
body. Others involve levels comparable to those in
drinking water. HOwever, the important consideration
is not fluoride levels found in drinking water, but
levels found in the human body. Geoffrey E. Smith,
dental surgeon from Melbourne. Australia, sa ys that
when bones lose , fluoride, localized high concentrations may result.
For example, in 1982. Alv H. Mohamed and Mar y E.
Chandler of the University of Missouri in Kansas City
reported that 1 to , 200 ppm fluoride in drinking water
induced changes in a dose-dependent manner in bone

marrow cell chromosomes and
spermatocytes of living mice. In
1978, Danuta Jachimczak of the
Pomeranian Medical Academy in
Szezecin, Poland, showed that fluoride levels as low as 1 ppm caused
changes in the chromosomes of
human leucocytes in vitro.
Even if all the mutagenicity tests
were positive, this would not prove
fluoride is a mutagen in humans.
But scientists consider a chemical
a more likely mutagen if several
types of lab tests are positive.
John R. Bucher of the National
Institute of Environmental Health
David B. Scott, who later became head of NIDR, examines child during early
years of fluoridation in Grand Rapids, Mich.
Sciences says that tests in his lab
show sodium fluoride mutagenic
for cultured lymphoma cells deamong younger mothers in the fluoridated areas around
rived from mice. He notes that a number of similar
Atlanta, but he found no substantial overall differstudies have been published by other investigators.
ences in the birth defect rates that form a consistent
Because most carcinogens are also mutagens, evidence
pattern for the metropolitan Atlanta and the NCLPIS
of mutagenicity also bears on the issue of fluoride's
data. However, many of the mothers in the Atlanta
potential for carcinogenicity. Bucher's results do not
area counties had been exposed to fluoridation for
prove sodium fluoride is a carcinogen, but do "point
only a few years and the NCLPIS data indicated subout the need to test the chemical in the two-year
stantial underreporting of birth defects. Clearly, there
rodent bioassay, which we are doing," he explains.
is need for more work in this area.
Because he believes that epidemiological studies
show that fluoride has no effect on birth defects and
Cancer
cancer, Martin says he is not concerned about the
Two t y pes of research have been done to determine
positive mutagenicity studies. John S. Small, informaif
fluoride causes cancer—lab studies of animals and
tion specialist at NIDR who has a similar view of the
human
epidemiology studies. Neither kind of research
epidemiology studies, calls the mutagenicity question
has
shown
clearly that fluoride is a carcinogen in
a "used-up issue."
animals or humans. But the studies have not been
Very little work has been done on fluoride's potenextensive enough to show that it clearly is not a
tial mutagenicity in humans. In one study involving
carcinogen.
only six patients receiving fluoride treatment for osA few animal bioassa y s on fluoride in the 1950s
teoporosis, inhibition of DNA repair was observed in
produced
contradictor y and inconclusive evidence on
one . patient. But no firm conclusions can be drawn
the
ion's
potential,
to cause or accelerate cancer. In
from such limited research, and more intensive re.1977, Congress requested that the National Institutes
search simply has not been pursued.
of Health conduct large-scale animal tests of fluoride
for carcinogenicity In the first chronic test, certain
Birth defects
rats in both the control and dosed groups became ill
If the fluoride ion is a mutagen, it may be capable of
and
died at an early age, probably because their feed,
causing birth defects in humans. Few studies have
highly purified to !remove fluoride, was deficient in
been done in this area. During the 1950s, lone!
certain essential trace elements. The stud y on 360
Rapaport, a researcher at the Psychiatric Institute of
mice and rats was done over again with a different
the University of Wisconsin who specialized in the
feed. Results are scheduled to be available in 1990.
epidemiology of mental disorders, found that babies
Because of its well-established effects on many enborn in areas of North Dakota, South Dakota, Illinois,
zymes in vitro, Groth suggests that fluoride also should
and Wisconsin with natural fluoride in drinking water
probably be tested for cocarcinogenicity (ability to act
had twice the incidence of Down's syndrome as those
as
a promoter of :cancer) in animals. But no such
born in fluoride-free areas. However, a few more
research
is now under way.
recent surveys have shown a smaller or no relation
between water fluoridation and Down's syndrome.
In 1976, j. David Erickson, an epidemiologist at the
Reprints of this C&EN special report will be available in black
Centers for Disease Control, looked at the rates of
and white at $5.00 per copy. For 10 or more copies. $3.00 per
overall birth defects in the fluoridated and unfluoricopy. Send requests to: Distribution. Room 210. American
dated counties around Atlanta and also at national
Chemical Society, 1155-16th St.. NW.. Washington. D.C.
birth defect data supplied by the National Cleft Lip &
20036. On orders of $20 or less, please send check or money
Palate Intelligence Service (NCLP1S). Like Rapaport,
order with request.
he recorded a higher rate of Down's syndrome births
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Groth: science
cannot say how
much uncertainty
we should
tolerate

Cancer epidemiology studies are probably the most
controversial issue in the fluoride debate. In the 1950s,
PHS did some general mortality studies of crude overall
death rates from all causes. It found no excess mortality from cancer or other causes in naturally fluoridated
areas, compared with areas without fluoride in water.
In 1977, biochemist John Yiamouyiannis, president
of the Safe Water Foundation (a citizens group
opposed to fluoridation), and Dean Burk, retired after
working for 35 years as a biochemist at the National
Cancer Institute, published a study comparing cancer
mortality rates from the 10 largest U.S. cities with
fluoridated water with mortality rates from 10 of the
largest cities with nonfluoridated water. Before 1952,
when fluoridation had not yet begun in most of these
cities, the cancer death rates rose together. After 1952,
the death rates for people over 45 in the cities with
nonfluoridated water were 4 to 5% lower than those
for the cities with fluoridated water. In England, Sir
Richard Doll and Leo Kinlen of Oxford University
and Peter D. Oldham and D. John Newell of the Royal
Statistical Society at about the same time completed
studies that show no excess of cancer mortality in
those same cities in the U.S. with fluoridated water.
The National Research Council (NRC) reviewed this
discrepancy in 1977 and concluded that the conflicting
results could be explained in large part by the different data sets and different analytical approaches used
by the investigators. According to the NRC analysis,
the margin of possible error in the most sensitive
cancer study is about three cancer deaths per 100,000
people or 4000 possible excess or fewer cancer deaths
per year among the 130 million individuals drinking
fluoridated water in the U.S.
A June article in the Proceedings of the Pennsylvania
Academy of Science by attorney John R. Graham, Burk,
and Pierre J. Morin, former scientific adviser for the
minister of environment in Quebec, also reviews this
controversy. It concludes that, compared with the
unfluoridated cities, there is an excess of 20 to 30
cancer deaths per 100,000 people who live in the major
fluoridated cities of the U.S. for at least 15 to 20 years.
Several investigators have looked for a more specif42 August 1. 1988 C&EN

ic relationship betWeen stomach cancer and fluoridation. The hypothesis is that fluoride would be more
likely to cause stomach cancer than any other type
because fluoride in the stomach forms hydrofluoric
acid, a powerful irritant that is mutagenic in several
in-vitro lab tests. In 1978, CDC's Erickson, after
correcting for age, race, and sex, found the death rate
from cancer of the digestive system was 9% higher in
cities with fluoridated water. However, when he
subtracted all subjects with Asian and Hispanic surnames and corrected for education and population
density, the excess disappeared.
The Knox report, a comprehensive review of most
fluoride cancer studies that was completed in 1985 by
the Royal College of Physicians in England, concludes
that there is no convincing evidence that cancer death
rates are higher in 'areas with fluoridated water. Thus,
as with most environmental agents that have been
studied for their effects on cancer, the results for
fluoride are still inConclusive.
Values influence the choice
Even if all evidence from fluoride research indicated that the risks are slight, not everyone would agree
that it is proper to "fluoridate water supplies. Obviousl y , there is never enough time or money to investigate
all the scientific questions, and some research results
will always be equivocal. And, at least in environmental health, it is, of course, impossible for science
to establish an y thing with absolute certainty.
The decision tcOluoridate a community's water or
not boils down to a matter of values. Scientific evidence can make the choice more clearcut, more rational, but the choice can't be made purely on the basis
of scientific evidence. So long as there is uncertainty
about risk from fluoridation, some people will not
want to accept that risk. And others who favor fluoridation will demand proof of harm beyond a reasonable doubt before they reject it. According to Groth,
"A scientific assessment cannot say what degree of
adverse effects is acceptable in return for the expected
benefits. ... It cannot say how much uncertainty we
should tolerate in estimates of hazards when more
than 100 million People are exposed to lifelong ingestion of fluoridated water. Those decisions are value
judgments, and scientists' values are no better than
everyone else's."
If the risks could be shown to be minuscule beyond
a reasonable doubt, it still might make no sense to
fluoridate water supplies if the benefits are also small.
Perhaps the best approach is, as Groth suggests, not to
make the issue Whether to fluoridate public water
supplies or not. Such an approach allows for no compromise: A water " suppl y is either fluoridated or it is
not. Perhaps a better question for policy makers, scientists, and citizens to address is: "What is the best
way to promote dental health?" he sa ys. Fluoridation
might well be part of the answer, Groth suggests, but
communities should simultaneously examine the pros
and cons of a variety of other approaches, too. That
way, the characteristic all-or-nothing, fight-to-the-finish
political battle over fluoridation might some day truly
become a historical curiosity.
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EXPOSURE TO HIGH FLUORIDE CONCENTRATIONS
IN DRINKING WATER IS ASSOCIATED
WITH DECREASED BIRTH RATES
Stan C. Freni
Division of Biometry and Risk Assessment, National Center for
Toxicological Research, Food and Drug Administration, Jefferson,
Arkansas, USA
A review of fluoride toxicity showed decreased fertility in most animal species studied. The
current study was to see whether fluoride would also affect human birth rates. A U.S. database of drinking water systems was used to identify index counties with water systems
reporting fluoride levels of at least 3 ppm. These and adjacent counties were grouped in
30 regions spread over 9 states. For each county, two conceptionally different exposure
measures were defined, and the annual total fertility rate (TFR) for women in the age range
10-49 yr was calculated for the period 1970-1988. For each region separately, the annual
T FR was regressed on the. fluoride measure and sociodemographic covariables. Most
regions showed an association of decreasing TFR w'th increasing fluoride levels. Metaanalysis of the region-specific results confirmed that the combined result was a negative
7FR/fluoride association with a consensus combinedp value of .0002—.0004, depending
on the analytical scenario. There is no evidence that this outcome resulted from selection
bias, inaccurate data, or improper analytical methods: However, the study is one that used
population means rather than data on individual women. Whether or not the fluoride
effect on the fertility rate found at the county level also applies to individual women
remains to be investigated.

When a bioassay showed that fluoride added to drinking water might be
carcinogenic to rats (National Toxicology Program, 1990), the U.S. Public
Health Service conducted a comprehensive review of the risks and benefits
associated with water fluoridation (Committee to Coordinate Environmental
Health and Related Programs, 1991). Among the Consistent findings was that
fluoride may affect reproduction in animals. Rats exposed to 430 ppm
dietary fluoride showed anestrus with cumulative . generational effect (Phillips
et al., 1933). This was confirmed in a more recent study showing a smaller
litter size in the second mating cycle of rats exposed to 460 ppm dietary fluoride (Marks et al., 1984). Mice exposed to 100 7200 ppm fluoride in water
showed reduced fertility (Messer et al., 1973).
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Heifers exposed to 5 ppm fluoride in water during 4 breeding seasons
developed anestrus, with calving rates dropping to 30% of the normal rate
(Van Rensburg & de Vos, 1966). At higher fluoride levels, the effect
occurred earlier and was more severe. At 393-560 mg/d fluoride in the diet,
milk production dropped, abortion rate and calf mortality increased, and
there were congenital fluorosis and stunted postnatal growth (Eckerlin et al.,
1986; Maylin et al., 1987). In a fox breeding farm, feed with up to 98 ppm
fluoride caused pup mortality due to agalactia of the vixen, and the surviving
offspring later produced smaller litters, which suggests permanent damage
had occurred (Eckerlin et al., 1988). Poultry and birds of prey exposed to
fluoride showed lower egg production, failure of the eggs to hatch, and/or
increased chick mortality (Carriere & Bird, 1987; Hahn & Guenter, 1986;
Hoffman et al., 1985; Pattee et al., 1988).
Many studies have investigated how fluoride exerts its toxic effects.
Fluoride easily crosses the placenta; fetal death and placental necrosis were
noted after intraperitoneally injecting rats with 0.1 mg/d sodium fluoride
(Armstrong et al., 1970; Caldera et al., 1988; Devoto et al., 1972). At the
molecular level, fluoride affects the G-proteins and, thus, the adenylyl
cyclase system for signal transduction (Sternweis & Gilman, 1982), causing
inhibition of enzymes involved in cell growth and protein synthesis
(Holland, 1979; Song et al., 1988). This in turn might affect fertility by lowering the release of hormones and sperm motility (Groom et al., 1971; Tash
& Mann, 1973). Reproductive toxicity may also result from maternal toxicity, such as weight loss and lower milk production (Eckerlin et al., 1986,
1988), and from paternal toxicity (Araibi et al., 1989; Chubb, 1985; Pati &
Bhunya, 1987). At low exposure levels, the toxic effects of fluoride are more
subtle: low birth weight, delayed fetal skeleton development, or retarded
postnatal development (Hoffman et al., 1985; Maylin et al., 1987; Wheeler
et al., 1988).
No reproductive fluoride studies were found that involved humans,
which prompted this author, who participated in the earlier mentioned
Public Health Service review of the toxicity of fluoride, to initiate this
study, which is an epidemiologic investigation of a possible association
between fluoride concentrations in community water supplies and U.S. birth
rates.
METHODS
A nationwide U.S. fluoride database obtained from the U.S. Centers for
Disease Control (the Fluoridation Census, Dr. Stuart Lockwood, Center for
Prevention Services) listed fluoride concentrations in community .drinking
water systems and the size of the population served by each system. Index
counties were counties with at least 1 system reporting 3 ppm fluoride ion or
higher. Each index county plus all adjacent counties formed a region; overlapping regions were combined. Two exposure measures were established:
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the FX value, equal to the county mean (weighted by the 1980 size of the
population served by the water system) fluoride concentration (in ppm), and
F3, the percentage of a county's population served ' by water systems with at
least 3 ppm fluoride.
Annual county birth data for the years 1970-1988 were obtained from
the National Center for Health'Statistics. Annual county population estimates
were derived from linear interpolation between census counts. The total fertility rate (TFR) is the international measure for comparing birth rates of populations with different age distributions (National Center for Health Statistics,
1978). The TFR is the sum of age-specific (by single year of age) numbers of
births per 1000 women. Thus, TFR is the number Of births in a hypothetical
standard population of 40,000 women age 10-49 yr with 1000 women in
each year-age group. Annual county-specific TFRs were computed for the
white population, yielding county-specific time series of 19 yr. Populations
of other races were too small to warrant analysis.
The following county-specific socioeconomic and demographic (SED)
factors, all important TFR determinants, were extracted from census data
(U.S. Bureau of the Census, 1983): the 1975-1980 migration rate, the 1980
median family income, the 1980 percentage of the labor force employed in
manufacturing, the 1982 unemployment rate, the 1980 percentage of adults
with college education, the 1980 marriage rate, and the 1980 total population
(measure of urbanization). These variables were Considered potential confounding factors, because they may also correlate with the fluoride exposure.
For instance, it is difficult for poor counties to switch from a high-fluoride
water supply to an alternative water source. As expected, the SED variables
showed serious collinearity, which would tend to lower the standard error of
the regression estimates, causing falsely small p values. To correct this problem, the HD variables were replaced by their principal components (SAS
Institute, Inc., 1990).
A preliminary analysis showed that birth rates have changed over time,
and that this change and the correlation matrix of the SED variables were different among the regions. This significant heterogeneity resulted in a "loading" (composition) of the principal components that varied widely between
regions, and prevented the pooling of all counties in one . large data set.
Instead, the analysis was done by region. Because the time series nature of
the TFR data precluded conventional regression 'methods, the time series
cross section (TSCS) regression method was used (Dielman, 1989). The Parks
version of the TSCS analysis was specifically written for multiple time series
with autocorrelation and contemporaneous (between-counties) correlation
(SAS Institute, Inc., 1992), both prominently present in the data set. With
this method, the 19 annual TFRs of a county form a time series, and each of

the 19 yr is one observation. In the analysis, TFR was replaced by its natural
logarithm. The final model was

112

S. C. REM

in which F is the fluoride measure, YEAR is the year the TFR was measured,
and PC stands for the principal components of the SED variables. Because of
the limited number of counties per region, the model kept only the first three
components, which still explained 73-100% (dependent on the region) of
the information present in the original SED variables. To avoid erratic slope
estimates if there were more covariates than time series in a region, the third
principal component was removed if a region had fewer than five counties.
In these cases, the first 2 principal components still explained 47-95% of
the original information.
To test the overall TFR/fluoride association, a meta-analysis was performed that viewed the region-specific results as 30 independent and separate outcomes, each with its own slope estimate and p value. The test, a
modified Liptak test (Rice, 1990), transforms individual two-sided p values
into a weighted (by population size) z score with the sign of the corresponding slope estimate. Very small p values (<.0001) were cut off at .0001 before
transformation. The consensus combined p value follows from the normalized weighted mean of the z scores. Since the hypothesis of a negative TFR/
fluoride association was unidirectional, the combined p value was onesided. The meta-analysis was applied to three scenarios: (1) the unrestricted
data shown later in Table 2; (2) counties with fluoride data covering less
than 10% of the population were removed; and (3) in addition to scenario 2,
regions with less than five counties were deleted.
To test the validity of the TSCS approach, two additional methods were
applied. The first was a conventional linear regression, by region, of data sets
in which the 19 annual TFRs of a time series were replaced by the county
mean TFR to avoid time series problems. This reduced the number of observations to the number of counties in a region, which in turn required the
number of SED variables in the regression model to be reduced to at most the
first two principal components. In the second alternative method, a conventional regression analysis was performed on all counties pooled into one data
set. A time lag variable for TFR was added to the model to deal with the autocorrelation. The year of the TFR and the region were identified by dummy
variables, and interaction terms were put in place to allow region-specific
differences.
•

RESULTS

The study was limited to states with at least three regions: Illinois, Iowa,
Montana, New Mexico, North and South Dakota, Oklahoma, Texas, and
Virginia. Table 1 lists the size of the white female population age 10-49 yr,
the weighted (by population size) region mean F3 and FX values, and the
range of the TFRs of the 30 regions in the study. Of the 1,513,023 women
age 10-49 yr, 10.4% lived in index counties. Because index counties also
had low-fluoride water systems, and adjacent counties may have systems
with high (though less than 3 ppm) fluoride concentrations, the FX of some

TABLE 1. Population (1980, Age 10-49 yr), Number of Counties (Nr), Weighted Mean Fluoride in ppm (FX), Weighted Mean Percent Population
Exposed to at Least 3 ppm (F3), and the Range of the TFR (Minimum, Maximum) in 1970-1988
Adjacent counties (F3 = 0)

Index counties (F3 > 0)
State
and
region

TFR

TFR
Nr

Women
10-49

Mean
FX

Mean
F3

Min.

Max.

Women
10-49

Nr

Mean
FX

Min.

Max.

IA-1
IA-2
IA-3

4
2
3

21,784
4866
34,226

1.20
0.86
1.07

2.75
6.91
3.11

1493
1645
1603

3157
2763
2521

10
8
10

67,571
34,011
46,808

1.04
1.20
1.17

1280
1420
1484

3205
2939
3224

IL-1
11-2
11-3
11-4

5
2
1
2

47,617
20,044
5789
9351

1.74
1.09
1.00
1.10

5.37
2.99
0.20
4.92

1118
1624
1682
1514

2402
2561
2469
2556

7
4
3
10

41,102
46,136
21,386
38,447

1.20
1.00
1.00
1.00

14811612
1746
1505

2673
3014
2801
3189

MT-1
MT-2
MT-3

1
2
1

1677
4023
2160

2.20
3.48
1.30

5.00
31.01
1.00

1812
1602
1643

3069
4704
3389

6
4
3

12,979
7952
5643

1.07
1.29
0.99

1445
1694
1348

3953
3773
3840

21,797
2929
6774
1657

1.84
1.90
135
1.10

11.64
5.14
- 2.69
3.00

1360
1944
1750_
2028

5482
4009
3565_
3622

8
4
2
7

25,374
9377
2523_
13,165

1.25
1.19
1.20
1.18

1280
1621
1781
1689

4858
3283
3792
3978

ND-1
ND-2
ND-3
ND-4

9
2
-2 1

NM-1
NM-2
NM-3

1
3
3

3906
6694
11,181

1.80
1.90
1.12

0.80
2.33
3.72

3328
758
2388

4845
5396
4039

3
8
1

23,884
44,633
1611

1.00
1.31
0.80

2051
1070
2030

4896
4123
3217

OK-1
OK-2
OK-3

2
1
2

28,526
5466
11,056

1.00
2.00
2.10

2.00
17.00
32.99

1691
1599
1446

4714
2659
2234

8

46,283
33,650
19,971

0.84
0.80
0.82

1240
1479
1499

3335
2795
2470

5
3

(Table continues on next page)

TABLE 1. Population (1980, Age 10-49 yr), Number of Counties (Nr), Weighted Mean Fluoride in ppm (FX), Weighted Mean Percent Population
Exposed to at Least 3 ppm (F3), and the Range of the TFR (Minimum, Maximum) in 1970-1988 (Continued)
Index counties (F3
State
and
region

>

0)

Adjacent counties (F3

=

0)

TFR

TFR

Nr

Women
10-49

Mean
FX

Mean
F3

Min.

Max.

SD-1
SD-2
SD-3

1
1
4

1187
1515
14,179

3.20
1.60
1.06

40.00
12.00
1.00

1724
1871
1616

3365
3641
4709

6
8
8

10,018
24,737
11,226

TX-1
TX-2
TX-3
TX-4

3
3
6
8

10,574
27,765
91,504
72,778

1.98
1.06
1.33
1.68

7.42
3.97
8.46
11.87

1669
1398
1572
1866

4888
2771
3380
4544

8
8
7
10

15,609
93,295
81,825
72,098

VA-1
VA-2
VA-3

3
2
3

6757
2892
47,572

3.46
2.20
1.98

35.25
26.25
35.86

1286
978
1366

2652
2553
3352

5
4
2

9 30

83

528,246

1.51

10.40

180

Nr

Women
10-49

Mean
FX

Min.

1.21
1.23
1.32

1051
1373
1478

4520
4866
3828

2.03
0.88
0.89
1.21

1027
1365
1674
1756

4830
2705
3351
5395

12,784
5881
114,798

0.63
1.85
0.90

685
1317
1634

3306
3760
2516

984,777

1.08

•

Max.
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index counties was lower than in the adjacent counties. The fluoride database was incomplete: Some counties were absent, and ir others the population coverage usually was less than 100%. In the analysis, counties without
fluoride data were deleted. In 10 counties, the fluoride database covered less
than 10% of the county population, 22 of the 30 regions had a coverage of
51-91%, and the overall mea'n coverage was 53%. The annual TFR ranged
from 685 to 5482.
Table 2 lists the slope (regression coefficient) estimates for fluoride and
their statistical significance. There were twice as many regions with a significant (p < .05) negative slope (the TFR decreases with increasing exposure) as
with a significant positive slope. The slope estimates for F3 had comparable
values, except in region IL-3. The estimates for the FX slope showed • a wider
variation. The results of the meta-analysis of all three analytical scenarios are
depicted in Table 3. The Liptak-Rice test yielded an overall negative TFR/fluoride association with a consensus combined p value ranging from .0002 to
.0004, depending on the exposure measure and the analytical scenario.
As depicted in Table 2, conventional regression of the county mean TFR
yielded region-specific slopes close to the TSCS estimates, but the p values
were larger, to the extent that the combined p value for the negative overall
slope for FX became insignificant. The results of regressing pooled data of all
30 regions confirmed the heterogeneity of the regions, but F3 was still significantly associated with TFR (p < .01), most regions had a negative slope,
and the weighted (by region-specific variance) average of all slopes was also
negative. The p values of the individual slope estimates were larger than in
the TSCS analysis.
DISCUSSION
Information on fluoride and human reproduction is scanty. Fluoride lowered protein synthesis in human osteoblasts (Song et al., 1988), and inhibited
the adenylyl cyclase system in human spermatozoa (Haesungcharern &
Chulavatnatol, 1978). A correlation between occupational fluoride exposure
and menstrual problems has been observed (Kuznetsova, 1969), and children
in an area with endemic fluorosis showed delayed puberty and a lag in
growth despite a normal skeletal age (Wang, 1985). The value of these epidemiologic studies is unclear, however, since neither of these studies applied
control for any confounding factors, and the exposure was poorly quantified.
The negative TFR/fluoride association observed in the current study fits in
the pattern of toxicity data on animals. It did not result from a unfocused
multicomparison analysis, but rather from one comparison that tested the a
priori hypothesis that fluoride can affect human TFR. One might bring into
question whether it is reasonable to expect a TFR response at the prevailing
exposure level. Most animal species required much higher fluoride levels
before toxicity effects can be observed. The effective dose levels were the
highest in birds and in rats. As was previously noted, however, heifers expe-
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TABLE 2. Results of Regressing (the Logarithm of) the Annual TFR and the Mean TFR on F3 and FX, Expressed as
Slope Estimates and Their Two-Sided p Values, by State (Postal Abbreviation) and Region
TSCS regression of annual TFR
F3

Regression of mean TFR

FX

Stateregion

Slope

p

Slope

IA-1
IA-2
IA-3

-0.006
-0.001
0.006

0.006
0.899
0.173

-0.133
-0.057

IL-1
11-2
IL-3
IL-4

-0.018
-0.002
-0.640

MT-1
MT-2

F3

p

FX

Slope

p

Slope

0.013

0.015
0.243
0..666

-0.004
-0.002
0.004

0.638
0.877
0.799

-0.133
-0.100
0.194

0.394
0.648
0.154

-0.021
0.004

0.345
0.979
0.542

0.001
0.133
0.079
0.193

0.428
0.113

0.134

-0.023
-0.009
-0.696
-0.011

-0.044
-0.177

-0.008

E-9
0.860
E-6
0.044

-0.356

0.501

-0.022
-0.006
0.031

0.007
0.221
0.840

-0.082
-0.082
0.075

0.005
0.082
0.857

-0.029
-0.003
0.152

0.034
0.573
0.185

-0.064
-0.026
0.483

0.147
0.642
0.237

0.084
0.236
0.429
0.948

0.027

ND-2
ND-3
NO-4

-0.001
-0.009
-0.005
0.001

-0.045
-0.074
-0.020

E-6
0.356
0.442
0.953

0.001
-0.023
0.018
-0.014

0.966
0.050
0.360
0.619

0.012
-0.143
0.253
0.971

0.646
0..124
0.377
0.132

NM-1
NM-2
NM-3

-0.094
0.008
0.010

0.696
0.513
0.008

-0.094
-0.119
0.206

0.696
E-4
0.032

-0.075
-0.045
0.007

0.798
0.253
0.734

-0.075
-0.038
-1.319

0.798
0.491
0.344

0K-1

0.068

OK-2
OK-3

-0.002
-0.002

0.096
0.473
0.681

-0.483
-0.027
-0.059

<E-17
0.473
0.653

0.061
-0.001
-0.002

0.237
0.786
0.070

-0.025
-0.015
-0.058

0.933
0.786
0.069

SD-1
SD-2
SD-3

-0.003
0.002
0.023

2 E-4
0.432
E-12

-0.061

3 E-4

-0.003

0.312

-0.052

-0.039
-0.082

0.451
E-5

0.004
0.025

0.850
0.052

-0.056
-0.073

0.337
0.862
0.124

TX-1 '
TX-2
TX-3

0.001
0.003
-0.008

0.124
0.471

0.026
0.117

0.071
0.041

-0.002

0.751
0.436

0.086
0.062

0.404

TX-4

-0.001

0.628

-0.079
0.002

E-6
0.751

-0.011
-0.002
0.001

0.801
0.823

-0.154
0.021

0.229
0.589

VA-1
VA-2
VA-3.

-0.002
0.008
-0.001

0.052
0.008
0.697

-0.011
0.092
-0.027

0.394
0.289
0.575

0.002
0.005
-0.001

0.391

0.032
0.129
•0.010

0.347
0.318

MT-3
ND-1

E-4

a

0.434

0.957

a

0.718

0.734

'All counties in Illinois region 3 had FX = 1.0 ppm, no regression slope was therefore estimated.

rienced impaired fertility at 5 ppm fluoride in drinking water, which is well
within the range observed in our study. All states'had at least 1 water system
exceeding this level, and 3 systems had concentrations above 10 ppm. It is
open to question whether the high sensitivity of heifers is relevant to humans.
No explanations have been found to date for the large interspecies differences
in the dose sensitivity of fluoride-induced reproductive toxicity. However,

A
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humans are not immune to the general toxicity of loW-level fluoride. At levels
around 5 ppm in water, endemic crippling fluorcisis in children has been
reported (Jolly et al., 1968; Rajyalakshmi & Ramamohana, 1985).
The importance of a negative consensus TFR/fluoride association is weakened by the presence of significant positive slopes for some regions, and the
use of county means. Therefore, explanations for the observed TFR/fluoride
associations, other than causality, need to be evaluated.
This study is an ecologic study, that is, county means of fluoride and TFR
have been used, which may not necessarily coincide with the experience of
individual women. However, the study differs favorably from other ecologic
studies in that it is difficult to escape exposure to drinking water from a community water system. It is true that secondary individual exposure to fluoride
is ubiquitous, and may exceed fluoride intake from drinking water (Walters et
al., 1983). However, as long as secondary exposure occurs at random, and
there is no evidence to the contrary, it would not Create a spurious association. The TFR may poorly reflect individual fertility if migration is significant.
Although the county migration rate was accounted for in the analysis, it
applied to the general population. There were no migration data for women
age 10-49 yr. Therefore, the response part of the TFR/fluoride association
appears to be a weak point of this study.
The demarcation of regions may have been biased if index counties differ
systematically from other counties. The regions were kept small by limiting
them to immediately adjacent counties to increase similarity in SED factors
and other TFR determinants. To test that this was indeed the case, the correlaTABLE 3. Meta-Analysis of Region-Specific Results of TSCS Analysis for Three
Scenarios of Restrictions and Conditions Applied to the Individual Studies

p Values
for a negative
TFR/fluoride
association
Scenario

F3

FX

Data shown in Table 2, no restrictions.

.0002

.0003

Counties with fluoride data for less than
10% of the population were excluded.

.0002

.0002

Counties with less than 10% coverage by
fluoride data, and regions with fewer
than 5 counties were removed.

.0004

.0002

Note. The results are expressed as a consensus combined p value. The LiptakRice consensus combined p value is one-sided and refers to the significance of a
negative TFRifluoride association (the higher the fluoride exposure, the lower the
TFR).
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tion matrices of the SED factors were compared. In most cases, correlation
coefficients were higher within a region than between counties at the state
level or between all counties combined. Even if a few selection biases in
outlining the regions did occur by chance, their effect on the consensus
combined p value would have been diluted by the large total number of
regions.
A small number of counties in a region increases the potential of a selection bias. A single county could change value and direction of the regression
slope. For example, Burlington in Des Moines county, region IA-3, is a major
population center with no counterpart in the adjacent counties. Thus, the
county may be different from the others in the region in factors that determine
TFR. A test showed that its exclusion would have changed the region's positive slope for F3 into a significant negative slope. However, selective exclusion of counties could easily amount to data manipulation to obtain desired
results. Adding more counties to a region would only cause or increase heterogeneity within a region. No changes have therefore been made in the original demarcation of the regions. However, in an additional analysis, regions
with less than five counties were deleted. As depicted in Table 3 (last scenario), this deletion did not change the overall outcome of the analysis.
Incomplete reporting of fluoride data may have caused systematic (biased)
inaccuracies in the estimates of F3 and FX. Communities may be selective in
reporting abnormal fluoride data, if they lack the resources for taking corrective actions. To reduce the effect of such a potential bias, family income and
measures of urbanization (manufacturing jobs and total population size) were
included in the array of SED variables. Incomplete reporting might also cause
random inaccuracies in F3 and FX. This would only increase the variance of
the slope estimate and would obscure rather than create a fluoride effect.

That is, an existing association would be masked. Since a significant negative
TFR/fluoride association was found, the issue of random inaccuracy in the FX

and F3 values has become irrelevant.
* An improper exposure definition may invalidate the study. The FX is the
best measure for dose-response analysis: It is independent of how an index
county is defined, and it allows direct risk estimation. Its weakness is that
underreporting of fluoride data may over-, or underestimate FX, and so affect
the TFR/FX association in either direction. This may explain the larger p values
for FX slopes compared to F3 depicted in Table 2. The FX also assumes that
there is a TFR effect at any level of FX, which may be hard to defend. The
advantage of F3 is that it does not require this assumption and, except when a
water system crosses a county line, underreporting only leads to underestimating F3. This would weaken rather than•create a TFRJF3 association. The
weakness of F3 is that it is based on a threshold of 3 ppm as a selection criterion, which introduces the possibility of a selection bias. The 3 ppm threshold
in the F3 definition is the midpoint between the 1 ppm fluoridation level
desired for caries control and the lowest reported fertility effect level of 5 ppm
in heifers. When the threshold was lowered to 2 ppm, giving many former
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comparison counties the status of index counties, the; effect on the slopes
was negligibly small, except for slightly larger p values due to the fact that 2
ppm is closer to the mean fluoride level in a county. Thus, there is no evidence that the formulation of FX and F3 has introduced a bias.
Religion, contraception, and induced abortion were' important TFR determinants not included in the analysis, because no data Were available on the
county level. This may have caused residual confounding. However, to
invalidate the study results, residual confounding must occur in the same
direction and in most regions. It is also difficult to see how these variables
could be associated with F3, other than by chance, since high fluoride levels
are natural, geological conditions.
An improper analytical method may yield invalid outcomes. The validity
of the TSCS results was confirmed by conventional regression of the mean
TFR. As shown in Table 2, there was little change in the slope estimates, but
the p value understandably increased as a penalty for regressing towards the
mean and the smaller number of observations. The alternative method of
pooling regions and addressing heterogeneity with dummy variables and
interaction terms showed a significant (p < .01) overall TFR/F3 effect, and
the weighted average of the slopes was in a negative direction. Region-specific slopes, which were largely similar to TSCS slopes, had larger p values,
probably because the interaction terms were limited in number to keep the
very large model workable. This method was not applied to FX, because the
very large model put too heavy strains on computer resources to test model
variations.
Meta-analysis is a proper approach to deal with the ;problems caused by
heterogeneity (Greenland & Longnecker, 1992; Rice, 1990). When regions
cannot be pooled and residual confounding may have biased the outcomes of
individual regions, the very scenario presented by our data, estimating a consensus combined p value as one form of meta-analysis is warranted (Rice,
1990). Table 3 shows significant consensus p values fora negative TFR/fluoride association, even when counties with severe incompleteness of fluoride
data, and the smallest regions were excluded from the database.
Several other alternative analyses have been run: (a) TSCS models with
more or fewer principal components of the SED factors,i(b) the original SED
factors were used; (c) the TFR was limited to the age group 15-44 yr; and (d)
the meta-analysis used a cutoff at .01 for small p values, or applied no cutoff
point at all. The results were quite close to the original Outcomes. This suggests that there is no evidence that the study outcomes followed from the
method of analysis rather than from the data.
In conclusion, a negative association was found between high fluoride
levels in drinking water and lower birth rates. No evidence was found that
this was caused by a biased selection of the study areas, incorrect exposure
measures, an inappropriate analysis, or poor data quality, but residual confounding by unknown factors remains a possible explanation. Therefore,
caution in interpreting the results is required, particularly so because the
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ecologic nature of the study design does not allow an evaluation of the
nature of the TFIR/fluoride association. This study does not address the issue
of whether water fluoridation, a proven effective tool in caries prevention,
could have adverse health effects other than dental fluorosis. No comparison
has been made between fluoridated and low-fluoride counties. The study
results and the wealth of animal data do raise the question whether public
health concerns and toxicologic research should not shift their focus from
the isolated intake from fluoridated water to the potential toxicity of the total
fluoride intake.
REFERENCES
Araibi, A. A., Yousif, W. H., and Al-Dewachi, 0. S. 1989. Effect of high fluoride on the reproductive
performance of the male rat. I. Biol. Sci. Res. 20:19-30.
Armstrong, W. D., Singer, L., and Makowski, E. L. 1970. Placental transfer of fluoride and calcium. Am.
I. Obstet. Gynecol. 107:432-434.
Caldera, R., Chavinie, j., Fermanian, J., Tortrat, D., and Laurent, A. M. 1988. Maternal-fetal transfer of
fluoride in pregnant women. Biol. Neonate 54:263-269.
Carrie, D., and Bird, D. M. 1987. Influence of diet of fluoride-fed cockerels on reproductive performance of captive arnerican kestrels. Environ. PoIlut. 46:151-159.
Chubb, C. 1985. Reproductive. toxicity of fluoride. I. Androl. 6:59.
Committee to Coordinate Environmental Health and Related Programs. 1991. Review of fluoride: Risks
and benefits. Washington, D.C.: U.S. Public Health Service.
Devoto, F. C., Perotto, B. M., Bordoni, N. E., and Arias, N. H. 1972. Effect of sodium fluoride on the
placenta in the rat. Arch. Oral Biol. 17:371-374.
Die!man, T. E. 1989. Pooled cross-sectional and time series analysis, pp. 12-21. New York: Marcel
Dekker.
Eckel.lin, R. H., Maylin, G. A., and Krook, L. 1986. Milk production of cows fed fluoride contaminated
commercial feed. Cornell Vet. 76:403-404.
Eckerlin, R. H., Maylin, G. A., Krook L., and Carmichael, D. T. 1988: Ameliorative effects of reduced
food-borne fluoride on reproduction in silver foxes. Cornell Vet. 78:75-91.
Greenland, S., and Longnecker, M. P. 1992. Methods for trend estimation from summarized doseresponse data, with application to meta-analysis. Am.!. Epiderniol. 135:1301-1309.
Groom, G. V., Cooke, I. D., and Boyns, A. R. 1971. Differential release of individual gonadotrophins by
the human foetal pituitary gland after stimulation by cyclic AMP and sodium fluoride. /. Endocrinol.
50:709-710.
Haesungcharern, A., and Chulavatnatol, M. 1978. Inhibitors of adenylate cyclase from ejaculated human
spermatozoa. I. Reprod. Fertil. 53:59-61.
Hahn, P. H. B., and Guenter, W. 1986. Effect of dietary fluoride and aluminum on laying hen performance and fluoride concentration in blood, soft tissue, bone, and egg. Poult. Sci. 65:1343-1349.
Hoffman, D. J., Pattee, 0. H., and Wiemeyer, S. N. 1985. Effects of fluoride on screech owl reproduction: teratological evaluation, growth, and blood chemistry in hatchlings. Toxicol. Lett. 26:19-24.
Holland, R. I. 1979. Fluoride inhibition of protein synthesis. Cell Biol. Int. Rep. 3:701-705.
Jolly, S. S., Singh, B. M., Mathur, 0. C., and Malhotra, K. C. 1968. Epidemiological, clinical, and biochemical study of endemic dental and skeletal fluorosis in Punjab. Br. Med. I. 4:427-429.
Kuznetsova, L. S. 1969. The effects of industrial factors in the superphosphate production on the sex
organs of female workers. Gig. Tr. Prof. Zabol. 13:21-25 (Rasian).
Marks, T. A., Schellenberg, D., Metzler, C. M., Oostveen, J., and Morey, J. 1984. Effect of dog food
containing 460 ppm fluoride on rat reproduction. I. Toxicol. Environ. Health 14:707-714.
Messer, H. H., Armstrong, W. D., and Singer, L. 1973. Influence of fluoride intake on reproduction in
mice. I. Nutr. 103:1319-27.
Maylin, G. A., Eckerlin, R. H., and Krook, 1. 1987. Fluoride intoxication in dairy calves. Cornell Vet.
77:84-98.

FLUORIDE EXPOSURE AND BIRTH RATES

121

National Center for Health Statistics. 1978. Birth and fertility rates for states and metropolitan areas, p.
47. Vital and Health Statistics series 21, number 27, DHEW publication number HRA 78-1905.
National Toxicology Program. 1990. Toxicology and carcinogenesis studies of sodium fluoride in F344/N
rats and B6C3E1 mice (drinking water studies). Research Triangle Park, N.C.: National Institute of
Health, (NTP) publication 90-2848/TR 393.
Pati, P. C., and Bhunya, S. P. 1987. Genotoxic effect of an environmental pollutant, sodium fluoride in
mammalian in vivo test system. Carj;ologia 40:79-87.
Pattee, 0. H., Wiemeyer, S. N., and Swineford, D. M. 1988. Effects of dietary fluoride on reproduction
in eastern screech-owls. Arch. Environ. Contam. Toxicol. 17:213-218.
Phillips, P. H., Lamb, A. R., Hart, E. B., and Bohstedt, G. 1933. Studies' on fluorine in the nutrition of
the rat. Am. 1. Physiol. 106:356-364.
Rajyalakshmi, K., and Ramamohana Rao, N. V. 1985. Fluorosis in Nalconda district in relation to chemical characteristics of potable water and staple food. Fluoride 18:198-203.
Rice, W. R. 1990. A consensus combined p-value test and the family-wide significance of component
tests. Biometrics 46:303-308.
SAS Institute, Inc. 1990. SAS/STAT version 6, 4th ed. Cary, N.C.: SAS Institute, Inc.
SAS Institute, Inc. 1992. SAS/ETS, the TSCSREG procedure. Cary, N.C.: SAS Institute, Inc.
Song, X. D., Zhang, W. Z., Li, L. Y., Pang, Z. L., and Tan, Y. B. 1988. The effect of sodium fluoride on
the growth and differentiation of human fetal osteoblasts-An in vitro ,study. Fluoride 21:149-158.
Sternweis, P. C., and Gilman, A. G. 1982. Aluminum: A requirement for activitation of the regulatory
component of adenylate cyclase by fluoride. Proc. Natl. Acad. Sci. USA 79:4888-4891.
Tash, J. S., and Mann, T. 1973. Adenosine 3',5'-cyclic monophosphate in relation to motility and senescence of spermatozoa. Proc. R. Soc. Lond. Biol Sci. 184:109-114.
U.S. Bureau of the Census. 1983. County and city data book 1983. Washington, D.C.: Government
Printing Office.
van Rensburg, S. W. J., and de Vos, W. H. 1966. The influence of excess fluorine intake in the drinking
water on reproductive efficiency of bovines. Onderstepoort I. Vet. Res. 33:185-194.
Walters, C. B., Sherlock, J. C., Evans, W. H., and Read, J. I. 1983. Dietary intake of fluoride in the
United Kingdom and fluoride content of some foodstuffs. I. Sci. Food A
' gric. 34:523-538.
Wang, G. G. 1985. Effects of high fluoride drinking water on growth of children. Chung Hua
Fang I
Hsueh Tsa Chih 19:350-353 (Chinese J. Pre y. Med., in Chinese, with English abstract).
Wheeler, S. M., Turner, A. D., Brock, T. B., and Teasdale, D. C. 1988. The effect of 30 mg/I fluoride in
drinking water on ewes and their lambs and current bone levels of sheep in N.S.W Australia.
Fluoride 21:60-68.

IT'S A
FAKE!

MISS PARKER BOWLES
AND

Fooled by
the Stone

An exclusive preview of Patrick
.
Lichfield's dazzling new girls

MODEL FRIENDS

IN THE MAGAZINE
••
trri•Xi.

4•1•iti.:14•1.n. •

.41'41V

,•:•.!;•

4.1*;f41,

y EMBER " 24= 19-96:'.,i;

7

Colgate pays out for teeth ruined by fluoride

Kevin Isaacs: paid £1,000

A LEADING toothpaste manufacturer has paid £1,000 to a child
whose teeth appear to have been
damaged by fluoride.
In what is believed to be the first
such case, Colgate-Palmolive
made a "goodwill" payment after
an independent specialist diagnosed the boy as suffering from a
condition linked with fluoride.
At the same time, The Sunday
Telegraph has also learned of
research, kept hidden in America
for 50 years, suggesting that fluoride can damage the central nervous system and teeth.
Sharon and Trevor Isaacs, of
Highams Park, Essex, were paid
by Colgate after their 10-year-old
son Kevin was diagnosed as suf-

by UN DA JACKSON

fering from dental fluorosis,
where the tooth's enamel is mottled by fluoride.
Colgate-Palmolive has denied
liability and refused to discuss the
case. But yesterday lawyers said
that the settlement was a breakthrough and would trigger a flood
of compensation claims. More
than 200 parents are already
attempting to claim damages from
toothpaste manufacturers.
They will be helped by documents just declassified by the US
government showing that scientists had evidence in 1944 that
fluoride could cause confusion,
drowsiness and listlessness. The

discovery is believed to have been
made at an atomic weapons base.
Further research was ordered but
stopped six months later.
Dr Phyllis Mullenix, a toxicologist at the children's hospital in
Boston, unearthed the papers
after carrying out what she
believed was the first study on.the
toxicity of fluoride in rats, which
suggested it accumulated in the
brain and could lead to a lower IQ.
"Fluoride should be treated as a
drug. Dentists say fluoride
reduces fillings and cavities. But
there seems to be no detailed critique of the data," she said.
Sir Ivan Lawrence, Tory MP for
Burton who heads a group of MPs
campaigning against fluoride,

said: "I think the evidence will
continue to mount and there will
be a ban in five or 10 years."
Julian Middleton, a Nottingham-based solicitor acting for
more than 200 children with Duo.
rosis, said the payment could help
families in their battle for legal
aid. "We regard it as extremely
significant — albeit it has been
made without liability. Fluoride is
one of the most poisonous substances known to man. Experts
say it is a cause of fluorosis. Yet
there is nothing to say what is a
safe dose for children."
There is growing public opposition to the practice of water companies adding fluoride to supplies.
Campaigners say the health risks

have not been fully measured. But
doctors and dentists say fluoridation is effective against tooth
decay. Severn Trent, Northumbria and Anglian water companies
have gone ahead with it.
Mrs Isaacs said her family did
not have fluoridated water and
had never used fluoride tablets. "I
always used Colgate's Minty Gel
and the pea-sized amount as
recommended. Kevin didn't eat
sweets and I used to make sure he
brushed his teeth twice a day. He
did use to swallow the toothpaste.
I rang Colgate, but they said he
would be all right."
Mrs Isaacs said Kevin, who was
teased at school over his "rotten
teeth", had been treated. A letter

from Colgate-Palmolive shows the
company believed the cost of coating Kevin's teeth when he reached
17 would be £1,000. Ile has had
the mottled enamel removed.
Colgate-Palmolive said fluoride was a major factor in reducing
decay. Since 1990, labels recommended that only a "pea-sized'*
amount of toothpaste be used
under supervision for children
under seven. It admitted there
was a "very small risk" of mild
fluorosis.
Young children exposed to several sources of fluoride when
teeth were developing were most
at risk. But this was "very small"
compared with the 'huge fit"
in preventing decay.
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Toothpaste:
How Safe?
By Don Oldenburg
Wastuietas

it's recommended that kids get only a pea-sized amount of
toothpaste,' says nakewitz, 'because most of that goes
down their throats."
A 1995 study at the Medical College of Georgia School of
Dentistry found that about half the children this age don't
spit out or rinse out—they swallow the toothpaste instead.
Making matters worse, they tend to use too much
toothpaste on their own—especially when they use flavored children's toothpastes.
While the cavity-preventing effectiveness of fluoride has
been demonstrated, too much fluoride not only can be
dangerous, it can cause a condition known as fluoroals that
discolors or spots developing teeth. Research conducted
by the School of Dental Medicine at the University of
Connecticut Health Center concluded that brushing with
more titan a pea-size amount of toothpaste more than once
daily contributed to most of the fluoroals cases it observed
in young children. In areas where the drinking water
contains fluoride, children who swallow even the pea•size
amount of toothpaste are getting too much fluoride and are
at risk for fluorosis
"I haven't heard of problems beyond Dumas, but that's
a valid concern. There are some kids getting too much
fluoride," says Nancy Rosenzweig. vice president of corporate communication and market development at Tom's of
Maine, which in 1975 introduced the first "natural" toothpaste on the market.
That's why Tom Chappell started making toothpaste.
He was in his bathroom reading ingredient libels and
'saying Ion know, there's a lot of stuff in here that you
really shouldn't be putting into your mouth."
Besides its natural toothpaites that contain fluoride, the

Last month, as 8-year-old Molly Stan stood iu the
bathroom brushing her teeth, something on the back of the
Lugeeizt tube of Crest caught her attention_ She stopped
brushing.
Looking up at her father standing beside her, she
motioned to the toothpaste and asked, "Is this poison?'
'Of course not.' Paul Statt reassured his daughter.,
-Then why does it say 'poison' on it?' she asked.
Statt looked closer at the label on the back of tube. In
small print were warnings he hadn't noticed before,
including one that read: If you accidentally swallow more
than used for brushing, seek prof esalonal help or contact a
poison control center immediately.'
Caught off, guard, he didn't have a good. answer for
Molly. For a week or so afterward, she didn't want to brush
with toothpaste. Now she la back to using it but Statt
worries that she's confused about the safety of toothpaste
and about the truth of poison labels.
'When did they start putting a poison warning on toothpaste tubes?'
he asks.
like most people, the Petersbor.
ough, N.H., resident assumed that
an over•the-c.ounter health care product like toothpaste, which we are
encouraged to put in our mouths "at
least twice daily," must certainly be
as safe as the water we drink. But it's
not And that's the message of the
new warning labels required by the
Food and Drug Administration on all
fluoride toothpastes and dental care
products shipped as of Apil 7.
None of the caveats that began
114 10141•3
IO.i Ppsf
appearing on toothpaste tubes in
Toothpaste: Prophylactic or poison?
1991 so candidly broached the risks
of ingesting too much fluoride. General warnings on toothpaste products that display the
small Kennebunkportbseed company makes a nonfluotide
American Dental Association seal of approval heretofore toothpaste in flavors including "clammier and "fennel,"
cautioned: 'Don't Swallow—Use only a pea-sized amount When Tom's recently began marketing Its new line 'of
for children under sit." and "Children under 6 should be natural toothpaste for children, it left out the synthetic
supervised while brushing with any toothpaste to prevent
sweeteners, the neon colors and bubble gum flavors. Big
Swallowing. " The word 'poison" wasn't used. •
the
toothpastes, called Slily Strawberry and Outrageous
'When I receive the fluoride here, it has a skuland- Orange,
contain the same levels of fluoride as competitors'
bones on it,' Regina Miskewitz says of containers of the toothpastes.
chemical at the Princeton, NJ., laboratories of Church &
always kind Of a trade-off," explains Rosenzweig.
Dvritht Co. Inc.. maker of Arm & Hammer module. where
she is director Of research and development for oral and
personal care.
'If a child was to take a big spoonful of this fluoride. I
don't think he could swallow It," she says, 'but if he dliget
it down, 14 le a poison and the child could die. US child
ingested a whole tube of toothpaste, he should be taken
right to the emergency room and be would either get his
stomach pumped or get some kind of4ntidote.'
Three ingredients found in nuist toothpastes pose kakis
risks if too much is ingested. according to Miskewitt.
Sorbitol, a liquid that keeps toothpaste from drying out, is a
Lustre that could cause diarrhea in children. Sodium
lauryl sulfate, an Ingredient that makes toothpaste foam.
an also be a diarrheic. But the fluoride poses the mut
danger if too much toothpaste is swallowed—particularly
to younger children.
*Smell amounts of this Material go a long way in causing
. disruption in their bodies because they are so small.'
Mbiltewitz says. 'The fluoride in toothpaste is considered a
drug. Even though it is an over•the•counter drug, we are
altering the body when we brush our teeth with a fluoride
toothpaste or tooth gel.. As normal consumers, you're
not aware of these things. But I'm sure ow 800 number Is
going to get more calls as products with the new warnings
show up on store shelves."
This summer, as toothpaste shipments with the new
labeling replace . older inventories, consumers . will see
nearly twice the warnings displayed on the back of tubes
and cartons—the ADAs general warnings along with the
new FDA-required statement that starts with: "Keep out of
the reach of children under 6 years of age."
Research has shown that because they aren't yet in
control of their eallowing reflex, children 4 to 6 years old
typically *wallow toothpaste vrhe,n brushing. 'That's why

'We made a decision to have only fluoride toothpaste for
children because that has been proven to be the overall
benefit of toothpaste for children. We feel the beneEt
outweighs the negative."
As for natural fruit flavorings being more attractive to a
child's taste buds than Mint-flavored adult toothpasta.
Rosenzweig says Tom's chose wholesome flavors that
would lure children to brushing. 'You have to get gip
education across to your kids that you don't suck the
toothpaste down, just as you have to work with your kids to
brush their teeth,' she says. 'The alternative is they don't
brush. I guess we don't feel like the risk factor is that hIrdi
to make that trade-off."
In fact. many In the toothpaste industry feel the new FDA
warnings may be overstating the risks.
"Our pOtition:wws that they went alit& too far,' sayr
Clifford Whall, director of product evaluations on' the
ADA's Council on Scientific Affairs. Mere wasn't really
need for the cautionary statement about the danger of
poisoning if you've ingested too much.
'If children were to sit around the bathroom eating
toothpaste, which younger children could do, there is nej
enough fluoride in the toothpaste to cause them any ate
harm. That Just dolma/ happen If you tried to eat a
toothp aste, you'd throw it up."
While Whall concedes that poison control centers il:

receive reports of fluoride "poisonings' every year, he saii
the ADA Isn't aware of any of those cases resulting
adverse effects. 'It just hasn't proven to be that kind of a
problem... We didn't think you needed a Libel like that
because it could unnecessarily scare COiltUratrs Into cot
using toothpaste.'

"Meanwhile, the legislature arrogantly ignored documents that relate directly to
fluoridation ineffectiveness. California's own welfare records show that the State pays
more in dental care costs per eligible recipient in the fluoridated counties than it does in
the non fluoridated counties. The largest study in the US, of 39,000 children in 84
communities, shows no significant difference in decay rates between fluoridated,
partially fluoridated, and non fluoridated areas."
"The legislature ,chose to force-feed us at the same level of fluoride concentration that
was deemed appropriate in 1945, before introduction of fluoride toothpaste and our
exposure to fluoride in every soda, beer, juice, pasta or other food processed with
fluoridated water. This is not acceptable. We are already being overdosed." Green said.
"The initiative is straightforward," said Kennedy, the author of the petition. "It states
that the drinking water should be safe for all to drink. That in order to protect the public
health from the risks of hip fracture, cancer, and dental fluorosis, and as records show
that fluoride in the water does not reduce tooth decay or dental costs as claimed, no
fluoride may be added to the water."
BACKGROUND
"More than fifty years ago, before fluoridated toothpaste, fluoridated mouthrinse,
fluoridated floss, and fluoridated toothpicks," said Kennedy, "the promoters of
fluoridation chose an arbitrary 'optimum concentration' of fluoride that was based on a
limited daily intake of water, which didn't take into consideration differences in the
amount of water ingested, or body weight, such as that of a child versus a 220 lbs laborer
or athlete."
"They conceded that there was no margin of safety at that chosen concentration, but
were willing to sacrifice what they claimed would be only 10% of our children to spotted
and mottled teeth (dental fluorosis), which they like to call 'merely cosmetic'. They
claimed there would be no other harmful effects."
"Well, dental fluorosis is now afflicting at least 25% of our nation's children, and as
many as 80% of those with poor nutrition in fluoridated areas, and it isn't just cosmetic.
It's just the first outwardly visible sign of fluoride poisoning. And studies now show
dental fluorosis has also been linked to neurological impairment and behavioral
changes in animals, and diminished IQ in humans."
"Unfortunately the harm doesn't stop there," Kennedy said. "The US, which is 60%
fluoridated, has the 'highest hip fracture rate for the elderly in the world. Hip fractures
are horribly painful, and very few of the elderly ever return home. Studies to-date have
found a significant increase in hip fractures in both men and women after prolonged
exposure to fluoridated drinking water."
"In 1986 the EPA union of 1100 scientists, attorneys, and engineers at EPA headquarters
accused EPA management (which encourages the use of hazardous waste to fluoridate
the water) with fraudulently altering scientific data and conclusions to avoid fluoride
being classified as a Carcinogen," said Kennedy. "Just one of the reasons for calling
fluoride the politically protected poison."
"This is not a new fight", said Green. "With the money and political clout to work the city
halls and state legislatures, fluoride promoters have been highly successful in
convincing politicians to pass their legislation, as evidenced by our need for citizen
action to reject it so often."
"The promoters can afford to be persistent. Not only do the suppliers get paid for the
fluoride, but more importantly they avoid the cost of treatment at the highest rated
hazardous waste dumps, which is where the fluoride waste has to go if it is not dumped
in our water."
"They also maintain an artificially high contamination level standard that minimizes
their liability for spills\ and .dumping. ,The:federal maximum contaminant level for
placing fluoride in the water is set at 4 parts per million (266 times allowable lead), at
which concentration dental fluorosis will be present in 100% of the children."
"85% of California and 98% of Europe remains non fluoridated today because citizens,
somewhere, were vigilant and acted on our behalf. We appreciate, and our health and
welfare necessitates, the efforts of the concerned citizens throughout the nation and
around the world to eliminate this public poisoning."
FLUORIDE ISSUES: http://www.sonic.net/-monty/fluoride.htm
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The Initiative
Email: jgreen@abac.com
Email: dkennedy@ucsd.edu

Contact: Jeff Green
Citizens For Safe Drinking Water
3243 Madrid Street
San Diego, CA 92110
(800) 728-3833
(619) 281-0199 Direct

Health Conscious Groups Gather Signatures To Ban Fluoridation in California
In yet another case of citizens mobilizing in response to what they describe as an abuse
of trust and legislative arrogance, supporters of a safe drinking water ban on
fluoridation are using the initiative process to protect themselves from governmentdictated ingestion of fluoride.
David C. Kennedy, DDS, past president of the International Academy of Oral Medicine
and Toxicology, with the support of Citizens for Safe Drinking Water and other health
conscious groups and individuals, began circulation of a petition on May 21 of this year
in California to place an initiative on the next statewide ballot that would ban the
fluoridation of public drinking water throughout the state. Supporters must gather an
estimated 750,000 to one million signatures within 150 days to assure qualification for
the June 1998 ballot.
The initiative would reverse the statewide mandate to fluoridate, passed by the State
Legislature and Governor Pete Wilson in October, 1995, and scheduled for
implementation this year.
"In an effort to get the rest of the states to jump on the fluoridation bandwagon,
promoters are eager to point out that more than 60% of the US is already adding
fluoride. California is described as the last obstacle to mass medication of the entire
nation by the year 2000."
"If California did not have the initiative process to correct legislative abuse, which
unfortunately one-half of the states do not have, we would already be on that
bandwagon," said Jeff Green, Director of Citizens for Safe Drinking Water. "California
voters have had to reject fluoridation at the municipal level more than 70 times. Even
now, Los Angeles plans to use this law as cover to fluoridate at rate payers expense,
despite no requirement to do so and municipal law put in place by voters expressly
forbidding it."
"The voters believe that the government's water management responsibility is to
maintain safe drinking water for all of us, and we have repeatedly rejected the
government's attempts to mass medicate the entire population with a hazardous waste
under the guise that fluoride would otherwise be unavailable to the indigent."
Fluoride is more toxic than lead, and just slightly less toxic than arsenic, and our
legislature has approved adding it to the water at 66 to 156 times the maximum
allowable concentration of lead, while studies have shown that, just like lead, fluoride
has neurological impact with diminishment in IQ.
Certainly the voters without a preconceived fluoride agenda can readily determine the
toxic properties of fluoride by simply reviewing just a few of its many industrial uses.
Fluoride is used to etch glass, separate uranium isotopes, inhibit fermentation in
breweries, polish aluminum, and kill insects, rats, and coyotes. It is the primary
ingredient in Prozac, and the only toxic element in the nerve gas Sarin, rated 1500 times
more deadly than Cyanide. It does not stop being the same element when we swallow.
"With many people trying to reduce their exposure to toxicity, this does not make sense,
and the voters will say that, even if our legislators will not," said Green.
There are large segments of our population that are highly susceptible to fluoride
poisoning, which include the elderly (50+), people with cardiovascular and kidney
problems, and people with deficiencies of calcium, magnesium, and vitamin C.
"Indigent children, who are the supposed target for the mass medication of our entire
population, are the most likely to have poor nutrition, and the most likely to suffer the
consequences of fluoride poisoning." Green said.
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State of Ohio
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County of Delaware
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Dr. John Yiamouyiannis deposes and says:

20
21

I. My name is Dr. John Yiamouyiannis and I reside at 6439 Taggart Road, Delaware,

22

Ohio. Attached hereto and made a part hereof is a copy of my resume.

23
2. Last year, I submitted an affidavit in support of a petition for a Writ of Mandate in the
24
case of David C. Kennedy vs. Daniel Lungren, et al. (attached hereto and made a part
25
hereof as Exhibit ____), which this affidavit seeks to update and otherwise supplement.
26
27
28

1

1
3. In paragraph 5 of last year's affidavit, I presented 1994 data on Medi-Cal dental

2
treatment costs supplied to me by Phyllis Barnhouse of the Medical Statistics Section of the

3
Department of Health Services of the State of California. Ms. Barnhouse has since supplied

4
me with comparable statistics for 1995 (Exhibit

). A summary of these data along side

5
the 1994 data are presented below:

6
7
8

Alpine
Amador

Percent of County
Fluoridated
0.0%
0.0%

1995 (per month) '
$2.29

Total dental costs per eligible recipient
1994 (per year)
1995 (per year)
$22.92
$27.48

$102.72
$102.60

$106.53
$120.13

$3.16

$45.96
$37.92

$39.46
$37.56

$3.05

$36.60

$38.36

$8.21

$98.52

$107.62

$7.38

$94.1S
$74.2(

$4.53
$10.98

$88.56
$106.80
$54.36
$131.76

$134.21

$8.16

$97.92

$110.63

$4.11
$1.86
$2.07
$5.56

$49.32
$22.32
$24.84
$66.72

$57.0E,
$21.6-4
$38.87

$8.09

$97.08

$70.07
$103.51

$8.56
$8.55
$3.83

Calavaras

0.0%

Colusa
Glenn
lnyo
Kern
Kings
Lake
Lassen
Madera
Mariposa
Mendocino
Modoc
Mono
Napa
Nevada
Plumas

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

San Benito

0.0%

$1.92
$5.93

$23.04
$71.16

$34.50
$84.51

17

. San Bernardino

$11.13
$13.08
$11.00

$132.3)

18

0.0%
0.0%
0.0%

$133.56

San Diego
San Joaquin

$151.13
$125.43
$105.91

9
10
11
12
13
14
15
16

19
20
21
22
23
24
25
• 26
27.
28

$8.90

$47.1.;

Santa Cruz

0.0%

$8.62

$156.96
$132.00
$103.44

Shasta
Siskiyou
Stanislaus
Sutter
Tehama
Trinity
Tulare
Tuolumne
Ventura
Yolo
I AVERAGE
Imperial
Riverside

0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0%
0.5%
0.9%

$10.24
$6.56
$10.12
$11.78

$122.88
$78.72
$121.44
$141.36

$106.32
$85.3
$119.23
$156.52

$5.31

$63.72

$55.94

$7.76

$93.12

$8.14

$97.68

$91.2;
$87.72

t Sacramento ?
Sonoma
Santa Barbara
Los Angeles

2.3%
2.8%

Fresno
El Dorado

$7.19

$86.28

$10.52

$126.24

$86.27.:
$126.83

$13.43
$7.33

$161.16
$88.01

$144.84
$88.44

$6.22
$7.20
$7.60

$74.64
$119.76
$86.40
$91.20

$53.7E
$113.63
$104.1?
$100.6)

41%

Not Available

Not Available

5.2%

$11.96

$143.52

5.8%
6.3%

$8.10
$9.27

$97.20
$111.24

$111.85
$139.23
$102.73
$115.55

$9.98

'
,

1
2
3
4
5
6
7
8
9
10
11
12
13
14

Butte
Monterey
I AVERAGE
Orange
Santa Clara
Yuba
Del Norte
San Luis Obispo
Placer
Sierra
Humboldt
Merced
[AVERAGE
San Mateo
Mann
Solano
I AVERAGE
Alameda
Contra Costa
San Francisco 7
I AVERAGE

.

8.3%
10.0%
0.1%-10%
11.0%
12.0%
13.0%
16.0%
20.0%
24.0%
• 33.0%
35.0%
39.0%
11%-40%
62.0%
63.0%
83.0%
41%-90%
91.1%
99.0%
100.0%
91%-100%

$7.56
$8.67
$8.51'
$13.52
$11.89
$9.23
$6.02
$7.78
$9.57
$2.67
$5.68
$8.41
$8.31
Not Available
$8.11
Not Available
$8.11
$9.07
$10.65
$12.07
$10.60

$90.72
$104.04
$102.08
$162.24
$142.68
$110.76
$72.24
$93.36
$114.84
$32.04
$68.16
$100.92
$99.69
Not Available
$97.32
Not Available
$97.32
$108.84
$127.80
$144.84
$127.16

1
,

,
'

$94.05
$99.26
$102.56
$172.43
$150.55
$123.23
$58.76
$93.66
$113.86
$34.13
$71.47
$75.57
$99.30
$100.67
$96.43
$102.70
$96.43*
$104.72
$115.29
$143.98
$121.33

*if the figures for a specific county were not available in 1995, since they could not be used in the
calculation of the 1995 average, they were left out of the calculation of the 1994 average also.
,
,

,

15

4. This court can easily verify that the values in the above table are taken directly from

16

California Department of Health Services' records (Exhibit _.). For example, in the

17

above table, the figure for Alameda County in the third column of the above table is

18

$9.07. This corresponds to the value in the right-hand column headed " COST PER

19

ELIGIBLE" (under the larger heading "MONTHLY AVERAGE") across from the row

20

labeled "DENTIST" first table of Exhibit

21

to total dental costs per eligible recipient in Alameda Countyper month. The figure in the

22

fourth column of the first of the above table is derived from taking the figure in column 3

23

and multiplying it by 12 to get the dental cost per recipient on a per year basis. Similarly,

24

the figures for the percentages of fluoridation (which appear in column 2) for each of the

25

counties is exactly the same as those listed for the State of California by the California

26

State Department of Health Services (Exhibit

27
28

3

(Alameda County). This value, 9.07, refers

).

1
2

5. In the above calculations, averages were calculated giving the average annual Medi-Cal cos
for each county equal weight. However since the average dental cost values from counties with

3

large populations are more reliable or less variable, and since the reliability varies linearly as th

4
square root of the population considered, it is useful to weight the dental cost values by the

5
square root of the number of eligible recipients of the county that the dental cost values were

6
derived from (Sir Austin Bradford Hill, A Short Textbook of Medical Statistics. Hodder and

7
Stoughton, 1977, pages 101-102; see also R.N. Hoover, et al, Fluoridated Drinking Water and

8
Cancer, Journal of the National Cancer Institute, volume 57, pages 757-768 (1976), where

9
profluoridationists used the same method for pooling data from counties of widely ranging

10

populations) Doing so gives the following:

11
12
13
14
15
16
17
18
19

Annual Medi-Cal Costs for Counties as a Function Water Fluoridation
Percent of County

Average annual Medi-Cal cost per eligible recipient

Fluoridated*

for 1995

for 1994

0%

$110.06

$108.48

0.5-10%

$107.26

$1,13.97

11-40%

$123.70

$125.50

90-100%

$125.27

$120.01

20
21
22

6. The following table was constructed since 83% of the eligible recipients live in the 15

23

largest counties. A comparison of these counties provides a look at areas with larger

24

populations and more comparable populations. From this table, it again can be seen that

25

fluoridation does not reduce Medi-Cal dental treatment costs.

26
27
28

1
2

The Amount of MediCal Money Spent in 1995 & 1994 for Dentistry in Relation to Fluoridation
in the 15 largest Counties in California (which comprise 83% of the Eligible Recipients
1995
$144.84
$127.80
$108.84

1994
$143.98
$115.29
$104.72

Average Dental Cost Per Person of the 'Fluoridated' Counties
Average Dental Cost Per Person in Counties >90% Fluoridated

$127.16
$127.16

$121.33
$121.33

Santa Clara
Orange
Fresno
Los Angeles
Sacramento
Riverside
Stanislaus
Tulare
Kern
San Joaquin
San Bernardino
San Diego

12.0%
11.0%
5.8%
5.2%
2.3%
0.9%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

$142.68
$162.24
$97.20
$143.52
$86.40
$119.76
$121.44
$97.68
$98.52
$132.00
$133.56
$156.96

$150.55
$172.43
$102.79
$139.28
$104.12
$113.60
$119.23
$87.72
$107.62
$125.48
$132.30
$151.19

Average Dental Cost Per Person in the Nonfluoridated' Counties
Average Dental Cost Per Person in Counties <10% Fluoridated

$124.33
$118.70

$125.53
$118.33

3
4

San Francisco
Contra Costa
Alameda

100.0%
99.0%
91.1%

5
6
7
8
9
10
11
12
13
14
15
16
17

7. As is obvious from the above tables, fluoridation does not reduce Medi-Cal dental

18

treatment costs.

19
20
21

8. In paragraphs 3 and 4 of the affidavit cited in paragraph 2 of this affidavit, I cite two
other references also indicating that that fluoridation does not result in reduced dental
costs.

22
23

9. The statement made by Elizabeth G. Hill and Craig L. Brown (Exhibit

) that

24

fluoridatedwatersytems. reduce ost asociatedwithdental reatment[i cluding].

25

. higher Medi-Cal dental costs" is so obviously false that the question of how such a

26

statement could be made is worth examining.

27
28
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MORNING SESSION

FRIDAY, MAY 9, 1997
---o0o--

2

The matter of David C. Kennedy, Petitioner, versus

3
4

Daniel Lungren, Et Al., Respondents, Case Number
97CS01021, • came on regularly before the Honorable James

6

T. Ford, Judge of the Superior Court of the State of

7

California, for the County of Sacramento, Department 23.

8

The Petitioner, David C. Kennedy, was present and

9

acting in propria persona.
The Respondents were represented by Linda

10
11

Cabatic,

Supervising Deputy Attorney General.

The following proceedings were then had:

12

THE COURT:

—13
14

against Lungren.

15

parties.

16
17

On the record in the matter of Kennedy
Record reflect' the presence of the

May I have your appearances please for the record?
Your name,

sir?

18

MR. GREEN:

Jeff Green.

19

THE COURT:

Mr. Green.

20

MR. KENNEDY:

21

THE COURT:

22

MS. CABATIC:

23
24

And I'm Doctor David Kennedy.
Doctor Kennedy.
Linda Cabatic.

I represent the

respondents and real party in interest.
THE COURT:

Very interesting issue,

25

appreciate the briefing in the matter.

26

and I appreciate it was very clear,

27

and I think they're well done.

28

A.

Now,

and I

It was excellent,

cogent discussions

the fundamental question is the determination
2
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1

1

of the role of the judiciary in this enterprise.

2

I indicated to you before,

3

one.

And as

the role is a very limited

The judiciary should interject itself into this

4

either,

the

5

fiscal process only when the actions of,

6

attorney general or the legislative analyst can be shown

7

to have been arbitrary or capricious.

8

been translated many times into a question of determining

9

whether or not reasonable minds can differ.
then,

That standard has

And if

selection of one

10

reasonable minds can differ,

11

probably perforce cannot be arbitrary or capricious.
Now,

12
-- —13'

in this instance the attorney general

concedes that reasonable minds could differ,

and then,

14

determines that the weight of the evidence for the

15

attorney general,

16

proponents of this measure or the proponents of

17

fluoridation, whichever you want to call it.

for Ms. Hill,

is favoring the

Whether the Court would make that choice in light

18
19

of conflicts in the evidence which is substantial in

20

light of the substantial conflicts in the scientific

21

_literature ' is another question and is an irrelevant

22

question because I don't have the power to make that

23

choice, and the voters are not interested in my view and

24

aren't entitled to it and I'm not entitled to give it to

25

them,

26

of the judicial branch of government.

27

overreaching to do that.

28

so -- because it has nothing -- that's not the role

And so,

It would be

the only question for me is whether or not
3
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I can find that in making this selection Ms.

Hill has

somehow made a finding that is without the support of any
reasonable mind.
I'm not prepared to do that.

4

I can't do that,

5

because she can point to a very long history of disputes

6

in this matter,

7

since the fifties or whenever it' first started.
And I note that it all started out on the wrong

8
9

and I understand that it's been going on

argument when people opposing fluoridation claimed it was

10

a clap trap, and that dispute lasted a long time and all

11

that sort of thing.
So I know it has a long and ancient history,

12

and I

—13

know, too, the role of the American Dental Association

14

and their view that they have performed a vital public

15

service arguably to their economic detriment to preserve

16

the people's teeth and so forth, and all that sort of

17

thing.
So I can't interject myself into this significant

18
19

scientific debate.

20

do it.

I can't do it and I don't intend to

to me i substantial here that

21

1

rational

22

there is a significant body of intelligent,

23

opinions that say there's some risk with respect to this

24

fluoridation.

25

I don't think that that can be gainsaid.

But at the same time there are the journals,

26

usually some older generation of articles, that support

27

and claim that this does have beneficial effects, both,

28

economically and otherwise and nealthwise.
4
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2

1

So given the necessity of !making a determination

2

as the attorney general does that there is a place where

3

reasonable minds can differ in this regard, that

4

effectively precludes judicial iritervention. And for the

5

Court to do otherwise would be for me to interject myself

6

into a political decision. The Person who ultimately

7

gets to decide where the weight Of the penny lies is the

8

voter. They have the ultimate determination.

9

But the attorney general and the legislative

10

analyst do have and are authorized to opine with respect

11

to fiscal impacts, so long as they can support it by some

12

rational basis. And for me to determine that their

-13
14
15
16
17
18

support here is without the support of any reasonable
mind in the country is not something I'm prepared to do.
So, Doctor Kennedy, since you're aggrieved in this
matter, I'm prepared to hear from you.
MR. KENNEDY: I have an oral argument in
opposition to each and every point briefly.

19

THE COURT: Sure.

20

MR. KENNEDY: If I may.

21

THE COURT: Certainly.

22

MR. KENNEDY: And, Your Honor, I do agree with you

23

and your statement that when -- there are great minds may

24

differ, but I'll speak to that in a moment.

25

Having read the respondents' opposition to my writ

26

of mandate, I believe that I can respond to each and

27

every allegation in written form and convince the Court

28

of our voracity.
5
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However, given the time constraints imposed by

1
2

oral arguments, I will offer the five points.
Point one, the respondent on page three,

3

line 17

4

of the points and authorities incorrectly states that

5

there is no wrongdoing on the part of the attorney

6

general.

7

points and authorities further attempts (sic)

8

this Court from the proper issues in front of it,

9

Honor.

to dissuade
Your

We do not contest that the attorney general may

10
11

The respondents on page four, line seven of the

attach a title in summary.
The primary issue we have presented to this Court

12

This is

-13

concerns a measure to be submitted to the voter.

14

properly referenced under state Election Code 9004 which

15

states that the summary shall be prepared in the manner

16

provided for preparation for ballot titles in Article

17

Five.

18

The standard for review in Article Five in Section

19

9051 is that the title and summary shall be a true and

20

impartial statement.

21

nor be likely to create prejudice for or against the

22

measure.

23

voter at the ballot box,

24

product include a title and summary which is a true and

25

impartial statement of the fact that is designed neither

26

to argue for or against the ballot measure,

27

any unfair prejudice.

28

It shall neither be an argument,

Whether it is in a petition or in front of a
the question is, does the final

nor present

So, Your Honor, what is at stake is the finished
6
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product and that is in front of the voter.
2
3

THE COURT: Well, you know, in that regard,
Doctor, here's my concern.

4

You keep using the word "true" and I understand

5

that language is available to you to a certain degree.

6

But it's vague as to who determines what the truth is.

7

That's the difficult matter for you. The argument is

8

false. Okay. And that argument , is permissible. You can

9

say this is false, she's wrong, and I could say she's

10

wrong. Okay?

11

MR. KENNEDY: Would you like an example?

12

THE COURT: Well, the question is,'let's assume

.13

arguendo she's wrong, that I agree with you. She made

14

the wrong choice. The weight of the evidence is not in

15

favor of this. She's wrong. Let's assume arguendo that

16

I agree with you. Ergo, so what?

17

MR. GREEN: Your Honor, the question is still

18

about truth and impartiality. Even assuming what you're

19

saying, if I could just continue, you'll see exactly how

20

that fits. It's not a matter of the weight of the

21

evidence.

22

MR. KENNEDY: It's not a matter of weight of the

23

evidence. It's a question of truth and voracity of the

24

statement.

25

THE COURT: Okay. But the question is, to get to

26

the heart of it -- and first of all, there is no time

27

limit here. We can argue this all day, if you want,

28

Doctor, and I'm prepared to give you all the time you
7
MAXINE GATTI, CSR NO. 2572

•1

3

need to make your point.
But I want to make sure we're
honing in on the
[

2
3

deal.

4

Okay?

5

MR. KENNEDY:

6

THE COURT:

I have -It isn't going to help you in the

7

slightest degree to show me how she's wrong.

8

wrong.

She can be

Okay?
MR. KENNEDY:

9

•

Showing me how she's wrong isn't going to help.

Not -- not if it is designed to

10

dissuade voters from the initiative and it's not an

11

impartial -- or a false or misleading statement,

12

Honor.

Your

you know --

-13

THE COURT:

14

MR. KENNEDY:

15

THE COURT:

16

Because we cut to the chase immediately in this

Well, but,

I'm talking --- therein lies the rube.

Okay?

17

case, because we said -- and I asked you in chambers

18

there the last -- indicated, Ms

19

come in and show that you have some scientific authority

20

for your view.

21

• say, well,

22

authority for my view.

23

and in effect say that the proponents of the measure are

24

wrong.

Cabatic, you have to

You can't walk in here with nothing and

I just -- I don't have any scientific
I'm just going to argue fairly

I will cite the department --

25

MR. KENNEDY:

26

THE COURT:

27

MR. KENNEDY:

28

May I continue?

And that's no good.
-- of health services.

8
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3

1

THE COURT:

2

MR. KENNEDY:

3

THE COURT:

Remember my point, now -I understand.
-- error is not the issue in reality.

4

It's whether or not she has any scientific support in the

5

scientific literature for her view and she can point

6

immediately to it.

7

to the American Dental Association supports me.

8

Okay?

9

MR. KENNEDY:

She can say, well, look, I can point

Anything attached to my initiative

10

that does not meet that standard unfairly prejudices my

11

initiative and deceives the voters.
Point two, in the volumes of paperwork work that

12
-13

respondents have provided to our writ of mandate,

14

have not proven the physical evidence.
(The court reporter requested clarification of the

15
16
17

they

record.)
THE COURT:

Well, I think the difference, Doctor,

18

has to do with reading text.

It's hard to report which

19

is just where I was reading,

and frankly I think you know

20

this well enough without referring to your notes.

21

frankly --

And

I'm a bit nervous.

22

MR. KENNEDY:

23

THE COURT:

24

And frankly, Doctor, I want to commend you on the

25
26
27
28

We all are.

It's first rate. 1
you're a lawyer or what.
presentation.

Mr. Green's a lawyer.
presentation.

I don't know whether

This is a first rate

I understand it very well done.

You're
9
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1

not to be viewed as a kook in the slightest degree.

2

the contrary.

3

presentation.

To

1

intelligent

It's a very sound!,
1

My only problem is that you've come up to an area

4

It's more a

5

of limitation of the judicial authority.

6

separation of powers is this question than a scientific

7

question.
MR. KENNEDY:

8
9
10

12

MR. KENNEDY:

No question about
And that the writ of mandate is my

only avenue of forcing the attorney general to comply
with the constitution of this state and that law.
THE COURT:

15
16

mandate as I understand

responsibilities of the attorney general in preparation.
THE COURT:

14

of

it under Section 9004 and 9051 clearly states the

11

1.3

The writ

And I'm hereto make sure that he

does.

17

MR. KENNEDY:

Okay.

18

THE COURT:

19

But, you have to understand and apprehend what are

And I do it regularly.

Remember, we've got

20

the limitations on judicial power.

21

three branches of government. Don't have just one. And

22

my powers are not absolute. And I can't substitute my

23

judgment for the attorney general or Ms. Hill. I don't

24

have that power.
MR. KENNEDY: It's not an issue of judgment, Your

25
26
27
28

Honor.

;
THE COURT: Let me just tell you right now, if I

were to ever express it, I would say you don't have any
10
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fiscal impact. That is what I

say.

MR. KENNEDY: That's what they say.
THE COURT: No. They didn't say. They said
unknown. But the weight of the evidence is going to cost
something if we don't do a fluoridation, et cetera, et
cetera, et cetera. If they stopped its flow, you
wouldn't have an argument at all
MR. KENNEDY: That's right.
THE COURT: Okay. But they went on and said,
well, but they feel that the weight of the evidence -well, I can direct your attentin specifically to page
seven of the attorney general's submittal, at line 12, it
says, "We determine that the weight of the evidence
indicates fluoridate water systems reduce tooth decay,
and so doing, also reduces costs associated with dental
treatment". Okay?
That's where she went and -- you know, in your
view, astray. And you know frankly let's assume arguendo
I agree with you. I wouldn't have said that, but my
views are irrelevant. You see what

I

mean?

MR. KENNEDY: I understand.
THE COURT: So you can't just keep saying, well,
look, if she's wrong, judge, and being wrong she's
misleading the voters or she's false -MR. KENNEDY: I'm talking about statements of
fact, and if I could continue.
THE COURT: Well, the facts are pretty modestly
stated in here. The language was -,
11
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1

MR. KENNEDY: I disagree. 1 Page two --

2

THE COURT: Put some estiMate of one to 15

3

million, or something like that.

4

MS. CABATIC: Your Honor, on page three of the

5

fiscal analysis which is attached to the petitioner's

6

exhibit as Exhibit 2, if I'm not mistaken.

7

THE COURT: And what is the language exactly?

8

MS. CABATIC: "We estimate that the measure

9

would result in unknown dental care

10

costs to the state potentially

11

ranging from the low millions of

12

dollars annually in the first few

13

years to about 15, million annually

14

after five years.; The measure would

15

also result in unknown net costs or

16

savings to local l governments to run

17

fluoridation treatment and dental

18

care," close parens, "potentially

19

ranging from a net savings of roughly

20

one million annually to a net cost of

21

several million dollars annually."

22
23

MR. KENNEDY: But let me'read you the previous

paragraph.

24

"Other he0.th-related costs,

25

certain studies have indicated that

26

there is a relationship between

27

fluoridate water and the incidence of

28

cancer and hip fracture. But
12
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1

independent reviews of their research

2

conclude that the studies have not

3

demonstrated that there is a causal

4

relationship."
We have noted in our affidavit from Phyllis

5
6

Mullenix that epidemiological studies can never produce

7

causal relationships. And that statement --

8

THE COURT: Well, I think the problem --

9

MR. KENNEDY: And that's not a question of

10

reasonable minds, Your Honor. Epidemiological studies

11

can never produce causal relationships
THE COURT: There's where another dispute exists.

12
13

Okay?

14

MR. KENNEDY: Okay.

15

THE COURT: It can be well argued that

16

epidemiological studies are meaningless to some --

17

multitudes of people.

18

MR. KENNEDY: Scientific,fact. Scientific fact.

19

THE COURT: But, you know, there are other kinds

20

of studies put forth and they get reviewed and they get

21

published and the editors of the journals make

22

fundamental decisions that affect our lives and health

23

all the time. JAMA and the AMA journals and all these

24

other journals affect our lives, on a daily basis by the

25

determination they make in a publication. And they make

26

those determinations and sometimes they're right and to

27

times they're wrong.

28

This is hardly an appropriate place to discuss
13
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1

that, though, Doctor. Okay?

2

MR. KENNEDY: I'm saying -

3

THE COURT: I just can't

4

MR. KENNEDY: Let me giveyou an example.

5

THE COURT: I will give

it. Now, in --

do

an example in which

you

6

this Court some years ago -- I don't think it was the

7

attorney general's language. I think it was the

8

proponents' language which the standard is much the same,

9

false or misleading. Okay? In Other words, even a

10

proponent can put in language in their ballot arguments

11

one way or the other..

12

And the courts are not supposed to get involved in

13

that, either. Because, you know, we're limited. That is

14

a part of the political process and so on. And it's not

15

just a flat out lie. You can do it.

16

And some years ago Lyndon LaRouche said that flies

17

could transmit AIDS, or something like that, the HIV

18

virus. The Court made him take it out on the ground that

19

he didn't have one single scientist who said that's true.

20

You can't just opine that. He didn't have anybody who

21

said that's true. So the Court,made a determination that

22

this was flat out false and misleading.

23

That's the one example

in which

the Court has been

make a finding, now --

24

able to find -- if you want me

25

MR. KENNEDY: Yes.

26

THE COURT: -- Doctor, that there's no

27
28

0

scientific -MR. GREEN: Epidemiological studies
1
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can never

show

14

causal effects.
THE COURT: There's no such study.
MR. KENNEDY: Right. There's no such thing in
science. There is no such thing' as -- epidemiological
studies can never show causal effects. The narrative
evidence can. An epidemiological study cannot, which is
the whole defense that has happened with cigarettes
forever, •t can't be proved that it causes cancer. It's
only confirmed by laboratory studies. That's the only
time it can be used.
So that's actually a scientific fact that has
nothing to do with the fluorideor anything else. That's
a false statement of fact which would mislead a voter
into thinking that it could do that.
But let me read you the next sentence, and I think
you'll agree with me it's a bold face lie.
THE COURT: Okay. We're looking for lies. We are
not looking for error.
MR. KENNEDY: More specifically although two
studies have shown a relationship between high doses of
fluoride and certain cancers, we are not aware of any
scientific evidence -- and I emphasize the word "any"
scientific evidence that exists fluoride concentrations
in fluoridated water increases the cancer in humans".
Your Honor -THE COURT: Wait a second. Where is that language
is that the ballot?
I'm only interested in the language that the
15
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1

voters are going to read.

2

MR. GREEN:

That's what they read.

3

THE COURT:

The voter's going to read?

4

MS. CABATIC:

Your Honor,

6

MR. KENNEDY:

Title and summary goes into the

7

voter's ballot book.

5

it's in the title and

summary.

that is in the arguments.

8

THE COURT:

9

MR. KENNEDY:

No, Your Honor,

10

MS. CABATIC:

Your Honor, may I say --

11

THE COURT:

12

MS. CABATIC:

-13

Oh,

Yes.

it is not.

1

At this point we're dealing with a

circulating title and summary.

What's before the voter

14

is the circulating title and summary that's been issued

15

by the attorney general.
The physical analysis that is attach -- or that is

16
17

prepared by respondents is not before the voters.

18

measure qualifies,

19

ballot,

20

applicable statutes will prepare an analysis of this

21

measure.

then,

If the

if the measure is placed on the

the legislative analyst pursuant to the

22

THE COURT:

23

MR. KENNEDY:

24

MR. GREEN:

25

MS. CABATIC:

No.

26

MR. KENNEDY:

It is currently posted on the Web

27

pages of Bill Jones.

28

.

THE COURT:

So that's not before me,
Yes,
Yes,

now.

it is;.

it is. 1

Procedurally,

in this hearing the only
16
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1

thing appropriate before me to d termine is the thing

2

that you're going to have people signing.

3

MR. GREEN: Your Honor, it's indicated to be in

4

the context of 9051 which basically are both one and the

5

same. That's, exactly how it states it in the law that

6

it's in the context of 9051 which is that it is true and

7

impartial, which is the section that she's speaking of,

8

but that's exactly how it's stated.

9
10

THE COURT: Let's step back here procedurally
here, okay?

11

There is a piece of paper that is being circulated

12

to the voters of this state to make a determination as to

13

whether or not to sign it to get it on the ballot. That

14

is the language that is before me, now.

15

MS. CABATIC: That's correct, Your Honor.

16

THE COURT: That is the language I'm going to

17
18

address today.
1
I'm not going to address some other language that

19

isn't going to be part of the circulating document.

20

Okay? That document that you're required to submit to

21

the voters.

22

What they want to read on the Web pages isn't

23

before me today. All I'm interested in is the language

24

that the voters are going to see and that the petition is

25

a circulating document.

26

And I may see that, please?

27

MS. CABATIC: Yes.

28

THE COURT: I don't have it right in front of me.
17
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1

MS. CABATIC: May I approach the bench?

2

THE COURT: Please. Make sure we've got the

3

parameters of the argument right.
None of that language is before me today. Okay?

4
5

Because that doesn't -- the only language I'm talking

6

about are costs here today.

7

Now, it may be at some later date, if your

8

initiative qualifies and somebody wants to argue that in

9

the ballot arguments, you can bring that to me to

10

determine that that shouldn't be.
That's not what I'm going to do today, because I

11
12

have some proponents who'll come in and.say your

13

arguments are all wet, too. So we have to wait for that

14

time.

15

. So right now, the only thing I'm doing is this

16

piece of paper here about the physical impact. Okay?

17

So, we have to limit it.

18

So she opines, you know, that there are going to

19

be costs to the state, but they are unknown, ranging from

20

the low millions annually in the first few years to about

21

15 million annually after five years.

22

Now, you have to come and show me that there's no

23

scientific authority anywhere

24

this view.

in

the world to support

25

MR. KENNEDY: Let me use their analysis.

26

THE COURT: They may have to be legitimate

27
28

scientific authority.
MR. KENNEDY: The 11 hundred members of the EPA
18
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1.

Scientists Union be sufficient, Your Honor?

2

THE COURT: No. No. I'm sure your group says

3

she's wrong, but you have to show me that there isn't

4

anybody who says she's right. And the ADA says she's

5

right.
MR. KENNEDY: The ADA is not a government

6
7

authority, Your Honor.
THE COURT: Well, it doesn't have to be a

8
9
10

government authority. Neither is the group that supports
your view a government authority, right?
MR. KENNEDY: Well, actually, depends on which

11
12

country you're talking about.

13

THE COURT: But, I mean, in this country.

14

MR. KENNEDY: This country, no. Our government --

15

THE COURT: So she's relying on somebody you think

16

is flat out wrong, Doctor, and that's fine. That's what

17

the voters are going to get ultimately to decide.
MR. KENNEDY: I would refer Your Honor to the

18
19

previous analysis of mandatory fluoridation furnished by

20

legislature in which they estimated the furnishing of

21

fluoridation to be 45 million and the annual cost of

22

operating the program to be 15 million dollars. Mr.

23

Lungren in his analysis concludes that it's going to save

24

money which is contrary to their previous analysis.

25

And I ask Your Honor if that's not incorrect.

26

THE COURT: Well, I don't have that here before

27
28

me.
MS. CABATIC: Your Honor, I don't think that was
19

MAXINE GATTI, CSR NO. 2572

submitted.

1

THE COURT: She says "Dental care costs to the

2
3

state," and I take dental care costs to the state to mean

4

medical . expenditures on behalf Of people who can't pay

5

for their own dental care. They're going to have more

6

cavities.

7

MR. KENNEDY: They allege --

8

THE COURT: That's what she thinks. Okay?

9

MR. GREEN: Your Honor, on the equation that they

10

do in the fiscal analysis, the very last statement on the

11

fiscal effects analysis actually finds that there may be

12

some unknown cost and savings. It's actually on the

13

•

fiscal estimate, itself, but it's not included in that

14

three million dollars that you See in that -- the 15

15

million dollars that you see in that particular document.

16
17
18

THE COURT: Well, she saYs there could be a net
savings of a million, to net costs of several millions.
MR. KENNEDY: It's currently costing three million

19

dollars this week -- this year to fluoridate the 17

20

percent of California. Somehow or another they've

21

neglected to put down a three and put a one instead.

22
23
24

THE COURT: Those costs ' aren't being borne by the
state, are they?
MR. KENNEDY: We're being borne -- they're being

25

borne by local government, the water systems and

26

supplies. In some places the water system and supplies

27

are owned by the local government authorities and those

28

factors should be taken into consideration when writing a
20
MAXINE GATTI, CSR NO. 2572

summary.
THE COURT: Well, she say
3
4
5
6

"local government".

MR. KENNEDY: That's correct. But the number is
one, not three.
MS. CABATIC: Your Honor, the number is one on the

circulating title and summary.

7

THE COURT: Uh-huh. Says, "roughly one million".

8

MR. KENNEDY: And it says "three".

9

THE COURT: Where?

10

MR. KENNEDY: In the --

11

MS. CABATIC: Your Honor; on page two of the

12
—13

fiscal estimate of the legislative analyst and the
department of finance, it says fiscal effect fluoridation

14

treatment of costs, the measure . would result in savings

15

of about three million annually to local government that

16

currently fluoridate their water systems.

17

MR. KENNEDY: My point, Your Honor --

18

MS. CABATIC: In their analysis it says the

19

measure also resulted in unknown net costs or savings to

20

local government potentially ranging from a net savings

21

of roughly one million annually to a net cost of several

22

million dollars annually. And in this situation, that

23

would --

24

THE COURT: Three is within

25

MS. CABATIC: Right. Right. So it is not false

26
27
28

and misleading.
THE COURT: See what she means, three falls within
the range.
21
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1

MR. GREEN: Original estimate was it would cost 45

2

million just to implement it to the range -- that was the

3

original estimate by the staff analyst when AB 733 went

4

into effect, and with another 15 , million dollars cost to

5

implement it. And they have admitted that there are

6

local communities that will be implementing it at their

7

own public costs in which they would obviously need to be

8

represented.
We don't believe that they've been represented at

9
10

all.

11

MS. CABATIC: Your Honor; AB 733, as I understand

12

it, was a measure that passed last year. Whatever costs

13

were associated with that bill have no impact on whats

14

before the Court today -1

15

MR. KENNEDY: That isn't --

16

MS. CABATIC: -- except to the extent that the

17

legislative analyst took that into consideration to come

18

up with her fiscal estimate on page two.

19

THE COURT: Well, you know, I guess here's my

20

principal difficulty with the legislative analyst in this

21

regard, Ms. Cabatic, is that here, right now -- I mean,

22

it's very hard to make fiscal impacts in this case at

23

all, seems to me.

24
25
26

1

And you're not required to do that. Can't you
just say "I don't know"?
MS. CABATIC: Your Honor, based upon the evidence
1

27

that's before the legislative analyst in the department

28

of finance and the fiscal estimates that were provided to
22
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them by the department of health services, it would be
arbitrary and capricious for them to ignore those costs
and simply say that there are costs that are unknown.
THE COURT: Well, this says they're going to bar

4
5

fluoridation in the State of California.

6

MS. CABATIC: Correct.

7

THE COURT: Right now, we only have 17 percent of

8

the population who do fluoridate.
MS. CABATIC: Correct.

9

THE COURT: There's no way to know how many people

10
11

might prospectively want to fluoridate and would be

12

stopped from doing it. Right? There's no way to revisit
it.

14

MS. CABATIC: Well, that s correct, Your Honor.

15

THE COURT: So, ergo, how would you ever know the

16
17

fiscal impact by banning it?
These figures relate to the hundred percent of the

18

population not being able to fluoridate, or do they

19

relate to only the 17 that are now fluoridating?

20

What about tomorrow if a hundred percent of the

21

people decided they wanted to fluoridate? What's the

22

estimate of the cost?

23

We don't have the slightest idea. This isn't

24

intended to do that. It's a little odd. This is not an

25

initiative that proceeds to do . l. something. It's an

26

initiative that proposes not tO, permit Something.

27
28

Then, you have no clue as to when the other 83
percent want to fluoridate, doyou?
23
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1
2
3

MS. CABATIC: If this measure goes into effect, we
would not. No.
THE COURT: So why wouldn't you say I don't know

4

what the impact is, unless you can predict for me how

5

many of the 83 percent are going to want to fluoridate

6

and won't be able to do so?

7
8
9
10

MS. CABATIC: Well, to the extent that there is 17
percent of the population that is currently -THE COURT: Right.
MS. CABATIC: -- working under the fluoridate

11

water system, there would be costs to those individuals,

12

if you cease fluoridation of the water.

13

THE COURT: Right. As to those 17.

14

MS. CABATIC: So you would have to say unless --

15

THE COURT: Well, is that what this means?

16

So the question is, you don't know what the impact

17

is to the extent that you're barring other people who

18

might want to do it and you're not putting them in there

19

because you don't know.

20
21
22

MS. CABATIC: We don't kbow what the effect of
barring the 83 percent would be'.
THE COURT: Right. So that's why. Since it does

23

bar the other 83 percent as well as the extant 17

24

percent, why wouldn't you say "I don't know"?

25
26
27
28

MS. CABATIC: Well, I don't see it erroneous to
say that with respect to the 17 percent.
THE COURT: Because it doesn't reflect •what the
costs may be as to the 83.
24
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MS. CABATIC: Well, if th re are no costs being

1
2

expended -THE COURT: They may want to fluoridate and now

3
4
5

can't.
MS. CABATIC: If this measure passes
THE COURT: Right.

7

MS. CABATIC: -- they will not be able to.

8

THE COURT: Right, ergo.

9

MS. CABATIC: And then, those associated costs

10
11
12
13

.

THE COURT: Would be 83 percent higher than the 17
percent we're talking about here.
MS. CABATIC: You would till have a cost with
respect to the 17 that's currently --

14

THE COURT: Yeah. But what about the other 83?

15

MS. CABATIC: Well, the legislative analyst has

16

determined that the estimate of I the costs should be based

17

on the 17 percent that are currently --

18

THE COURT: Well, it doesn't say that, does it?

19

Since the measure is statewide affecting hundreds of the

20

population, shouldn't the fiscal effect as to the

21

entirety of the state apply, not just to the 17 percent?

22
23
24

MS. CABATIC: Well, that would be covered by the
measure also.
THE COURT: If the measure said we're issuing a

25

process to Santa Monica, San Francisco and Berkeley from

26

fluoridating the water, then, there is a fiscal analysis

27

on those communities, right? !

28

MS. CABATIC: No. Not necessarily, because Santa
25
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1

Monica and the other counties that you mentioned are the

2

only counties that are currently

Oh, well, whatever. I thought these

THE COURT:

3
4

were the principal

5

are now doing it.
MS. CABATIC:

6
7

being fluoridates.

ones for the 17
1 percent, whatever ones

Whatever the ones that are now being

fluoridated, they would be affected by the dental costs.

8

THE COURT: To this extent.

9

MS. CABATIC: Well, state would be because of the

10

medical.

11

THE COURT: Medical. Right.

12

MS. CABATIC: So to ignore the state's medical

13

costs I think it would be arbitrary and capricious.

14

while we can't estimate the 83 percent that would have,

15

if they could have, the fluoridated water but for this,

16

there's no way to estimate what that would be.

17

THE COURT: Precisely.

18

MS. CABATIC: You could undertake the same

19

analysis that you took for the 17 percent making several

20

assumptions about what would occur, but this estimate is

21

not also misleading with respect'to the current state of

22

the population of the State of California.

23

THE COURT: Well, again, the very nature of this

24

dispute and discussion delineates and describes pretty

25

clearly why courts are not supposed to get into these

26

disputes where they shouldn't intervene.

27

MR. KENNEDY: Somebody's got do.

28

THE COURT: Well, no.

advise you who does
26
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8

1
2

it, the voters of the state.
MR. GREEN: Your Honor, it's the very

voter of the

3

state that we're asking the Court to protect. It's not

4

that we don't want them to have a final -THE COURT: They don't need protection.
MR. KENNEDY: Yes, they do, Your Honor.

5
6
7
8
9

MS. CABATIC: Yes.
MR. GREEN: Because the statement that now says
medical is a covered expense is accurate, but the actual

10

figures that they have by the state -- right now, we

11 •

would be happy to abide by the figures of the state that

12

say these are what -- are being impacted after 45 years

-13

of fluoridation. And any reasonable mind that wants to

15

differ with it, that's fine.
But what seems to happen is that we're not even --

16

you're not going to utilize those figures to prove the

17

very point that she's speaking to.
THE COURT: Here the defendants have this out that

14

18
19
20
21
22
23
24

says medical costs in nonfluoridates counties are X
amount of monies more than in fluoridates counties.
MR. KENNEDY: They don't say that, Your Honor.

are the same.
MS. CABATIC: No, Your Honor. They use a weighted

Medical costs

average --

25

MR. KENNEDY: We do not.

26

MS. CABATIC: -- and they take that into

27
28

consideration.
THE COURT: Hold on, Mr. Kennedy.
27
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1

Ms. Cabatic.

2

MS. CABATIC: Your Honor, they use a weighted

3

average and they look at the population of the county and

4

they come up with various analyses based on what they

5

know about the medical costs, the size of the county, and

6

they use a weighted average to come up with a reasonable

7

estimate of the costs.
And what we're dealing with here essentially is a

8
9

disagreement with the opinions of the experts of the

10

department of health and the opinions of petitioner and

11

the proponents of this measure.
All this, as we say in our points and authorities,

12
13

can be aired at the time, if and when the measure

14

qualifies for the ballot. Right now, we're just dealing

15

with circulating title and summary, and there is no

16

evidence to show that that is in fact false and

17

misleading or that respondents acted arbitrarily and

18

capriciously.

19

MR. KENNEDY: Your Honor

20

THE COURT: The heart of this estimate is medical

21

costs. In nonfluoridated areas isn't that the heart of

22

it?

23

MS. CABATIC: I think it' s fluoridated areas.

24

THE COURT: Right. How I ong has this 17 percent

25

been fluoridated?

26

MR. KENNEDY: 45 years.

27

MR. GREEN: 45 Years.

28

THE COURT: How long have they had medical?
28
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8

1

MR. KENNEDY: Since the sixties.

2

THE COURT: So you've had medical for 30 years.

3

So really we've got plenty of history to go back and look

4

and see what medical costs for dental health in various

5

counties that have fluoridation and in the counties that

6

they don't.

7

Now, they may have to weight it because of

8

demographics or whatever, that sort of thing, and you'd

9

say look at this X amount. Sounds to me like simple

10

math.
MR. KENNEDY: It is, Your Honor. And that's

11
12

exactly the focus of our affidavit that was furnished

13

here, and that it should -- that the fluoridated counties

14

unweighted were -(The court reporter requested clarification of the

15
16

record.)

17

THE COURT: . Well, you've got to wait.

18

MR. KENNEDY: Okay, I understand.

19

Nonfluoridated versus fluoridated, we did it both

20

ways. We did it straight. Take the numbers and grind it

21

through the calculator. It show 's that the fluoridated

22

counties are spending slightly more).

23

Then, we took it another way. We weighted it with

24

I think -- Arthur Doyle is a well-known statistician. He

25

has published in his book on how to weight when you have

26

unknown variables. We weighted it and, again, it shows

27

that the fluoridated counties are spending slightly more

28

after 45 years of fluoridation.

9

I

The fluoridated counties
29
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1

9

are spending more on mouth care.

2

THE COURT: well, let me ask you this. Did the --

3

MR. KENNEDY: What

took information

did

4

statistics out of Scotland and Ireland and applied a math

5

that equates to the actual cost of dental care in

6

California, I'd suggest, Your Honor, out of the actual

7

costs of dental care in California.

8

It is

9

They admit that that our data is

correct. They admit

10

that our numbers came from their

computers, and then,

11

they dispute that using simple mathmatics is a reasonable

-12

approach.

•

Speaks for itself.

a fact. It is out of the computers of California.

13

THE COURT: Well, the --

14

KENNEDY: I say, Your Honor, it is the most j

15

reasOnable approach, and to apply a mathematically held

16

formula alleging there's some 67

17

toOth decay. -Where that figure

18

if we stop fluoridating San Fran cisco, it would increase-'

19
20

tooth decay 67 percent and denta I care costs,consequently, and if they did fl uoridate Los Angeles and

21

the rest of the state, it would

22

percent.

percent increase in
comes in is they allege

reduce tooth decay 40

23

Your Honor, after 45 years there is not one fat

24

whisker of difference between Los Angeles City in this

25

case and San Francisco. And if there's no difference

26

after 45 years, I suggest that what you're seeing befored

27

you is a mathematical calculation prepared to deceive the

28

public.
30
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1

And that's why this fiscal summary and -- has to

2

be stricken from the ballot measure. It's to deceive,

3

not educate and inform. It's their deceptive argument.

4

THE COURT: Ms. Cabatic.

5

MS. CABATIC: Your Honor, contrary to the

6

allegations of the petitioner, the fiscal summary in

7

which we have engaged is not intended to deceive anybody.

8

It's intended to come to a logicl and neutral and

9

impartial estimate of what the costs would be.

]

1

10
11

In the case of California, you cant just take a
straight mathematical --

12

THE COURT: Why not.

13

MS. CABATIC: -- comparison.

14

Because you have to account for other things --

15

THE COURT: Like?

16

MS. CABATIC: -- because

17

Like difference in immigration, exposures to other

18

sources other than fluoridation, health and education and

19

dietary factors are factors that could be added to the

20

list of uncontrolled and unaccounted for differences.

21

i

You should only count the expenditures that are

22

attributable to dental caries and not department costs,

23

if you're going to come up with a reliable estimate. I

24

think what we have here again is

25

how you interpreter the data.

26

difference in terms of

While the data provided to this petitioner may --

27

we have admitted it's a matter for interpretation in

28

terms of it is different than we do in terms of our costs
31
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1

analysis.
THE COURT: The comparison in medical costs, were

2
3

they limited to caries, or did they include all dental

4

costs?

5

6
7

MS. CABATIC: As I understand it, they were
limited to dental caries.
THE COURT: • Just caries. 'So the cost for medical

8

caries treatment was about the same in fluoridation

9

versus nonfluoridated areas?

10

MS. CABATIC: Well, the cost

11

MR. KENNEDY: Your Honor H--

12

MR. GREEN: Your Honor,

13

THE COURT: Hold on a second.

14

MS. CABATIC: Your Honor, just a second.

15

MR. KENNEDY: The --

16

THE COURT: Hold on a second.

17

MS. CABATIC: Excuse me, Your Honor. I'm not the

18

if

I could --

mathematical -- mathematician.

19

THE COURT: Sure. Quite all right.

20

MS. CABATIC: Excuse me, Your Honor.

21

THE COURT: Sure. Quite all right.

22

MS. CABATIC: I've consulted with our fiscal

23

experts, and it appears that you could get different

24

mathematical computations for different assumptions that

25

you make. So in terms -- we used -- we looked at the

26

dental caries and determined that the dental caries

27

were -- can't -- depending on how you look at it, you

28

come up with different results. And we did it with
32
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respect to dental caries because that's the association
with fluoride -THE COURT: Right.
MS. CABATIC: -- that we've determined.
THE COURT: So -- and you l found that dental cane
medical costs were -MR. KENNEDY: It's not true.
THE COURT: -- significantly higher in the
nonfluoridated counties versus the fluoridated counties;
is that it?
Why don't you just have your fiscal expert tell./
- me -- come forward and telling me direct.
Step forward, please.
MS. CABATIC: Perhaps you can explain -MR. KLUNE: I need to identify myself?
THE COURT: Please, if you would.
MR. KLUNE: Okay. I'm Jospeh Klune. I'm the
chief of the fiscal forecasting and data management group
for department of health services.
Basically we did not in our analysis apply -- take
into account the dental cane costs in the counties in )
the comparison.
What we did -THE COURT: Wouldn't that be the easiest way to go
about it?
MR. KLUNE: Well, in the declaration that I made,
I made a statement to the effect that the counties are
not really comparable. This would not be a controlled
33
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1

experimentation. You do not have all other things equal.

2

Basically there were differences in the

3

the people, immigration, and so forth. Medical is a

4

very -- for some of the populations, for example, they

5

come in and out of their mobile population and it's very

6

much uncontrolled research.

health

status of

2

7

THE COURT: So it wasn't done?

8

MR. KLUNE: It wasn't done that way. And that's

9
10
11

the argument we take against the method that was used by
the plaintiffs.
What we did is to take the research which was
reasonable level or

12

quoted in the analysis and take

13

range of assumed reduction in dental costs, attribute

14

or caries, and then, apply that to the subset of medical

15

costs that were related to lowest restorations and so

16

forth that were related to caries.
THE COURT: So
in other words there has been no
•

17
18

a

county-by-county comparison done?

19

MR. KLUNE: Right.] And

20

THE COURT: Wouldn't it be a little worrisome, if

21
22

we

argue

we found out in a county-to-county comparison that caries z.;
1
the fluoridated? 7
.
cost was in fact higherZ 4q811-in

23

MR. KLUNE: And we take issue with the way they

24

calculate the statistics, and that's in the declaration

25

as well.

26

We feel the unweighted simple average is

27

inappropriate because it doesn't Account for every

28

individual. You're taking a very , large county, giving it
34
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1

equal weight with the small counties. If you look at the

2

statistics in their own affidavit, it shows that Los
Angeles has a huge number of MediCal eligibles. I don't

4

recall there if it's 1.5 million. And some of the

5

counties have little, as few as 200.

6

THE COURT: What about just like doing Sacramento]

7

and San Francisco? Is San FrancA.sco County fluoridated?

8

MR. GREEN: San Francisco's a fluoridated county.

9
10

Yes, Your Honor. Sacramento's not.
THE COURT: Why not Sacramento and San Francisco?

11

Roughly population numbers, and I'm sure you'd have

12

different demographics within those calculations. And

13

then, say, look it, MediCal caries costs are X in San

14

Francisco and Y in Sacramento.

15

MR. KLUNE: Well, again, our perspective on it and

16

assessment is the difference in the counties and

17

populations are so large that you couldn't make a valid

18

comparison. That's why we appeal to --

19

THE COURT: Such as? Give me an example what's

20

the difference between the people in San Francisco and

21

the people here?

22

MR. KLUNE: I don't -- I don't have the
even

23

demographics here, but, for instance, there are

24

though it's a low-income program, there are differences

25

in income, there're differences., Some people in MediCal

26

are people who have had jobs andlor are linked through

27

AFDC program, maybe have periods of unemployment. There

28

are others that are long-term unemployed or disabled.
35
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THE COURT:

But how do you know that it's

2

different in San Francisco in these kinds of prospects

3

than it is in Sacramento?

4

MR. KLUNE:

5

Well, I think scientifically the point
It's the

for us is not how do we feel it's different.
fact that we don't know it isn't different.

And when you

7

do a controlled experimentation, you try to control all

8

other things, except for the variable related to the

9

hypothesis that you're testing, in this case being

10
11
12
-13

fluoridation.
And that's why we begin to feel scientifically
anxious there as a jumping off point.
THE COURT:

And in fact yOu appeal to disputed

14

scientific literature in which there's a vast array of

15

disputes.

16

your side that says it's a good deal and he's got his

17

side that says it's dangerous and hopeless and doesn't do

18

any good.

19
20
21

You know, the literature out there we've got,

I mean, that's why I'm staying out of the dispute
as to whether it's any good or not.
But when I make a fiscal estimate that you decline!

22

to look at one county with it and one county without it!

23

because of a fear that they're nOt comparable for some

24

reason or another that's not paricularly articulabe

25

and, then, say, well, it's easier. or more scientifically

26

sound to just take the scientific hypothesis which we

27

know is hotly disputed and calculate from that.

28

I would have said why don't we take the road Of
36
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least resistance and say, well, we know this scientific )

2

idea's a mess, so let's just take a look at what happened

3

historically, economically, even' though we realize that

4

maybe there may be uncontrolled differences between the'

5

populatioris in these two counties. Or take three)

6

counties or four counties, whatever, Fresno versus San

7

Francisco, or I don't know.

8

MR. KLUNE: Well, just two points on that.

9

First of all in our judgment it was the more

10

responsible thing to do to appeal to the literature and

11

take a range of estimates to show the indications of what

12

this cost could be. And felt that the use of our data

-13

would be misleading because of the fact that it's not.

14

controlled research and counties aren't comparable.

15

But I do' maintain --

16

THE COURT: You would conCede, though, would you

17

not, that selecting one of the scientific hypotheses,

18

even going to a range of numbers based on that, was

19

sucking you into an abysmal swami) of dispute about the

20

validity of fluoridation?

21

MR. KLUNE: Well, we relied on the department

22

experts in our department for that, for assessing the

23

studies and our work with them in terms of the range.

24

y

The only other thing I wanted to say, though,

25

about the use of our data, I do know for certain that, if

26

you use what I would consider the proper averaging

27

technique, that you would get a different result than

28

what they've presented in their affadavits.
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THE COURT: Well, that may well be true, but I --

2

I -- I guess I -- just a little taken aback by the

3

determination to eschew at the outset a broad

4

mathematical look at two different counties and see 2

5

what -- since you have a long period of history. You got2

6

30 years of history you could have looked at assuming

7

you kept these numbers for that long. I don't know how

8

long dental caries been carved out of other dental costs

9

in MediCal, whatever complexities that might present, but

10

assuming you can do that, apparently you can, you know,

11

I'd have tried that first and see what that gave me.

12

MS. CABATIC: Your Honor, I I think we relied on our
fiscal experts to determine what would be the most

14

appropriate way to arrive at an estimate in their

15

determination. This was in fact the appropriate way to

16

proceed. And in this case, there is no showing that that

17

was an arbitrary or capricious decision on their part.

18

THE COURT: Doesn't soundllike a very sound one.

19

MS. CABATIC: But in terms of our fis --

20

THE COURT: Because it's dependent upon selecting

21

one of two hotly contested scientific views of that

22

system. They did the fiscal analysis based upon the

23

scientific argument.

24

MS. CABATIC: I think it Was more than one or two

25

that they looked at, and I think they had extensive

26

discussions to determine whether or not the hypothesis

27

was correct, what the range of averages were, and how to

28

proceed with the weighting and the computation.
38
MAXINE GATTI, CSR, NO. 2572

1

But if you just divide the literature

THE COURT:

pro and con,

right?

This fiscal analysis

2

into two camps,

3

is based upon the assumptions in , the pro literature.
It's based on the weight of the

MS. CABATIC:
5

evidence -Right.

6

THE COURT:

7

MS. CABATIC:

-- before the -i

8

THE COURT:

9

MS. CABATIC:

They think the evidence
That demonstrates that if there is

10

in fact an association with -- association between if

11

it's with fluoride,
THE COURT:

12

MS. CABATIC:

—13

to say that
That's fine.
But to say that that's arbitrary and

14

capricious which is the standard that the Court must look

15

to I think would be erroneous.
THE COURT:

16

It's clear that I'm hard pressed to

17

determine the selection of the pro literature is

18

arbitrary and caparicious because reasonable minds can

19

differ.

20

Okay?

In making that analysis.

The question is failing to just look at the hard

21

numbers of what it costs in oneicounty versus another

22

county because of some perceived demographic differences

23

just seems to me to be erroneous.

24

MS. CABATIC:

Your Honor,

it seems to me you can
And the way I

25

look at the numbers in a variety of ways.

26

look at it doesn't necessarily mean that it's the correct

27

way to look at it.

28

0

If you look at the hard numbers, you would come up
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1

with one figure which may not take into account the

2

factors that we took into account, like immigration,

3

different exposures to other sources of fluoridation.

4

But --

5

THE COURT: No. But they chose not to do

6

something. It's the choosing not to look at the county

7

comparisons that is the question for me, not what the

8

result would have been or what it would have gotten. It

9

was the decision made not to do it, not to compare it,

10

and rather based on a -- their fiscal analysis is

11

perforce dependent upon the assumptions in one of the

12

scientific views.

13

MS. CABATIC: If I . understand --

14

THE COURT: In other words, to be completely out

15

of the scientific dispute and stay out of the scientific

16

dispute, let the voters decide that. Okay?

17

You could have said, well, we don't want to get

18

into the scientific dispute between pro and con of

19

fluoridation. That's a matter for the voters to

20

determine. We're just going to look at what the MediCal

21

costs are in the counties that got it and counties that

22
23
24

AndHwith a caveat that that may be affected by
any number of other factors.
So the question is -- for me is whether or not it

25

was arbitrary and capricious to eschew that approach,

26

instead immediately choosing one of the competing

27

scientific theories as an underpinning for the fiscal

28

analysis.
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MS. CABATIC: We would argue that it was not

2

arbitrary or capricious, if that's the question that's

3

before you, simply because somebody has to make a

4

determination as to how to proceed. In the experience

5

and judgment of our fiscal experts, they decided that

6

this was in fact the proper to proceed in order to arrive

7

at numbers that are fiscally sound.

8

THE COURT: But --

9

MS. CABATIC: And from my understanding, it

10

doesn't appear that if you justitake the straight simple

11

math to come up with, did your computations, that that

12

would necessarily be the most responsible way to proceed

-13
14

in these situations.
1
MR. KLUNE: For us the question's really a matter
1

15

of extrapolation and the research samples. If you don't

16

have all these variables under Control, then, you cannot

17

extrapolate from the larger experience. So there,

18

again --

19

THE COURT: There are a lot of variables. There

20

are a lot of variables within the scientific model upon

21

which you've based your fiscal analysis, too. They're

22

dependent upon all kinds of epidemiological studies and

23

this, that, and the other thing' which also have

24

variables. Okay? Any number of complicated variables.

25

Indeed, many of the same variables that you're worried

26

about in county-by-county , comp4risons.

27
28

So the question is, why did you want to get into
the scientific variable. Why didn't you Stay out of it
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1

and say, well, the only thing we!know is how much dough

2

we spent in the resRective counties and there's what

3

we're spending? /

4

MR. KLUNE: Well, again, if we'd had those even a

5

Couple of counties or the group Of counties, then, we

6

would have had to answer the queStions about the

7

differences in the counties, the variables, and defend

8

the estimate from that point of view. And those are not

9

measurable for us in a way that we could defend it, so

10

THE COURT: But the others are?

11

MR. KLUNE: Well, again, relying on the scientific

12

literature, the whole point is to control the variation.

13

The studies that were quoted -- and I should emphasize

14

that we relied on our dental experts in the department

15

for choosing those studies or interpreting them. And

16

then, we work with them in terms of looking at the

17

reasonableness of the range of the

18

attributable to the caries.

19

in cost

But the whole point of that type of research is to

20

control as much as possible all outside variations, show

21

they were school children who were, either, in the same

22

community or similar community.

23

There -- at the time some f these studies were

24

done, there weren't as many other avenues of being

25

exposed to fluoride as -- as there are, now. So in that

26

sense, even the older studies may 'be better than some of

27

the newer ones. And that was of Most concern to us.

28

So the only thing I could ay on maybe repeating
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1

myself is that we were concernedabout multiple variables

2

and that we did rely on the dental experts.
MR. KENNEDY: Your Honor, the reliance upon their

3
4

dental experts was arbitrary and 1 capricious.
The analysis provided by a Doctor Robert Isman

5
6

whose identified himself in his curriculum vitae, page

7

two, attached to his declaration; is a clear promoter of

8

water fluoridation.

13
We have provided this Court with documentation of

9
10

his previous interference with the initiative process.
THE COURT: This argument isn't going to go very

11
12

well.
MR. KENNEDY: Well, I'd like --

14

MR. GREEN: He states the example --

15

THE COURT: The fact that he

16

MR. KENNEDY: I'll find

17

THE COURT: The fact that he --

18

MR. KENNEDY: -- the point, --

19

(The court reporter reques ited clarification of the

20
21

record.)
THE COURT: The fact that he is a passionate

22

proponent of fluoridation is not going to detract or help

23

in my determination of the argument, because I think,

24

Doctor, that an argument could be, made that you're a

25

passionate proponent for fluoridation.

26

MR. KENNEDY: I am.

27

THE COURT: So what good is it going to do me?

28

Okay. I'm not going to ditrust you for your
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1

passion in favor of it, why should I distrust the other

2

way because of it?

3

MR. KENNEDY: On his declaration he declared on

4

page four, line 13, "There's no known dental literature

5

that addresses the portion of those costs that are

6

attributable to dental caries". And so then, they

7

extrapolate from no known and he makes up the figures

8

himself.

9

has no scientific literature in their studies.

say that's arbitrary and capricious, if he

10

He selected fewer studies from other countries

11

enormously different than the children in this state.

12

Who have ample access to fluoride, toothpaste, mouthwash,

13

dental floss, and the beverages that they drink that are

14

brewed in San Francisco, they're getting fluoride.

15
16

Healthandhumanservicesestimatethat children in
1
unfluoridated counties get, either, the optimum dose or

17

two times the optimum dose. That speaks -- the facts

18

speak for themselves.

19

If you have to take less than a thousand children

20

in this four uncontrolled studies out of other countries

21

and apply a flat mathematical equation to the actual cost

22

of dental care in California today -- and we have

23

adjusted this with the appropriat e' technique and it's

24

right here in Professor Hill's book on Statistical

25

Analysis, Problem-Solving of Averages in Diffuse

26

Populations, and using those techniques, we've analyzed

27

the actual cost of dental care in,California. And there

28

is no statistically significant difference. If anything,
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1

the fluoridated communities are slightly higher in

2

medical costs.

3

And I suggest that, if the variables are so great

4

that they cannot determine becaue of the influx and

5

efflux of migration (sic), if after 45 years there's not

6

a dollar's difference in the cost of care in the widely

7

diffuse populations we have in this state, then, to take'

8

studies from foreign countries from ten, 15 years ago and

9

apply that equation to our actual cost of dental care is/

10

arbitrary and capricious.,

11

MS. CABATIC: Your Honor, I'd note that on page

12

three of Doctor Isman's declaration he reviews an oral

-13

health needs assessment of more than 6,000 California

14

children in preschool. He also looked at the studies

15

that petitioner takes issue with.

16
17
18

I note that the petitioner also uses the studies
from New Zealand and Okinawa to prove his point.
My point is that we relied on our experts on whom

19

we have every reason to rely. There's been no evidence

20

to show there is any sort of prejudice in the studies

21

that Doctor Isman looked at or injected his personal

22

viewpoint on the issue of fluoride.

23

He discusses extensively with the health experts

24

at the department of health services, as well as the

25

fiscal experts, and assisted thert(and assisted the

26

legislative analyst and the department of finance in

27

arriving at their sound fiscal conclusions. There has

28

been no arbitrary or capricious actions on the part of
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1

the respondents.
THE COURT: All right. Court faces the issues in

2
3

this case and is prepared to rule.
MR. GREEN: EXcuse me.

4
5

didn't hear what you

said.

6

THE COURT: Is the matter' submitted?

7

MR. GREEN: I believe there's one other item we'd

8
9
10
11

like to add, Your Honor.
THE COURT: Well, then, let's take that up at 1:30
p.m. See you then.
(The luncheon recess was taken.)

12
-13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
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1

AFTERNOON SESSION

FRIDAY, MAY 9, 1997

2
3

THE COURT: Back to the tentative on the record.

4

Let me take up your next point.

5

MR. KENNEDY: Well, I had thought about it and

6

most of them are fairly trivial, 'Your Honor.

7

The one point that I did want to make is that

8

you'd testified that the state considered only the cost

9

of caries and that in their analysis they used an

10

equation where they added in every other kind of dental

11

care, including extractions, dentures, crowns,

12

assuming -- and root canals, assuming that the

13

contributing factor was caries and applied an equation to

14

that. So they didn't really just consider cavities.

15

They considered almost all kinds Of restoration.

14

16

THE COURT: Of course, I take it one of the
1

17

reasons that caries are bad is that they can cause you a

18

loss of tooth, right?

19
.20

MR. KENNEDY: That's correct, Your Honor. And
there's no disputing that fact. I've spent my life

21

trying to prevent dental disease. I That's one of my chief

22

goals in life.

23

On the other hand, arbitrary and capricious. Yes.

24

THE COURT: Matter submitted?

25

MR. KENNEDY: So submitted.,

26

MS. CABATIC: Yes, Your HonOr.

27

THE COURT: Court's prepared to rule in this

28

matter.
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1

The Court is satisfied tlil at based upon the

2

standard of review available to this Court, it cannot and

3

does not find that the legislatiye analyst or the

4

attorney general, rather, has abused her or his

5

discretion in that matter with respect to the fiscal

6

impact statement on the circulated documents, and the

7

petition for writ of mandate is denied. And that'll be

8

the order.

9
10
11

Thank you.
MS. CABATIC: Thank you, Your Honor. Do you want
me to prepare an order?

12

THE COURT: If you would, please, Ms. Cabatic.

13

MS. CABATIC: Thank you.

14
15
16
17
18
19
20
21
22
23
24
25
26
27
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The Mechanism of Dental
Decay
by JOHN D. B. FEATHERSTONE, M.Sc., Ph.D., F.N.Z.I.C.

Current concepts of the mechanism of tooth decay are reviewed as a basis for the
understanding of the role of dietary components in the decay process.

Dr. Featherstone is Chairman of the Department of Oral Biology at the Eastman
Dental Center, Rochester, NY, and Deputy
Director of the NIH/NIDR-funded Rochester Cariology Center. He has published
extensively in the area of de- and remineralization of teeth and the related role of
fluoride. His research interests cover most
aspects of prevention of dental decay.

10

ental decay, or dental caries, !
is well known to the whole i
D population. Until recently
almost everyone had experienced
tooth decay several or many times!
in their lifetime. However, during !
the 1960s, many cities and towns
throughout the world added fluoride to their drinking water, with
subsequent reductions in dental decay of 40-60%. It was later learned;
that this protection against dental !
decay was primarily due to the reaction of fluoride in the mouth I
rather than by systemic routes. During the last 10-15 years there has
been a further dramatic reduction 1
in dental decay in several western 1
world countries. This reduction has
been a further 40-60%, depending
on what survey we read, and has

last decade is that in excess of 30%
of our teenagers are now cariesfree. That is, they have never experienced dental decay. Another
30% have experienced almost no
dental decay, and it is anticipated
that these two groups will carry on
into .adult life with little or no decay.
There are, however, at the other
end of the scale, 20% or so of the
population who still, for some reason or reasons, have high dental

applied in areas with or without:

problem, particularly with recurrent

water fluoridation. This reduction
in dental decay in adults and in
children has now been attributedi
primarily to the almost universal!
use of fluoridated toothpastes.",
Other factors still under consideration are changes in dietary patterns,1
changes in oral bacteria, the advent,
of improved oral hygiene practices,'
more preventive approaches by the
dental profession and possible;
other unidentified aspects. An even',
more dramatic phenomenon of the

caries around restorations (fillings)
and caries of the tooth root surfaces,
cementum and dentin (Figure 1)
when they become exposed as the
gums recede when we age. Factors
that may lead to high caries risk are
salivary dysfunction (caused by disease or the use of medicines which
reduce saliva function), frequent
snacking on fermentable carbohydrates, bacterial virulence, changes
in salivary components and other
factors yet to be identified.

In excess of 30% of our
teenagers are now caries-free.
decay activity. In the adult population, tooth decay continues to be a
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Much is known now about the
mechanism of dental decay, the interaction of fluoride with that process and the role of dietary components in that process. 3 Basically,
dental decay occurs when the oral
bacteria that cover substantial areas
of the teeth (dental plaque) feed
upon fermentable carbohydrates
taken in as part of the normal human diet and produce organic acids
(such as lactic, acetic and propionic
acids) as byproducts of their metabolism (Figure 2). These acids diffuse
into the tooth substance and can
dissolve mineral from the subsurface mineral crystals leading to
gradual breakdown of the tooth
structure. If the process continues
this leads eventually to the formation of cavities. This process can be
inhibited or reversed in a variety of

Figure 1. Schematic cross-section of a
normal tooth. The gums recede with age
exposing the cementum-covered dentin of
the tooth root.

ways, and it is the purpose of this
article to briefly summarize current
thinking and knowledge on these
processes.
COMPOSITION OF THE TOOTH

Our teeth are composed of a thin
layer (1-2 mm) of dental enamel
which forms the hard protective
coating over the tooth (Figure 1).
This consists mostly of a mineral
made up of calcium, phosphate and
other ions in a hydroxyapatite-like
structure. This mineral is similar to
the mineral of our bones except that
it is much more crystalline and contains less carbonate.° However, the
enamel apatite does contain 2-5%
carbonate, making it susceptible to
acid dissolution during the so-called
caries challenge (decay process).
.Dental enamel is a porous material
and although it contains about 96%
by weight of mineral (see Table 1)
this is equivalent to approximately
85 percent by volume. The remaining 15 percent by volume is made
up of water, protein and lipid,
which form the diffusion channels
through which acids and minerals
can travel in or out of the tooth.
The supporting material of the
tooth is made of dentin with a composition as shown in Table 1. Overlying the dentin of the tooth root

(Figure 1) is a coating called cementum, normally below the surface of
the gums. Consequently, in the
dental decay process affecting
either enamel or cementum/dentin
in root caries, acid produced by the
bacteria diffuses through the porous material into the region below
the surface, between the individual
crystals until it reaches regions on
these crystal surfaces that are susceptible to acid attack and calcium
and phosphate dissolve. These ions.
can then diffuse out of the tooth. If
this mineral loss continues, eventually the tooth substance breaks
down, producing visible tooth destruction.
ENAMEL CARIES (ENAMEL
DECAY)

Dental caries of the enamel is first
observed as a so-called "white
spot." This is a small area of subsurface demineralization underneath the bacterial plaque, which
shows up as white compared with
the surrounding translucent normal
enamel due to the loss of mineral
and a resulting change in the refractive index. In this so-called lesion as much as 50% of the original
mineral may have been lost, although parts of the original crystals
remain (Figures 2 and 3). This re-

Fermentable __Organic
Plaque Bacteria + Carbohydrate Acids
.

Plaque (bacteria)

Intact
outer layer
(10% mineral loss)

Outer surface of tooth
Pellicle (adsorbed layer of
salivary proteins)

Tooth
Enamel —
Translucent
zone (advancing front)

Lesion body (10-50% mineral loss)

Underlying sound
enamel
Figure 2. Schematic cross-section through an "early carious lesion" of dental enamel. In this early stage of dental decay the enamel is
still physically intact, but has lost 10-50% of mineral from the subsurface crystals. As decay proceeds more mineral is lost and eventually
a cavity forms.
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Table 1
Approximate Composition of Enamel, Cementum and Dentin by Weight and Volume
Enamel

Dentin

3

Enamel

Cementum

Dentin

Cementum

Water
percent
20

Organic
percent

Inorganic
percent

By weight,

By volume
DENTAL PLAQUE

Dental plaque is the yellowish film
of bacteria that adhere to the tooth
surface. It is made up of many bacterial strains, some of which are
particularly cariogenic or predisposed to promoting the caries process. The more common bacteria are
Streptococcus mutans, lactobacilli,
Veillonella, Streptococcus sanguis
and other related types. These bac-

Figure 3. Scanning electron microscope photograph (x10,000) of partially demineraliied
enamel crystals inside the body of an early carious lesion such as that shown schematically in Figure 2. The crystals have each lost mineral from their outer surface. Total
mineral loss is approximately 50%.

gion of partial mineral loss is called
the body of the lesion and is the
region of demineralization.' Near
the outer enamel surface there is a
so-called surface zone that is more
highly mineralized because of redeposition of mineral in it as the
12

subsurface demineralization progresses. Although there are several
specific differences in the characteristics of dental caries of the tooth
root, for the purposes of this article,
the two processes are essentially
similar.

When fermentable carbohydrates are taken
into the mouth the
plaque bacteria produce
organic acids and the
pH in the plaque rapidly
falls.
teria adhere to the teeth and to one
another, with adherence being mediated by dietary components.
When fermentable carbohydrates
are taken into the mouth the plaque
bacteria produce organic acids
(acetic, lactic, propionic, etc.) as a
byproduct of their metabolism, and
the pH in the plaque rapidly falls
NUTRITION TODAY May/June 1987

PLAQUE pH VERSUS TIME
10% sucrose rinse (Patient

A)

7

0-day

-e

65

6

cementum or dentin, dissociating as
they go, to produce hydrogen ions
which readily dissolve the surface
of the apatite crystals. If the conditions of saturation are such inside
and outside the tooth that undersaturation persists, then demineralization (loss of mineral from the
tooth) will continue as calcium and
phosphate diffuse out of the tooth
into the plaque and into the oral
environment (Figure 5).6
DEMINERALIZATION/
REMINERALIZATION

5

4.5

4

5

10

15

20

25

30

Time, minutes
Figure 4. Typical pH curve in dental plaque on a tooth surface. This subject rinsed with
a 10% sucrose solution at the start of the experiment There was a rapid fall in pH in the
plaque as the bacteria metabolized the sucrose. The subsequent rise in pH is a result of
buttering by salivary components.

The process of demineralization just
described is the primary mechanism
of progression of dental caries. As
the saliva flows over the plaque its
constituents neutralize the plaque
acids raising the pH again (Figure
4) and reversing the process. It is
possible for calcium .and phosphate
and fluoride to diffuse back into the
tooth and to regrow or partially regrow the depleted crystals in the
subsurface of the lesion. This process of replacement of mineral is
called remineralization." This can
best be visualized by high resolution electron micrographs (Figure
6). This remineralization is enhanced by fluoride in the oral cavity
which speeds up the new crystal
growth and makes the fluorapatitelike material that is precipitated on

The enhancement of this
remineralizat ion process by fluoride is now
known to be one of the
principal mechanisms of
fluoride action in caries
prevention and reversal.

Figure 5. Schematic cross-section of the plaque/enamel interface showing some of the
factors that contribute to dental caries. Retention and clearance of dietary carbohydrates
play an important role in the progression of caries.

(Figure 4). This causes the plaque to
become undersaturated with respect to the tooth mineral and the
underlying tooth mineral dissolves
as the acid diffuses into it and reacts
with it.
NUTRITION TODAY May/June 1987

DIFFUSION

The acids produced by the bacterial
plaque are weak acids and can rapidly diffuse through the protein/
lipid/water matrix of the enamelJ

the surface of the crystals much
more resistant to subsequent acid
attack in a further caries challenge.
The crystal surface becomes much
more structurally perfect and much
more stable (Figure 6B) to a subsequent acid challenge.
The enhancement of this remineralization process by fluoride is
now known to be one of the principal mechanisms of fluoride action
in caries prevention and reversal.
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SALIVA

Saliva is the body's natural protective mechanism against the decay
process. It contains numerous salivary proteins (some of which are
phosphoproteins), which adsorb
strongly to the surface of the tooth
protecting it initially against acid
dissolution.' This adsorbed protective layer is called the salivary pellicle. Saliva also contains phospholipids, which, we believe, perform

a similar function. There are prbteins in saliva which act as antibacterials, including immunoglobuliris
which generally maintain a balanCe
within the oral environment. Very
importantly, saliva contains calcium, phosphate and fluoride, the
necessary ingredients to maintain
supersaturation and inhibit demineralization, or to provide these minerals for remineralization of partlY
dissolved tooth mineral. The saliva
also acts to rapidly clear away ler-

•Ald",•4

mentable carbohydrates and bacteria from the tooth surface and to
buffer the organic acids with organic bases, bicarbonate and phosphate. As can be seen, saliva is an
essential, and very complex, medium in the prevention of dental
decay. Consequently, salivary dysfunction can lead to rapid destruction of the hard tooth substance

Saliva contains calcium,
phosphate and fluoride
to maintain supersaturation and inhibit demineralization.

•

A.,e5t.•

within months and to rampant decay. The overall mechanism of dental caries is described schematically
in Figures 7 and 8.
ROLE OF FLUORIDE

Fluoride (r) interacts at several
stages to inhibit caries formation or
to enhance rernineralization. 9 First,
it has an antibacterial action, partic-

Saliva is an essential,
and very complex, medium in the prevention of
dental decay.
ularly at lower pH in the plaque

Figure 6. A. High resolution transmission electron microscope photograph (x2,000,000)
of an enamel crystal. The black lines are 8.2 A apart and represent the width of one "unitcell," or crystal building block, a few atoms across. The white patches represent crystal
defects and are regions that are susceptible to acid attack. B. High resolution transmission
electron microscope ,photograph (x2,000,000) of a similar enamel crystal which has been
"remineralized" by calcium, phosphate and fluoride. The solid black lines and well-formed
crystal edges are typical of highly crystalline remineralized "apatite."
14

when r enters the bacterial Cell as
HF. When fluoride enters the bacteria it interferes with the enzymes
inside the bacteria, slowing down
or inhibiting acid production. When
fluoride is present on and within
the tooth at the same time as an
acid challenge, it dramatically inhibits dissolution of calcium and
phosphate at the crystal surfaces in
the subsurface regions of enamel. If
fluoride is present in the tooth crystals where it is incorporated systemically during tooth development, it
will dissolve out during the demineralization process and help to inhibit subsequent demineralization.
Fluoride present during remineralization enhances the rernineralization process by speeding up the reNUTRITION TODAY

May/June 1987

crystallization process, providing a
much more resistant new surface to
the crystals. This remineralized material is resistant to subsequent acid
attack. These aspects of fluoride ac-

tion are now considered to be the
most important factors contributing
to the success of fluoride regimens
in the control of dental decay. Fluoride supplied by topical applica-

Demineralization

Plaque

tion in the dental office, by fluoride
mouthrinses in the home, by fluoride in the drinking water, by fluoride in toothpastes or by fluoride in
the diet provides protection to balance the acid challenge produced
' by plaque bacterial metabolism."'
Daily applications of fluoride by
I adults and children play a major
, role in preventing and/or reversing
dental decay.
DIETARY COMPONENTS

Acid

diffusion

Salts in solution
+ fluoride
Remineralization
Intact surface
Pellicle
Figure 7. Schematic diagram of the way acid diffuses from the plaque into enamel
leading to dissolution of the individual crystals. Diffusion of calcium and phosphate
minerals out of the tooth is demineralization. Repair of partially demineralized crystals by
the reversal of this process is remineralization and is enhanced by fluoride.

External

Surface
layer

The dietary components that contribute most to the caries process
are fermentable carbohydrates. As
described previously, these are metabolized by the plaque bacteria
producing the organic acids responsible for mineral dissolution. Without this dental decay does not progress. The frequency of intake of
fermentable carbohydrates is extremely important. In subjects with
normal salivary function an acid
challenge occurs within 15 minutes
to 1 hour (see Figure 4) each time
fermentable carbohydrates are . ingested. Obviously, therefore, with
frequent ingestion of carbohydratecontaining snacks there may be several hours of acid challenge to the
teeth throughout the day." Reduction of intake of fermentable car-

Internal enamel

Fluoride
Plaque
bacteria
+ carbohydrate

Inhibits

HA
+HL
t
2H++A-+L.

.

Enhances

Demineralization Remineralization

CaHPO,
t

Ca2* + HPO42Subsurface
demineralization

CaHPO 4 + F
Salivary
pellicle

Figure 8. Simplified chemical description of the early stages of dental caries proceeding after the formation of the apparently "intact"
surface layer which still permits diffusion of acids in and out. Step 1 is production of acid in plaque. Diffusion of acid inward (step 2)
leads to mineral dissolving from the crystal surfaces (step 3). Step 3 is markedly inhibited when fluoride is present. Step 4 is subsequent
mineral loss. This can be reversed by inward diffusion of calcium, phosphate and fluoride 'leading to remineralization of the crystals
which are then more resistant to step 3.
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bohydrates and more importantly
reduction in the frequency of intake
can be a major contributor to caries
prevention.

Reduction of intake of
fermentable carbohydrates and more importantly reduction in the
frequency of intake can
be a major contributor to
caries prevention.
• Dietary fluoride can contribute
positively to caries prevention by
providing fluoride at the time of the
acid challenge and subsequently for
remineralization.
DIETARY COMPONENTS
Dietary components that interfere
with bacterial adherence or that improve the clearance of foods from
the oral environment are beneficial
for caries prevention.

It is known that some
cheeses act as effective
buffering agents to neutralize plaque acids.
It is now established that several
types of cheese inhibit caries progression, but the mechanism of this
inhibition is not yet understood.' 21 3
It is known, however, that some
cheeses act as effective buffering
agents to neutralize plaque acids. Recent studies have indicated that
there are other aspects of the mechanism of cheese action, including
protection of the enamel surface by
adsorbed components and the enhancement of remineralization."
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Further research is certainly warranted to understand this phenom-,
enon.
It is beyond the scope of this
paper to suggest details of °theft
dietary component interactions
with the process of dental decay,:
but these have been covered extensively in several previous publications. Avenues for future research;
were recently identified at a Consensus Conference on the Cari-1
ogenic Potential of Foods and the
reader is referred to. that publication'
for further suggestions."
INTRAORAL MODELS
The role of dietary components in
the caries process has been studied
in several ways. These have included the straightforward measurement Of pH in the mouth follow- 1
ing a carbohydrate challenge, the
use of animal models, in vitro experiments utilizing bacterial 1
models, in vitro experiments excluding bacteria but utilizing food cornponents, and so-called intraoral I
testing."' In the latter model, appliances that hold enamel or dentin
blocks are worn in the mouth.
These are exposed to a bacterial
plaque and a food or food component challenge, and any demineralization . is subsequently measured.
It is anticipated that such testing
will lead to a deeper understanding
of the beneficial effects as well as 1
the detrimental effects of dietary
components on the caries process:6
CONCLUSIONS
In recent years a better understanding of the chemical and physical
processes involved in dental decay
has been achieved. Dramatic reductions in dental caries have been the
result of frequent daily applications
of fluoride to balance the acid challenge produced by bacterial fermentation of carbohydrates from
dietary sources. With this knowl-

edge it is now possible to even further reduce dental caries by appropriate therapeutic and dietary control measures.
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Mechanistic Aspects of the Interactions
Between Fluoride and Dental Enamel
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ABSTRACT: For many years after the discovery of its caries preventive effect, fluoride was thought to be
primaniy active by loweting the solubility of the apatitic mineral pnase cf the dental hard tissuas. Reccnt findiags
have shed new light on the mechanisms by which fluoride inhibits or deiays dental ; caries. Fluoride' present in
the oral fluids alters the rate of the naturally occurring dissolution and re-precipitation processes at the toothoral fluid interface. Demineralization of enamel is inhibited by concentrations of fluOride in the sub-ppm range.
remintralizLtis.:n of incipient caries lesions (thc earliest sta g e of enamel canes) is accelerated by trace
amounts of fluoride. As these two processes comprise dental caries the physiological balance between hard
tissue breakdown and repair is favorably shifted by fluoride. The drivin g force for both phenomena is thermodynamic, that is, fluorapatite or a fluoridated hydroxyapatite may form when fluoride is supplied at low
concentrations. This article critically reviews the current information about tooth-fluoride interactions, both from
lalyirator... and clinical studies.

Liise.

KEY WORDS: caries, fluoride. dentifrices, remineralization.

INTRODUCTION
The caries—preventive effect of fluoride has
been known since the 1930s, when the differences in caries prevalence between communities
were attributed to naturally occurring fluoride
levels in the drinking water.' Since 1945 the
drinking water supplies in many countries were
fluoridated. and fluoride was also made available
to the public through tablets, mouth rinses, lacquers, or by adding fluoride to dentifrices. All
these vehicles proved to be effective in inhibiting
the onset and progression of dental caries, even
though the reduction, percentage-wise, differed
among these products and the various sites of
caries in the mouth.2's
Di the early days, the caries-inhibiting effect

of fluoride was thouebt to be primarily due to
the incorporation of fluoride by the minerals during development of the teeth. Recent observations, however, have Stressed the importance of
fluoride interactions at the interface between the
tooth and the oral fluids (and in the fluids of the
subsurface regions of the teeth). The aim of this
article is to critically review the available information about the fluoride-tooth interaction, both
from laboratory and intraoral experiments.

II. ENAMEL STRUCTURE, DE- AND
REMINERALIZATION
The topic of de- and remineralization is discussed in detail in a separate review. 6 Therefore,

1045-4411/91,'S.50
C 199! by CRC Press. Inc.

283

only a few key points relating to enamel structure
and composition will be described here. The teeth
are made up of three calcified tissues: dental enamel, dentine, and cementum. For many years
most attention has been given to caries of the
crown ("coronal caries") and therefore dental
enamel has been studied most widely. This review deals primarily with the role of fluoride in
coronal caries. Recently, caries of the roots of
teeth. involving cementum and dentine, has been
the subject of an increasing number of publications."
Dental enamel is comprised chemically of
approximately 96 wt% of mineral, similar to hydroxyapatite, Cai0(PO4)6( 0F )2• The chemical and
structural nature of an apatite mineral are such
that they allow many substitutions in its crystal
lattice without losing the essentials of its identity.
In dental mineral, replacement of calcium ions
occurs by ions such as sodium, zinc, and strontium. Carbonate can occupy the phosphate positiurs in the lattice, and both carbonate and
fluuride may be substituted for hydroxyl ions.
Approximately 2 to 5% of enamel mineral is carbonate. These substitutions change the dimensions of the unit cell '` . 12 of the crystal, as well
as the solubility product of the apatite u-' (as
discussed in detail below).
Histologically, enamel is composed of socalled prisms or rods. The prisms are formed
durin g amelogenesis, first by the deposition of
an organic matrix by the ameloblasts, which is
then filled in with inorganic mineral. These prisms
measure approximately 4 p.m in diameter and run
in parallel bundles from the dentino-enamel junction to the anatomical surface, each bein g composed of clusters of small crystallites.' The spaces
between the prisms and the crystallites are filled
with water and organic material (protein and lipids), I9 and form the diffusion pathways for acids,

mineral components, and fluoride ions.20-2'
The processes at the interface between enamel and the oral fluid are governed by the dissolution behavior of the apatitic mineral of which
the enamel is composed. At most sites in the
mouth that are subject to cariogenic challenge,
the enamel is covered with dental plaque. The
composition of the fluid phase of the plaque has
only recently been investigated. These findings
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may be more important for our understanding of
the caries process than data on saliva. Reports
on plaque fluid indicate that it contains higher
concentrations of mineral ions (calcium and
phosphate) than saliva. Both plaque fluid and
saliva have a much lower calcium-to-phosphate
ratio than apatite, with part of the calcium even
being bound to org flic constituents. Caries comprises two "independent" processes: demineralization of enamel after acid formation in the
[.
plaque and a natural repair of acid-produced enamel defects from plaque fluid or saliva at a pH
near neutrality (remineralization). These two processes can be understood from the solubility isotherms of hydroxyapatite, in which the relevant
values for saliva and plaque fluid composition
are included (Figure 1).
Histologically, Caries results in the formation
of an enamel defect with mineral removed from
the region below the anatomical surface. Thus a
"surface layer", which has suffered only a marginal mineral loss. i overlays the so-called body
of the lesion where the mineral loss may increase
up to 50 vol% before cavitation occurs." The
processes of formation, de-, and rernineralization
of enamel lesions are described more fully in the
companion review article.'

III. FORMATION AND SOLUBILITY OF
FLUORAPATITE AND CALCIUM
FLUORIDE
When fluoride i introduced into a solution
containing calcium and phosphate ions, fluora7
patite Ca, 0(PO4)6F2 or calcium fluoride CaF, may
form, dependin g on the pH and concentration of
each of the ionic species. A three-dimensional
solubility isotherm, with calcium or phosphate,
pH, and fluoride concentrations as the respective
axes, may be plotted, to describe the stability of
calcium fluoride and ,fluorapatite at relevant conditions. Figure 2 contains two superimposed crosssections of such a three-dimensional figure at
fluoride concentrations of I and 10 mg/1 (ppm).
This figure illustrates that at the higher:fluoride
concentration, calcium fluoride and fluorapatite
are both stable phases, but the formation of calcium fluoride is favored on kinetic grounds. At

Solubility isotherms
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FIGURE 1. Solubility isotherms for enamel and hydroxyapatite (HAP) in relation
to the minera! ion concentrations in saliva and plaque fluid (schematic). Given are
the solubility isotherms for enamel (dashed line) and HAP (solid line), expressing
the calcium concentrations at saturation as a function of the pH. The values are
calculated for Ca/P = 1.66, ionic strength = 0.1 mmol/1 and 37°C. The reported
levels for calcium in saliva and plaque fluid are included as a range, as an indication
of the degrees OT super- and undersaturation at the various pH values. Exact
calculation of these values is complicated, first because the soluble caldum to
phosphate ratio in saliva and plaque fluid is different from 1.66, and second,
because of the binding of calcium to organic components.

lower fluoride concentrations, where the solution
is undersaturated with respect to CaF 2 , only fluorapatite will form.
Althou gh calcium fluoride (with a plc =
10.5:1 will dissolve in aqueous solutions at the
calcium concentration found in saliva and plaque
fluid. it is reported :o be relatively stable in the
oral environment, presumably as a result of the
interaction of the outer surface of the calcium
fluoride globules with phosphate and or proteins. 74-28 Land& et al. 27 showed that the phosphate-induced inhibition of calcium fluoride dissolution was pH dependent and decreased at pH
values below 5.0. This, in particular, could be
relevant to the caries process, since fluoride
would be released from a calcium fluoride depot
at higher rates durin g an acid challenge. After
topical fluoride treatment, the calcium fluoride
globules were examined by electron microscopy
and X-ray diffraction, and shown to be microin nature." Whether calcium fluoride forms
depends also on the type of fluoride product usee.
" (see below). The stability of calcium fluoride

in the oral cavity and its slow disintegration have
recently triggered a considerable amount of research into its possible use as a "slow-release
device" for fluoride.' However, the conditions of
calcium fluoride formation and its relative stability in the mouth are still far from being
understood.
Enamel and hydroxyapatite, in theory, react
in a similar way with fluoride in solution. Fluoride can substitute for hydroxyl ions in the crystal lattice by solid state reaction. Thus a
(partially) fluoridated hydroxyapatite will form
Ca10(PO4)6(OH1F,,), With x + y = 2. A faster
way of incorporatinOluoride in the crystal is by
precipitation of a fluoridated hydroxyapatite from
the oral fluid onto existing crystallites. Even when
such crystallites only contain fluoride in the outer
unit cells of the crystals, their solubility pattern
is that of fluorapatite. 14-36 In essence, die caries
preventive effect resulting from the use of fluoride products can largely be described and understood from the physicochemically determined reactions between enamel, the mineral ions in the
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FIGURE 2. Solubility isotherrns for hydroxyapatite (HAP), fluoraPatite, and calcium fluoride (CaF,) at fluoride concentrations in solution of 1 and 10 mg/I, respectively. For FAP and CaF, the solid lines represent the saturation calcium
concentrations at 10 mg/I fluoride (= 10 ppm = 0.5 mmol/1) and the dashed lines
are the corresponding calcium levels at 1 mg/1 fluoride ( = 1 ppm I= 0.05 mmol!
i). Calcium levels in saliva and plaque auid, indicative of the degree of supersaturation with respect to one of the three minerals, are schematicalliindicated (see
comments under Figure 1). The figure illustrates that fluorapatite and calcium
fluoride can both precipitate from saliva and plaque fluid at fluoride levels of 10
ppm in the ambient fluid. With 1 ppm fluoride in solution, only flUorapatite can
precipitate.

oral fluids, and fluoride. Apart from thermodynamic considerations, which determine whether
a given reaction will occur at all, the overriding
determinants are kinetic factors that regulate the
velocity at which the reaction proceeds. As an
example, fluoride may in theory accelerate the
precipitation of an apatitic mineral, whereas in
the reality of the oral environment protein absorption may prevent the mineral from actually
forming.

IV. EFFECT OF THE ENAMEL-BOUND
FLUORIDE VS. FLUORIDE IN SOLUTION
ON SOLUBILITY

For many years the cariostatic effect of fluoride was attributed to the incorporation of fluoride
in the hydroxyapatite crystal lattice and the reduced solubility of the so-formed fluoridated hyciroxyapapcite.” ." In recent years numerous publications have failed to demonstrate a relationship
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between the enamel (or root cementum) fluoride
content and the carie susceptibility or caries experience both in in situ and in carefully designed
in vitro studies. 39-42 Oeaard and co-workers" recently created caries in vivo in numerous blocks
of shark enamel, which is comprised of a carbonated fluorapatite, demonstrating that even
complete substitution of fluoride for hydroxyl ions
does not prevent demineralization. A mouth-rinsing program, however, using 0.2% NaF daily,
which resulted in mUch lower fluoride uptake
levels in human enamel than those present in
shark enamel, was significantly more effective
in inhibiting lesion formation. These findings indicate that not the intrinsic fluoride content of
the tissues, but rather a continuous supply of
fluoride ions, will decrease its caries susceptibility. Other investigators have shown that fluoride applications give no significant or only marginal increases in the fluoride content of sound
enamel." Based on these observations, it has
been suggested that fluoride topical applications

(short treatments with high concentrations of
fluoride) are primarily effective by decreasing the
cariogenicity of the bacteria in the dental
plaque.'" Other investigators consider the deposition of fluoride within the lesion, causing inhibition of lesion progression, a more important
factor.
Animal experiments have compared the effect of apatitically bound fluoride and fluoride
present in solution and likewise have demonstrated the major importance of fluoride ions in
solution at the tooth 'surface and among the crystals in the subsurface. 47.44 It snould also be stressed
that theoretically the rate of dissolution of fluorapatite
is determined by the concentrations of
_.
each of the cOmmon ions in the solution surrounding the crystal. Calcium and, in particular,
phosphate are pre5ent in saliva and plaque fluid
at concentrations relatively much higher than
fluoride."-"

V. EFFECT OF FLUORIDE ON CALCIUM
PHOSPHATE PRECIPITATION, ENAMEL
REMINERALIZAT1ON

Due to the lower solubility product (Kw) of
fluorapatite (FAP: pK, p = 120.2 15 ) when compared with hydroxyapatite (HAP: plc, =
1 1 7.2' 3). fluoride in solution should, on thermodynamic grounds, accelerate the precipitation
of apatite mineral, with hydroxyl ions being substituted (a: least partly) by fluoride. Experimentally an increase in the rate of crystal growth has
indeed been observed by Varughese and Moreno
for fluoride concentrations as low as 0.05 ppm.5'
Meyer and Nancollas." however, reported an inhibition of apatite crystal growth by fluoride concentrations between 0.05 and 2 ppm. Amjad and

Nancollas" found a similar inhibition of apatite
precipitation by fluoride concentrations below 1
ppm. This was attributed to the fact that in the
presence of fluoride apatite does not form by a
cascade process involvin g different precursor
phases, but rather by a (slower) direct precipitation." Alternatively, the inhibiting effect of
fluoride is thou ght to result from a mismatching
of the fluroapatite crystals forming on the hydroxyapatite lattice. This implies that only the
initial rate o r crystal growth is decreased." Mor-

eno et al. 34 have postulated that in the presence
of fluoride ions the percentag e of lattice surfaces
participating in the crystal growth is increased,
due to the greater thermodynamic driving force
for precipitation; not only the most reactive surfaces, but the whole crystal will contribute. Larsen and Jensen's found that fluoride had no effect
on brushite and triCalcium phosphate formation,
whereas apatite precipitation was enhanced
through the formation of fluorapatite (FAP).
When enamel specimens, in particular with
incipient enamel leg ions, instead of hydroxyapa tite powder, are subject to (re)mineralization,
considerations other than those of crystal surface
reactions are also important. Growth of crystals
within the specimens may be limited due to steric
factors. The rate of rernineralization may also be
hampered by the sUpply of ions to the site of
(re)mineralization, i.e., diffusion limitation.36-37
Due to the presence of an organic phase within
tooth enamel, cementum, and dentine, crystals
may be covered With proteinaceous material,
leaving only part of the total surface available
for crystal growth. Koutsoukos and Nancollas58
have proposed this Covera ge as the reason for the
lower rate of precipitation onto enamel compared
with synthetic apatite seed material.
Numerous studies have been conducted to
study the effects of fluoride on enamel remineralization. Ori ginally, physical techniques (like
hardness measurements) were employed to assess
the changes in the tissue. Koulourides et a1.39.6°
described a three- to fivefold increase in the rate
of hardness recovery' when acid-treated enamel
specimens were subsequently immersed in remineralizing solutions containing 1 ppm fluoride.
Using the same substrate of "surface softened"
enamel, Feagin et al. 61 -62 studied the deposition
of mineral with analytical chemical techniques.
The deposition of aPatitic mineral from mineralizing solutions into 'surface-softened enamel was
sharply increased with fluoride concentrations up
to 4 ppm, at which concentration the accelerating
effect leveled off.
When subsurface'l (white spot) enamel lesions
were remineralized, the initial rate of mineral
deposition was also increased, with a fluoridated
apatite being forrnedi 63 -64 Samples examined by
scanning electron microscopy revealed an increase in crystallite diameter. in particular. in the
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surface layer and the body of the lesion.° Not
all reports agree that the remineralization of white
spots is stimulated by fluoride. ten Cate and
Arends" presented data to show that topical applications (with a high-concentration fluoride solution) gave higher initial, but lower subsequent,
rates of mineral deposition. This was explained
by postulatin g that a fluoride-enhanced deposition occurred primarily in the surface layer, leading to blocking of the surface layer pores. A
preferential surface layer deposition was demonstrated in experiments in which the radioactively remineralized lesions were removed by
grindin g successive layers and analyzed. More
recently Kawasaki
66 observed in vitro that remineralization in the absence of added fluoride
resulted in more mineral deposition in preformed
lesions when compared with 1 ppm fluoride in
the mineralizing solution. In a similar microradiographic assessment of lesion remineralization,
Lanuners et al." found more mineral deposition
in the body of the lesion with no fluoride added
when compared with 2 ppm fluoride in the remineralizing solution. These authors" conclude
that the remaining porosity of the surface layer
is sufficient to allow mass transfer to the deeper
regions. They therefore ascribe the observed inhibitory effect of fluoride on remineralization to
the above-mentioned effects of fluoride on crystal
growth.
Several groups have attempted to gain more
insight into the processes involved durin g remineralization using computer models. Chistoffersen et a1. 68.69 derived the optimal fluoride gradient
to achieve remineralization without inhibiting
complete remineralization. By expandin g the
computer simulation model of ten Cate" for lesion remineralization to the effects of fluoride,
Greene and Newbrue concluded that lesions
cannot be repaired by more than 80% of the mineral ori g inally removed due to the surface layer
being fully remineralized.
The contradicting information regarding the
role of fluoride in remineralization extends to in
situ experiments. The commonly used design employes enamel blocks containing preformed carieF-like lesions placed on partial dentures 72 and
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subjected to the oral fluids for period of time
extending from 2 to 12 weeks. After the intraoral
period, specimens are analyzed by a variety of
analytical techniques, mostly microradiography
and hardness testin g . One of the problems associated with in situ experiments is the naturally
occurring large degree of variation among participating panelists. Often the group can be divided into "dernineralizing" and "remineralizing " imdividuals. 73.74 Considerin g the variance in
the results and the often small number of participants, the conclusions of such studies are usually
limited to descriminatin g between fluoride and
nonfluoride group's. Nevertheless, fluoride treatments in vivo have been shown to enhance the
deposition of mineral. This phenomenon was observed for softened or etched enamel and for early
enamel lesions in several different intraoral
model's. 77° For advanced enamel lesions, less
data are available! Fluoride treatments seem to
particularly affect the resistance of the lesions to
in vitro caries-like chalienzes' ."1" and not necessarily the amount of mineral precipitation.6°-"
Conflicting data exist about the parameter "lesion severity" as a determinant for lesion repair.
Strang et al." showed mineral deposition during
in situ remineralization to be (positively) correlated to the amount of mineral lost during the
formation of the lesions. White and co-workers,
on the contrary, demonstrated in vitro that deeper
lesion remineralized less rapidly."
Several approaches have been used to increase the efficacy, of fluoride in promoting remineralization. Chow et al."-" have proposed
pretreatment of lesions with solutions that first
would cause brushite (DCPD) to be formed in
the lesions. With a Subsequent fluoride treatment,
this is then rapidly converted to fluorapatite. This
hypothesis proved to be successful both in vitro
and in in situ experimentation. Wefel et al."
showed in vitro that even a I ppm fluoride solution could successfully and rapidly initiate remineralization of lesions after three 2-min pretreatment rinses with a DCPD-forming solution.
Other investigations have stressed the importance
of a frequent low level, rather than a conCentrated
supply of fluoride in the mouth, a gain indicating

that maintaining an optimum concentration of
fluoride in the oral fluids is of paramount importance in stimulating mineral deposition.m."

VI. FLUORIDE INDUCES INHIBITION OF
DEMINERALIZATION
When fluoride is a added to acidified buffers
used to make artificial enamel lesions, two interesting phenomena are observed. First the rate
of lesion formation is slowed down, and second
fluoride has an effect on the histologic appearance of the lesions that deveiop. Although the
importance of this phenomenon has only been
discussed recently in detail, scattered literature
reports have 'referred to it for over 4 .0 years. As
early as 1959, Manly and Harrington% found
fluoride in solution (at 1 ppm fluoride level) to
be significantly more effective than enamel-incorperzted fluoride in in enamel demineralization. More importantly, demineralization
in a flucride-containing solution resulted in fluoride incorporations, significantly smaller than for
the fluoride-pretreated enamel, suggesting that
bound fluoride may not be the factor determining
the rate of dissolution. Several reports have added
information from which the mechanism of fluoride inhibition of demineralization could be constructed in more detail. 91 - 9' Most authors attribute
this phenomenon to the concomitant precipitation
of a fluoride-rich (presumably FAP) deposit at
the (molecular) sites of the substrate under attack.
Larsen and Fejerskov 9 concluded that with conditions undersaturated with both FA_P and HAP,
erosion of enamel would occur, while supersaturation with FAP resulted in the formation of a
surface layer, i.e., a subsurface enamel lesion.
Based on this observation, it is conceivable that
the fluoride concentrations at which inhibition
was observed also depended on other solutes. At
calcium and phosphate concentrations in the demineralizing solution of 2.2 mmo1/1, significant
inhibition was observed with solution fluoride
concentrations of 0.2 to 2 ppm fluoride, for pH
= 5.0 to 4.0, respectively." In solutions less
undersaturated with HAP (11.7 mmo1/1 Ca, 6.0

mmo1/1 PO, at pH = 4.3), Margolis et al. % found
protection against enamel demineralization at
0.025 ppm fluoride, consistent with the findings
of Borsboom et a1. 9r With no mineral ions present
in solution at the start of demineralization, considerably higher fluoride concentrations were
99 It is
required to suppress lesion formation.
conceivable that the inhibitory effects under the
latter circumstances only occur provided sufficient calcium and phosphate have been dissolved
for the solution to exceed supersaturation to
fluorapatite.
Recent reportsJ however, indicate that RIpersanuation with 'respect to FAP may not be
essential. The rate of dissolution of carbonated
apatite (similar in Chemical composition to enamel mineral) in acid was inhibited in proportion
to the logarithm of the fluoride concentration in
the acid buffers.' In these er.perirnents, the acid
buffers were underSaturated to FAP, indicating
that the marked inhibition of dissolution was due
to surface-adsorbed fluoride. Hoppenbrouwers et
al.'°' attributed the inhibition of dentine demineralization in fluoride-containin g acid buffers
also to the adsorption of fluoride: This conclusion
was further strengthened by NMR studies by Nelson et al. m2 that identified fluoride as surfaceadsorbed ions or as al crystalline fluorapatite layer,
depending on the Conditions used. Obviously,
both mechanisms can contribute to the important
role of fluoride as an inhibitor of dissolution at
the crystal surface.
A different discussion in the literature relates
to the mechanism of the formation of a surface
layer during "subs4rface" enamel demineralization. Originally this was attributed to the special nature (e. g ., perm-selecriviry) of the outer
enamel or to properties of the dental plaque. '°.°'
At present a number of theories are often discussed and cited, two of which rely on the special
role of fluoride, and these will therefore be discussed in this article. , First, since the outer enamel
accumulates fluoride with time, its solubility is
lower than that of the underlying enamel. During
demineralization the Organic
acids essentially by,
pass this surface layer, removing mineral from
deeper layers. The major change occurrin g in the
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surface layer is a "transformation" of the most
accessible crystals, making them less susceptible
to acicis.'°5-'°8 Obviously this will only occur when
the challen ge is not too severe, since otherwise
a selective dissolution with not occur.P"'."° A
second hypothesis is based on the accumulation
of dissolution inhibitors during the demineralization. Fluoride and/or diphosphonates,'" in
modei systems or fluoride and salivary proteins
in the oral cavity. will compete with acids for
interactions with crystal surfaces,." 3 or precipit2te with calcium and/or phosphate ions diffusin g out from the deeper parts of the enamel.
This can lead to a supersaturation to fluorapatite
in the surface layer. In the latter case, the surface
layer is not the result of- the original composition
of the surface enamel, but rather the result of the
demineralizing conditions (concentration of species in the demineralizing medium).94.W1.109.110
The latter hypothesis is corroborated by the findings that the thickness of the surface layer correlates with the fluoride concentratf on in the demineralizin g solution, " 6 or that laminations
develop in white spot defects that form under
conditions of alternating fluoride supply and cariogenic(-like) challenges. 1 °8- 117 In the oral cavity,
both hypotheses will most likely contribute.

VII. CALCIUM FLUORIDE. A "SLOWRELEASE DEVICE" FOR FLUORIDE
The changin g opinions (and .gradually developin g consensus) regarding the mechanisms
of fluoride action has also stimulated a discussion
of the optimal vehicles for fluoride to exert its
caries preventive effect. Originally fluoride treatments were designed to create maximum levels
of apatiticaliy bound fluoride in enamel. Moreover, the addition of phosphate in the widely used
"acidulated phosphate fluoride" (APF) diminished enamel dissolution and calcium fluoride
formation during the treatment. The observations
that continuous low levels of fluoride influence
the rates at which enamel lesions develop (demineralization) or at which lesions are repaired
(remireralization) have initiated research aimed
at developin g fluoride slow-release devices. Often
these are constructed as minute fluoride containers where fluoride salts were encapsulated in
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polymer, glued to one of the smooth surfaces of
the molars and in close proximity or contact with
the mucosa, releasmg their fluoride content gradually over a period up to 6 months."9•12°
As an altematiye procedure, it has been emphasized recently that calcium fluoride may be
an ideal slow-release device and, more importantly, does not necessarily require professional
manpower to be placed. Ogaard et al.121-124 have
completed a comprehensive study on the formation of alkali-soluble fluoride after different
treatments. In this article this precipitate will, for
short, be referred to as calcium fluoride, although
also other calcium fluoride-like precipitates fall
within this category. They concluded that with
fluoride from the treatment and calcium originating from the enamel, calcium fluoride forms
both in vivo and in vitro after rinsing with (0.05
or 0.2%) NaF, 12' treatment with a fluoride lacquer)22 or brushing with a fluoride toothpaste. '23
These conclusions, however, still need to be
verified.
More fluoride is retained in demineralized
enamel when compared with sound enamel. When
this calcium fluoride reservoir is exposed to an
intraoral cariogenic'challenge. it seems likely that
part of the CaF2 is converted to Ca ,c(PO4)e,F2.
One of the advantages of a fluoride reservoir at
various locations in the mouth (in the form of
calcium fluoride deposited in retention sites or
porosities), as opposed to a sin g le "artificial"
device, is that the availability of fluoride is more
widespread. The iniportance of mouth-wide distribution has been illustrated by recent observations that the migration of ions in the mouth is
limited. 126-129
The formation of calcium fluoride depends
on the type of fluOride applied. Ionic fluoride
from NaP .124 or NILF'" forms calcium fluoride
depots, while stannous fluoride (SnF2) treatments
cause a tin-containing fluoride precipitate.'' The
reports on calcium-fluoride formation after MFP
treatments are not consistent; 33-"' in this case,
the presence of plaque seems to be an important
factor.
A different approach to creatin g fluo-ride reservoirs involves the plaque. Pearce et al.'32434
have developed rinsing solutions comprising calcium, phosphate, fluoride (as monofluorophosphate and ionic fluoride), and urea. adjusted to

pH 5.0. Two metabolic activities of plaque bacteria "activate" the solution; degradation of urea
causes a pH rinse, while the enzymatic decomposition of monoflucrophosphate releases fluoride and phosphate. Together this causes fluorapetite to precipitate within the plaque. In vitro
and in situ studies have shown that this results
in a significant increase in acid-extractable fluoride in the dental plaque' 32 and increased hardness recovery of incipient lesions.' 33 The in sin.'
resuits, moreover, suggest that a mineralizing solution may be more effective in preventing dental
cariez than the use of a fluoride dentifrice, pre.
surnably by causing a more significant elevation
of the fluoride concenc-ations in the plaque.
4.

1

VIII. CONCLUDING REMARKS
While the cariostatic effects of fluoride have
been known for more than half a century, recent
findings have altered the views on the mechanisms by which fluoride works. Although part of
the efficacy of fluoride is attributed to an effect
on the plaque volume and metabolic aspects of
the plaque bacteria, fluoride is now considered
to be mainly effective by interfering with the
daily cycles of carioeenic challenge and repair
under physiological conditions. Specifically.
fluoride continually present in the oral fluids affects the demineralization and remineralization
processes hy shifting the balance to a less cariogenic condition. Supplying fluoride in large
amounts after the teeth erupt in the oral cavity
(i.e., aimed at depositine fluorapatite in the outer
layers of the enamel) has not proven to give sufficient lone-term protection against a cariogenic
attack. Preventive therapies should, on the contrary, be based on the modern understanding of
the mechanism of action. Fluoride rinses, lacquers, and the use of fluoride toothpastes cause
an elevatibn of the fluoride levels in the oral
fluids, 2- 135 at which level the dynamic pattern of
demineralization and remineralization have been
shown to be affected. Semiannual topical treatments seem particularly useful in those individuals who have shown a high caries activity. In
those case:. the lesior.s in the dentilier, take up
fluoride and inhibit further lesion progression.''
Knowledge about the mechanisms of caries

prevention by flu'bride has increased substantially It is now possible to individually design
fluoride therapies, thereby minimizing the dangers of overdosing. Such knowledge, combined
with an analysis Of the cost/benefit relationship
of various treatments, will also prove useful in
those (developing) , countries where caries is now
on the increase. A rational approach based on
mechanistic understanding should be used.
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Dr. Marcus' EPA May Day Memo
SUMMARY AND GLOSSARY
Wm L Marcus, Ph.D., Senior Science Advisor, Criteria & Standards Division,
Office of Drinking Water, Environmental Protection Agency wrote this May 1, 1990 memo
challenging the findings of the U.S. Public Health Service review of the National
Toxicological Program (NTP) study of fluoride carcinogenicity.
In this memo he points out that the high dose rats had lower bone ash levels of fluoride
(body burden) than do many humans. He also points out that the board certified pathologists who
have personally examined the rat and mice liver tumors pathology slides are in agreement that they
are in fact hepatocholangiocarcinomas; thus signifying that fluoride is a carcinogen. This finding
was changed by the U.S. PHS "peer review" committee without justification.
Dr. Marcus' memo also states that no consideration was given to the three positive in-vitro
tests for mutagenicity. In addition, he reveals that the use of controls from other studies was clearly
inappropriate. These animals from completely different studies had fluoride bone ash 10 levels
higher than the controls for the NTP study. Their food was so high in fluoride they actually fell in
the mid dose group.
The facts speak for themselves. There is now ample evidence that fluoride in drinking
water causes an increase in cancers.
GLOSSARY

Cytochemistry
EPA
MCL
mg/kg/day
NIEHS
NIH-07

Cell chemistry
Environmental Protection Agency
Mean Contaminate Level
Milligrams per kilogram per day
National Institute of Environmental Health Science
National Institute of Health Standard Rat/mouse Food

NIH
NTP

National Toxicological Program

ODW

Office of Drinking Water

PPM

Parts per million

RTP

Research Triangle Park

U.S. PHS
7344/N

United States Public Health Service
Rats breed ID number
Mice breed ID number

B6C3F

National Institute of Health

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
WASHINGTON. D.C. 20460

MEMORANDUM

DATE: May 1, 1990

One of Four
OFFICE OF
WATER

SUBJECT: Fluoride Conference to Review the NTP Draft Fluoride Report
FROM: Wm L Marcus, Ph.D., Senior Science Advisor
Criteria & Standards Division, ODW (WI-550D)
TO: Alan B. Hais, Acting Director
Criteria & Standards Division, ODW (WH-550D)
The conference was held in RTP at the NIEHS headquarters on April 26, 1990. The
subject of the conference was a peer review of the NTP draft report on the toxicology
and carcinogenesis studies of Sodium Fluoride in F344/N Rats and B6C3F 1 Mice
(Drinking Water Studies) NTP Report Number 393. Dr. Robert Scala was to chair this
meeting but was unable to attend because of ill health. Dr. Michael Gallo was
appointed acting Chairperson. One of the attenders seated with the panel members was

David Rail, Ph.D., M.D., Director of NIEHS. Dr. Rail took an extremely active interest
in the proceedings and remained seated for the entire proceedings with only two minor
interruptions.
The most disturbing part of the report was the continual reference to the
historical controls as having the same or higher cancers as the test groups. On pages
89 - 90 of the report starting with the last paragraph the authors state the following:
An important consideration which limits the usefulness of the historical control data
base in the interpretation of the current studies is that the diet used in all other NT?
studies had not been closely controlled or monitored for fluoride content. Fluoride
concentrations in typical batches of NIH-07 diet range between 28 and 47 ppm (.7
and 1.2 mg/kg/day)(Rao and Knapka l, 1987). Awning a maximum bioavailability
of 60%. (Tests show 64% absorption page 1-18), the hutc;ical database animals
actually constitute a group receiving sufficient fluoride sufficient to place them
kabgaz:he low- and mid-concentration group in the current (the studies reviewed at
RTP at this conference). The fact that this fluoride is available for absorption from
&exclaim/Aid is supported by the levels of fluoride found in the konel of animals
maintained on this diet in the sir months studies (Appendix 1). (The levels in the
bones of the rats on the standard NIH chow was ten 1,101 thnti the levels of those

1 Roa, G.N., 6nd Knappa, J.J. 1987. Contaminant and nutrient
concentrations of natural ingredient rat and ,mouse diet used in
chemical toxicology studies. FUndam. Appl. toxicol. 9, 329-338.

L. Marcus, Ph.D., DA.B.T.

fed the sernisynthetic diet and deionized water, 0.922 vs 0.0901). If the fluoride in
fact influencing the "spontaneous" or background incidence of osteosarcomas in male
rats, comparisons with those in the historical database maybe misleading. This forces
an even greater reliance on the within-study comparisons, Le., the incidences of the
dosed groups compared with the concurrent control, in the interpretation of the results
of the sodium fluoride studies.
When I plotted a bar graph of osteosarcoma in male rats and placed the historical
controls on the graph 0.6% is just where expected. This helps demonstrate a relationship
between osteosarcoma and fluoride. The purpose of such graphs is to predict
occurrence. Since the historical controls comprise some 6,000 animals, this data point is
extremely significant compared to the other three. Osteosarcoma is an extremely rare
animal tumor and may be the result of the variable high fluoride content in the feed. In
order to demonstrate this, all that need be done is require that the fluoride content of
animal chow be lowered dramatically and that fluoride be removed from the water given
to the animals under study.
The dose of fluoride to which the concurrent controls were exposed is 0.2
mg/kg/day. A 70 kg man who drinks 2 liters daily is exposed to 0.03 mg/kg/day. The
"control" animals were exposed to an amount of fluoride six to seven (6-7 X) greater.
Lois Gold, Ph.D. of the review panel concluded that, "this group of animals therefore,
Can hardly be termed a control group. It can best be described as a lowest dosed group."
This is an important consideration because as the document reports on page 9, the levels
of fluoride in bone are linearly dependent upon dose and length of exposure ("depend
upon total intake") in people. The level of fluoride in ashed samples of bone of 20-30
year old people is 200- 800 mg/kg compared to 70 to 80 year old people of 1,000 - 2,500
mg/kg. In the document, the authors cited Zipkin2 who reported on bone fluoride

concentrations in four groups of individuals with average ages of 56 to 76 who lived in areas
with fluoride concentrations in drinking water of a 1, 1, 26 or 4 ppm. The relationship to
bone fluoride concentrations and water fluoride content was bear bone fluoride ranged
from about 800 to 7,000 ppm ash with increasing water fluoride."
In the animal studies the levels of fluoride (Appendix I) found in the bones of the
animals were the same as or lower than those found in people. The highest dosed level
of rats had lower levels of fluoride in their bones (5,470 ppm) compared to people (7,000
ppm) at the MCI.. of 4 ppm. This can be interpreted as people who ingest drinking
water at the MCI. have 1.3 times more fluoride in their bones than male rats who get

osteosarcoma. This is the first time in my memory that animals have lower

2 Zipkin, L., McClure, F.J., Leone, N.C., and Lee,.W.A. 1958.
Fluoride deposition in human bones after prolonged ingestion of
fluoride in drinking water. Public Health Rep. 73, 732-740.
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concentrations of the carcinogen at the sight of adverse effect , than do humans. An
important toxicologic consideration is that a toxic substance stores at the same place it
exerts it toxic activity. This is true of benzene and now for fluoride. Fluoride however,
is at twice the concentration in human bones compared to benzene which is 10 to 100
greater in animal marrow. This portends a very serious problem. One would expect to

be able to discern a carcinogenic effect in the exposed population when compared to the
unexposed population especially if data exist on the populations before fluoridation.
Yiamouyiannis and Burk published epidemiology studies that have since been
revised twice3 , by Burk (former head of the qlochemistry section at NIH). In these
extensively peer reviewed papers, the authors found that about 10,000 deaths a year are
attributable to fluoride water treatment. The U.S. Public Health Service (U.S.PHS)
criticized the original studies by erroneously asserting that the results reported by the
authors were a result of changes in the age, race and sex composition of the sample.

The U.S.PHS made mathematical errors and did not include 90% of the data. The
U.S.PHS method of analysis when applied to the database, confirmed that 10,000 excess
cancer deaths yearly were linked to fluoridation of water supplies. This evidence has
been tested most recently in the Pennsylvania Courts and found scientifically sound after
careful scrutiny.
There were three different short term in vitro tests performed on fluoride and all

these tests proved fluoride to be mutagenic. An Ames test was performed and reported
to be negative. Bruce Ames, in a letter to Arthur Upton introduced in the
Congressional Record, stated that his test system was inappropriate for fluoride testing
based on a number of technical considerations. EPA's own guidelines require that in
vitro tests be taken into consideration when found positive. In this case, the mutagenicity

of fluoride supports the conclusion that fluoride is a probable human carcinogen.
Melvin Reuber, M.D., a board certified pathologist and former consultant to EPA
and part time EPA employee, reviewed some of pathology slides and the Battelle report.
Dr. Reuber has had his pathologic diagnoses questioned several times in the past. When
an independent board together with Dr. Reuber went over the slides his opinion was
always upheld. He first published the work that identified herztocholarlijocarcinoma as
a pathologic entity. The report changed Battelle's board certified veterinary pathologists
diagnoses from hepatocholangiocarcinoma to hepatoblastoma and finally to
hepalocarcinoma. Dr. Reuber reviewed the pathology slides and stated that these lesions
are indeed hepatocholangiocarcinoma. Because Dr. Reuber first identified and

3 Graham, J.R., Burk, D., and Morin, P. 1987. A current
restatement and continuing reappraisal concerning demographic
variables in American time-trend studies on water fluoridation and
human cancer. Proc Pennsylvania Academy of Sat. 61:138-146.
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published his findings on this tumor, I trust his opinion in this matter. These tumors are
extremely rare. Dr. Reuber's diagnoses would make the liver cancers significant because
of their rarity. This changes the equivocal finding of the board to at least some evidence
or clear evidence of carcinogenicity. In addition, the oral changes in the report were
down-graded from dysplasia and metaplasia to degeneration. Dr. Reuber said that this
change should also be reviewed. The report also down-graded adrenal

pheochromocytomas and tumors to hyperplasia. This needs to be reviewed by an
independent board. The other liver carcinomas were down-graded to foci by artificially
defining a need for 75% compression in the tumor before it was no longer a foci. Using
this changed definition carcinomas were down-graded to adenomas and adenomas downgraded to eosinophilic foci. In almost all instances, the Battelle board certified
pathologists' findings were down-graded. It is my suggestion that a board independent of
NIEHS should be assembled by ODW consisting of human pathologists (for their
experience in diagnosing osteosarcoma), the Battelle pathologist (to defend his original
diagnoses), Dr. Melvin Reuber, Dr. Thomas Squires and two other well known
independent board-certified animal pathologists. The charge to this board is to meet as
a body, review the slides, agree on a pathologic diagnoses and prepare a report to be
submitted to ODW for incorporation in our docket for the fluoride regulation.
The report talks about the efficacy of fluoride and tooth decay. Since the studies
were performed to determine the carcinogenicity of fluoride this should not have ben

addressed. There appear to be at least four different publications from the U.S.,
Canada, and New Zealand that have reported similar or lower tooth decay rates in non.
fluoridated areas as compared to fluoridated areas 4147. Therefore, the entire
question of the efficacy of fluoridation based on extensive and multiple studies has been
called into question. Our job is to set safe levels for fluoride in drinking water based on
the scientific evidence.
The problem with this meeting was the inability of independent reviewers to get
to see the slides prior to the meeting. We must perform our own scientific review of the
slides and write our conclusions for use in the development of the revised fluoride
regulation.

4 Colquhoun, J. 1987. Comm. Health Studies. 11:85.
5 Cray, S. 1987. J. Canadian Dental Assoc. 33:763.
6 Hildebolt, C.F. et al. 1989. Amer J. Physiol. Anthropol.
78:79-92.
7 Diesandorf, M. 1986. Nature.322:125.
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VICTORY FOR THE TRUTH
LABOR SECRETARY REICH ORDERS EPA
SCIENTIST DR. BILL MARCUS REINSTATED
EPA Corruption Exposed
On February 7. Secretary of Labor Robert B.
Reich ordered the U.S. Environmental Protection Agency
(EPA) to reinstate whistleblower Dr. Bill Marcus in his
former (or comparable) position at EPA. Almost two
years after being fired. Dr. Marcus has finally emerged
victorious over the unsavory individuals who tried to
punish him for challenging the falsehoods propagated by
his own agency and the Public Health Service about the
safety of fluoride. He will receive back pay. legal expenses
and 550.000 in damages.
At a February 10 press conference hosted by the
National Whistleblower Center. Dr. Marcus said: "I have
finally been vindicated. - He expressed his hope that this
verdict "...will serve as the first, albeit small, step in
bringing responsible science. science undaunted by fears

about job security or other reprisals, back to the U.S.
Environmental Protection Agency."
Although Marcus was ordered reinstated by
Administrative Law Judge David A. Clark. Jr. on
December 3, 1992, EPA appealed the decision to Labor
Secretary Reich. delaying Dr. Marcus' reinstatement for
over a year. Mr. Reich blasted EPA's excuses for firing Dr.
Marcus. He said, "...the true reason for the discharge
was retaliation." Specifically, Dr. Marcus "authored and
disseminated a memorandum criticizing a draft report,
concerning toxicology and carcinogenesis studies, which
EPA contemplated using in regulating fluoride levels."
( see following story)
Mr. Reich also noted that an EPA investigator was
ordered by a superior to shred evidence gathered during
the investigation, and that EPA withheld evidence that
would have supported Dr. Marcus in court. Because these
acts were perpetrated under the jurisdiction of EPA's
Inspector General. John C. Martin, the National
Whistleblower Center has asked President Clinton to
remove Martin from office.
Not mentioned by Mr. Reich, but recorded in the
hearing before Judge Clark, is clear evidence that EPA
tampered with witnesses, threatening EPA employees with

dismissal if they testified on Dr. Marcus• behalf. EPA
management also forged some of his time cards. and then
accused him of misusing his official time. At the press
conference Dr. Marcus asserted that his boss. Margaret
Stasikowski, committed perjury. Her superior. Tudor
Davies. Office Director of Science and Technology, who

made the final decision to fire Dr. Marcus, was accused by
Mr. Reich of accepting the report of the Inspector General
without validating any of the findings, contrary to
accepted practice. ;Dr. Marcus noted that all the officials
who participated in his firing are still employed by EPA
and "...making decisions about drinking water that affect
public health."
WHY BILL MARCUS WAS FIRED
The "May Day Memo"

As revealed in the decision by Secretary of Labor
Robert Reich, the key to the firing of Dr. Bill Marcus was
the memorandum he wrote on May 1, 1990, to a superior
at EPA. The memo was a detailed analysis of the National
Toxicology Program (NTP) Report #393, the long-awaited
report of NTP's animal study conducted to determine if
fluoride in drinking water causes cancer.
Dr. Marcus called the report "disturbing." Why?
Because the NTP termed the results "equivocal," while
the actual data indicated a causal relationship between
fluoride and bone cancer in male rats, according to
Dr. Marcus. In his memo, he pointed out that fluoride
accumulates in ,bone, and this is where the cancers
occurred. He noted that the rats had less fluoride in their
bones than humans would accumulate in their bones at
EPA's approved "safe level" of 4 mg/I. He stated, "This is
the first time in My memory that [test] animals have lower
concentrations of the carcinogen at the site of adverse
effect than do humans." He also criticized the
Public Health Service (referenced in the NTP report) for
misrepresentingithe results of the Yiamouyiannis/Burk
study showing 10,000 excess cancer deaths a year
from fluoridation.
Continued on Page 2

May Day Memo - continued from Page 1

Animals used as controls are not supposed to
receive any of the chemical given to the treated animals.
Dr. Marcus' memo continued. In the NTP study. however.
the control animals were given six to seven times more
fluoride than humans receive from fluoridated water.
When the number of cancers in the controls were plotted
according to the amount of fluoride in their feed, they
fitted neatly into the dose/response relationships seen in
the treated group, adding weight to the claim that fluoride
is a probable carcinogen.
Commenting on the genetic toxicology studies
included in the back of the NTP report, Dr. Marcus stated
that -There were three different short term in vitro tests
performed on fluoride and all these tests proved fluoride
to be mutagenic. EPA's own guidelines require that in
vitro tests be taken into consideration when positive.
In this case, the mutagenicity of fluoride supports the conclusion that fluoride is a probable carcinogen." One other
study was mentioned, the Ames test, which was negative.
Dr. Marcus dismissed these results because the inventor
of the test, Dr. Bruce Ames, has gone on record stating his

test is inappropriate for chemicals such as fluoride.
Dr. Marcus then raised the possibility that some
of the test results had been altered by a review panel.
He cited data showing that a rare liver cancer, hepatocholangiocarcinoma, was found, but then dismissed.
There was evidence that other types of tumors were found
but were downgraded by a review committee.
Consideration of all these factors. Dr.
Marcus' memo concluded, changes the
'equivocal' finding of the [NIP]
board to at least some evidence or
clear evidence of carcinogenicity."
He asked that an independent
panel to be convened
to reevaluate the
raw test data.
Dr. Marcus,
a senior science
advisor,
received no
response to his
memo from EPA
management.

Maureen C. Jones
1205 Sierra Ave. San Jose, CA 95126
Ph. 408 297-8487 Fax. 408 297-2678

Nov. 6, 1997
Re: Fluoridation of public water systems.
Honorable iia.yor Joe Serna Jr. and Council members,
"Crippling skeletal fluorosis is the single health effect
upon which the fluoride in drinking water standard is based."
So states Dr. Bob Carton of the Federal 'Environmental
Protection Agency in his letter dated Nov. 1, 1991 and which
you will find attached in this group of documentation.
For 44 years the safety standard for fluoride has been
based on a mathematical error! This means that millions of
Americans are in harm's way right now.
I ask you to read the following one-page synopsis and then
if you wish, refer to the attached documentation.
This information was NOT available to u$ in 1995 during the
passage of the fluoridation bill through the state legislature.
Sincerely,
<77412G?:ah.e44/
Maureen Jones
niC
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CRIPPLING SKELETAL FLUOROSIS
Definition:
Greatly increased density of bone; irregular and blurred contours; all bones
affected, particularly cancellous bones; extremities thickened; considerable
calcification of ligaments of neck and vertebral column. Limitation of joint
movement; crippling deformities of spine & major jointS; muscle wasting;
neurological defects/compression of spinal cord.
(Fluorides. National Academy of Sciences, 1971 and Review of Fluoride USPHS, 1991.)

Background:
Kaj Roholm, Prof. Dr. Med., in 1937, established the criteria for diagnosing skeletal
fluorosis. He studied cryolite miners who were exposed to fluoride for 11 years from cryolite
ore-dust. He categorized his observations into three phases of severity. Phase III, crippling
skeletal fluorosis, occurred at 0.2 to 0.35 mg fluoride/day per kg of body weight for 11 years.

H. C. Hodge, Ph.D., in 1953, extrapolated Roholm's guideline (0.2 to 0.35 mg fluoride/day)
to body weights of 100 and 229 lbs. Failing to convert lbs to kgs, Hodge erroneously
concluded that crippling skeletal fluorosis would occur at 20 to 80 mg fluoride/day for
10 to 20 years. Hodge realized his error and in 1979 he republished a lower threshhold
of 10 to 25 mg fluoride/day.

Thus, both Roholm and Hodge demonstrated that crippling skeletal fluorosis occurs
when lifetime fluoride ingestion reached a range of 803 mg to 1406 mg fluoride/kg of body
weight. Unfortunately, in the years both before and after the 1979 correction, the scientific
literature was rampant with the uncorrected Hodge error of 20 to 80 mg fluoride/day. In
1993, it was officially corrected in Health Effects of Ingested Fluoride, National Academy of
Sciences/National Research Council, 1993, to "10 to 20 mg fluoride/day for 10 to 20 years".

Minimum and maximum Phase III exposure levels are:
10 mg fluoride/day x 365 days x 10 = 36,525 mg
20 mg fluoride/day x 365 days x 20 = 146,100 mg

Smaller daily doses, longer span of years:
2.5 mg fluoride/day x 365 days x 40 = 36,525 mg
5.0 mg fluoride/day x 365 days x 80 = 146,100 'mg

Estimated Total Fluoride Intake for Communities with 1 ppm Fluoride/Liter.
Children = 0.90 to 3.6 mg fluoride/day
Adults
= 1.58 to 6.6 mg fluoride/day
Source: United States Public Health Service. Review of Fluoride Benefits & Risks. 1991.

Conclusion: The total quantity of fluoride ingested is the single most important factor in
determining the clinical course of skeletal fluorosis (Krishnamachari, 1986). Alarmingly, the
above figures show that millions of Americans in fluoridated communities are now ingesting
levels of fluoride from their water and diet that can cause crippling skeletal fluorosis.

To Whom It May Concern:

from Darlene Sherrell

As most people appear to be unaware of the correction in crippling dosage figures
for fluoride, which appeared in the 1993 review for EPA by the National Academy
of Sciences, let me try to explain what took place from my point of view.
In 1953 the National Academy of Sciences estimated that in order to experience

crippling skeletal fluorosis, a person would have to ingest 20 to 80 milligrams of
fluoride each day, or more, depending on body weight, for periods of ten to twenty
years. These figures appear in the American Dental Association pamphlet,

Fluoridation Facts.
Curiously, however, in checking the references listed in the pamphlet by ADA, I
found serious discrepancies involving the figures. The World Health Organization's
Fluorides and Human Health, 1970, contains both the figures 20-80, and 2-8.
After verifying with NAS/NRC that their estimated crippling dosage figure was
based on Harold C. Hodges calculation, I checked Hodges reference as well. What
I found was that Hodge had used the dosage figures reported by Roholm, but
neglected to do the arithmetic properly in converting his mg/kg/day data source into
an easy-to-understand milligram-per-day figure. Although the data source reported
dosages in terms of milligrams per kilogram of body weight, Hodge treated the
figures as though they were milligrams per pound . . resulting in a maximum
threshold dosage for crippling skeletal fluorosis four times higher than it should have
been. When Hodge recognized his error, he corrected it quietly in a book titled
Continuing Evaluation of the Uses of Fluoride, Westview Press 1979. (note: when
continued for 40-80 years, the daily dosage that cripples is sixteen times less than
previously reported . . . 5 vs. 80)
This reference is also cited by the American Dental Association-- without regard for
the correction in faulty arithmetic. In 1991, even the Public Health Service
neglected to notice the actual content of their Hodge 1979 reference, as did the
Environmental Protection Agency in 1985, when publishing their intentions in the
Federal Register.
During the period of time when NAS/NRC was preparing their review for EPA, Dr.

Robert J. Carton, a senior scientist at EPA, and U.S. Senator Bob Graham of
Florida became involved. On behalf of EPA's Union of Professionals, Dr. Carton
wrote to the NAS/NRC project director, enclosing copies of my correspondence
with the National Academy of Sciences regarding the data source used in their
original calculations. Because of the obvious error, Dr. Carton requested
clarification of the threshold dosage figure for crippling skeletal fluorosis.

NAS/NRC had no alternative, considering the fact that Hodge/had already corrected
his figures, and fifty years of research reported in the industrial health journals, as
well as in endemic fluorosis areas worldwide, had repeatedly confirmed Roholm's
original observations.
The corrected figures, which appear on page 59 of the NAS/NRC review, Health
Effects of Ingested Fluoride, are still based on people who weigh 100 to 229 pounds,
but now accurately reflect Roholm's 0.2 to 0.35 mg/kg/day for 11 years. The new
figures are 10 to 20 mg/day for 10 to 20 years . . . or, 21/2 to 5 , mg per day for 40-80
years.
For the 110 pound (50 kg) individual who lives in a non-fluoridated area with a
daily fluoride intake above 2 mg/day, as reported on page 17 of the 1991 Review of
Fluoride Benefits and Risks (U. S. Department of Health and Human Services),
there appears to be more than enough fluoride already present in the diet to ensure
that crippling skeletal fluorosis can be expected in time.
In terms of dental health, the results of today's sin of omission will be seen in about
twelve years, when even more children feel the need to hide the abnormal white
flecks and lines of the mildest forms of dental fluorosis, as well as the badly stained
and pitted cases which require costly dental treatment. These cases, once a rarity
with "optimal" fluoridation, are becoming more and more common with each
passing year.
Obviously, since fluorides are cumulative poisons with well-recognized adverse
health effects, care must be taken to limit the total daily- fluoride dosage to no more
than 14 to 1/2 mg per day for children, to prevent disfiguring dental fluorosis; and
limit the dosage to 1 mg per day for adults, in order to prevent crippling skeletal
fluorosis. For some people, even this small quantity can be a problem.
Therefore, the question that must be answered by advocates of fluoridation is this:

Since you advocate increasing everyone's daily intake of fluoride,
via the water supply, and consider yourself to be well informed on
this subject, I presume you do know the current total daily
dosage of fluoride ingested by individuals in our community.
Is that quantity more, or less, than the quantity which causes
dental fluorosis and eventually causes crippling skeletal fluorosis?

Rdholm described the development of Crippling Skeletal Oluorosis after
exposures of eleven years duration, with a daily total expressed as 0.2 to
0.35 mg/kg/day.
Harold C. Hodge,. Ph.D., prepared a chart of fluoride effects for NAS/NRC
in 1953, naming Roholm as his data source; and offered it in testimony before
Congress in 1954, as they considered a bill to outlaw water fluoridation.
In order to convert the original data into a milligram
per day figure, Hedge
had to apply the mg/kg figures to a typical range in body weight. He chose
100 to 229 pounds.
HOwever, Hedge neglected to convert pounds to kilograms'.... he simply
multiplied 100 times 0.2 to get 20 mg/day, and then multiplied 229 times
0.35 to get 80 mg/day -- the dosage in his chart and in the ADA pamphlet.
On April 24, 1992, the error was called to the attention of Dr. Ruibir Sakehi,
project director for the Skibccarittee on Health Effects of Ingested Fluoride,
National Research Council, 1993. The corrected figures appear on page 59,
and reflect the same body weight, as 10 to 20 mg/day for 10 to 20 years ...
which is the same total quantity as 2-1/2 to 5 mg/day for a period of 40
to 80 years.
The NAS/NRC best committee considered the materials sent by U.S. Senator

Bub Graham of Florida, and Robert J. Carton, Ph.D., Viee-President of Local
2050,. National Federation of Federal EMployees, who wrote: "As I promised
some time ago, enclosed are a serious of letters having to do with skeletal
fluorosis and the views of the National Academy of Sciences. They demcestrate
that the Academy has not conducted a rigorous analysis of the et stated
conclusion that 20 to 80 mg/day for 20 years or more causes crippling skeletal
fluccosis. The basis for this statement is apparently a pronouncement, not
an analysis. The lowest ingested dose of fluoride in mg/kg/day for a life
time that can causesthe various stages of skeletal flubrosis is yet to be
determined. This includes the earliest stages of the disease, not just the
final stage of cri pp ling skeletal fluoroeis. The lowest effect Level for
individuals with Impaired kidney function also needs to, be determined. It
is imperative that your committee address these issues."
The series of letters were corrrespondenoe between Darlene Sherrell and the
project director for the NAS/NRC Recamended Dietary Allowances. They
establish that Roholm s alone is the foundation for the erroneous 20 to 80
mg/day figures.
For more informaticn: http://www.all-natural.comithink.html

10 years =- 3652.5 days
20 years = 7305 days

I year = 365 25 days
11 years = 4018 days

Crippling Skeletal Fiuorosis
Hoholm's total for 11 years
(with body weight at 100 to 229 pounds)
mg/kg X kg X days = total mg
0.2
0.35

X 45.36
X 103.87

X 4018= 36,451 mg
X 4018 = 146,072 mg

NAS/NRC I total for 10 to 20 years
mg/day X days = total mg
10 X 3652.5 = 36,525 mg (min)
20 X 7305 ' = 146,100 mg (max)

Smaller daily doses — Longer time span
40 years = 14610 days

g, 2.5 nig/day —
@ 5.0 mg/day =

36,525 mg to
73,050 mg to

80 years = 29220 days
73,050 mg
146,100 mg

This was the error made by Harold C. Hodge, Ph.D. (11A5/NRC - 1953)
Hodge multiplied 0.2 mg,/kg times 100 pounds ... and multiplied 0,35 mg/kg times 229 pounds
= 20 mg

80 mg

73,050 mg (10 years at 20 mg/day)
Resulting in a minimum total of
and a maximum total of 584,400 mg (20 years at 80 mg/day)

What the American DentafAssociation forgot to tell you . . .
The Progression of Chronic Fluoride Poisoning
— by body weight and years of exposure — @ 5 mg/day
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crippling deformities of the spine
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graph adapted from Roholm 1937 / NASNRC 1993 / Hodge 1979
by Darlene Sherrell
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Review of Fluoride: Benefits and Risks - U.S. Dept. Health & Human Services 1991 p. 17

estimated total daily fluoride intake - "optimally fluoridated area" — up

to

6.6 in/day
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Fluoride Exposure in the 1990s
Sefected Excerpts
Complied by Darrtrte Sherreff
otal Daily Dosage
T "Accurate estimates of fluoride exposure cannot be based simply on the concentration of
fluoride in drinking water. Even for older children, intake from toothpaste and mouth rinse can still
equal the daily intake from food, water, and other beverages." Health Effects of Ingested Fluoride
National Academy of Sciences, National Research Council, August (1993) page 30
urrent Fluoride Retention
c "Approximately 50 percent of the daily intake of fluoride is cleared by the kidneys". .
Estimated total fluoride intake with optimal fluoridation has increased to a range exceeding six
milligrams per day. In areas having higher levels of fluoride, (i.e., 2 to 4 mg/liter) the range exceeds
7 mg/day. Review of Fluoride: Benefits and Risks, U.S. Dept. Health and Human Services (1991)
ong Term Effects
L "... a retention of 2 mg/day would mean that an average individual would experience skeletal
fluorosis after 40 years, based on an accumulation of 10,000 ppm fluoride in bone ash." Drinking
Water and Health National Academy of Sciences (1977) [phase III: Crippling]
Tulnerable Groups
V "Existing data indicate that subsets of the population may be unusually susceptible to the toxic
V
effects of fluoride and its compounds. These populations include the elderly, people with
deficiencies of calcium, magnesium, and/or vitamin C, and people with cardiovascular and kidney
problems. ...
"Because fluoride is excreted through the kidney, people with renal insufficiency would have
impaired renal clearance of fluoride. ...Impaired renal clearance of fluoride has also been found in
people with diabetes mellitus and cardiac insufficiency. People over the age of 50 often have
decreased renal fluoride clearance." Toxicological Projileffir Fluorides, U.S. Department of Health
and Human Services, Agency for Toxic Substances and Disease Registry, p. 112, April (1993)
ymptom Recognition
S "Whereas dental fluorosis is easily recognized, the skeletal involvement is not clinically obvious
until the advanced stage of crippling fluorosis ... early cases may be misdiagnosed as rheumatoid
or osteo arthritis." Fluorides and Human Health, World Health Organization, (1970) page 239-40
idney Stones
K "Although the exact genesis of renal stones in fluorine toxicity is not known, it is conjectured
that insoluble calcium fluoride is deposited in the urinary tract as a nucleus around which other
salts are deposited." Trace Elements In Human and Animal Nutrition, edited by Walter Mertz, U.S.
Departmetit or Agriculture (1987)

igns and Symptoms
S "Fluorine being a cumulative bone-seeking mineral, the resultant skeletal changes are .
progressive. According to the natural course of the disease, skeletal fluorosis may be classified into
the following phases: preclinical, musculoskeletal, degenerative and destructive, crippling fluorosis,
and complications.... effects depend not only on the total dosage and duration of exposure, but also
on associated factors such as nutritional status, functional status of the renal tissue, and interaction
with other trace elements. Since the effect of fluorine is cumulative, the less serious consequences
occur early in the natural course of the disease. Whatever may be the type of fluorine exposure, the
clinical picture in chronic Poisoning occurs in a phased manner.
"Pain is a cardinal feature due to arthritic lesions and to secondary peripheral nerve
involvement. . ." Trace Elements In Human and Animal Nutrition, edited by Walter Mertz, U.S.
Department of Agriculture (1987)
rippling Dosage
C "10-20 mg of fluoride per day for 10-20 years." (Same as 21/2 to 5 mg/day fat 40 to BO years)
Health Effects of Ingested Fluoride, p. 59 National Research Council (1993)
afety Studies
s "Although skeletal fluorosis has been studied intensely in other Countries for more than 40
years, virtually no research has been done in the U.S. to determine how many people are afflicted
with the earlier stages of the disease, particularly the preclinical stages. Because some of the clinical
symptoms mimic arthritis, the first two clinical phases of skeletal: fluorosis could be easily
misdiagnosed. Skeletal fluorosis is not even discussed in most medical texts under the effects of
fluoride; indeed, a number of texts say the condition is almost nonexistent in the . U.S. Even if a
doctor is aware of the disease, the early stages are difficult to diagnose." Fluoridation of Water:
Special report by Bette Hileman, Chemical & Engineering News, (August 1, 1988)
enetic Damage
G "Fluoride-induced chromosome changes have been repeatedly demonstrated in mammalian
cells." Diet and Health Report, National Research Council (1989)
keletal Effects
s "Fluorine is known to bind calcium in the body, causing ionic calciuin to decrease; this, in turn,
causes secondary hyperparathyroidism." Trace Elements In Human and .4nimal Nutrition, edited
by Walter Mertz, U.S. Department of Agriculture (1987)
eliable Advice
R "Your family doctor doesn't really know anything about toxic chemicals. That isn't the issue.
The major point is: the great majority of consultants in this area, and academics, are in the pay of
the chemical industry." Samuel Epstein, M.D., Professor of Occupational & Environmental
Medicine, University of Illinois, Chicago. The Phil Donahue Show, Friday, October 27, (1989)
eporting
RChronic fluoride poisoning is not a reportable discasc. No city, Lowry, state, Or national
organization is prepared to take reports of skeletal tluorosis in the United States.

DR. KAJ ROHOLM
of Copenhagen, Denmark

March 28, 1948
October 7, 1902
This brilliant biochemist and physician is considered the
world's greatest authority on fluoride. His classic book, FItto-.
rine Intoxication, published in 1937; covers all available data
on fluoride's effect known up to that time.
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Report of the Ad Hoc Committee on the Fluoridation of Water Supplies
Division of Medical Sciences, National Research Council, Nov. 29. 1991

later life. so that there is at least a delay of several years in he incidence of
caries (Forrest, 1951). A recent detailed epidemiological study of adult populations (Russell and Elvove. :951) considerably extends knowledge in this field.
These observations show that marked caries-inhibitory effects of fluoride waters
are operative in the 35-39- and 40-44-year-old groups.
4. A considerable number of experimental studies have been conducted in
the laboratory to explore the inhibition of inducedarxperimental caries in rats
and hamsters by fluorides' and to explain this actiOn. The results give consistent support to the concept or a relationship between human caries and fluorides
(McClure, 1951). While it appears probable that caries resistance is associated
with the incorporation of fluorides into the tooth structure, the exact mediating
mechanism is unknown. The causes of caries are only partially understood.

5. The margin between the optimal quantity of fluoride in drinking water
which is required for maximal benefit in tooth development and the amount
which produces undesirable physiological effects as sufficiently wide to cause no
concern. The most sensitive indication of the latter is the enamel defect of the
permanent teeth known as endemic fluorosis, or mottled enamel. The epidemiological studies of Dean (1942), based upon examination of 5,824 white children
In ten states, showed a direct correlation between severity of the manifestations
of mottled enamel and the increasing fluoride content (up to 5 p.p.m) of the water
supplies upon which they were dependent. At approximately 1.0 pinm., less than
10 percent of children show the least detectable evidence of disturbances in en.
amel formation. which are not visible except to the trained eye of the examining
dentist. Zeginning at about 2 p.p.rn., an Increasing proportion of children have
mottled enamel of a grade that is easily apparent. While such teeth are cariesresistant, they are esthetically objectionable.
6. While the safe level of fluoride concentration to afford a maximum
caries-preventive effect without mottled enamel is approximately l. 0 p.pm., it
varies somewhat with cli tic and other factors and must he crertainerLfor each
or practical public health
purposes, it has been proID
general
area
posed that a safe level has been reached when not more than 10 to IS per cent of
children age i2-I4 years, who have used water suPplies sinch birth, and who have
been examined unde tandard conditions show the mil dest detectable t e of
enamel. .Inder the cIimato ogical conditions prevai ing in the Chicago
area, where e mean annual temperature is about 49F. this upper lim't has
been reached by domestic water supplies containing approximately 1.0 t 1.S
p.pim. fluoride. On the other hand, in the vicinity of Moultrie or Brunswick.
Georgia, with a mean annual temperature of 68 • F. the upper level has been found
to be associated with water supplies containing only 0.5 to 0.7 p.p.m

7. There is an extensive literature on the pharmacology and toxicology of
fluorine and its compounds. This has been reviewed by several authors (McClure,
1946; Cox and Hodge. 1950; Heyroth. 1951; Smith, 1951). Only those parts of it
which deal with the cumulative action of fluorides are pertinent to the question of
the safety of fluoridation. Chronic fluoride intoxication characterized by bone,
joint, and other tissue changes has been the cause of impaired skeletal function
in Danish workmen exposed to fluoride dusts as an occupational hazard (Roholm,
1937). The presence of concentrations of fluorides in excess of 5 pip.m, in water

-2.

FLUORIDATION OF WATER

HEARINGS
BI1SORE TEE

COMMITTEE ON
INTERSTATE AND FOREIGN COMMERCE
HOUSE OF REPRESENTATIVES
EIGHTY-THIRD CONGRESS

SECOND SESSION
ON

H. R.

2341

A BILL TO PROTECT THE PUBLIC HEALTEI FROM TUE
DANGERS OF FLUORINATiON OF WATER

MAY 25, 26, AND 27, 1951

Printed for•the nee of the Committee on Interstate and Foreign Commerce

470

FLUORIDATION OF WATER

(25) Zn.wrx, I. 8g McCram. F. J. Complex_ Fluorides: Caries Reduction and
Fluorine Retention in the Bones and Teeth of White Rats. Pub. Health Rpts.,
66:123 (Nov. 23: 1051).
(26) The Fluoridation of Public Water Supplies. Am. Water Works Assn., New
York (1949) ; see also Jour. AWWA, 41:575 . (July 1949).
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Kenneth F. Maxey, Citairmon; professor of epidemiology, School of Hygiene
and Public Health, Johns Hopkins University.
J. L. T.. Appleton, professor of microbiology, University of pcnnsylva Ia.
Basil G. Bibby. director, Eastman dental dispeneary-10.42a,--, Ox'
H.: Trendley • Dean: director, National Institute . of .,Dental Ret'earc • National
Institutes of Health.
A. IdeGehee Harvey, professor of Medicine, Johns Hopkins HoapitaL
Francis F. Heyroth, associate professor. Industrial ' Toxicology, assistant director. Ketterling Laboratorz. College of Medicine. University of Cincinnati.
A. LeRoy Johnson, former head. Harvard School of Dental Medicine, dental
consultant, National Researcb Council.
Harold A. Whitaker: professor of public health engineering, School of Public
Health. University of Minnesota.
Abel Woiman, professor of sanitary engineering, Johns Hopkins University.
DISCUSSION OF DATA

It would appear from a careful 'analysis of the data presented here that the
superior dental -conditions found in the children residing in the fluorine' areas
before and after the second birthday were not due to chance.' . Other variables
call for further investigation, for example, the geographical Ineation of children.
Mosfiif the data in the nonfluorine arena presented in this article were obtained
In the northern part of the state, while the children in fluorine areas'were in
south Jersey. The bureau of dental health will 'obtain more data of dental't.ondittnng among the children in nonfluorine areas in south Jerse y. The findings will he puhlished later. Also the bureau hopes to conduct continuous dental
programs in the fluorine areas to Investi gate dental conditions amon g the total
population having had the benefit of fluorine over long periods of time.
TFTE ITNITERSITT OF

RocnESTER.

SCHOOL OF MF.IliCINE

AND DENTISTEM

Rochoster, N. Y., May 25, 1954.
Hon. CITATtLES A. WoLvERTON,
Chairman, Committee on Interstate and Foreign Commerce.
House of Represen(atives, Washington, p. C.
DEAR SIR: This letter is written to voice my opposition to the so- called Wier
bill, II. rt. 2341, "A bin to protect the public health from the dangers of fluoricoition of water."
My background In fluorine studies dates from 1939 with the publication of
observations on certain biological effects of fluorides in experimental animals.
Since that time I have studied and published reports concerned with biological
effects of fluorides especially those havin g to do with dental cariets, witb the
toxic effects of fluorides, and with the safety of water fluoridation.
My education in science has led to the granting Of a bachelor of science degree
In 1923 from Illinois Wesleyan University. master, of science degree and M. I).
from the State University of Iowa In 1927 and 1930, respectively. In 1949 a
doctor of science honoris causa was given to me by my alma mater, Illinois
Wesleyan University.
During the years 1931 and 1937 I served as a Rockefeller senior fellow and
then as nssistant professor of dentistry (biochemistry) in the School of Medicine
and dentistry, University of Rochester. During this time I studied the physical
and chemical properties of teeth and hones.' From 1937 to 1946 I was assistant
professor and associate professor of biochemistry and pharmacology. In 1946
I become p rofessor of pharmacolo gy and toxicology. Since inn I have been
continuously enga ged part time as a consultant toxicol ogist l'ar a number of „Walt
Beginning in the spring of 1A43, when the Manhattan Project
estabTished a research project at the University of Rochester, I have held tbe
trial c ocapanie ct

a Statement supported by chi souare determinations.

tittrOrilt.111024. or vr.e.Xmit
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title of chief pnarmacologist. In the course of this work : I was among those
present at the Bikini tests in July 1946. Our Work for the Manhattan Project,
and since 'January 1, 1947, for the Atomic Energy • Coturaission, has involved
stuflies Of the toxicity of fluorine, of uranium, of beryllium, and of other elements
and compounds of especial interest to the AEC. My duties have included superlislen of Inhalation toxicity tests, oral toxicity tests, skin and eye toxicity tests,
and studies of the mechanism and therapy of poisoning. At present I am chairman of the technical advisory committee on the fluoridation of water supplies of
the State of New York Department of Health. 1 am also chairman of the Committee on Toxicology of the Division of Chemistry and Chemical Technology of
the National Research Council.
• I am a member of the American Society of Pharmacology and Experimental
Therapeutics, the American Society of Biological Chemists, the American Chemical Society, the Society for Experimental Biology in Medicine, the American
industrial Hygiene Association, the international Association of Dental Research,
the American Association for the Advancement of Science, and the Kansas, New
York, and Rochester Academies of Science. I am the author of more than 100
papers on various subjects mostly in the fields of biochemistry, pharmacology
and toxicology and the coeditor with Dr. Carl Voegtlin of a monograph In 4
volumes on the Pharmacology and Toxicology of the Uranium Compouuds.
I wish to oppose the proposition put forward by the bill known as the Wier
bill, .11. R. 23il, a bill to protect the public health from the dangers of fluorination of water. This bill attempts to set up conditions that would prohibit the
use of fluorides in the community drinking water supply. I wish to include as
a part of my statement a report of the Food and Nutrition Board entitled -The
Problem of Vroviding Optimum Fluoride Intake fur 'Prevention of Dental Caries,"
—bp Publication 294 of the Division of Biology and Agriculture, National Research
Council. In the summary and conclusions of this rep lort ou page 13. item 5 is as
follows: "The adjustment of the fluoride content of drinking water to 1 part per
Illiun fluoride is in principle and in practice the soundest and most effective
approach to caries prevention on a large scale known today." The benefits of
fluoridating water supplies have been proven. Tbese benefits are so great that
the only grounds that would justify the prohibition of the use of fluoride in
drinking water is the demonstration of an injury or the hazard of an injury
to the health of the users of such water.
Whenever a proposal is made to fluoridate the water supply of a community
a critical Question—Is It safe?—is always raised. MT opinion can be given: All
of the available evidence Indicates that there is no danger in water ifuoridaton.
To answer this question completely would require a much longer discussion than
can be given here. The main points of reference, however, can be cited. nz.
rfank A. smith of thisPepartment and I 1iaveieutIv sunimarizathe iraportant clinical effects of fluorides in 4 categories; of these are toxic effects and
the fourth is the use of fluorides in preventive dentistry.
Category

Dose frequency

Acute poisoning.
Slagle
Chronic high grade Daily__
poisoning.
Chronic low grade poido
soning.
Preventive dentistry_ ...do

Amount

Time

2 to 4 hours
5 to 10 grams
20 to 80 milligrams or 10 to 20 years
more.
2 to S milligrams or Daily during 1st 6
more.
years ol life.
I to 1.5 parts per mil- 1st 8 years and
lion to water.

CUa1o31 erect

Death.
Crippling fluorusis.
Mottled. enamel.
Decreased dental
mries.

Acute tor:Icily factor of safety in water fluoridation.—For a number of reasons it is difficult to make a reliable estimation of the minimum amount of flu-

oride that will certainly cause death in a human adlilt. Nevertheless it may be
stated with a high degree of probability that a retained dose of 5 to 10 grams
of sodium fluoride will be lethal. When this figure Is compared with the 1
millig ram ingested daily by an adult who drinks a, quart of fluoridated water
(1 part per million), an acute lethal effect is clearly seen to be impossible. A
factor of safety of 2,500 to 5,000 fold is established. In child the safety factor tniy be estimated at 250 to MO fold.
Occasionally the Question is raised whether an accidental addition In a water.
treatment plant (for example dumping a day's supply of fluoride into the water
In an instant) might p roduce dangerously high concentrations. A little arlth-
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metic will provide a reassuring answer. If a day's supply were delivered over
a period of an hour the water would contain only 24 parts per million; this
amount might be taken daily for 10 years without serious difficulty. Furthermore for a city like Rochester, N. Y., to add to the water supply a sufficient
amount to be acutely toxic, that is deadly, a total of 400 tons of fluoride would
have to be added to the volume of water distributed daily to the city. The machine in Rochester that adds fluoride to the water has a hopper that contains
1,000 pounds ; an acute poisoning is mechanically impossible.
Chronic, high-grade poisoning, crippUng fluorosis, factor of safety in wafer
fluoridation.—Among the prominent toxic effects observed after long continued
• exposures, that is 10 to 20 years, to large amounts of 'fluoride (20 to 80 milligrams per da y or more) are abnormalities of the skeleton. This comparatively rare disorder has been observed in a few men who worked in a dusty fluoride Industry ; the reported cases mostly have come; from foreign countries.
Skeletal changes of lesser severity have been observed in 13 of 114 residents of
Bartlett, Tex., where the drinking water contained 8 parts per million. These
13 persons were described as showing some osteosclerosis. This term Is applied
to an increased resistance to the passage of X-rays. }one of these 13 persons
reported any disability or illness from the increased density of their bones. A
survey of approximately 140 residents of communities in which the drinking
water contained 2 or 3 parts per million of fluoride revealed that not 1 person
bad any detectable skeletal changes. Between the amount of fluoride that
will produce osteosclerosis in humans and the amount obtained by drinking
fluoridated rater (3. part per million of fluoride), there is a safety factor of
8 to 20 fold.
Doses producing enema hypoplasia or mottled enamel, factor of safety in
water fluoride tion.—Detectable enamel hypoplasia or mottled enamel in the
human is endemic in areas where the drinking water contains 2 to 5 parts per
m illion or more. In these populations there 13 no other known toxic effect of
fluorides; mottled enamel is therefore the most delicate index of fluorosis.
4 should be emphasized that the condition of mottled enamel can be produced only during the years that the enamel organ is functioning; that is, only
when the tooth is being • formed in the jaw and preceding eruption, can the
changes occur which later appear as mottled enamel. There is an extraordinarily precise relation between the severity of dental fluorosis and the amount
of fluoride in the drinking water. The evidence on which this statement is
based comes from the extraordinarily fine epidemiological surveys of Trend/ey
Dean and his colleagues. On the basis of the available evidence from human
Studies a two-fold factor of safety exists between levels of fluorides producing
detectable mottled enamel even in a few individuals and a level of 1 part per
million. Although the mar-in of safety for mild mottling is only twofold,
this safety factor Is established firmly.
Considerations of the metabolism of fluorides in the body increase our conviction of the safety of water fluoridation. The bOdy possesses two potent
detoxification mechanisms: (1) Rapid excretion in the urine; (2) rapid storage in the skeleton. Deposition In bone mineral although it increases the content of fluoride in the bdy is harmless In itself and is not permanent; mobilizaatm and excretion continuously remove fluoride. Even It all the fluoride ingested
in the drinking water (1 part per million) in a lifetime were stored in the skeleton, no injury would thereby accrue.
The ultimate proof of the safety of water fluoridation is the good health of
populations drinking fluoride-containing water. At present the most extensive
information comes from the Newburgh-Kingston study based on the exceptionally detailed p ediatric study in which more than 500 children in each city have
been examined annually in a program that has now 1 (spring of 1954) been In
existence nearly 9 years, it has been concluded that no deleterious systemic effects
have occurred. The relatively few observations from fluoride and nonfluoride
areas by which It is possible to compare height, body weight, bone fracture
experience and death rates from heart disease, cancer, and nephritis consistently show no ill effects (save mottling of the enamel from excessive amounts of
fluorides).
Condusion.—Considering all the available evidence it is my opinion that the
health hazards do not justify postponing water fluoridation.
I request that this statement be made a part of the record of the hearing.
Yours truly,
HAROLD C. Honot,
Professor, Pharmacology and Toxicology.
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(Publication 294, Division of Dielofir and Airlculture, National RPRefireh rnnrett
Hovel:leer 193sj
THE PROBLEM OF PROVIDL'VO OPTIMUM FLUORIDE INTAKE F03 PREVENTION OF
DENTAL CARIES

NM- AIA5

A report of the Committee on Dental Health of the Food and Nutritton Board,

prepared by the Subcommittee on Optimum Fluoride Levels—R. F. Soonaes,
Chairman, F. A. Arnold, Jr., H. C. Hodge, 0. L. Kline
TILE FOOD AND NUTRITION DOARD

The Food and Nutrition Board is an activity of the National Research Council,
established under the council's Division of Biology and Agriculture. Financial
Support for the meetings and publications of the board has been provided primarily from private sources such as the Milbank Memorial !Fund, the Nutrition
Foundation, and the Williams-Waterman Fund of the Research Corporation.
Members of the board and its committees Serve without compensation beyond
their actual expenses.
The National Research Council is a part of the organization of the National
Academy of Sciences. Grants for the work of the Food and Nutrition Board
are received and administered by the academy, which Is a private, nonprofit corporation chartered by act of Congress in I8G3 for the furtherance of science and
to provide a source of scientific advice to the Federal Government.
'FOREWORD

AfA CI "NgC
The Food and Nutrition Board In the spring of 1953 appointed a subcommittee
under the committee on dental health "to study the problem of providing an optimum amount of fluoride in the American diet including the water supply." .71.t.
submxtroittge members were F. A. Arnold, Jr., D.D.S., Director, National Institute for Dental Research, Yational Institutes of Health, Bethesda, Md.; IL C.
Hodge, Ph.D., professor a pharmacology, University of Rochester, School of
Medicine and Dentistry, Rochester, N. Y.; 0. L. Kline, Ph.D., Director of Research, Division of Nutrition, Food and Drug Administration, Washington, D. 0.;
and It. F. Sognnaes, D.M.D., Ph.D., professor of oral pathology, Harvard School
of Dental Medicine, Boston, Mass. (chairman). G. B. Forbes, M.D., associate
professor of Pediatrics, University of Rochester, School of Medicine and Dentistry, Rochester N. Y., and F. J. Stare, M.D., Ph.D., professor of nutrition. Harvard School of Public Health, Boston, Mass, have cooperated in preparing this
report, without formal appointment to the committee.
The text of this report will include discussion of (I) the magnitude of the
caries problem compared with conventional approaches to Prevention, (II) the
efficacy and safety of fluoridation, (III) the vehicles for fluoridation, and (IV)
aummary and conclusions.
By way of definition the committee presents the following general statement
In regard to its understanding of the term "optimum amount of fluoride" :
Fluorides are universally present in the earth's soil, its plants, and animals,
Including man. No one has so far been able to produce a fluoride-free diet,
human or animal. Hence, while a certain amount of fluoride Is obviously compatible with normal health, the taluinaum fluoride level conducive to optimal general health has not been determined.
The optimum level of fluoride intake must at this time be defined as that which
In epidemiological and clinical observations has been fouud to combine the
highest degree of caries protection with the lowest degree of mottled enamel.
This level refers to the added amount of fluoride derived from defining water
containing or adjusted to contain I. part per million of fluoride, assuming a basic
dietary fluoride intake from average American foods which is relatively low but
not necessarily constant or unchangeable. This fluoride level, while optimal for
caries prevention, is higher than would appear necessary to satisfy standard references of adequate nutrition, such as reproduction, growth, and general health.
Thus, while there does appear to be an optimum level of fluoride Intake as a
practical means of caries prevention, information is lacking at present to take
into consideration the possibility of other beneficial effects:
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young individuals or in short-term experiments ; ea however, on longcontinued administration, steady states are established in which smaller
fractious of the fluorides are stored. The fixation mechanism is all exchange
with the hydroxyl of the apatite mineral," giving what may be called a
mixed apatite which serves the same functions as hydroxyapatite. Stored
fluoride is mobilized both by exchange with hydroxyl ions, a relatively
rapid process, and by ostcobbistic and osteoelastic remodelling, a process
so slow that a year or more is required for half removal." "" The
capacity of the skeleton to hold fluoride is impressive. ir an individual
drank water containing 1 p.p.m. fluoride during a lifetime of 70 years
and all the fluoride were stored in the skeleton, less than a quarter of the
hydroxyapatite would have to be converted to fluorapatite. Much higher
fluoride levels in bone mineral have been observed in symptom-free animals
given fluorides.
There are limits to the capacity of the skdeton to store fluoride without
detectable structural changes. When large daily doses are ingested for
extended periods, three clinical conditions may be defined, in order of
decreasing dose : crippling fluorosis, asymptomatic osteosclerosis, and
mottled enamel.
2.4.1.1 Crippling flunrosa. In rare instances of excessive industrial
exposures to fluorides (both man and animals) or where natural waters
contain very high fluoride concentrations, particularly when consumed
by undernourished or malnourished population groups, the disease known
as crippling fluorosis may appear. Fluoride intakes of 20-110 mg per day,
J46 W eP
or more, for periods up to 10 to 20 years are required." The disease is
characterized by severe osteosclerosis, fresh areas of osieopYrosis. =stows.-15 i
and calcification of certain ligaments, especially the broad ligaments of
the spine (producing "poker back ") and of the pdvis. Motion of the
joints is so restricted that simple daily duties can no longer be performed:
2.4.1.2 Asymptomatic asteosclerosis. Adult humans ingesting (or gaining
by other routes) lesser amounts of fluoride, but still enough so that the
daily urinary excretion exceeds 5 ing/1, will, after periods of 5 to 10 years,
develop an asymptomatic increase in the X-ray opacity of certain bones,
called osteosclerosis. The changes frequently seen first in the sacral venebrae
ultimately may involve other bones, for example, long bones, pelvis, etc.
No functional abnormalities accompany these radiographic changes. A
drinking-water content of 8 p.p.m. fluoride (e.g., Bartlett, Texas) con:dunes
approximately the borderline for osteosclerosis development ; 14 of the
113 persons examined there exhibited such bony changes. In the large
group of animal studies where X-ray examinations were made, osteosclerosis failed to develop even in periods up to 4 years when the diets
contained as much as 50 p.p.m. fluoride."
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TABLE 9-21

FLUORIDES

Major Effects of Fluoride'
Number of Times
AmOunt Exceeds

Effect

Dose

Time

Amount of
Fluoride

Probable Intake
from Air at 10 ppb

Deathb

Single
Repeated

2-4 hr

2,500-5,000 mg

50,00-100,000

>100 ppmc

Thyroid injury
Body weight

Repeated

Months
Months or years

Repeated

4 or more years

40 ppme

loss
Crippling

Repeated

10-20 years

20-80 mg or

Kidney injury

more

fluorosisb
Mottled

>50 ppm

Repeated

1st 8 years of life

2-8 ppm or more

2500d
1200d
1,000d

;

500-2,000 or
more

50-200 or more

enamelb
a Derived from !lodge and Smith.'
b Effcet in man.
c ln water.
dAssuming factors to translate animal exposure to human exposures.
a ln feed.

28.7. Hodge, H. C., and F.. A. Smith. Biological Effects of Inorganic Fluorides.
In J. H. Simons, Ed. Fluorine Chemistry. Vol. IV. New York: Academic
Press, 1965. 786 pp.

Committee on
Biologic Effects of
Atmospheric Pollutants
DIVISION OF MEDICAL SCIENCES
NATIONAL RESEARCH COUNCIL

FLUORIDES
NATIONAL ACADEMY
OF SCIENCES
WASHINGTON, D.C. 1971

Effects of Fluoride on Human Health

211

TABLE 9-18 Radiographic Findings in Cryolite Workersa

Length of
Employment, Years

Condition of Ossesous System as Seen on
X-Ray Examination

2.5

1st phase of osteosclerosis in pelvis and vertebral column;

4.5
Ii

coarse and blurred trabeculae; diffuse increased density
of bone
2nd phase: increased density and blurring of contours in
pelvis and vertebral column, extended to ribs and
extremities
3rd phase: greatly increased density of bone; irregular
and blurred contours; all bones affected, particularly
cancellous bones; extremities thickened; considerable
calcification of ligaments of neck and vertebral column

aAdapted from Hodge and Smith."'

Cryolite, a compound of fluoride, aluminum and sodium
(Na3A1F6) (Fig. 13) is found mainly in Greenland where
it is deposited through; volcanic eruptions. Large deposits
also occur in USSR, Spain, and Colorado. It has a melting point of about 1000° Centigrade and disintegrates easily
when heated. Therefore it is in great demand as a flux for
electrolytic production of aluminum. Cryolite can also be
produced synthetically from fluorspar.
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silicofluoride, hydroflurosilicie acid, and ammonium siticofluoride (Maier, 1963). 'These chemicals require care in handling and must be dispensed
with properly designed chemical feeding systems, but these arc readily
available. The usual dosage has been in the range ofl mg/liter.
When any one of these chemicals is disposed in water at the I mg/liter
range, it dissociates almost completely.
Other Sources of Fluoride
Food Fluoride is present to some extent in nearly all foods, but the
concentrations vary widely. Studies of the fluoride contents of foodstuffs
reported in the WHO Monograph (1970) have been reviewed by Muhlar
(1970). Prival and Fisher (1973) have made a more recent compilation of
these fluoride contents.
Among the foodstuffs notably high in fluoride are fish, particularly
those, such as sardino, that arc eaten with the bones. Fish-meal flour,
which is produced from the whole fish, is also high in fluoride. Tea is
unusually lich in fluoride. Milk and most fruits are generally low in
fluoride. Vegetables vary greatly in fluoride content.
Hodge aid Smith (1965) computed the total fluoride intake from food
at 0.5-13 mg/day for areas with nonfluoridatcd water. Marier and Rose
(1966) showed that use of fluoridated water in canneries increased the
fluoride content of canned food by 0.5 mg/liter and converted this to 03
mg/day in the diet. The proposed total intake from the diet then became
1.0-2.0 mg/day.
However, -the_Hodge and Smith estimate came from Machie and
Largent (1943), whose values were -based erroneously on earlier work
(Machle et al_ 1942). In this earlier work the average -It-nal fluorideintake
per day for 20 weeks was just under 0.5 mg with only 0.16 mg of the intake
from food as such. In a more recent review Hodge and Smith (1970) have
lowered their estimate to 03-0.8 mg fluoride daily from the diet.
Recent studies indicate that the total intake of fluoride is as high as 3
mg/day rather than the earlier figure of 1.5 mg/day, primarily because of
increases in the estimated levels of fluoride in foods (Spencer et at,1970).
Balance data presented by Spencer also suggest a higher retention by
bone, nearly 2 mg/day rather than the 0.2 mg/day indicated earlier.
Two recent articles from Spencer's group (Kramer et al,1974; Dace rf
al., 1974) appear to support a higher estimate for dietary fluoride intake.
Ilic frrst is based on hospital-prepared food from 16 U.S. cities. The
fluoride intake fmm food in the fluoridated communities was found to
range from 1.6-3.4 mg/day (a y . 2.6) while that from nonfluotidated cities
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was 0.8 -1.0 mg (ay. 0.9). The very high values and the marked difference
between fluoridated and nonfluoridated cities can be explained in part by
the inclusion of coffee and other water-based beverages as dietary intake.
a classification not usually followed by other investigators. The second
article reports average fluoride intake from diets used in balance studies
in a fluoridated city over a 6-yr period as 2.0 mg/day.
These findings arc important because, if valid, they might represent a
shift in intake that could lead to dental fluorosis in fluoridated
communities. Also, a retention of 2 mg/day would mean that an average
individual wou d ex • riencc skeletal fleorosis after 40 yr. based on an
accumulation of lo.ri pprn fluoride in bone ash. However. these new
estimates -tor fluoride iii toocesrelpimeona toe ; consequently. so are their
implications. The values are suspect because ofanalytical problems. The
diffusion method of Singer and Armstrong (1969a) was used with a
colorimetric reagent and false high values are obtained with this
technique (laves. 1966).
A study more limited in scope. because it was restricted to 16- to 19-yr
old males. found 2.0-2.3 mg/day total fluoride intake (San Filippo and
Battistone. 1971). The increase over earlier values may reflect the fact that
the food portions were large for the test group.
Data from balance studies in children tend to support the tower values.
The dietary fluoride intake fill nine children aged 4 to 18 years averaged
0.3 mg/day (Forbes eral.. 1973).
The quickest and most reliable method of checking whether there has
been a shift in total intake of fluoride in the past 20-30 yr is through
surveys of the urinary and bone fluoride concentrations occurring in
people in fluoridated communities. There has been no question about the
analytical techniques used in these earlier data on urine and bone
because the concentrations involved were relatively high. A recent
(Parkins.-1974)- bone survey in Iowa done at autopsies showed bone
fluoride levels higher than those iticarlier publications, particularly when
taking into account that they are for unashed bone, which rirea
—n-s that-the
concentrations need to be approximately doubted to compare them to
values for ashed hone. Detailed comparison of the method he used has
shown no systematic error, but other bone fluoride values found in
Rochester. New York. show concentrations which match earlier values
almost exactly (Charen etal., in preparation, 1976).
Private communication with Parkins has not clarified the discrepancy.
but he has indicated that the usual fluoride concentration in the urine is
about 50 Of, which is the same as earlier reports as well as the values
found in a few samples analyzed from Rochester residents. Obviously

Harold C. Hodge, Ph.D., 1979
"The Safety of Fluoride Tablets or Drops," pages 253-254,
in "Continuing Evaluation of the Use of Fluorides,"
AAAS Symposium, Boulder, CO, 1979
Fluoride Toxicolozy
Among the many effects of fluoride (real or purported)
are a. few that have been so well studied that quantitative

dose-effect relations (Table 1) can be estimated albeit
with variable numerical certainty (Hodge and Smith, 1965).
Only three of these effects have been observed in man:
acute poisoning - death following a single dose; chronic 1
poteoning - crippling fluorosis, the final stage of advanced
osteofluorosis, first detectable as an increase in the radiographic density of the skeleton (osteosclerosts); and dental
fluorosis. Five other chronic fluoride effects have been
well studied in experimental animals: kidney injury,
anemia, interference with reproduction, changes in thyroid
structure or function, and body weight loss. These effects
are seen only after exposures of months or years at or I
near the concentrations listed. The species named in
Table I are relatively susceptible; other species may require higher concentrations or longer exposures (never
253

Table I SELECTED TOXIC EFFECTS OF

SOLUBLE INORGANIC FLUORIDES GIVEN BY MOUTH .
ACUTE DO/SONING

IN ANIMALS

IN MAN

Se...ablylEth21.42a
for o 70 kg individual

fora 10 kg &old

t 50

mg

50 trq F/kg

F/)o

2500 - 5000 mg F
535 mg F
CHRONIC POISONING
Sjdoeyjrigy (rat }-in water, months.
aglig (rat) -in water. months .
Recstiataittents; lee ) -in feed. years
Dynigagidansg(marysoeciesHn feed or water, years

weight loss (ddry cow)-ir feed /ears

ktipling fluorasiS
absorbed far years

10- > 25 mg F/day

LIEN31.1 (cattle)

opre F*
100
100
GO
50
40
80

aniuLmIs
u
in drinking water
far ths first 5-8 years of Sfe

> 2 pain F**

* *animal cairratotionm *fear inns.
**fir coma* demos : *masa. Jou aver or &am sfein

Dental morning. I cattle 1

4 20
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Trace Elements in Human and Animal Not_rilion ( 1 987 )
Edited by Walter Mertz - U.S. Department of Agricultuie
cumulative, degenerative, destructive - headache, ocular (eye) t;ymptoms
U. Fluorine
K.A.V.R. Kradmarnacbsai
I

1. Hydric Fluorosis
a. Endemic Dental Fluorosis. This was graded by Ocan (39) into five
categories based on the macmseopie appearance of the teeth'.
Classification

Score

Nui

Questionable
Very mild
Mild
Moderate
Severe

0.5

2
3

4

This classification is useful for quick field surveys in large population groups.
Takamori and Kawahara (252) designed a more intricate system to grade each
tooth separately taking into account streaks on the enamel surface, and marble
appearance as well as brown staining of the enamel. Thylsoup et at. 's (264)
classification is molt cnniciniXirafy and useful in litactiCe. 11 takes into account
the buccal, lingual, and occlusal surfaces, and uses nine scores. The dental
changes arc compared with histology and are cnrrclated to the extent of subsurface porosity. Scores 1-5 indicate degrees of opacity; scores 6-9 indicate defective enamel.
b. Endemic Skeletal Fluarasis. fly far, the most important aspect of chronic exposure to fluorine is the skeletal involvement. Fluorine being a cumulative,
bone-seeking mineral. the resultant skeletal changes are progressive. According
to the natural course of the disease, skeletal fluorosis may be classified into the
following phases: prcelinical,_ musculoskeletal, &generative_ and _destructive,
'crippling fliiiirosie, and complications.
The biological effects in humans due to chronic fluorine ingestion depend not
only on the total dosage and duration of exposure. but also on associated factors
such as nutinional status, functional status of the renal tissue, and interaction
with other ttace elements. Since the effect of fluorine is cumulative, the less
serious consequences occisi early in the natural course of the disease. Whatever
may be the type of fluorine exposure. the clinical picture in chronic poisoning
occurs in a phased mariner.
Several reports of histological and histochemical changes in some soft tissues
of experimental animals induced by fluorine suggest that such changes may also
occur in humans. However, the dosage used in the animal studies was several
fold higher than any expected human exposure (108). Zhavoronkov (283) dedetails of the involvement of several nonskeletal organs; including enscribed details
zymatic. histological, and histochemical changes. Roholm (193) described a
syndrome of nonskelctal fluorosis involving soft tissues.
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The early clinical pictute of fluoride toxicity is pnedominanily symptomatic
and afebrile. Anfiralgia, rnalaisci weakness, and joint stiffness-epanicularly in
the lower limbs and the spine—are among the early features. In industrial exposure, ocular symptoms and headache also occur . hi the esiablished skeletal
phase of the disease, symptoms and signs of hone and joint involvement are
evident both clinically and radiologically. Pain is a cardinal feature due to arthritic lesions and to secondary peripheral net ve involvement. Jolly et al. (101)
described paraplegia of fluorotk origin as a common complication.
On ilic other hand, typical radiological changes may precede any clinical signs
or symptoms. Jolly et al. (101) described 309 synuom-lree cases of established
flunrosis, which constituted 25% of the samples studied.
2. Industrial Fluvrosis

e-

The following industries have been identified as posing a risk of Ilitorosis
among their workers: (I) aluminum smelters, (2) phosphate fertilizer factories.
(3) ceramics, (4) steel industry, and (5) glass industry.
Moller and Ciudjonsson (164) were the first to describe Acklal and dental
changes attributable to industrial exposure to fluoritk. Roholm (19.40 gave a
detailed description of the clinical picture and also the pathophysiology of
cryolik workers. The number of countries with this ptublem and the variety
industries involved in fluoride release have since increased (Table le
Bishop 121) reported a single case of a fertilizer factory worker who developed
bone disease. Speder (230) described seven cases of fluorosis among phosphate
miners in Morocco. Reports from the United Kingdom and France appeared in
the early 1940s and 1960s, respectively. In 1960 reports emerged of a Norwegian
aluminum snicker (155) and a-Czecholslovak superphasphate ewlory (171a). Ife
Vries and Lowertherg (41) reported industrial fluorosis from Holland. Around
the same time Fianke et al. (65) from the German Democratic Republic described three cases of industrial skeletal fluorosis. Schlegal (195a) described 61
cases itoto Switzct land among workers in aluminum smeliers. In 1984 Isruarla
et al. (2(6) FCI DOftal siumlics on fltiotine excretion in indusiiy auempring
correlate urinary fluorine with several parameters such as duration rif exposure
Mid type of job.
In a study of 4) aluminum workers. the fluoride content in ashed biopsy bone
was reported lobe high but did nut bear any relation to the duration of exposure.
There was an inverse relation, however. between the fluorine conical and the
time since the end of the exposure. it took 20 years for 50% of fluorine to
disappear from the bone (12).
Oiscoraiinualion of Occuputimal Exposure Si) Fluorine. Czerwinsk i et al
(38) studied the effect of exposure cessation on clinical, radiological, and analye

kat aspects of bones in 60 former explovees of an :Lunen,
I ; Inn 4.11mnl

Trace Elements in Human and Animal Nutrition (1987
Edited by Walter Mertz - U.S. Department of Agricul ture
skeletal fluorosis from food -- gastrointestinal di sorders
A .V .R. Knausarnachari

Tabk I
Industrial Fluorosts Cases Reponed by Various Countries

Country
Japan
German Democratic
Republic
India
Switzerland
Flunrosis
Controls
Poland
FluonoiA
Controls

Refctirtnzu
Tsunoda a al. (266)
Dominok (45)
Bhausal ej al. (IV)
Baud 'fol. (II)

Mean bone
fluorine
(11g/t)

Urinary
fluorine
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Fluorine

borne skeletal fluorosis seems to be unique to China. The reason, according to
the authors, is the high soil fluorine which is retained and available tootle plants.
as the acid MIMIC of the clay does not permit peicolation of the fluorine in deeper
regions of the soil.

4ms/titer)

3.68
2500-12,900

56Ib
1036

Ryttiewska H ai. (194).

II.

0.63

0.50

of withdrawal ranged from :1 months to 7 years. and the subjects were divided
into two goitips, aceoiding to the time since withdrawal Symptoms WC1e less in
the prolonged-withdrawal group. but urinary fluorine was elevated in both
groups. with concentrations of 1.74 and 1.30 sig/nd, respectively. while serum
biochemistry was perfectly normal. Roholm (193) observed high urinary fluorine
levels for several years following withdrawal. Largent and Ileymth (131) reported negative fluorine balantes, immediately after the end of exposure, followed by equilibrium, achieved within 3-4 years. It toot nearly 8 years in these
studies for 50% of the body's skeletal fluoride to be eliminaied.
3. Foodborne Skeletal Fluorosis

Skeletal fluorosis exclusively attributable to dietary sources is extremely rare.
Daijei (95) investigated 34 Chinese suffering from skeletal fluorosis who lived in
an area with low levels of water fluoride but very high soil concentrations of up
to 1000 Mg/g. Each of the seven predominant and mainly vegetarian finals
contained between 8.3 and 11.7 p_g/g of fluorine. The affected persons developed typical radiological features of skeletal fluorosis and had osteoporosis and
osteomalacia. Mean urinary fluorine was 6.9 bag/g. Denial fluurusis due to
foodborne fluoride was reported from Thailand (76) and Vietnam (121). In a
later study. Daijei (96) reported the fluorine content of rice, corn, and potatoes in
four regions in Guizhou Province of China and the clinical profile of 396 patients
with skeletal fluorosis. From the study, it is obvious that in spite of the very low
content of fluorine in the drinking watcr ranging from 0.07 to 0.5 pgig. severe
forms of skeletal fluorosis are widely prevalent in China. Thus, primary food-

4. Neighborhood Fluorosis.
Some industries discharge floorine in gaseous or other form, polluting their
respective neighborhoods with abnormally high amounts of fluorine, which may
result in human and/or cattle disease. The clinical picture is similar to endemic
skeletal fluorosis with dental and bone changes. While the human problem is
attributed to either chronic inhalation of fluorine-bearing gaseous discharges or
due to ingesiion of fluorine via subsoil water, which acquires fluorine from the
liquid effluents, the animals develop the disease doe to consumption of fodder
contaminated with droplets containing fluorire.
Waldbou (272) described imman fluorosis in the neighborhood of an Ohio
enamel family affecting 23 persons and (logs in the neighborhood. The symptoms were -indicative of the preskcletal phase. Four had "Chiztob niaculae.Urinary fluoride eaciction in 21 persons ranged from 0.4 to 2.4 mg/day.
Thiers (263) described 10116w-up human studies in the neighboihood of an
enamel factory. Mean 24-hr urine excretion the residents was 2 itg/g: the
latter suffered from gastrointestinal disorders. Analysis of teeth showed fluorine
values of 185 pg/g.

a

C. Radiological Changes

Radiological changes reficeethe cumulative effects of chronic opus-;re—.1.-he
response of the axial skeleton to chronic fluoride exposure differs from that of the
limb bones and the short lung bones. The radiological changes observed in
established cases of fluoride toxicity include the following:
I. Osterecterosis
a. Thickeiling of trabeculation
b. Calcification of interosseous membranes, ligaments. and IcadonS
c. Thickening of conical areas of long bones
0SleophytOSiS and exostoses, involving vertebrae, flat bores, and ends
and surfaces of long bones.
2. Osteoporosis involving ends of' long bones and shon long bones
3. Osteomalacia involving long bones
4. Periosteal new bone formation
5. Growth arrest lines and modeling defects
6. Changes indicative of secondary hyperparathyroidism
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August 10, ,1990
Darlene Sherrell
1775 Larchmont Court
Merritt Island, Florida 32952
Dear Ms. Sherrell:
Your letter dated July 25 to Dr. Enriqueta Bond of the Institute
of Medicine concerning a statement on the toxicity of fluoride in
our 10th edition of the RDAs report has been referred to me for a
response. I was the program officer who worked directly with the
committee that prepared that report.
Specifically, you asked for the source of the report's statement
(on page 238) that "Chronic toxicity--fluorosis---...occurs after
years of daily exposures of 20 to 80 mg of fluorine". It comes
directly from a 1971 publication of the National Academy of
Sciences titled Eluggiaga and indirectly from a 1987 review
article on fluorine by K.A.V.R. Krishnamachari. I have enclosed
Dr. Krishnamachari's article and the relevant pages from the book
so that you may read some of the details of the scientific
studies on which our statement was based.
I hope the enclosed material answers your question. If I can be

of further help, please feel free to contact me at (202) 3342582.
Sincerely,

(21,

/ef

1//0111

Paul R. Thomas,

Ed.D., R.D.

Program Officer

cc: Enriqueta C. Bond
Karen Murphy-Bunton (Office of Senator Bob Graham)
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RECOMMENDED DIETARY ALLOWANCES

water is more available than the protein•bound fluOrine in foods, and
the absorption of fluoride from sodium fluoride in aqueous solution
is estimated to be 100%. In young adults, the absorption of fluoride
from sodium fluoride added to milk or baby formula was only 72
and 65%, respectively, of that added to water in a study by Spak et
al. (1982). An even poorer absorption, from 37 to 54%, has been
reported for the Fluorine in bone meal (Krishnamachari, 1987).
These differences in fluoride absorption indicate the difficulties in
establishing dietary recommendations for fluoride based solely on
quantitative data about the fluoride content of foods and drinking
water.

Excessive Intakes and Toxicity
Fluorine, like other trace elements, is toxic when consumed in
excessive amounts. Chronic toxicity—Fluorosis—affects bone health,
kidney function, and possibly muscle and nerve function (Krishnamachari. 1987). The condition occurs after years of daily exposures
of 20 to 80 mg of fluorine, far in excess of the average intake in the
United States. Mottling of the teeth in children has been observed
at 2 to 8 mgikg concentrations of Fluoride in diet and drinking water
(NRC, 1971). Many detailed epidemiological studies in the United
States and abroad have failed to find any indication for an increased
cancer risk associated with fluoride in the water supply (I ARC, 1982).
The acute toxicity of' fluoride resulting in death has been described
in a 70-kg adult who ingested one dose of 5 to 10 g of sodium fluoride
(Heifetz and Horowitz, 1984). Recently. investigators have suggested
that the use of pharmacological doses of fluoride (50 mg/da y) for 3
months was helpful in the treatment of women with osteoporosis
(Pak et al., 1989). At these doses there is a potential for toxicity, and
these patients should be monitored carefully.

Estimated Safe and Adequate Daily Dietary Intakes
The estimated range of safe and adequate intakes of fluoride for
adults is 1.5 to 4.0 mg/da y . This takes into account the widely varying
fluoride concentrations of diets consumed in the United States and
includes both food sources and drinking water. For younger age
groups, the range is reduced to a maximal level of 2.5 mg in order
to avoid mottling of the teeth. Ranges of 0.1 to I mg during the first
year of life and 0.5 to 1.5 nig during the subsequent 2 years are
suggested as adequate and safe.

K .A .V.R . Krishnamartiari
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Table Xi

tion of fluorine is so low as to necessitate supplementary intake of fluorine either
through fluoridation of water supplies or by one of several other public health

Fluorine Content of Soil a Kt Waler in MoruceeP

measures.

A.

Fluorine in Surface Waters

Several studies indicate that surface waters contain little fluorine even in
endemic fluorosis areas. A systematic analysis of paired water samples from
villages, one from a subsoil source and the other from flowing surface water, has
shown that the fluraine content of subsoil water in the endemic areas was at least
foul to eight times higher than that of surface water (122). This has practical
relevance, since many endemic fluomsis regions in the world are located in the
vicinity of flowing streams. Protected potable water from such sources may be
beneficial in the prevention of dental and skeletal changes.
B.

Fluorine value.s

Fluurine Intake of Humans

Data of fluorine intakes by human populations on a global basis are inadequate. The computation of fluorine intake depends on accepting several pie
suniptions and using several tables. Intake estimates based on analysis of
duplicate diets are probably the most accurate, but difficult to obtain. Singer and
Ophaug (217,218) summarized daily fluorine intake values fur infanas, toddhas,
and adults in fluoridated ccxnmunities and for adults in nonfluoridated communities in the United States. They also siminutriaral tabulated data on the fluorine
content of foods obtained by different analytical methods. In the past, it was
believed that dietary intake of fluorine did not contribute much to the etiology of
fluorosis, because much greater amounts of fluorine enter the human body
through water, particularly in the endemic regions of the world. Much of the
information on dietary fluorine originated in_ the 1950s after, some of the meth=
odological- diflicuhies had been resolved. Tsunoda and Kunita (265) estimated
the mean daily fluorine intakes in Japanese men and women at 1.34 and 1.12 mg.
respectively. Kessabi and Amouzigh (110) reported fluorine values in straw,
barley, and water in relation to soil fluorine content in Morocco (Table X1).
In endemic fluorosis areas, the fluorine content of self-sekcled local foods
varies widely. Tea infusion has been confirmed to contain large amounts of
fluorine. In addition, the quantity of water consumed locally can have a proflounced influence on the daily intake; it varies with climate, season, and locality. In some endemic regions, water contains as much as 10-25 tag/rtil fluorine and consumption of 1 or 2 liters, as is common in these areas, will contribute
10-50 mg/day. In very small infants, the fluorine intake is negligible. <0.2
tag/day, increasing to 0.5-1.0 mg at 6 months of age. Singer and Ophaug (218)
compiled published data for the intake of toddlers which ranges from (1.3 to 0.8

Item

Range

Soil
Stitt,/
Barley
Bone
Water

410-12630
52-147
10-43
i115 -5150
0.42-1 90

Mean

2785
104
22
3260
1.11

• Data from KeuMb. u+J AnNwrigh I 10t.

tag. Adults living in nonflunridatecl arras consume <1.0 mg/day, while the daily
intake in fluoridated areas vanes from 2 to 4.5 mg. Among American foods,
beverages contribute significant amounts of fluorine. Hodge and Smith estimated
that 0.5--I.5 rug/day fluorine is consumed by American adults (891. Kramer et
of. (119) estimated the mean daily intake of adults in four
fluoridated cities at
U..78-1.03 rug and at 1.73-3.44 trig in 12 fluoridated cities. Krcpkogorsky (12(1)
reported 2.5 mg as the average intake figure for England. 3.3 mg/day in the
Ukraine. and 2.1 mg/day in other pans of the Soviet Union. The staple food of
New Futindlanders provided 2.74 mg/day. Natural salt is another good source of
fluorine. Cooking and processing modify thc fluorine content of foods. Addition
of water during cooking can enhance the total fluorine intake, particularly in
endemic areas. Reconstituted artificial milk can have a much as 53 times the
fluorine content of breast milk, which is 0.025 tgig. depending on local water
quality.
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FAX t2021

August 24, 1990
Ms. Darlene Sherrell

1775 Larchmont Ct
Merritt Island, Florida 32952
Dear Ms. Sherrell:
I am in receipt of your letters dated August 14' and 16 in which
you asked for further documentation and explanation of several .

statements* about fluoride in our Food and Nutrition Board (FND;
publication, Recommended, Dietary nlowances. 10th Edition.
On August 10 I sent you a section from the book Fluorides, a 1971
National Academy of Sciences publication we used to support our
statement that fluorosis "occurs after years of daily exposures
of 20 to 80 mg of fluorine...". The reference given in that bock
for our statement is:
Roholm, K. Fluorine Intoxication: A Clinical-Hygienic Study
With a Review of the Literature and Some Experimental
Investigations, pp. 213-253. Translated by W.E. Calvert.
London: H.K. Lewis and Co., Ltd., 1937.
I sent you the Krishnamachari article of 1987 because it is a
relatively recent review article on fluorine toxicity and we
cited it in the RDA report.
The recommendations for fluoride intake in the loth edition of
the RDAs (which range from 0.1-0.5 mg/day for young infants to
1.5-4.0 mg/day for adults from all sources--food and drink) are
"estimated" by the F13 to be "safe and adequate" for healthy
people in the United States. The purpose of our RDA report is to
recommend intakes of nutrients that help to maintain the health
of alrea4 healthy people and are not associated with signs of
toxicity over the short- or long-term. The National Institute of
Dental Research of the National Institutes of Health supports our
recommendations.
In respouse to your question, yes, the FNB considers its
recommended intake levels of fluoride to be low enough "to avcid
the earlier stages of fluoride toxicity, as well as'the advanced
crippling stages." Our fluoride recommendations haven't changed
since they were first published in the 9th edition of the RDAs in
1980. In the current RDA report, we note that it is not clear
whether eluoride is an essential nutrient, but that fluoride
has
considered
"Valuable effects on dental health" and thus should be

"a beneficial element for humans." We cited recent studies
estimating fluoride intake in the U.S. to range from
approximately 0.9 to 1.7 mg/day. We also cited a 1983 study
reporting fluoride intakes to be greater than 1.8 mg/day.
The table in the RDA report in which our fluoride recommendation
appears carries the following footnote: "Since the toxic levels
for many trace elements may be only several times usual intakes,
the upper levels for the trace elements given in this table
should not be habitually exceeded." Therefore, we recommend that
dietary fluoride intakes for adults, for example, not habitually
exceed 4.n mg/day; that would include the amount consumed in
fluoridated water.
I hope you find this information helpful.
Sincerely,

9"ir/irt
Paul R. Thomas, Ed.D., R.D.
Program officer

cc: Enriqueta Bond, IOM
Karen Murphy-Bunton (Office of U.S. Senator Robert Graham)
Congressman Ted Weiss

TABLE 10
Summary--Estimated daily fluoride intake
Concentration
of Fluoride in
Drinking Water Intake
Estimate°
mg/L

fluoride Intake

Food Sources

Drinking Water
and
Beverages

Fluoride
Dentifrice'

Fluoride
Supplement°

Estimated
Total Fluoride
Intake

mg/day

0.15 to 0.3

0.1 to 0.3

0.2 to 1.2

0.50

0.95 to 2.3

Img/kg/day1

[0.007 to 0.0151

10.005 to 0.0151

10.01 to 0.061

10.0251

(0.047 to 0.115)

0.2 to 1.2

Not
Recommended

0.9 to 3.6

<0.3 mg/L

\ijk

mg/day
0.7 to 1.2 mg/L
Jmg/kg/day1

0.4 to 0.6
(0.02 to 0.031

mg/day

1.0 to 2.0

[mg,/kg/dayl

10.05 to 0.101

0.3 to

1.8

10.015 to 0.09)

0.6 to >3.0

0.2 to 1.2

>2.0 mg/L
[0.03 to 0.151

(01)45 to 0.181

[0.01 to 0.061

10.01 to 0.061

Not
Recommended

1.8 to >6.2
[0.09 to 0.311

Calculation based on the child weighing 20 kg.
Estimated daily fluoride intake of children-based upon data extrapolated from various sources reported in the scientific literature; ranges rounded to
reflect widest range in listed fluoride sources.
Assumed that fluoride dentifrice used twice per day
Assumed that dental fluoride supplement taken daily.
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TABLE 11
Summary--Daily fluoride intake •f adults'
Concentration
of Fluoride in
Drinking Water Intake
Estimate°
mg/L

Fluoride Intake
Food Sources

Drinking Water
and
Beverages

Fluoride
Dentifrice`

Fluoride
Mouthrinsed

Estimated
Total fluoride
Intake

mg/day

0.2 to 0.8

0.1 to 0.7

0.018 to 0.145

0.56

0.88 to 2.2

1mg/kg/day1

0.004 to 0.0161

10.002 to 0.0141

10.0004 to 0.0031

10.011

10.016 to 0.041

mg/day

0.4 to 2.7

0.6 to 3.2

0.018 to 0.145

0.56

.58 to 6.6

10.008 to 0.541

10.012 to 0.0641

10.0004 to 0.0031

10.011

10.03 to 0.131

mg/day

1.2 to 3.4

0.9 to >3.5

0.018 to 0.145

Not
Recommended

(mg/kg/day1

10.02 to 0.071

10.018 to >0.071

10.0004 to 0.0031

<0.3 mg/L

0.7 to 1.2 mg/L
(mg/kg/day)

>2.0 mg,/L

2.1 to >7.05
10.04 to >0.141

Calculation based upon adult weighing 50 kg.
Estimated daily fluoride intake for an adult based upon data extrapolated from various sources reported in the scientific literature; ranges rounded
to reflect widest range from listed fluoride sources.
Assumed that fluoride dentifrice and mouthrinse used twice per day.
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•National Federation of Federal Employees
ProfeSsiobaliem in Public Service
" I

Local - 2050

ev
Carton, Ph.D., Vice-President, Local 2050 of the
by Robert
.National Federation of Federal Employeast before the
cilmmattle_ol_the_rloience_lislvimmy_11.12:11FAL of .the "-Environment 1
Protection Agency.... Arlington, VA, Nov. 1, 1991.
J.

My name is Dr. Bob Carton, I am Vice-President of Local 2050 of tile
National Federation of Federal-Employees. Our unidn . represents the

We
1.
responsible .fOr providing the

1100 scientists, lawyers, and'engineers.at EPA Headquarters.
are the professionals who are

We have an obviousiy
important . stake in ensuring that the Scientific process used 1.n

Scientific basis'for EPA's -regulation.

assessing risks from chemicals is sound. and that thCse who conduCt
this assessment are not forced or coerced in any way into
supporting predetermined conclusions.

_ .
!
In this : context, I am here today to alert‘ you -to-the fraUdulent
nature of . EPA'S previous efforts on fluoride and to request thiit
you take an active role in insisting that EPA conduct an unbiase ,

indepth investigation-of the risks posed by lexposure to fluor/d,
;
not a whitewash as occurred in 1985. Let me'explain . to you wilt
happened in 1985.
The fluoride

in

drinking water standard,

or

Recommended

MaxinTm

Contaminant Level (RMCL), published by EPA in the Federal Register

on Nov. 14, 1985, is a classic case of political interference with
science. The regulation is a fraudulent statement by the Federial
Government that 4 milligrams per liter (Mg/1) of ° fluoride pl
drinking Water is safe with an adequate margin of safety.. There lie.
evidence that Critical information in the scientific and technic 1
• support

docuMente used to develop the standard was falsified' by t e

Department':: of -Health and Human Services and the . Environmental
Protection'Agency to protect a long-standing' public health-policy..

-e_ct-dtk.

EPA professionals were never asked- to conduct a thOroUgh4.
. e r •
.independent analysis of the fluoride literature. instead, th
credentials were uied to give the appearance of .scientif c
i
credibility.. - .They were used to support the predetermin d
conclusion that 4 mg/1 of fluoride in drinking water was safe..
Ethical misConduct . by- EPA management included the following: they
ignored ' the requirements of. the law to protect sensitie
individuals such as children, diabetics, or people with kidney
impairment. . Contrary to law, they made the driteria..Or
considering health data so stringent that reasonable concerns for

safety-were eliminated. Data showing positive correlations between
. ' fluoride exposure and genetic effects in almost all laborato6
tests were discounted.

By selective use of

data, they fit science to the desired outcome.
They reported to the Administrator data demonstrating that den,1
fluorosis was an adverse health . effect, but then hid this
information from the public when the Administrator decided to c41
dental fluorosis a "cosmetic" effect. The National Institute for
Dental Research had warned EPA that admitting dental fluorosis wp.s

an adverse health effect would be contrary to the long-stand41g

policy of the

Public Health Service that fluoridation at 1 mg/1 is
totally safe. EPA had already admitted in the Federal Register

that objectionable dental fluorosis can occur at levels as low :as
.0.7 mg/1.
•
EPA management based its standard on only one health effedt:
crippling skeletal fluofosis. In setting the safe level at 4 mg/Ill,
however, they ignored data . showing that healthy individuals were at
risk of developing crippling skeletal fluorosis ifthelse
individuals happened to drink large quantities of water at the
"safe" level of 4 mg/l. .EPA's own data showed that some people*

drink . as . much as 5.5 liters/day. If these people ingested tticis
amount of water.containing 4 mg/1 of fluoride, they would receilve
2

a daily doe of. 22
.This: exceeds the minimum dose necessary t,0
cause crippling skeletal fluorosis, , or "20 mg/day Poi 20 years"
stated by EPA and the Public . Health Service. This situatiOn.is::
made worse by thi tact that there are additional jources
fluoride,

' such ' as

toothpaita-, tea, mouthiiash, .etc, :Even

no sound

scientific basis . fOr
the 20 mg/day'threshold: * The threshold is probably lower. • •.!
unsettling is the fact that there is

• . .

There is evidence, ignored . by EPA, in a preliminary itudir by
Geoffrey Smith, that exposure to fluoride at 1 mg/l in drinki24
water over a long.period ot time may calcify ligaments and tendons
causing arthritic- pains, arid may be partially responsible for the_
alarming increase in cases of repetitive stress injury.
1

EPA management also relied upon a report fro* the Surgeon General
which they knew was false. misreport claimed to represent the

1

conclusions Of an expert panel (on which EPA was present as•an
observer) when in fact the concerns Of this panel for the effect
of fluoride on the bones of children,' for its effects on the heart;
for dental,fluorosis, and for the overall lack of scientific dat
on the effects of fluoride in U.S. drinking, water were deleted

. changes
the knowledge or approval of the expert panel,

!
were made without Therisapotnhersat e
.
I

EPA accepted the falsified report from the Surgeon General's office
and asked a contractor to turn this into an "assessment.° Thia
contractor dutifully collected only literature that supported the
report. The report was submitted for public comment, but was neve
altered to incorporate the volumes of information sent in by world
class experts, and by ordinary citizens who had taken the time to
look for all of the appropriate literature. Any opinions contrary
to the report were dismissed.. It can truly be said that there iS
no final report, because the substance of the public vomment wee,

virtually ignored. What we have is actually a. "Draft" .stamped
"Final"!.
3

-

a great
Local
After the . regulation,was published, ' N!FE2050aPent
'deal : of energy attempting to get this - iesue_resolved. We did not
' . .Want . any-part of such a charade.. In. 1986, after•numerous letter
to EPA management Which . were . ignored, NFFE Local 2050''Prepaied an
amicuS brief in:an' - UnsucCeisful - : suit . by. : the . .Natural Resources,.
1
eage
.Defense Council to overturn the fluoride regulation. . Our

began tO be heard' in August of 1980, when 'Chemical. Es . Engineering
.
• • .

.NeWS,.a weekly magazine . of the American Chemical Society, published

.a -17 page feature story on the fluoride issue, foCusing in part on
our union's . efforts. In 1989; With prodding from Mr. Reilly'
-staff-, .we had an exchange of letters and SoMe productive . meetings
. With Mr. Bill . Whittington,.. Deputy Assistant Administrator f4.
,Witer,.who Unfortunately has now left the'Agency.

of *these letters, we detailed for Mr. .Whittington, our
recommendations for conducting an assessment of the risks frOis
In one

fluoride . exposure. We grouped them into . three categories:
•
(1) focus on the scientific endpoints the law requires us to
examine which the previous effort did not,
(2)bring in scientific experts from around the World who have
published extensively on various aspects of the risks fro tm
.
fluoridexps,an
(3)create an independent scientific.assesement committee with
no conflict of interest to peer review the report.
•
We also recommended that all" of this should be done under the
direction' of EPA scientists with expertise in the veriogs
disciplines that an understanding of fluoride risks requires:
carcinogenicity, mutagenicity, metabolism, etc.
We would like you to take these recommendations seriously: We co
not need another exercise s in .political ' expediency. And We do not
'need

to see EPA scientists attacked

by

l•

their managers; as-it nOw

occurring; because they reveal unpleasant facts: A number of•
!
.; •
'4

•

.1

;1

recent. publications in pTestigious . .journals show there is
overwhelming . evidence that the aged population of the US is
experiencing a significant ihcrease in hip . fractures as a result Of.

,the reckless practice of- fluoridation. , The 'senior toxicologist w o
- n• fluoride to t e
brought . this end other , negative .intortiatiort . o
attention of EPA management is being threatened with dismisal. i
1 .
It issaboui time that science
prevailed
on
this
subject,
and
pa;st
.
.
.errors were corrected. This will not . hapOen by using the so-caled
. ,
"Frank Young" report or the National Academy ' of Sciences to review
his report. This will only result in the same whitewash ttiat
emerged' from the Surgeon General's
indicated that they will produce the

office

The HAS has alre dy

party line,

even if they cal't

'substantiate it. In a recent series of letter between the

NAS, Ms.
- 1

Darlene Sherrell, and Sen. Graham of Florida, the NAS was torcedl to

document the derivation of the chro ic
effect level for cri piing skeletal flUorosis. As alre dy
mentioned, crippling skeletal fluorosis is the single health eff ot
upon which the fluoride in drinking water Standard is based.
admit that

it could not

Plans
responsibility for assessing fluoride risks and
EPA should reconsider their current

to duck major
should let 'FPA
professionals do the job that the American' public who pays their

salaries expects of them. The seriousness of the coverup on this
issUe'reguires that we go back to square one, evaluate the priary

literature and let the chips fall where' they may.
A budget.
commensurate with the size of this task needs to be developed, even

if it means going to Congress for especial appropriation. we ask
your support in ensuring that the above

reCommendations are t ken

seriously.

NFFE Local 2050
Box 76082
Washington, D.C. 20013
' 202-260-2383
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TABLE 23

PUBLIC HEALTH SERVICZ

Preclinical and clinical stages of human skeletal fluorosis
and correlation of bone ash fluoride concentration

DEPARTMENT OF HEALTH AND HUMAN SERVICES
FEBRUARY 1991

ASH
CONCENTRATION
(mg Filrg)

OSTEOSCLEROTIC PHASE

500 - 1.000

Normal Bone
Preclinical Phase
asymptomatic;
slight radiographically-detectable
increases in bone mass

3.500 - 5.500

Clinical Phase I
sporadic pain: stiffness of joints;
osteosclerosis of pelvis &
vertebral column

6.000 - 7.000

Clinical Phase II
chronic joint pain; arthritic symptoms;
slight calcification of ligaments:
increased osteosclerosis/cancellous bones:
wit/Vwithout osteoporosis of long bones

7.500 - 9.000

Phase III: Crippling Fluorosis
limitation of joint movement;
calcification of ligamentalneck.vert. column;
crippling deformities/spine & major joints;
muscle wasting;
neurological defects/compression of spinal cord

>8.400

(Adapted from. Smith and Hodge, 1979; Franke et al., 1975; Schlegal. 1974)

Human Skeletal Fluorosis
The preclinical and three clinical stages of skeletal fluorosis (Smith and Hodge. 1979) are described in
Table 23. along with reported correlations of accumulated fluoride in bone ash to the osteosclerotic
phase (Franke et al., 1975: Schlegal. 1974). The earliest bone changes associated with skeletal
fluorosis are radiographic enlargements of trabeculae in the lumbar spine. These prechrucal findings
have been associated with bone ash fluoride concentrations of 3.500 to 4.500 ppm. Singh and Jolly
(1970) reported that osteosclerosis in the pelvis and vertebral column, coarse trabeculae. and diffuse
increased bone density of clinical phase I are seen in industrial cases but rarely are reported in areas
where fluorosis is endemic. Most of the latter cases show the more severe changes of phases 11 or the
crippling fluorosis of phase III. Bone changes observed in human skeletal fluorosis are structural and
functional, with a combination of: 1) osteosclerosis, the predominant lesion in fluorosis patients who
have an adequate dietary intake of calcium; 2) osteomalacia.which predominates in patients who have
a marginal or suboptimal dietary intake of calcium; 3) osteoporosis and exostosis formation of varying
degrees; and 4) secondary hyperparathyroidisrn in a proportiOn of patients (Crishnamachari. 1986).
Boivin and coworkers (1988) reported measuring bone fluoride content from iliac crest bone to
determine the degree of fluoride retained in bone and. over time, the amount of fluoride eliminated.
Subjects with skeletal fluorosis primarily of an industrial etiology, had bone fluoride values over 0.50
percent of bone ash by weight, and the values were always statistically higher than the highest control
value, 0.10 percent (p 0.001). Fluoride retention in bone appeased to be higher in cases of greater
fluoride exposure. even if that exposure was difficult to define precisely.
The total quantity of fluoride izutested is the single most important factor in determining the clinical
course of skeletal fluorosis (ICrisWiamachari. 1986); the severity of symptoms correlates directly with
the level and duration of exposure (Fisher et al., 1989). As most commonly reported for a person to.
develop crippling skeletal fluorosis, he or. she must ingest 20 to 80 mg/day of fluoride (the equivalent
to 10 ppm fluoridated water) for 10 to 20 years (Hodge and Smith. 1965; Hodge, 1979; WHO, 1984;
-45.

Health Effects of
Ingested Fluoride
NATIONAL ACADEMY PRESS
Washington. D.C. 1993

Crippling skeletal fluorosis might occur in people who have ingested
10-20 mg of fluoride per day for 10-20 years.
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Biologic Effects of Atmospheric Pollutants

FLUORIDES
Committee on
Biologic Effects of
.4 rmospheric Pollutants
DIVISION OF MEDICAL SCIENCES
NATIONAL RESEARCH COUNCIL

NATIONAL ACADEMY
OF SCIENCES
WASHINGTON. D.C.
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FIGURE 9-6 Fluoride concentration in cortical bone from
midshaft diaphysis of human femora of different ages
from areas supplied with drinking water containing less
than 0.5 ppm. Data of Weatherell and Weidmann (unpublaet
— ).ireprinted with permission from Weatherel1.7°.)

Bone

The relation between fluoride intake and concentration of fluoride in bone has already been discussed. As the intake of fluoride
is increased, either by increasing the dose or by increasing the time
during which a constant amount of fluoride is ingested, the amount
found in the bone also increases. At least 99% of the total body
fluoride content is found in the calcified tissue (bone plus teeth).

paste should be placed on a child's toothbrush and the child
should be reminded to spit out thoroughly after brushing.
has also been suggested that a lower fluoride concentration
dentifrice be made available specifically for use by children
under the age of six.'

years. The data showed no evidence of any harmful effects
attributable to water fluoridation.
.' Likewise, a study of
adjusted death rates in 18 Canadian communities with 1.0
ppm or more of fluoride, compared with 18
similar communities having 0.4 ppm or less, showed that
mortality rates were not influenced by the amount of fluoride
in the water supply.'"

Clas•stion 10.
Is fluoride, as provided by fluoridation, a toxic substance?

After studying the results of extensive research into the
effects of fluoride in humans, the Society of Toxicology has

No. Fluoride, at the concentrations found in optimally fluoridated water, is not toxic.

stated that. "Under controlled conditions as recommended by
qualified public health authorities. the Society of Toxicology
finds water fluoridation' to be a safe measure."'"

PseL

Geostioa 17.

Like zinc, iron, and several other minerals, fluoride is classified by the National Research Council as an important trace
element in human nutrition!' Like many common subsumes
essential to life and good health—salt. iron, vitamins A and
D. chlorine. oxygen. and even water itself—fluoride can be
toxic in excessive quantities. At one time, high concentrations of fluoride were used in insecticides and rodenticides:
fluoride in the much lower concentrations needed for dental
health is not harmful nor toxic. No adverse side effects have
been experienced by the millions of people who have consumed water containing natural or adjusted fluoride at the
optimal levels of 0.7 to 1.2 parts per million throughout their

Does fluoride inhibit the activity a enzymes

Ammer.

Answer.
No. The claim that in vivo evidence demonstrates that fluo-

ride inhibits or impairs the activity of enzymes in the human
body, which are the agents that promote chemical change,
has no relevance to optimally fluoridated water.
Pact
The concentrations of fluoride used in laboratory studies to

1,121)

An examination of the effects of different concentrations of
fluoride shows that approximately_one-partper n`fillion or fib',ride-in-the-water suppiy greatly benefits dental health.
Continued consumption of water containing two times this
amount. i.e.. 2 ppm or more, will generally produceinildio
moderate dental flutirosis." Ingemiarortwo to five milt ituants-ufTluonde per kilogram of body Weight (approximately 300-750 milligrams in a single dose). may lead to
nausea or vomiting. The most reasonable estimate for the
dose of fluoride necessary to cause death for human adults is
5.0 grams of sodium fluoride, ingested in a single dose."'
This is more than 10.000 times as.much fluoride as is con-sumed at one time in a single glass of fluoridated water. The
possibility of adverse health effects from continuous low
level consumption of fluoride over long periods has been
studied by the National Academy of Sciences. The Acadany
found that daily intake required to produce symptoms of
chronic toxicity after years of consumption. is 20 to 80 milligrams or more depending upon body weight Such heavy
doses are associated with water supplies that contain at least
ten parts per million of natural fluoride, as in pans of India.
where water consumption is high because of extreme climatic conditions. There is absolutely no danger from drinking
optimally fluoridated water."'" 49— (y3, ITCI , (79)
In another study conducted in the United States. the age-sexrace adjusted mortality rates for 24 fluoridated cities were
compared with those of 22 nonfluoridated cities over three
80. Macon Reseueb Council. The Holds Wens of keened
Ronda. Report of the Subcourninee an Health Eileen at blood
• Rwanda. Canniesta co Tosiaolop, Bono an Environment
Sudan and Tainernagy. Conalasionon Lib Wean. National
Azatiew Rem visokimpos. D.C.. Awn 16. 1991

in humans?

produce significant inhibition of enzymes are hundreds of
times greater than the concentration present in body fluids or
tissues."' There is no valid evidence that fluoride at the optimum concentrations for 'dental hearth has any influence on
enzyme activity.
At least two physiological mechanisms maintain a low concentration of fluoride ion in body fluids. These are the rapid
excretion of fluoride by the kidneys and the uptake of fluoride by the skeletal and dental tissues. When drinking water
contains 1.0 ppni of fluoride. human body fluids such as
plasma and milk, contain low concentrations of fluoride that
range from 0.004-0.04 pans per million. These collet/nab= are negligibly influenced by exposure to drinking water
containing
1.0 ppm of fluoride." The World Health Organization
report. Fluorides and Human Health states. "No evidence has
yet been
provided that fluoride ingested at I ppm in the drinking
water affects intennediarY metabofism of food stuffs. vitamin
utilization or either hornional or enzymatic activity."128

Oweedes 1111.

Does fluaridatkin cause AIDS?
No. Them is absolutely no correlation between fluoridation
and AIDS (Acquired 1mMune Deficiency Syndrome).

Poe&
In a 1984 report to the Bnard of Supervisors for the City and
County of San Fnincisco. l the San Francisco Department of
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Fluoridated water linked to bone density
BY

CELIA MILNE

Drinking some fluoridated water a day could keep
osteoporosis at bay.
This is the findin g of a UniverWhat is unique about this
sity of Saskatchewan study pre- research is the age group studied
sented at a recent American Soci- because all other similar epidemiological • studies have involved
ety for Bone and Mineral
adults.
Research meeting.
"We tried to evaluate the
Dr. Donald Bailey (PhD), professor in the college of physical
impact of fluoride in the water
supply on bone mineral acquisieducation at the university, found
tion during the years of growth,"
oun women aged 18 to 25 who
he said.
had lived all their lives in an area
Currently, Dr. Bailey and colof Saskatoon where fluoride was
leagues are studying a large group
added to the water had greater
lumbar spine bone density than
of children in their growing years
and evaluating the impact of both
those who had been living without
exercise and diet on bone mineral
fluoridation in Regina.
acquisition. They think it is the
Dr. Bailey and graduate student
first such study in the world.
Catherine Arnold chose for their
In the fluoride study, three
study two cities that were almost
bone scans (whole body, lumbar
exactly the same in terms of
demographics and climate.
spine and proximal femur) were
"You couldn't get two commu- taken in 24 young women from
nities more similar than Saskatoon
Regina and 33 young women from
and Regina, but in terms of bone
Saskatoon. All subjects were simihealth they are substantially dif- lar in age, weight. hei ght. bone
ferent." Dr. Bailey told The Med- free lean mass, fat mass, estrogen
ical Post in a telephone interview.
status. calcium and vitamin D
TORONTO -

intake, and level of physical activity. .
There was a trend toward
greater bone mineral density at all
three sites for the Saskatoon
women, but it was clinically significant only at the lumbar spine
site.
Dr. Bailey said this finding may
have implications for a reduction
in rates of bone loss in osteoporosis, since the lumbar spine is a
principle fracture site.
"If we could increase the level
of bone mass in the growing years
then theoretically with the higher
level we could withdraw (calcium
from) bone for a longer period of
time before reaching the fracture
threshold."
Dr'l Bailey recognized that fluoridatinI g- water is a controversial
subject. and many municipalities
are against it. Although he didn't
want to take sides, he did note:
"On the basis of the evidence from
this study, at least. fluoridation of
water is not only good for teeth. it
is alsd good for bones:'
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Fluorides are retained preferentially in bone, and excessive intake may
result in an osteosclerosis that is recognizable by X-ray. The first signs
of changes in density appear in the lumbar spine and pelvis. Usually
some ossification of ligaments occurs!.
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National Academy of Science Review of Fluoride Called A Travesty
Background: the National Academy of Science held a conference in Washington D.C. on
September 23 to promote the publication of their new book -- Dietary Refernce Intakes: Calcium,
Phosphorus, Magnesium, Vitamin D and Fluoride.
In panel discussions of a soon-to-be-published reference for suggested dietary intake levels held
on September 23 at the National Academy of Sciences in Washington; D.C., the union which
represents and consists of the scientists, lawyers, engineers, and other 'professionals at
Environmental Protection Agency headquarters at Washington, D.C. issued a scathing indictment
of the National Academy of Science review of fluoride. The union statement reveals that allowing
the ''tolerable upper intake" level of fluoride included in the NAS report for a 9-year•old would
result in an accumulation of 3 times the amount of fluoride necessary to create high risk of
skeletal fluorosis as early as age 39.
''Our union members review of the literature over the last 11 years has,led us to conclude that a
causal link exists between fluoride exposure and cancer, increased risk of hip fracture, and
damage to the central nervous system", reads the statement from the National Federation of
Federal Employees, local 2050. "For the National Academy of Sciences to attempt to anoint this
substance (fluoride) an "essential nutrient" is a travesty and a matter of shame for the U.S. science
community."
The union of scientists statement went even further and attacked the entire process of the NAS
review and risk characterization of fluoride. "When a chemical manuflteturer wants to make a new
chemical to use, for example, as an additive in motor oil, Lllexisting toxicological data must be
presented to the Environmental Protection Agency for review of potential risks before
manufacture and use can begin. In the DPI we see risk characterization principles, as applied to a
major public policy issue, flouted • even the existence of a massive body of information on
adverse effects of fluoride is ignored, let alone discussed. And this for a chemical the National
Academy recommends we purposely Add to our diets, not our motor oil.
"Furthermore, the claimed benefits from the 'adequate intake' level have been shown to be based
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on biased or otherwise flawed studies. Not a single one of those studies was a randomized control
trial."
Another participant in the open-to-the•public workshop, Dr. Paul Connett, Professor of
Chemistry at St. Lawrence University at Canton , N. Y and international expert on dioxin health
risk assessment pointed out that the recommendations in the NAS review relied on an erroneous
computation, first published in the 1940's in support of the safety of fluoride, but belatedly
corrected by the author, Harold Hodge, in 1979. Connett noted that it doesn't require a rocket
scientist or even a calculator to recognize the error or to correct the math, which consisted of
merely converting kilograms to pounds.
American Dental Association representative, Dr. Herschel Horowitz, inteiTupted Connen's
discussion of fluoride toxicity with a claim that fluoride was not a cumulative poison. Horowitz's
outburst was countered by D. J. William Hirzy, Senior Vice-President of NFFE Local 2050,
who reminded the panel that, beyond all other evidence, the NAS document itself referenced
retention of 50% of ingested fluoride in the bones and tissue, and cited fluoride poisoning of
cryolite workers who did not become sick on the first day, but after prolonged exposure.
The statement by NFFE continues, "The document, 'Dietary Reference Intakes, Prepublication
Copy' (DRI) is seriously flawed and deficient as an instrument to justify a Public policy to establish
fluoride as an 'essential nutrient'. The DRI document is rife with inadequacy, error and deceptive
information on this substance, only some of which can be touched upon here.
"For example, the only adverse effects of fluoride exposure discussed in DRI are enamel and skeletal
fluorosis. These effects are only cursorily and deceptively touched upon, and no connection is made
between them, as though they were independent effects and fluoride affinity for, and damage to
enamel is not a biochemical window on what is happening in bone.
"While DRI lays out the parameters for conducting risk assessments and characterization in Chapter
3, it ignores application of those parameters egregiously with respect to fluoride in purporting to
establish a 'tolerable upper intake level'. One component of risk assessment is hazard -identification,
whose components include addressing evidence of adverse effects in humans. DR/ attempts to
deceive the public into believing that the only identified adverse effects Of fluoride exposure of
significance are those mentioned above (skeletal an enamel fluorosis). The DRI document omits any
mention of studies in humans showing increased risk of hip fractures and bone cancer and decreased
1.Q. in children in areas with artificially fluoridated water or other sources of dietary fluoride that
result in fluoride intakes that are below the 'tolerable upper intake level'. Neither does the DRI
document properly address use of animal data in the hazard and risk assessments on fluoride. There
are recent (1990-1995) animal data supporting concern for both cancer and Central nervous system
effects.
"Even if one grants as accurate the statement at page 8.15 in the prepublication copy of DR.!, 'Most
research has indicated that an intake of at least 10 mg/day for 10 or more years is needed to produce
clinical signs of the milder forms of the condition' (skeletal fluorosis), consider the simple
mathematics of this 'tolerable upper intake' level. That level is set at 10 mg/day for individuals aged
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9 years and up. At age 39, the individual who has received the 'tolerable upper intake' since age 9
will have accumulated 3 times the amount of fluoride needed, according to the DRI, to put him or
her at high risk of skeletal fluorosis - not to mention bone fracture, cancer and decreased mental
capacity.
Dr. Vernon Young, Chairman of the Standing Committee on the Scientific Evaluation of Dietary
Reference Intakes of the Institute of Medicine, National Academy of Sciences, seemed to surprise
the workshop participants in an exchange with Hirzy, when Young protested that the NAS document
was not attempting to establish fluoride as an essential nutrient.
In response to Hirzy's pressing Young on the NAS document's intent to establish fluoride as an
essential nutrient by implication, Young repeatedly refused to state that fluoride is a nutrient at all,
repeating that "It is a beneficial element."
After numerous pertinent questions from Connett to the panel were answered with don't know",
without any effort to determine an answer, in another heated exchange, Connett demanded and
received an apology from panelist Cutberto Garza, Chair of the Food and Nutrition Board, for
comments that Garza made toward Connett regarding Connett having the sessions videotaped,
implying that Connett was doing so for personal profit. Connett related to the panel that citizens in
Washington, California, Pennsylvania, and around the United States facing government-mandated
fluoridation had a right to be informed and questioned the genuineness of the panel's interest in public
disclosure.
A videotape of the proceedings is available to the press upon request at no cost by calling (800)
728-3833. A copy of the NFFE statement is also available by calling Dr. Hirzy at (202) 260-4683,
or writing c/o NFFE Local 2050, Mail Code UN-200, USEPA, 401 M Street, S.W., Washington,
D.C. 20460.

CONTACT: Dr. J. William Hirzy, Senior Vice-President
(202) 260-4683
C/O USEPA (Mail Code UN-200)

401 M Street, S.W.
Washington, D.C. 20460

The University of Kanas
Chemistry

October 15, 1997
Dr. Bruce Alberts, President
National Academy of Sciences
2101 Constitution Avenue, NW
Washington, DC 20418
Dear Dr. Alberts:
As you may be aware, the Dietary Reference Intakes report on calcium, magnesium,
phosphorus, vitamin D, and fluoride prepared by the Institute of Medicine of the National Academy
of Sciences and scheduled for publication this month, contains a number of recommendations
concerning fluoride that are cause for grave concern over their validity for setting public health policy.
This aincern has been heightened by statements made by speakers and panel members and their
responses to queries at the recent September 23rd workshop on the report held at the National
Academy of Sciences.
We, the undersigned, regard the problem as so serious that , we are requesting you to take
immediate steps to delete the fluoride section of the report and to have it re-addressed by a panel that
includes members of the scientific community who are not committed to promoting or supporting
fluoride use. What follows is a brief summary of the basis for our concern.
At the heart of the matter is whether fluorine, as fluoride (F .), should be ranked with Ca, Mg,
P, and vitamin D as an essential nutrient. In fact, there is no known essential biochemical role for
fluoride in any animal, including humans. The formation of sound, decay-resistant and caries-free
teeth as well as strong, sturdy bones, whether in animal or human ,populations, does not require
fluoride, or at least not in more than minuscule, trace amounts. As acknowledged by sources cited
in the report, even when a mother's fluoride intake is elevated, her milk is extremely low in fluoride,
but owing to prenatal accumulation, her baby excretes more fluoride than it ingests from her milk.
This fact clearly indicates that any natural physiological need for fluoride, if indeed any exists, must
be exceedingly small and certainly far below that being recommended in the report.
At the September 23rd workshop, as recorded on videotape, flubride was repeatedly regarded
by speakers and panel members as an essential nutrient. But, toward the end, when challenged on
this key issue, Dr. Vernon R. Young, Chair of the Standing Committee on the Scientific Evaluation
of Dietary Reference Intakes, bluntly stated that fluoride should not considered as an "essential"
component of the diet. Instead, without clarifying the distinction, he insisted that it should be viewed
as only a "beneficial element."

Malott Hall • Lawrence, KS 66045-0046 • (785) 864-4670 • Fax: (785) 8645396
chemists@caco3.chem.ukans.edu • www.chem.ukans.eduichem/welcome.html

n

The fact that fluoride is incorporated into the mineral matrix of bones and teeth does not make
it an essential nutrient. Other elements hardly considered essential, such as lead and cadmium, also
accumulate in bones and teeth, and they are not regarded as beneficial. Obviously, if fluoride is not
essential in human nutrition,, any consideration of it in terms of an "adequate intake" is clearly not
appropriate and should not be part of a "dietary reference intakes" report.
An association of fluoride with reduction in dental caries is cited as the basis for
recommending the various intakes of fluoride. At the same time, the report acknowledges that most
of the anti-caries effect attributed to fluoride occurs by topical exposure, not through systemic
ingestion. Moreover, large, whole-population studies not cited in the report (e.g., in New Zealand)
show that declines in tooth decay over the last 40-50 years have been occurring independently of
fluoride exposure and use, thereby further challen ging current arguments for significant benefit from
fluoride.
Without question, however, ingestion of even milligram amounts of fluoride during infancy
and early childhood can produce the unmistakable toxic effects of dental fluorosis. This disruption
of normal enamel formation is stated in the report not to be of "public health significance" if the
fluoride concentration in the drinking water is below 2 m g,/liter (2 ppm). But reports of disfiguring
dental fluorosis with staining and pittin g of the enamel in areas with 1-2 ppm fluoride in the drinking
water were evidently overlooked, despite the claim at the workshop that the literature review was
comprehensive and thorough.
Of even greater concern, in relation to public health, is the proposal in the report that only the
early stages of skeletal fluorosis are the appropriate criteria for fluoride intoxication. For this purpose
a tolerable upper level ingestion limit of 10 milli grams of fluoride per day for 10 or more years in
persons a ge 9 or older is proposed. But this level of intake is not tolerable, and, according to the
sources cited in the report, it can and does lead to crippling skeletal fluorosis (Hodge, 1979). For
young adults, assuming 50% retention of ingested fluoride in hard tissues, as stated on page 8-2 of
the prepublication copy of the report, an absorbed intake of 10 ma/day amounts to a yearly
accumulation of 1.8 grams or over 50 grams after 30 years. At this level debilitating skeletal fluorosis
was observed by Raj Roholm in his classic studies of cryolite workers. But before this condition is
reached, there are various pre-skeletal phases of fluoride intoxication with serious health implications
that arise from much lower levels of intake, especially when calcium and magnesium are marginal,
an aspect not considered in the report. Among these manifestations are increased hip-fracture among
the elderly from deterioration in bone strength and quality (in agreement with . long-term laboratory
animal studies), increased osteosarcoma in young males (also demonstrated in male rats), chronic
gastrointestinal irritation (reversible with decreased exposure to fluoride), and various neuromuscular
disorders whose connection with fluoride has been well confirmed in peer-reviewed publications
without convincing refutation. Recent studies showing decreased IQ scores correlating with dental
fluorosis (again backed up by laboratory animal research) were also 'omitted from consideration.
When questioned at the workshop about these omissions, the speakers and the members of
the panel became defensive and were unwilling or unable to explain why such findings had been
excluded in setting the upper tolerance level of fluoride at 10 mg/day. From the record of some of
the committee members' past promotion or support of fluoride use, including slow-release fluoride

for treatment of osteoporosis (known to produce abnormal bOne of inferior stren gth), these
responses, althou gh disappointin g, are perhaps not too surprisin g . But, in such an important matter,
should not at least some balance of viewpoint have been represented? As seen in the videotape (a
copy of which has been sent to the Academy) the attitude of some of the presenters and panelists
toward those who cited contrary data and questioned why such findin gs were not discussed can only
be described as condescending and demeaning.
Today, with so many additional sources of fluoride present in processed foods, commercial
beverages, and dental care products that were not there when water fluoridation began, the total
intake of fluoride, even among children, has increased to as much as 2-5 milligrams or more per day,
well above the initially proposed optimum of 1 m g/day (from one liter of 1-ppm fluoridated water).
With these hi gher levels of fluoride intake, -dental fluorosis and other, toxic effects noted above have
also increased.
We are sure that you would agree that it is immensely important to both the national interest
and the world of science that the publications of the National Academy of Sciences maintain the
hi ghest standards of competence, objectivity, and integrity. In our view, unless the section on fluoride
is withdrawn from this report on essential nutrients it could sericiusly threaten those standards.
Therefore, we ur g e you to remove this section, and further request that should the fluoride issue be
revisited by the Academy at some time in the future, that you should ensure that the investigating
panel includes independent scientists who are fully conversant with the literature on the full range of
fluoride's harmful effects.
Sincerely yours,

111(1- 4e-9r
ALBERT W. BURGSTAHLE Ph.D. (Organic Chemistry and Environmental Fluoride), Professor
of Chemistry, The University of Kansas*, Department of Chemistry, 4035 Malott Hall, Lawrence,
Kansas 66045.
ROBERT J. CARTON, Ph.D. (Environmental Sciences and Risk Assessment), Former Risk
Assessment Manager for the Office of Toxic Substances, U.S. Environmental Protection Agency.
Mailing address: 2455 Ballenger Creek Pike, Adamstown, MD 21710.
PAUL CONNETT, Ph.D. (Environmental Chemistry and Toxicology), Professor of Chemistry, St.
Lawrence University*, Department of Chemistry, Canton, New York 13617.
RICHARD FOULKES, B.A.,M.D. (Physician). Former Consultant to the Minister of Health,
Province of British Columbia, Canada. PO Box 278, Abbotsford, 11C., Canada V2S 4N9.
J. WILLIAM FDRZY, Ph.D., (Chemistry and . Risk Assessment). Senior Vice President, National
Federation of Federal Employees*, Local 2050, P.O. Box 76082, Washington D.C. 20013.

ROBERT L. ISAACSON, Ph.D., (Neurobehavioral Science). Distinguished Professor, Department
of Psychology, Binghamton University*, Binghamton, NY 13902-6000.
DAVID C. KENNEDY, D.D.S., (Dentist). Past President of the International Academy of Oral
Medicine and Toxicology*, 3243 Madrid. Street, San Diego, CA 92110.
HAROLD D. KLETSCIIKA, M.D., F.A.C.S., (Cardiovascular Surgeon). Past military consultant
in thoracic and cardiovascular surgery to the U.S. Air Force Surgeon General and the Surgeon of
Headquarters Command, Washington, D.C. Founder and first Chief of the USAF Cardiovascular
Research Center (Parks Air Force Base, CA). Former Chairman, President and CEO of Bio-Medicus,
Inc. Mailing address: 1925 Noble Drive, Minneapolis, MN 554221-4158.
LENNART KROOK, D.V.M., Ph.D., (Pathology). Cornell University*, Emeritus Professor of
Pathology, New York Stata.College of Veterinary Medicine, Ithaca, N.Y. 14853-6401.
RICHARD A KUNIN, M.D., President, Society for Orthomolecular Health Medicine, 2698 Pacific,
San Francisco, CA 94115
JOHN R. LEE, M.D. (Physician), 9620 Bodega Hiehway, Sebastopol, CA 95472.
WILLIAM MARCUS, Ph.D., (Toxicology).
GENE W. MILLER, Ph.D., (Biochemistry and Toxicology). Former Head of Biology, Associate
Dean of Science and Dean of Environmental Science, Utah State University*, Emeritus, College of
Science, Department of Biology, Logan, Utah 84322-5305.
PHYLLIS MULLENIX, Ph.D. (Pharmacology and Neurotoxicology). Former Head of the
Department of Toxicology, Forsyth Dental Center*, Boston. Research Associate, Department of
Psychiatry, Children's Hospital*, Boston. Mailing address: P.O. Box 753, Andover, MA 01810.
ALBERT SCHATZ, Ph.D. (Microbiology). Former Professor of Science Education, Temple
__c_. p R1 2Fc,--) niAig/t
University*, Philadelphia, PA. t
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R roduction'Of E-Mail to and from the National Academ of Sciences Institute of Medicine
To:
Allison Yates.
i From: DentaIFluoroSis Prevention Program ‹sherrell inter-view:net>
Date: 08/30/97:0: . 1054 AM AST
; Allison A. Yates, Director

Food and Nutrition Board
. Institute of Medicine
; National Academy of Sciences
Re: Dietary Reference Intakes -- Fluoride

serious error regarding the dosage of fluoride which causes crippling skeletal
fluorosis -- your reference "Hodge 1977" contains an error in arithmetic that Hodge made in 1953 -- an
corrected in 1979. • .
Your new publication

NIS a

; Please see proof at www.inter-view.net/home/sherrell/letters.htm
A shortened copy of the htrnl document is attached here for your convenience.

Please advise:: what are you going to do about this?
Darlene Sherrell
From: Sandra Schlicker: <SSchlick@nas.edu >
To: sherrellOinter - view.net

cc: Allison Yates <AYates@nas,edu>
Date: Wed,) Sep: 4997 ..16:09:3 -0400

Subject: Re: fraud or incompetence?

Ms. Sherrell: Allison.Yates has asked me to respond to your e-mail to her concerning the mistake in
arithmetic in tharodge;Studies. In the 1979 paper, Hodge reported that evidence of crippling fluorosis
"was not seen in .. communities in the United States where the water supplies contained up to 20 ppm." n
such communities daily fluoride intakes of 20 mg would not be uncommon.
Citing your reference to Roholm's classic Fluoride Intoxication: After 11 'years, 0.2 to 0.35 mg/kg/day
crippling skeletal fluorosis. Based on the reference weights for adults, 76 kg for males and 61 kg for
females (see Table 1-3) Utilized in our publication, Dietary Reference Intakes, crippling skeletal fluorosi
would be found 'after daily fluoride intakes of 15.2 to 26.6 mg/day in males and 12.2 to 21.4 mg/day in
females. Both of these ranges are above the Tolerable Upper Level (10 mg/day) in the report.

Thank you for writing to us. We appreciate your interest in the report.

From: Dental Fluorosis
Prevention Program
_

<sherrell@inter-view.net >

To: <Ssehlick@naciu>

Date: Thu, 4 Sep 1997 01:01:17 -0400

Dear Ms. Schlicker

If a person can be expected to reach phase three crippling skeletal fluorosis with an intake of 12.2 mg/ ay,
after 11 years, then what do you suppose happens after 55 years, with 2.44 mg/day? The total intake 4 the
same. Everything I have been able to find in the scientific literature indicates that it is the total lifetime
accumulation of fluoride which determines the result Are you suggesting that crippling is "tolerable"?
I would like to know why you continue to quote Hodge's erroneous 20-80 mg/day figures in the Dietary
Reference Intakes, when you clearly understand these figures resulted from an error in arithmetic
In fact, if we use Roholm's dosage figures, applied to a person who weighs 50 kg, and lives for 55 to
96-114 years, crippling can be expected to occur at 2 mg/day.
You have not addressed the issue! Is it fraud or incompetence? Would you like to borrow my calculator?
•
Your statement that the NAS/NRC-1993 "10-20 mg/day" figures apply to the earlier stages of skeletal
fluorosis is an outright lie.

From: Dental Fluorosii Prevention Program

To: <AYates@nas.edu>,
Subject: response from Sandra Schlicker

Date: 'Thu, 4 Sep 1997 03:23:12 -0400

Dear Dr. Yates,
.•,..
,
As Ms. Schlickeil has acknowledged in her e-mail (September 3, 1997), crippling can be expected when the
However, Ms. Schlicker beliees
total intake of fluoride is equal to 0.2 to 0.35 rug/kg/day for 11 years.
this is "above Ow...Tolerable Upper Level (10 mg/day) in the report."
. • ..•L,
Surely, yOu reali# that people do not die automatically when they reach the age of eleven. Fluoride
accumulates over a lifetime. ... Therefore, at 2-1/2 to 5 mg/day a person can be expected to reach phase
three crippling skeletal fluorosis after about 40 years or so. How can crippling be described as "tolerab e"?
You have no studies describing an attempt to identify members of any fluoridated community on earth,
whose arthritis"was fluoride-induced. Typical safety studies either excluded all those who reported
symptoms of chronic fluoride poisoning, or reached conclusions based on the absence of statistical data By
that logic, we could eliminate cancer by making it impossible for anyone to generate data for later
evaluation.
•

•

Furthermore, your new.
Reference Intakes contains an outright lie — describing the
NAS/NRC-1993 10-20 mg/day figures as applying to the early phases of skeletal fluorosis, rather than he
crippling stages.
You have deliberately chosen to cite the 20-80 figures which you know were the result of an error in
arithmetic. Is t14 not tlaud?

. Carol Patton
From
Darlene
just received this E-Mail copy from Dr. Mansfield... he wrote to Allison Yates at Institutl of
• Medicine on the form I sent him -- (the letter from Schlicker to me, and from me to Yates
i responding) I have copied it and eliminated the top portion with the stuff you already ha y t . .

Date: Fri, 5 Sep 1997 14:43:24 0100

To . Dental Floorosis Prevention Program <sherrellninter-view.net >
Cc: Jeanette DeWyze ldewyze@aol.com >, Sara B <terror@eskimo.00m>,
"Robert J. Canon" <rearton@erols.com >,
John Colquhoun colquhoun@auckland.aenz>,
Eike Babiuk <babiuk@cadvision.coe-, David Kennedy <dkennedygucsd.edu >,
Carol Koph <(;aru@car.hlink.com ),
Albert Burgstahter <Abur8stahler@eac03.chem.ukans.edu '--'From: Peter Mansfield ,InnRhealthuk.demon.co.uk >
!Subject: Re. Fw: fraud or incompetence?

•
Ms Sherrell is perfectly right to draw your attention to the influence of time in these figure
s chic cr ai s to a ress t at, w ne i constitutes eli crate evasion of the issue. According
to her calculations, between 15-21mg/day for eleven years is enough to produce crippling
'skeletal fluorosis. That means 10ing for around 16-20 years will,do the same job. Your
maximum tolerable level is completely bogus, since in fluoridated (and non-fluoridated) areas
people are exposed life-long now.

iiodgc failed to find crippling skeletal fluorosis because he didn't, look for it. Nor have youri
panel. You have at least as much osteoarthrosis, backache, stiffness and joint pain in the USA
as we have in the UK: how Oen do physicians run a urine or serum fluoride in these cases
I;lever? The UK maximum safe intake of fluoride, 3mg daily; would on Whitford, NRC or
Roholm's figures produce crippling skeletal fluorosis. by around the age of 70 in a large
proportion of the population. lmg daily is about as much as we can safely tolerate.
1:et's have a little intellectual and professional integrity here - on both sides of the Atlantic.

Dr Peter Mansfield
Director, Fluoride Reference Laboratory, U.K.
Director, Good flealthKeeping
Chair, Templegarth Charitable Trust.
President, National Pure Water Association Ltd of the UK.

OCT-31-97 10:36 AM DARLENE SHERRELL

1 517 541 9624

E-Mall from Sandra Schlicker, study director, on behalf of Allison Yates, Director of
the Food and Nutrition Board, Institute of Medicine, National Academy of Sciences,
September 9, 1997.
"Ms. Sherrell: Allison Yates has asked me to respond to your e-mail to her concerning
the mistake in arithmetic in the Hodge studies....
Citing your reference to Roholm's classic fluoride Intoxication: After 11 years, 0.2
to 0.35 mg,/kg/day = crippling skeletal fluorosis. Based on the reference weights for
adults, 76 kg for males and 61 kg for females (see Table 1-3) utilized in our
publication, Dietary Reference Intakes, crippling skeletal fluorosis would be found
after daily fluoride intakes of 15.2 to 26.6 mg/day in ma!es and 12.2 to 21.4 mg/day in
females. Both of these ranges are above the Tolerable Upper Level (10 mg/day) in the
report."
[note: 1 kg = 2.2046 pounds]

The Fluoride Dosage (mg/day) which causes
Crippling Skeletal Fluorosis
61 kg / 134.5 pound female

12.2 mg/day
at 0.35 = 21.35 mg/day
at 0.2 =

-OR-

76 kg / 167.5 pound male

at 0.2 =

Years

15.2 mg/day

at 0.35 = 26.6 mg/day.

6.1 mg/day

7.6 mg/day,

10.68 mg/day

13.3 mg/day,

3.05 mg/day

3.8 mg/day.

11

22

44

-OR-

5.34 mg/day

6.65 mg/day

http://www.inter-view.net/home/sherrell/fluoride.htm

FLUORIDES, HYDROGEN FLUORIDE, AND FLUORINE

A Toxicological Profile by the U.S. Dept. of Health and Human Services, Public Health Service, Agency for
Toxic Substances and Disease Registry (ATSDR) TP-91/17
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2. HEALTH EFFECTS

literature on fluoride toxicity concerns sodium fluoride. Additional toxicity
literature is available on some other forms of fluoride, such as stannous
fluoride. Other forms of fluoride are discussed only if exposure is likely to
occur at a hazardous waste site. (Such exposure to stannous fluoride is not
likely.) Wherever the form of fluoride exposure is known, that salt is
identified in the profile.
Limited information also exists concerning occupational exposure to the
mineral cryolite (Na 3A1F6 ), sometimes with concomitant exposure to hydrogen
fluoride. Because these exposures usually involve exposure to both hydrogen
fluoride and cryolite, sometimes along with exposure to other fluoride dusts,
they are discussed separately in the profile.
This profile will discuss data, or the absence of data, concerning the
toxicity of inorganic compounds of fluorine which people could be exposed to
at a hazardous waste site. Exposure and toxicity are discussed separately forfluorine, hydrogen fluoride/hydrofluoric acid, and fluoride. Toxic effects of
occupational exposure in aluminum reduction plants, where exposure to hydrogenr
fluoride, fluoride dusts, and cryolite all occur, are also discussed
separately. Because the toxic effects of fluorine Are largely due to the
action of the fluorine molecule on the respiratory tract or other exposed
surfaces, fluorine exposure is reported as exposure to a level of diatomic
fluorine. By contrast, systemic effects of hydrogen fluoride are due to the
fluoride ion, so concentrations of hydrogen fluoride are converted to fluoride
equivalents. All doses of fluoride are reported as amount of fluoride ion.
The primary routes and durations of concern vary with the different Ar'''
fluorine compounds. In general, the more soluble the fluoride is, the more
that can be absorbed by oral ingestion, and the more toxic it is. The primary
exposure routes and duration for hydrofluoric acid are by the inhalation or
dermal routes, related to acute occupational exposure, while the primary
exposure route andduration for fluoride is chronic exposure to fluoride in
the drinking water (often as sodium fluoride) and in food. Therefore, most of
the information for the inhalation and dermal routes comes from studies of
acute exposure to fluorine or hydrofluoric acid, while most of the information
regarding the oral route is based on sodium fluoride. The toxicity following
inhalation or dermal exposure to other inorganic fluorine compounds differs
from that of hydrofluoric acid. Similarly, oral exposure to various fluorides
other than sodium fluoride may result in different toxic effects.
2.2 DISCUSSION OH HEALTH BFFECTS BY ROUYN OH IMPOSURZ
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of Dental Research
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or enamel to form fluoroapatite, or as an ionic exchange within the hydration shell of the crystalline
surface (McCann and Bullock, 1957; Neuman and Neuman, 1958). Approximately 50 percent of the
fluoride absorbed each day will be deposited in the calcified tissues, resulting in more than 99 percent
of the fluoride in the body found in association with the calcified tissue (Whitford, 1983). The
incorporation of fluoride into the crystalline structure of hard tissues is thought to increase the strength
and stability of the crystalline structure of bone and tooth enamel (Posner, 1978; Eanes and Reddi,
1979).
Although fluoride has a high affinity for bone, it is not irreversibly bound in the bone, but forms a
reversible, sequestered pool (Armstrong et al., 1970; Whitford, 1990). Fluoride in bone can be
remobilized, either rapidly by interstitial ionic exchange or slowly as a result of the ongoing process of
bone remodeling. Alterations in the acid-base balance of the body appear to influence fluoride
sequestration and mobilization in bone, presumably because acidosis increases the rate of bone
resorption, whereas alkalosis increases the rate of bone deposition (Barzel and Jowsey, 1969; Ekstrand
et al., 1980; Singer and Ophaug, 1982). The process of bone remodeling is more active in the young
where bone is more hydrated with a greater surface area for fluoride exchange compare to mature
bone. Thus, it is not surprising that fluoride deposition in bone has been found to be inversely
proportional to age (Whitford, 1990). In fact, the elderly often show a net loss of fluoride from bone
along with a rise in plasma fluoride levels, most likely because the rate of bone resorption exceeds the
rate of bone deposition in older people.
Researchers believe that fluoride in the soft tissues distributes from plasma to the intracellular space by
the passive diffusion of hydrofluoric acid (Whitford et al., 1977, 1978, 1979; Armstrong and Singer,
1980; and Eisenberg and Marquis, 1981). Approximately 1 percent of systemically absorbed inorganic
fluoride is distributed in the soft tissue compartments of the body because of the high affinity fluoride
has for the hard tissues and the relatively rapid renal excretion of free inorganic fluoride (discussed in
Section on Fluoride Excretion) (Navia et al., 1988). Since little, if any, soft tissue binding of fluoride
has been shown to occur, either to plasma or cellular components, it is not surprising that fluoride
distribution has been shown to reach a "steady state" between plasma and soft tissues, with
intracellular tissue levels reflecting the continual fluctuation in plasma levels (Whitford et al., 1979),
and with tissue levels generally much lower than the corresponding plasma level.
Exceptions to this soft tissue-to-plasma range of fluoride concentrations occur in bone, kidney, fat, and
brain (Whitford et al., 1979). Fluoride levels in kidney have been shown to greatly exceed those
found in plasma, presumably because fluoride levels are extremely concentrated in renal tubular fluid
(Whitford and Taves, 1973; Whitford et al., 1979). In contrast to the higher fluoride levels found in
kidney tissue, fluoride levels in brain and fat rarely exceed a tissue-to-Plasma ratio of 0.2, presumably
because of the low water content of fat tissue and the relative impermeability of the blood-brain barrier
to fluoride (Whitford et al., 1979; Whitford, 1990).
FLUORIDE EXCRETION
Renal excretion is the predominant route for removal of inorganic fluoride from the body.
Approximately 50 percent of the daily intake of fluoride is cleared by the kidneys (Whitford, 1990).
Renal excretion and deposition in calcified tissues account for almost 100 percent of the clearance of
inorganic fluoride from plasma (Jamberg et al., 1983). As fluoride deposition in bone decreases with
age, fluoride levels in plasma increase (Parkins et a., 1974).
Renal clearance of fluoride is both a pH-dependent and concentration-dependent (passive) diffusion
process (Whitford, 1983). Since the pH of renal tubular fluid is normally well above the plc of HF
(3.45), the majority of fluoride in the tubular fluid will be in the ionized form (F) and will be
eliminated via urine (Singer and Ophaug, 1982; Whitford, 1983; Whitford, 1990). The remaining HF
in the filtrate can diffuse readily across the tubular membrane to the interstitial fluid (where in the
relatively neutral pH of the interstitial fluid, it again becomes ionized (F-) and subsequently re-enters
-5-
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The subcommittee found inconsistencies in the fluoride toxicity data
base and gaps in knowledge Accordingly, it recommends further research in the areas of fluoride intake, dental fluorosis, bone strength and
fractures, and carcinogenicity. The subcommittee further recommends
that EPA's interim standard of 4 mg/L should be reviewed when results
of new research become available and, if necessary, revised accordingly.
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INTAKE, METABOLISM, AND
DISPOSMON OF FLUORIDE
RECOMMENDATIONS

Further research is needed in the following areas:
• Determine and compare the intake of fluoride from all sources,
including fluoride-containing dental products, in fluoridated and nonfluoridated communities. That information would improve our understanding of trends in dental caries, dental fluorosis, and possibly other
disorders or diseases.
• Determine the effects of factors that affect human acid-base balance
and urinary pH on the metabolic characteristics, balance, and tissue
concentrations of fluoride.
• Determine the metabolic characteristics of fluoride in infants, young
children, and the elderly.
• Determine prospectively the metabolic characteristics of fluoride in
patients with progressive renal disease.
• Using preparative and analytical methods now available, determine
soft-tissue fluoride concentrations and their relation to plasma fluoride
concentrations. Consider the relation of tissue concentrations to variables
of interest, including past fluoride,exposure and age.
• Identify the compounds that compose the "organic fluoride pool' in
human plasma and determine their sources, metabolic characteristics,
fate, and biological importance.

2

DENTAL FLUOROSIS
RESEARCH RECOMMENDATIONS

Studies should be conducted on the sources of fluoride during the
critical stages of tooth development in children and on the contribution
o f the various sources to dental fluorosis etiology. Such information
would permit more precise regulation of fluoride products to control
fluorosis while retaining fluoride's substantial cariostatic benefits.
Studies should be conducted on the relation between water fluoride
concentrations and dental fluorosis in various climatic zones. Findings
coul d serve as a basis for any needed revision of the 1962 PHS guidelines.
The lowest concentration of fluoride in toothpaste that produces acceptab le cariostasis should be determined. That information would
permit the marketing of children's toothpastes that would retain anticaries
benefits while minimizing the risk of fluorosis.
Further studies should be conducted on the contribution of ingested
fluoride and fluoride applied topically to teeth to prevent caries. The
results would permit more efficient use of fluoride for caries prevention,
thus reducing the risk of fluorosis.

CARCINOGENICITY
RECOMMENDATIONS
city. The subcommittee therefore recommends conducting one or more
highly focused, carefully designed analytical studies (case control or
cohort) of the cancer sites that are most highly suspect, based on data
from animal studies and the few suggestions of a carcinogenic effect
reported in the epidemiological literature. Such studies should be designed to gather information on individual study subjects so that adjustments can be made for the potential confounding effects of other risk
factors in analyses of individuals. Information on fluoride exposure from
sources other than water must be obtained, and estimates of exposure
from drinking water should be as accurate as possible. In addition,
analysis of fluoride in bone samples from patients and controls would be
valuable in inferring total lifetime exposure to fluoride. Among the
disease outcomes that warrant separate study are osteosarcomas and
cancers of the buccal cavity, kidney, and bones and joints.

New Scientist 22 January 1981

Hydrogen bonds show their strength
Hydrogen bonding is a weak interaction
that holds molecules together by the
attraction of an atom of one molecule
for a hydrogen atom that is chemicalle
bonded to another molecule. Recently,
however, chemists have become aware
that some hydrogen bonds are much
stronger than generally believed—indeed
some are as strung as the bonds that
bind hydrogen chemically to atoms. In
the current issue of the Journal of the
American Chemical Society, a team
of researchers reports a new strong
hydroglai bond which forms between
fluoride and amides (organic salts of
ammonia). This same strong interaction
may have important biochemical
A hydrogen bond is written A-II••B
where A -H is the chemical bond and
H •• B the hydrogen bond. Atoms that
attract hydrogen are fluorine, oxygen
and nitrogen; and the hydrogen atoms
that feel this attraction most strongly
are those that are chemically bound to

lures; N-H-0 hydrogen bonds hold
together the double helix of DNA.
Most hydrogen bonds are very weak,
being only about a tenth as strong as
normal chemical bonds. Hydrogen bonds
thus make and break easily and this is
what makes them so versatile, particularly the hydrogen bonds that form when
molecules are attracted to tlw simple
fluoride ion, F -. But some hydrogen
bonds are turning out to he much
stronger than chemists previously expected. John Lmsley and his coworlwrs
al King's College, London, have been
studying amides—molecules oh chemical
formula RCONII: where the N -II bond
is particularly attracted to F to form
a N-H-F- hydrogen bond.
Many components within living cells
contain amide groups—indeed ilw hydro.

oxygen and nitrogen. It is through the
agency of 0-H-0 hydrogen bonds that
water is a liquid at normal tempera.

gen bonds formed between amides are
the most important weak hydrogen bonds
in biological systems. That these can be
disrupted by fluoride in the formation of
much stronger N-H-F- bonds may
explain how the chemically inert fluoride
ion could interfere in the healthy operation of living systems. Thus some of the
serious charges that are being laid at its
door—genetic damage, birth defects,
cancer and allery response—may arise
from fluoride interference after all.
From the chemist's point of view this
ability of fluoride to form very strong
Ii y drogen bonds poses important theoretical questions. Traditionally hydrogen
is monovalent, that is, it forms only a
single (covalent) bond A-H. In very
strong hydrogen bonding it now appears
to be divalent, bonding itself strongly to
two other atoms. More and more
examples are coming to light and these
du not involve only fluoride. The species
that is responsible for the chemical behaviour of acids in water has puzzled
chemists for centuries. It is now known
to be the cation Hs0: + . which consists
of two water molecules held together by
one of these very strong hydrogen bonds,
0

Interaction of Fluoride Ion with Uracil

Infrared Spectrum Shows
Disruptive Hydrogen Bonding
The powerful hydrogen bonding capability of
fluoride ion has long been known, but its potential for
interfering with the vitally important hydrogen bonds
between biomolecules has only recently begun to
receive attention. (For a summary of a recent scientific publication, see NFN, Jan.-March 198L)
In a new report' from the University of York.
England. chemists James H. Clark and Joseph Sher-,
wood Taylor describe infrared spectral studies of -a
novel 1:1 complex" formed between potassium!
fluoride (KF) and uracil, a key nitrogenous component.
of ribonucleic acid (RNA). They find that the complex
precipitates as "a white crystalline solid from an 80%,
dimethyl sulphoxide (DMSO) or NN-dimethylformamide-20% H70 solution of equimolar concentra7
tions of KF and uracil."
According to their report, the infrared spectrum of
the solid complex displays "marked differences from
that of pure uracil." The normal nitrogen-hydrogen
(N-H) stretching band at 3050 cm-' in uracil "is shifted
and split. . . into three pseudo-maxima at ca.2950. co.
2600, cnd ca. 1930 cm . . . suggesting a strong.
asymmetrical NH.. F - H-bond."
After presenting and discussing additional spectral
data supporting this interpretation, the authors conclude by pointing out:
"The observed ability of fluoride to disrupt the self
association in uracil and to produce strong NH..F - interactions is obviously of considerable importance to
a consideration of the possible biologically disruptive
action of the fluoride ion" (Emphasis added.)

They also caution, however, that "more detailed
studies in this area, including a consideration Of
medium effects, - will be necessary before meaningful
conclusions can be drawn from this work.
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4, 1997
Mayor Joe Serna, Jr.
City of Sacramento
915 I Street, Room 205
Sacramento, CA 95814
Re: Fluoridation of city water system.
Dear Honorable Mayor Serna and Council Members,
Enclosed please find a copy of Should Natick Fluoridate?
for each of you as well as the Sacramento City Clerk. This
91 page report is a superb example of the care and concern
held by the city fathers of Natick, MA for the welfare of
the citizens of Natick.
I wish to draw your attention most especially to pages 3
and 4 where you will find: Findings, Conclusion, and
Recommendations.
had
If the California Legislative members ,s,rudied the issue
at 1/10th the level as Natick, I am positive this issue
would not be before you at this time. My only hope is that
you will take the time and concern for Sacramento citizens
that the Legislature did NOT take.
In addition, I would hope that you would require equal proof
of scientific scrutiny by any Foundation that may provide
the funding of fluoridation start-up costs.
Thankyou for your concern on this controversial health issue.
Sincerely,

41A-aix, 'Ppa
Sarah Foster
1227 23rd St.
Sacramento, CA 95816
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and the
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Prepared by the
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Cover Letter to the Selectmen

Fluoridation Study Committee
Town of Natick
Town Hall 13 E. Central St., Natick MA 01760

Benedict J.Gallo, Ph. D.
Jason Kupperschmidt, B. S.
$Norman R. Mancuso, Ph. D.
Alfred J. Murray, M. S. T.
Hai.lee S. Strauss, Ph. D.
tChairman

27 September, 1997

Jay H. Ball, Clerk
Office of the Board of Selectmen
Town Hall
13 East Central Street
Natick, MA 01760
Dear Selectman Ball:
This letter accompanies transmission of the report "Should Natick Fluoridate?"
prepared jointly by the Fluoridation Study Committee of the Town of Natick.
A summary version of this report is being prepared and copies will be provided as soon
as it has been completed.
Please advise if we can be of further service to the Board of Selectmen.
Sincerely,

Norman R. Mancuso, Ph. D.
Chairman, Natick Fluoridation Study Committee
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Findings, Conclusion, and Recommendations of the Natick
Fluoridation Study Committee
Introduction
This statement of Findings, Conclusion and Recommendation specifically addresses
the following question of the Board of Selectmen:
On the basis of the documentation provided to you by the proponents and
opponents, do you believe that the potential side effects associated with
fluoridating Natick's public water supply outweigh the potential benefits?

Findings
The Natick Fluoridation Study Committee conducted a thorough review of the scientific
literature and made the following findings regarding the benefits and risks of water
fluoridation.
•

Recent studies of the incidence of cavities in children show little to no difference
between fluoridated and non-fluoridated communities.

•

Ten to thirty percent (10-30%) of Natick's children will have very mild to mild
dental fluorosis if Natick fluoridates its water (up from probably 6% now).
Approximately 1% of Natick's children will have moderate or severe dental
fluorosis. Dental fluorosis can cause great concern for the affected family and
may result in additional dental bills. It should not be dismissed as a "cosmetic"
effect.

•

Fluoride adversely effects the central nervous system, causing behavioral
changes and cognitive deficits. These effects are observed at fluoride doses that
some people in the US actually receive.

•

There is good evidence that fluoride is a developmental neurotoxicant, meaning
that fluoride effects the nervous system of the developing fetus at doses that are
not toxic to the mother. The developmental neurotoxicity would be manifest as
lower IQ and behavioral changes

•

Water fluoridation shows a positive correlation with increased hip fracture rates in
persons 65 years of age and older, based on two recent epidemiology studies.

•

Some adults are hypersensitive to even small quantities of fluoride, including that
contained in fluoridated water. At least one such person is a Natick resident.
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•

The impact of fluoride on human reproduction at the levels received from
environmental exposures is a serious concern. A recent epidemiology study
shows a correlation between decreasing annual fertility rate in humans and
increasing levels of fluoride in drinking water.

•

Animal bioassays suggest that fluoride is a carcinogen, especially for tissues
such as bone (osteosarcoma) and liver. The potential for carcinogenicity is
supported by fluoride's genotoxicity and pharmacokinetic properties. Human
epidemiology studies to date are inconclusive, but no appropriate major study has
been conducted.

•

Fluoride inhibits or otherwise alters the actions of along list of enzymes important
to metabolism, growth, and cell regulation.

•

Sodium fluorosilicate and fluorosilicic acid, the two chemicals Natick intends to
use to fluoridate the water supply, have been associated with increased
concentrations of lead in tap water and increased blood lead levels in children,
based on case reports and a new, as-yet-unpublished study.

•

If Natick fluoridates its water supply at the proposed level, most children under the
age of three will daily receive more fluoride than is recommended for them.

The scientific literature supporting these findings is summarized in the full report which
also discusses a variety of non-health related concerns that have been raised about
water fluoridation
Conclusion
The Committee reached the firm conclusion that the risks of overexposure to fluoride
far outweigh any current benefit of water fluoridation.
Recommendations
The Natick Fluoridation Study Committee unanimously and emphatically 1
1.
recommends that the town of Natick NOT fluoridate the town water supply.
The Natick Fluoridation Study Committee unanimously and emphatically
2.
recommends that the Board of Selectmen take appropriate action to ensure that
1 fluoridation of the town water supply does not take Plaed.
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Background and History
History of the Fluoridation Issue in Natick
In May of 1988, the Natick Board of Health ordered the upward adjustment of fluoride in
the town water supply. A petition was filed by more than ten (10%) per cent of the
town's registered voters to place the question on the ballot. A public referendum was
held on Nov. 8, 1988 on the question:
"Shall the public water supply for domestic use in this Town be
fluoridated?'
The voters approved the issue by a vote of 7453 (51.4%) yes to 7044 (48.6%) no. A
subsequent referendum was held on Mar. 25, 1997 on the identical question, except
that in this case, the status of the question was non-binding. In this latter case, the
voters did not approve this question by a vote of 2635 (54.3 %) no to 2220 (45.7 %)
yes, a reversal of opinion of almost six (6%) percent.
Subsequent Town Meeting Articles 35 and 36 sought to put aside the 1988 vote and to
pass special legislation which would place the issue on the ballot at the next annual
town election or biennial state election, whichever was held first. Town Meeting voted
to indefinitely postpone both articles.
The Chairmen of the Board of Health and the Selectmen requested a legal opinion from
the Town Counsel, John P. Flynn, Esq., which was provided on May 8, 1997. (1)
Appointment of the Natick Fluoridation Study Committee
Recognizing the existence of an incredibly large database of conflicting opinion and
that both proponents and opponents on the fluoridation issue were entrenched and
unlikely to reach a consensus, on April 28, 1997, the Board of Selectmen voted to
appoint a special committee of unbiased and qualified people to study the fluoridation
issue and to report back on their findings to the Board of Selectmen within
approximately ninety (90) days. Hearings at two subsequent Selectmen's meetings
produced a number of qualified, scientifically trained and experienced people and from
that group, the Natick Fluoridation Study Committee (hereinafter NFSC) was formed by
the Board of Selectmen. (2) The present document constitutes the report requested by
the Board.
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Recommendation and Charter of the NFSC
Mechanism of Approach to be Taken

Since an exhaustive literature search of the issues of fluoride and fluoridation could
consume the resources of the committee for several months, the Board of Selectmen
recommended that the committee obtain from the proponents and opponents of the
issue suitable documentation with which to begin the pursuit of the resolution of the
issue. (3)
The fluoridation proponents in Natick consist of the Natick Board of Health (hereinafter
BOH) and those citizens of the town who are similarly disposed on the issue of
fluoridation. A letter was sent by NFSC to the BOH on July 3, 1997.requesting that the
BOH provide :
Five sets of documents, each comprised of a maximum of six study
reports which in the opinion of the BOH most clearly explain why the
public water supply of Natick should be fluoridated.
In addition, a maximum of six endorsements, letters and other non-dataintensive documents that support their contention that fluoridation is both
beneficial and lacking in undesirable side effects.
On August 11, the BOH complied with this request by providing five copies of each of
the above sets of documents (see Appendix A - Source Materials).
The opponents of the fluoridation issue in the town are represented by Ms. Shirley
Brown of Megonko Road in Natick and Dr. Myron Coplan of Intellequity, Inc., also of
Natick. Each of these individuals were also requested on July 3, 1997 to provide to
NFSC similar packets of materials as follows.
Five sets of documents, each comprised of a maximum of three study
reports which in the opinion of the opponents most clearly explain why the
public water supply of Natick should not be fluoridated.
In addition, a maximum of three endorsements, letters and other nondata-intensive documents that support their contention that the

undesirable side effects of fluoridation outweigh its beneficial effects.
The above materials were provided immediately by Ms. Brown and on July 9, 1997 by
Dr. Myron Coplan (see Appendix A - Source Materials).
In this manner, it was anticipated that the most driving arguments for and against the
issue would be immediately present, as would be the best reference list(s) of
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supporting original research papers. All of the above notwithstanding, the NFSC was
not constrained to limit its search to the above materials and has instituted wideranging literature searches on the entire issue, often spending several hours per day in
reading and/or pursuing further information.

Charter of the Fluoridation Study Committee
The Board of Selectmen, in appointing this committee, established the need to address
several issues. (4) These are:

1.

On the basis of the documentation provided to you by the
proponents and opponents, do you believe that the potential side
effects associated with fluoridating Natick's public water supply
outweigh the potential benefits?

2.

If your answer to question 1 is °No" — i.e. you believe Natick's
water should be fluoridated — do you believe that steps should be
taken to establish the appropriate dosage before such fluoridation
begins?

3.

If your answer to question 2 is °Yes", do you believe that an outside
organization should be engaged to examine Natick school children
and determine their DMFS (decayed, missing and filled surfaces)
levels as an aid to selecting an optimum fluoridation level?

4.

If your answer to question 3 is 'Yes', what organizations (identify at
least two) are qualified to conduct such a survey, and what are
preliminary estimates of the costs involved?

Format of the Report
The format being used for this report is based upon the four charges of the Board of
Selectmen with regard to the fluoridation issue. Each charge or question constitutes
one section of the report. The individual issues addressed within each section result
from the nature of the associated charge or question. In any publication of this nature,
the issue of providing references must be addressed. On the one hand, material for
public consumption is rarely well-received when numerous references are included.
This is particularly so when the references take the form of foot-notes as opposed to
end - notes. On the other hand, nothing makes a report such as this more suspect

than when no verifiable references are included and the reader is tacitly expected
to accept the discussion and conclusions on faith alone. We feel strongly enough
about this issue to insist on the presence of references. The only relaxation of this
requirement was an attempt to reduce the tedium that would be caused by having to
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constantly flip to the end of the report to find a reference Or explanatory note. This was
accomplished by placing all of the references for each 'section immediately following
that particular section. This has the necessary consequence of occasionally having
more than one occurrence of the same reference but improves the readability and
overall usefulness to the reader.
General Background of the Fluoridation Issue

Scientific information that has an impact on political and economic interests often
generates controversy, even within the scientific community. This controversy is often
magnified when the information is presented in the lay press. It is not that truly nonpartisan reporting is unavailable, rather it is that the entrenched partisans of any such
issue are only willing (able?) to accept those portions of the report which support their
contentions. Be that as it may, there are some reviews of the fluoridation issue that are
unbiased, chief among which is a review by Bette Hileman appearing in Chemical &
Engineering News. (5) As background material, it is required reading for anyone
interested in the issue of fluoridation. A brief portion of this review is quoted below in
order to set the stage for further discussion. (Contrary to normal usage, direct quotes
appearing within the text below are emboldened and not italicized in order to
distinguish them from the remaining commentary.)
Throughout this report, the reader will note the recurrent use of the words "optimal",
"optimum" and such phrases as "optimally fluoridated". It is important to
understand that this usage is a direct contribution of the profluoridation argument and
is therefore vigorously objected to by the antifluoridation contingent. In most cases, we
have placed quotation marks around these words and phrases to indicate that the term
is disputed and should be read as "so-called optimum".
el

The style of promotion that fluoridation's proponents have used from the very beginning
probably made the issue more controversial than it need have been.
The idea offluoridating water supplies first arose from studies of dental mottling in areas, such
as communities in Texas, where the water supply is fluoridated naturally. In the 1930s, H.
Trendley Dean, a dental surgeon at the U.S. Public Health Service, correlated the occurrence of
mottling or dental fluorosis with the fluoride content of water supplies in 345 U.S. communities.
Ruorosis was most common in cities that had the highest concentration of fluoride in their
water. He and his colleagues also unexpectedly found a lower incidence of dental caries in
areas of endemic dental fluorosis.
Dean concluded that the fluoride content of the drinking water causes a lower rate of dental
caries. He also determined that the incidence of mottling was very minor when the fluoride
content was I ppm or lower but rose linearly at higher concentrations. From this, PHS officials
decided in 1943 that I ppm was an optimal level at which to artificially fluoridate water supplies
in temperate climates. In areas where the fluoride content exceeded 2 ppm, they recommended
fluoride be reduced to a level near I ppm.
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In 1945, PHS initially planned to conduct 10-year studies of artificial fluoridation in two
experimental projects, one in New York and one in Michigan. One city in each state would be
fluoridated artificially and another would serve as a control. PHS Officials intended to complete
these projects before deciding whether to recommend fluoridation of drinking water as a general
practice for all communities.
However, two public health officers in Wisconsin, Francis A. Bull and John Frisch, quickly
became convinced of the effectiveness of fluoridation and launched a nationwide campaign to
persuade PHS to endorse it. Also, results from the two projects that leaked out in 1950, after the
trials had been going on for five years, revealed a sharp reduction in dental caries in the

fluoridated cities. As a result of this disclosure and Bull's and Frisch 's campaign, PHS officials
endorsed fluoridation on June 1, 1950.
Several deficiencies in research by NIS were subsequently aired at Congressional hearings in
1952 and 1957. There had been almost no careful studies to assess the possible adverse health
effects of lifelong consumption offluoridated water. Aside from their dental health, the medical
condition of residents of naturally fluoridated areas had been examined superficially, at best. In
one of the fluoridation trials, research plans included a study of adverse effects of artificial
fluoridation on children, but none on adults. No studies focused on malnourished children and
infants, despite a warning in 1952 by Maury Mauler, professor of pedodontics at the University
of Illinois College of Dentistry, that "low levels of fluoride ingestion which are generally
considered to be safe for the general population may not be safe for malnourished infants
and children, because of disturbances in calcium metabolism."
Neither PHS nor anyone else had investigated potential carcinogenic effects, effects on pregnant
women, or effects on people with chronic kidney impairment or other chronic diseases. Even in
the early 1950s, enough was brown of fluoride's toxicity profile to identifr these as important
topics to investigate.
From the beginning, the movement to fluoridate water was conducted more like a political
campaign than a scientific enterprise. At a meeting of state dental directors with PHS officials
in June 1951, Bull recommended tactics for promoting fluoridation. "If it is a fact that some
individuals are against fluoridation, you just have to knock their objections down. The
question of toxicity is on the same order. Lay off it altogether. Just pass it over. 'We know
there is absolutely no effect other than reducing tooth decay,' you say, and go on. If it
becomes an issue, then you will have to take it over, but don't bring it up yourself.
"The minute doubt is created in the minds of the public, any public health program is
doomed to failure," Bull later wrote in the Journal of the American Dental Association.
The political role of dentists has been emphasized throughout the history of fluoridation. In
1970, even after 25 years offluoridation, John W. Knutson, then professor at the University of
California Medical Center, advised dentists that when they discussed fluoridation with the
public, they must realize that "they are propagandizing, not simply educating." This attitude,
widely shared by political proponents, led early advocates to treat fluoridation campaigns as
debates to be won with dogmatic assertions and attacks on the credibility of the opposition. To
promoters, the debate has never been seen as a scientific search for truth.
As a result, profluoridationists prepare booklets for the public that contain highly biased
information. If scientific studies are cited, only those that support their side of the argument are
" (5)
mentioned. Those opposed to fluoridation counter with equally biased propaganda
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According to many opponents of fluoridation, other tactics 1 which were also widely used
to denigrate any potentially negative effects include character assassination,
inflammatory portrayal of the opposition, the widespread suppression of opposing
results (see Appendix B) and the widespread use of sensationalism, etc. In the latter
case at least, the antifluoridationists are no less culpable..
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Question 1 An Analysis of the Side Effects of Fluoridation
1. On the basis of the documentation provided to you by the
proponents and opponents, do you believe that the potential side
effects associated with fluoridating Natick's public water supply
outweigh the potential benefits?
This is the main question to be addressed in this report. It also includes the reasons
why the issue of fluoridation is so controversial. In spite of the other topics presented
in this report, the main issue remains whether the benefits of fluoridation outweigh the
risks. Moreover, it appears that the only significant benefit of fluoridation is the
reduction of dental caries, this in spite of other past reports touting the applicability of
fluoridation to osteoporosis as well (see the section on other positive effects of
fluoridation). The aprofluoridationiste have repeatedly 'asserted that there are no
negatives associated with the process, or alternatively, that all of the negative reports
are without scientific justification or merit. Because of this position, an examination of
these negative reports tends to cast the examiners in the role of a "devil's advocate",
the chief difficulty of which is that the examiners are then also perceived as being
6antifluoridationiste, when in fact they are merely seeking to extract the truth from the
polemics and hysteria of the issues and to expose this information to a critical and
unbiased analysis. With this in mind we report on the following material.
The Beneficial Effects of Fluoridation
History of the Fluoridation Program in the United States

During the course of dental research conducted in the early part of this century on the
condition then known as *Colorado Brown Stain' (a.k.a. "Texas Teeth" or dental
fluorosis as it came to be medically known), it was discovered that individuals, living in
areas where the water is known to contain elevated (relative to most water supplies)
fluoride concentrations, exhibited a decreased rate of incidence of dental caries. (1)
Several studies conducted during the decades prior to '1960 confirmed that when a
small quantity (ca. 1 part per million, ppm) of fluoride was added to a community water
supply, the incidence of tooth decay among the residents of those community
decreased substantially. (2) The initial studies indicated la reduction in tooth decay of
50 to 60 per cent. (3) As a result of these achievements, the process of fluoridation of
community water supplies has continued and resulted in more than half of the U. S.
population being served by a fluoridated supply. (4) Numerous scientific papers have
supported fluoridation throughout its history. (5-9) More recent studies, as interpreted
by profluoridationists, indicate that reductions of between 20-40% are routinely
achievable. (10-12)
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Features of the Fluoridation Program

The desirability of the process of fluoridation of community water supplies, as
maintained by the profluoridation community, is based upon the following reasoning:
(13)
• Fluoridation is the least expensive and most effective way to reduce tooth
decay.
• Fluoridation is safe.
• Fluoridation benefits both children and adults.
• Fluoridation benefits continue for a lifetime when fluoridated water
consumption continues.
• Fluoridation is the surest way for everyone in the community to benefit.
• Fluoridation benefits everyone when they drink fluoridated water and
consume foods and beverages prepared with it.
Supporters of Community Water Fluoridation

The following non-exhaustive list illustrates the wide-spread support for the fluoridation
programs. (13, 14)
•
•
•
•
•
•

Mass. Dept. of Public Health
American Association of Public Health Dentistry
American Dental Association
Centers for Disease Control & Prevention
American Medical Association
World Health Organization

Other Positive Effects of Fluoridation

Proponents of fluoridation have also attempted to show that fluoride can be used to
alleviate the symptoms of osteoporosis, and therefore that people living in fluoridated
areas may be helped by the fluoride they are accumulating in their bones. Because
fluoride increases bone mass, (see the section on Osteosclerosis) numerous patients
have been given and are still being given large doses of fluoride as a treatment for
osteoporosis. Recent data has not produced compelling evidence of beneficial results.
The FDA has not approved the use of fluoride for osteoporosis. In spite of this, the
National Osteoporosis Foundation reports that an FDA advisory committee has
recommended that slow-release sodium fluoride be approved for the treatment of
osteoporosis. (15)
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Refutation - Water Fluoridation today is at best only minimally effective

Fluoride was first investigated as an anti-caries agent because of the inverse
relationship noted in many areas of the country between the prevalence of dental
caries and the level of fluoride in drinking water. At first, scientists believed that the
anti-caries activity of fluoride was the direct result of its incorporation into the apatite
crystal of enamel, thus increasing its stability and reducing its acid solubility. The
theory of pre-eruptive fluoride incorporation as the principal mechanism of caries
prevention has been largely discounted. (1) Recent studies have suggested that the
anti-caries action of fluoride may be related to the fluoride levels in the saliva and
plaque fluids rather than the enamel surface itself, i.e., the action is topical rather than
systemic. (2,3) Indeed, if one diligently searches the literature of fluoridation, it
becomes clear that there are widespread differences of opinion among experts as to
the actual mechanism. Moreover, it is significant that in one survey, only 66% of
physicians thought that community fluoridation is very effective and only 37% think that
dietary supplements are very effective. (4) This same survey reported that only a small
percentage of physicians and dentists believe that topical fluorides are very effective
preventive measures, so it is clear that even among 'those who should know", there is
a large measure of discordant opinion.
The sources of fluoride intake for the U. S. population are primarily water, food, dental
products and air (see Tables I & II). Children may also receive fluoride in supplements.
Although fluoride exposure is generally greater in areas with fluoridated water than in
areas with non-fluoridated or low-fluoridated water, populations in both areas are
exposed to fluoride from food sources, drinking water, processed beverages and dental
products. In one recently published survey, Dabeka and McKenzie have reported that
the average intake of fluoride from food, averaged over all ages and sexes, was 1.76
mg/day. (5) Fluoride exposure differs markedly, depending upon several factors, e.g.,
lifestyle, dietary practices, age, gender and health status. It is clear however that
drinking water provides minimal topical fluoride.
1

The Agency for Toxic Substances and Disease Registry (ATSDR) sets the Minimal Risk
Level (MRL) for ingestion of fluoride at 0.4 mg/kg/day. (6) In a 20 pound child this
amounts to 3.6 mg/day and for a 50 pound child, the minimal risk level is about 9
mg/day. The MRL is an estimate of the daily human exposure to a hazardous
substance that is likely to be without appreciable risk of adverse non-cancer health
effects over a specified duration of exposure. However, to avoid an undesirable degree
of dental fluorosis, children should consume no more than 0.10 mg of fluoride per kg of
body weight per day. (7)
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Table I - Fluoride Concentrations (ppm) in Food

Foods (Note A)

Mean

Dairy Products
Meat Fish & Poultry
Grain & Cereal Products
Potatoes
Leafy Vegetables
Legumes
Root Vegetables
Fruits
Oils & Fats
Sugar and Adjuncts
Nonclassifiable Foods

(ppm)
0.25
0.22
0.42
0.49
0.27
0.53
0.38
0.06
0.25
0.28
0.59

Standard
Deviation
0.38
0.15
0.40
0.26
0.25
0.05
0.11
0.03
0.15
0.27
0.19

Range (ppm)
,

I

0.02 - 0.82
0.04 - 0.51
0.08 - 2.01
0.21 - 0.84
0.21 - 0.84
0.49 - 0.57
0.27 - 0.48
0.02 -0.08
0.02 - 0.44
0.02 - 0.78
0.29 - 0.87

Note A The foods were ready to eat or prepared for eating. When
preparation required the use of water (e.g. preparing juice from concentrate
or boiling vegetables), the local water was used which contained 1 mg/L (1
ppm) of fluoride was used. Nonclassifiable foods included certain soups and
puddings, among other items. (1)

Table II- Estimated Daily Fluoride Intake of Children (1)
F Concentration
in Water (ppm)

Intake from
Food

Intake from
Beverages

Intake from
Dentifrices

0.20- 1.20
<0.3
0.15- 0.3 0.10- 0.30
0.20 - 1.20
0.40 • 0.60 0.30 - 1.30
0.7-1.2
0.20 - 1.20
>2.0
1.00 - 2.00 0.60 - 3.00
mg/day
Units
mg/day
mg/day
Notes
(a)
(a)Assumed that dentifrice used twice daily
(b)Assumed that dental fluoride supplement taken daily

Intake from
F
Supplements
0.50
NR
i
NR
mg/day
(b)

Estimated
Total Intake
0.95. 2.30
0.90 - 3.60
1.80 - 6.20
mg/day
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Studies show that tooth decay has declined in every country in the developed world.
(2,3,9) The largest study in this country (the NIDR 1986-87 survey of 39,000 U.S.
school children, (1)) showed no significant difference in dental caries in those living in
fluoridated as opposed to those living in non-fluoridated communities. (5) See Fig. I.

Figure I - Decline in DMIFS Index in 12-14 Year Olds (12)

50-YEAR HISTORY OF TOOTH DECAY PREVALENCE AMONG 12-14 YEAR-OLDS
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In British Columbia, only 11% of the population lives in areas containing fluoridated
water, as opposed to 40-70% in other Canadian regions. However British Columbia
has the lowest rate of tooth decay in Canada. (10) According to a 1987 report by Dr.
Allan Gray, then director of the Division of Dental Health services for British Columbia,
DMFT (decayed, missing or filled teeth) rates (see Appendix D) were falling drastically
in both fluoridated and non-fluoridated areas. (11)
Mark Diesendorf, an applied mathematician and health researcher in the Human
Sciences Program at Australian National University has found, by comparing results
from about 24 studies of unfluoridated districts in eight , countries, that reductions in
dental caries are just as great in non-fluoridated areas as in fluoridated areas. (2)
One of the most significant factors in any comparison of the incidence-of dental caries
is the manner in which this is expressed (see Appendix D for a discussion of the
methods of describing these incidence rates). In the early days of DMFS (decayed,
missing or filled surfaces) scores (in the range of 18-20), .a 20% difference (fluoridated
vs. non-fluoridated) would indicate several cavities per child. However, given the
current average DMFS scores (in the range of 2-4) it is clear that a 20% difference

represents less than one cavity per child.

Summary
It seems clear that there is a link between fluoride intake and the reduction of dental
caries. Although the mechanism is not fully understood, the effect is now thought to be
due primarily to topical rather than systemic fluoride. In the early days of fluoridation,
there were few other sources of fluoride in the daily diet The introduction of fluoride
into the daily diet (beverages prepared in communities with fluoridated water,
toothpaste, food, supplements, etc.) starting in the 1950's has had the effect of
reducing dental caries worldwide, even in those countries that do not fluoridate. In fact,
fluoride is so widespread today that introducing it into public water supplies seems to
have a very minimal effect in reducing dental caries. Current data seems to indicate
little difference between the health of teeth in communities having fluoridated water
supplies compared to communities having unfluoridated water.
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Toxic Effects of Fluoridation and Inorganic Fluoride.
The next several sections deal with those issues which have been raised as being
either detrimental or non-beneficial side-effects caused by the fluoridation process
and/or the ubiquity of various forms of (chiefly) inorganic fluoride compounds in the

environment or as used in the treatment of dental caries. Each section analyzes the
scientific literature, paying particular attention to those primary research results which
have appeared recently. Each section is comprised of both a discussion as well as a
summary with respect to the particular issue treated.

The Acute Toxicity of Fluorine-Containing Materials
"Fluoride is a halogen with unique properties that enable it, in toxic
quantities, to alter calcium availability to tissues, to effect changes to blood
clotting parameters, to cause severe cardiac dysfunction, to alter bone
and tooth structure, to cause severe anxiety in those' who drink fluoridated
water and to lead to death where it has been misused either accidentally,
in suicide or in homicide. "(1,2)
The principal uses of fluoride include prophylaxis of dental caries, toothpastes, animal
husbandry, timber preservation and pesticides. Both sodium fluoride and sodium
fluorosilicate have been widely used as insecticides and rodenticides. (9) Ellenhom
and Barceleaux list the therapeutic dose at 0.25 to 0.50 milligrams per day (mg/d) and
the oral lethal dose as 5-10 grams/kg., (3) although less than 1 gram by mouth has
caused severe poisoning. (4) They also report that overfluoridation has resulted in
mass intoxication. (5)
Waldbott and others (6,7) have also remarked upon the extremely small safety margin
between therapeutic doses and those causing toxic effects in humans, when compared
to safety margins normally employed in medicinal products.
H. C. Hodge, a toxicologist of wide repute, notes that the minimum safety factors in the
dietary regimen of any toxic material should be at least one hundred times the
therapeutic dose. (8) Other workers in the field consider; even this safety margin far too
narrow.
Summary and Conclusions on Acute Toxicity

On the basis of acute toxicity, it is unreasonable to take a strong position against water
fluoridation. On the other hand, there are questions about the nature and significance
of chronic toxicity effects which must be addressed, as in the case of proper therapeutic
quantities of fluoride. Moreover, the question which must be resolved prior to taking
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such a position appears to be the determination of what constitutes the proper or safe
and effective therapeutic dose. This question has great significance to many of the
subjects treated in the following sections. Therefore, Appendix C is included to provide
the responses to this question by a number of independent organizations as well as to
provide guidelines relative to the total daily individual ingestion of fluoride for different
age groups.
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Dental Fluorosis - An Undesirable Effect of Fluoridation

Varying amounts of fluoride are found naturally in the water supplies of many
communities, including Natick. Natick's water has only a :small amount of fluoride, on
the order of about 0.1 ppm (0.1 mg fluoride per liter water). (1) If too much fluoride is
ingested by children it results in a toxic dental condition known as dental fluorosis. This
condition is marked by visible mottling and/or discoloring of tooth enamel, pitting of the
enamel and disturbed tooth shape. (2,3) Teeth with moderate dental fluorosis typically
"....may have yellow and brown strains
they are pitted, brittle, and susceptible
Severe dental fluorosis "...not only produces unattractive teeth but tofracue."
also may increase the risk of tooth loss because, it destroys parts of the
protective enamel." (4) Historically, dental fluorosis was first noted in children who

grew up in areas where the drinking water supplies had a relatively high content of
dissolved fluoride as shown in Table I which also lists communities with little or no
dissolved fluoride in their water. Children in these latter communities had very little
dental fluorosis. (5) It was also noted that children with dental fluorosis had fewer
cavities. (2) Thus began the start of the "fluoride tradeoffs" which resulted in 80% to
90% of "treated" children with fewer cavities and 10% tO 20% of those with dental
fluorosis.
Table I - Dean's Survey(s) of Dental Fluorosis 1939-1940

Percentages of Children Experiencing Various Degrees of Dental Fluorosis
City

Year

Very
Mild
0.2
0.6
1.6
0.0
0.3
0.4

Moder
ate
0.0
0.0
0.0
0.0
0.0
0.0

Severe

Total

,
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0

0.2
0.6
1.6
0.0
0.3
0.4

Waukegan IL
Oak Park IL
Evanston IL
MI City IN
Quincey IL
Elkhart IN

1939
1939
1939
1940
1940
1940

423
329
256
236
330
278

F
(ppm)
0.0
0.0
0.0
0.1
0.1
0.1

Portsmouth OH

1940

469

0.1

1.3

0.0

0.0

0.0

1.3

Middletown OH

1940
1940
1940
1940
1939
1940

370
459
454
263
403
614

0.2
0.2
0.3
0.4
0.5
0.6

1.1
1.5
2.2
5.3
3.5
6.2

0.0
0.0
0.0
0.8
0.7,
0.3

0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0
0.0

1.1
1.5
2.2
6.1
4.2
6.5

0.0
0.0
0.0
0.0
1.2
1.1
8.9

0.0
0.0
0.0
0.0
0.0
0.0
1.5

15.0
25.3
32.0
33.3
40.0
48.0
73.8

Zanesville OH
Lima OH
Marion OH
Elgin IL
Pueblo CO

N

tWiiiiiirt06110WWWWINN Si25,::
Aurora IL
Joilet IL
E Moline IL
Maywood IL
Elmhurst IL
Galesburg IL
C Springs CO

1939
1940
1940
1939
1939
1940
1940

633
447
152
171
170
273
404

Mild ,

',zm. ,Or9gfe40014504*--4
1.2
1.3
1.6
1.6
1.8
1.9
2.6

13.9
22.2
29.6
29.2
30.0
40.3
42.1

1.11
3.2
2.0
4.1
8.8
6.2
21.3
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When, why and how does Dental Fluorosis occur?

Dental fluorosis occurs during early childhood while deciduous and permanent teeth
and tooth enamel are still being mineralized and before • they erupt within the mouth.
(6,7) It is believed that dental fluorosis occurs because of the toxicity of fluoride to the
enamel-forming cells of the teeth. (6) The degree to which a child experiences dental
fluorosis depends on the amount of fluoride (s)he ingests. (2,3,6,8) Dental authorities
estimate that a child should ingest daily 0.03 mg to 0.07 rngs of fluoride per kg of body
weight. When this amount is exceeded, dental fluorosis results. Moreover, the greater
the fluoride overdose, the more severe is the dental fluorosis. Even with supervision, it
is possible for a small child to overdose on fluoride each day with only one brushing
with a fluoride tooth paste by swallowing much of it during the brushing process. (7)
The current model of fluorosis development proposes, that "...fluoride affects the
forming enamel by making it porous. The degree and extent of the porosity depend on
the concentration of fluoride in tissue fluids when the teeth are developing..." and "....the
porosity and discoloration can vary in degree among different areas of the same
tooth "(2) The ultimate result is the increasing porosity of the teeth and, in extreme
cases, loss of the affected teeth. (9) Dental fluorosis is an excellent biomarker of
excess fluoride ingestion and fluoride intoxication. (10) It is a visible, sometimes easily
seen and noticed marker of fluoride intoxication. Unfortunately it tells us of excessive
fluoride intake after-the-fact, i. e. after the newly emergent teeth have already been
altered.
Why is the Prevalence of Dental Fluorosis Increasing?

There is now widespread recognition of the fact that the prevalence of dental fluorosis
has increased substantially throughout those countries where fluoridation is practiced.
(11-13) However, in spite of some reports to the contrary, (2) there does not appear to
be general agreement within the dental community as to whether the severity of dental
fluorosis has increased.
The nation wide increase of dental fluorosis was first recognized, documented and
published by the National Institute of Dental Research (NIDR) after conducting (19861987) a survey that involved 32,241 U.S. school children. The total prevalence of
dental fluorosis in this group of children was estimated to be 22.3 percent and included
(mostly) very mild to mild dental fluorosis. (2) However some moderate to severe
dental fluorosis was also found in approximately 1% to 2% of the children in "optimally"
fluoridated water districts. (4) Another NIDR report published in 1988, studied four
areas in Illinois with water concentration of one, two, three and four times the
recommended "optimal" fluoride level. As of 1985, in the "optimally" fluoridated areas,
twenty nine per cent of all tooth surfaces examined were reported to be affected by
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dental fluorosis. In those areas that had 2 to 4 times the Optimal dose of fluoride in the
water supply, dental fluorosis affected close to seventy Oer cent of the teeth involved.
(2) An even more recent study, published in 1990 ( Table II) listed dental fluorosis in
additional comparable cities in the United States and New Zealand with water systems
"optimally" fluoridated and those with low fluoride. (14)

Table II- Percentages of Children with Dental Fluorosis

"Optimal" Fluoride
Communities
Auckland (NZ)

Age Range
of Children
7-12

F Conc.
(PPrn)
1.0

Percent of
Fluorosis
25

Auckland Region (NZ)
Hastings (NZ)

9

1.0

25
23
. I ... ,

10

1.0
'
' ' 7"
' .:11151,11i01 MO: birlxs— .:: ' . . . Mintird,,,
Kerrville, TX
7-18
1.4
16
Angleton, TX
Alvin, TX
Kingsville, TX
Richmond, MI
Redford, IL

Hudson, MI
New York State
Low Fluoride
Communities:
Richmond (NZ)
Auckland (NZ)
Auckland Region (NZ)
Napier (NZ)
Iowa towns
San Antonio, TX
San Marcos, TX
N. Braunfels, TX
Cadillac, MI

7-18

1.3

7-18
7-18

1.3
1.0

6-12
6-12

1.2

6-12
12-17
Age Range
of Children
12-14
7-12

0.8

1.0
F Conc.
(13Prn)
0.2
0.2

9
10

0-0.2
0-0.2

8-16

0.0

7-18

0.4

7-18
7-18
6-12

0.3
0.3

33
29
39

51
48

1.0

0.0

32
27

'

Percent of
Fluorosis
6
4
15 (Note a)
'

Ref.
(Note b)
(2)
(3)

A5)
':;:.: . INIK
(14)
(14)
(13)
(13)
(13)

(13)
(13)
(15).

Ref.
(Note b)
(I)

3

(2)
(3)
(15)

3

(10)

2

(14)
(14)

8
9
12
4

(14)
(13)
(15)

•

New York State
12-17
0-0.3
'
Note a) 55% of the children received fluoride supplements.
Note b) References in the last column of the above table are taken from Ref. 14
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In carefully comparing the data in Table 1 and Table 2, a number of observations can
be made:
(I)

the incidence of dental fluorosis in the children of Kewanee IL
(selected because it is included in both studies and uses
"optimally" fluoridated water) has increased from 1939 to
1990;

(2)

the prevalence of dental fluorosis is greater in "optimally"
fluoridated communities than in communities with fluoridedeficient water and;

(3)

the percentage of dental fluorosis found today in "optimally
fluoridated" communities approaches those found in
communities with water containing 2, 3 and 4 times the
"optimal level" of fluoridation 50 years ago.

The Anticipated Occurrence of Dental Fluorosis and Needed Corrective Measures
Now, as well as in the past few years, parents are being cautioned by the dental
profession against excessive fluoride intake by infants and children by carefully
regulating their total intake of fluoride in order to prevent dental fluorosis in developing
teeth. This becomes increasingly more difficult as the infant/child grows older because
of the ubiquity of fluoride in our country. Excessive amounts of fluoride can be
ingested from a number of available sources: daily dietary fluoride supplemental pills,
using fluoridated toothpaste, eating fluoride containing vegetables and fruits, other
foods and drinks prepared with fluoridated waters and the application of topical fluoride
products to teeth. (2,7,15) This is especially applicable if more fluoride is added to the
communal water supply. Based on previously published data from other areas with
drinking water fluoridated to about 1 ppm or 1 mg/liter ("optimal") our most optimistic
scenario will show a minimum of one child out of every ten showing evidence of some
degree of dental fluorosis. (2,5) However, if care is not exercised in preventing
excessive fluoride intake, two to three children out of ten may develop dental fluorosis.
The problem is exacerbated by the permissible fluoride levels in drinking water
established by the U.S. Environmental Protection AgencY's Safe Drinking water Act of
1974, in which the EPA set, on April 2, 1986, drinking water regulations for fluoride as

follows:

(1)

"Primary Maximum Contaminant Level (MCL) of 4 mg F/L to
protect against crippling skeletal fluorosis," and

(2)

"Secondary Maximum Contaminant Level of 2 mg F/L to
protect against moderate to severe dental fluorosis". (2)
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This suggests that water-based consumer products Should be made with water
containing 2 ppm of fluoride or less.
The most effective corrective measure is to have children with developing teeth,
especially permanent teeth, avoid the intake of toxic quantities of fluoride. This may be
difficult to do for several reasons. Firstly, a child can unknowingly and unintentionally
get unwanted fluoride from dental products, foods and drinks as mentioned above.
Secondly, the expressed symptoms of dental fluorosis are not identical for all children
exposed to the same dose of fluoride. Therefore there is difficulty in predicting fluorotic
effects. Thirdly, there is also difficulty in diagnosing very mild to mild dental fluorosis
by dental clinicians thereby missing opportunities to aesthetically correct objectionable
fluorosis. (2)
The severity of the dental fluorosis and the psycho-socio-economic status of a child
afflicted with dental fluorosis will determine if corrective action will be taken. Corrective
procedures, when required or desired, include vital bleaching, abrasion and bonded
veneers. These corrective procedures are performed by dental clinicians. However, at
the present time dental fluorosis is considered to be a cosmetic effect (2) and therefore
these corrective procedures are not covered by most dental insurance companies.
Moderate-to-severe fluorosis results in unattractive misshapen teeth and probably will
result in psychological damage to the affected child. However little research on the
psychological effects of dental fluorosis on children has been conducted. (9)
Summary and Condusions

Excessive fluoride intake by children causes a toxic dental condition known as dental
fluorosis which is marked by visible mottling/discoloring of tooth enamel, pitting of the
enamel and disturbed tooth shape. Dental fluorosis occurs during early childhood
while the baby and permanent teeth and tooth enamel are still being mineralized and
before they erupt in the mouth. The severity of the* dental fluorosis is directly
proportional to fluoride ingested in excess of 0.03 mg to 0.07 mg fluoride/kg of body
weight/day. The ultimate result is the increased porosity, of the teeth and, in extreme
cases, loss of afflicted teeth. The prevalence of dental fluorosis is increasing in
communities that have water supplies that are "optimally fluoridated" and in those with
fluoride deficient doing water because of the ubiquity of ,products containing fluoride.
However the prevalence and severity of dental fluorosis is greater in "optimally
fluoridated" communities than those with fluoride-deficient water. Parents are being
advised to protect against excessive fluoride intake by infants and children by carefully
regulating their total intake of fluoride. It is anticipated that fluoridation of the Natick
water supply to 1 ppm or 1 mg/L will result in dental fluorosis to some degree in at least
one child out of every ten. However if care is not exercised in preventing excessive
fluoride intake, two to three children out of every ten may develop dental fluorosis.
Corrective procedures, when required, can be performed by dental clinicians.
However, the cost of teeth rehabilitation will be borne, most likely, by the
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individual/parent since dental fluorosis is considered to be a cosmetic defect and
therefore is not covered by most dental insurance plans.
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Skeletal Fluorosis, Osteosclerosis & Related Disorders
Two diseases of the skeletal system are osteosclerosis and osteoporosis.
Osteosclerosis is a disease involving an increase in bone density (and thickening)
accompanied by an increase in bone brittleness. Osteoporosis is a disease involving a
decrease in bone density (due to loss of calcium) leading to decreased bone strength.
(1) Osteofluorosis is an osteosclerosis caused by prolonged overdoses of fluoride.
Osteoporosis

Prolonged or increased ingestion of fluoride is known to result in increased bone mass.
However, the bone formed in response to these high and/or prolonged doses of fluoride
is reported to exhibit both reduced strength and increased fragility. (2,3,4) The
abnormal bone resulting from fluoride is of poor quality and while the increased mass
helps compressive strength, it generally leads to weakness of tensile strength. Thus,
tests of fluoride °treatment' for osteoporosis finds a decrease in vertebral compression
fractures but an increased incidence of hip and long bone fractures, compared to
control patients. Other researchers have advised abandoning fluoride as a legitimate
treatment for osteoporosis for that reason as well as for the well known toxicity of
fluorides. In fact, in a 1987 review of fluoride therapy for osteoporosis, Louis V. Avioli,
professor at the Washington University School of Medicine, concludes: "Sodium
fluoride therapy is accompanied by so many medical complications and side
effects that it is hardly worth exploring in depth as a therapeutic mode for
postmenopausal osteoporosis, since it fails to decrease the propensity toward
hip fractures and increases the incidence of stress fractures in the extremities."

(5)
Skeletal (Osteo)Fluorosis

Osteofluorosis is a complicated disease with a number of stages. The first two stages
are preclinical, that is, the patient feels no symptoms but changes have taken place in
the body. In the first preclinical stage, biochemical changes occur in the blood and
bone composition; in the second stage histological changes can be observed in bone
biopsies. Some experts call these changes harmful because they are precursors of
more serious conditions. Other experts say they are harMless. (6) Most admit that the
effects of long term ingestion of fluoridated water on bone are poorly understood. (6)
The clinical stages of osteofluorosis includes pain in the bones and joints, muscle
weakness, fatigue, calcification of ligaments and bone spurs. Most experts in skeletal
fluorosis agree that ingestion of 20 mg of fluoride per day for 20 years or more can
cause crippling skeletal fluorosis and doses as low as 2 to 5 mg per day over the same
time period can cause the preclinical stages. (7) Moreover, the total quantity of fluoride
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ingested is the single most important factor in determining the clinical course of
osteofluorosis. (8) The severity of the symptoms correlates directly with the level and
duration of exposure. For almost 40 years, investigators in the United States have
searched for evidence of osteofluorosis. The U. S. Public Health Service (8) reports
that:
a.... Radiographic changes in bone indicative of skeletal fluorosis, changes
in bone mass, and effects on skeletal maturation were not observed at
water fluoride concentrations of 1.2mg/I for 10 years and from 3.3 to 6.2
mg/I for a lifetime. In a survey of 170,000 radiographs of patients living in
Texas and Oklahoma with water fluoride levels between 4 and 8 mg/I,
Stevenson and Watson (1957) found 23 cases of radiographic
osteosclerosis, but no evidence of skeletal fluorosis." (references deleted.)
Nevertheless, large numbers of people in Japan, China, India. the Middle East and
Africa have been diagnosed with skeletal fluorosis. (9) 'In India, Tanzania and South
Africa, crippling forms of skeletal fluorosis have been reported in pediatric age groups
as well. (8)
Hip and other Fractures

In clinical practice, the occurrence of atraumatic minor compression fractures of
vertebra is common in post menopausal osteoporotiC women and is frequently
asymptomatic, being found only by radiographs, though the patient may have noted a
slight decrease in height over time. The more morbid consequence of osteoporosis is
hip fracture which has the potential for seriously disabling patients. It has been
suggested that sodium fluoride could be used as a treatment for osteoporosis since it is
associated with 'bone thickening'. Dr. C. Y. C. Pak and others are conducting a USPH
funded and FDA approved study using slow-release sodium fluoride in the
management of post menopausal osteoporosis. (10) In this study, Dr. Pak is
administering about 25 mg of fluoride per day in a slow release form to post
menopausal women in order to raise their serum fluoride levels from 50 ng/ml to slightly
over 100 ng/ml while avoiding fluoride's known gastric inflammatory effects such as
mucosal erosions, ulcers, and bleeding which regularly accompany usual oral fluoride
supplementation at this dosage. However, according to a critical review of this study
appearing in the journal, "Fluoride', Dr. John Lee states that: `....(Dr. Pak's study)
seems limited to demonstrating the obvious, i.e., that excessive fluoride causes
osteofluorosis. "(10)
The one interesting finding in Pak's interim report is the fact that fluoride
supplementation did not cause any reduction in vertebral fractures in women on
estrogen supplementation compared to controls. Among estrogen-treated women, the
fracture-free rate of the placebo (no fluoride) group compared to that of the fluoride
group was 75.0% and 76.9% respectively, an inconsequential difference

Natick Fluoridation Study Committee Report

9/27/97

Page 34

In a national study of ecological design (11), Jacobsen et al., examined the association
between water fluoridation and the incidence of hip fractures. For the period 19841987, a total of 218,951 eligible hip fracture cases were studied. (12) Raheb
characterized the results of Jacobsens study as a.. .A small, statistically significant,
positive association was found between fluoridation and fracture incidence rates." (13)
However, a careful review of the data of Jacobsen and his co-workers show an eight
(8%) percent increase in women [±2 percent] and a seventeen (17%) percent increase
for men [±4 percent]. A more recent study on a smaller population (which was
restricted to Mormon communities in Utah to correct for confounding factors such as
smoking and/or use of alcohol) showed an increased incidence of hip fractures of 27%
in women and 41% in men, albeit with a larger 95% confidence interval. (14) While
four other studies indicate either no effect or a negative effect of fluoridation, these
studies involved a total of only 6,874 subjects as opposed to positive correlation in the
case of 781,575 subjects.
Summary

Well controlled studies have not demonstrated a beneficial effect of the use of high
doses of fluoride in reducing osteoporosis and related bOne fractures. However, there
has been shown to be a . positive relationship between water fluoridation and increased
hip fractures in persons 65 years of age and older. Human crippling osteofluorosis is
endemic in several countries of the world, but is extremely rare in the United States. A
number of factors govern the amount of fluoride deposited in the skeleton. The
important factors include:
1) age at exposure
2) duration of exposure
3) dose of fluoride
4) nutritional status
5) renal status
6) individual biological variation.
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Carcinogenicity
Whether or not fluoride causes cancer in humans has been a subject of heated debate.
Based on the journal articles and other documents reviewed by this committee, the
debate has not been resolved and appropriate epidemiology studies have yet to be
conducted. This section of the committee report summarizes the two major animal
bioassays that have tested fluoride for its carcinogenic potential. It also reviews some
of the human epidemiology studies that have been published.
Animal Studies
The US National Toxicology Program (NTP) tested sodium fluoride for carcinogenicity
in a 2 year bioassay using rats (F3441N) and mice (B6C3F1) (1). The most often cited
result of this study is that it provided "equivocal" evidence of carcinogenicity based on
a statistically significant elevation of osteosarcoma (a type of bone cancer) in male rats.
No bone cancer was observed in female rats and male, or female mice. However, a
careful review of the data presented in the published report of this study (1) shows that
one additional osteosarcoma was observed, but not counted in male rats. In addition,
one male and one female mouse treated with fluoride also developed osteosarcoma,
although these were not included in the summary table, only in the footnotes.
In addition to bone cancer, the NTP study showed marginal differences between control
animals and dosed animals with respect to cancer of the oral mucosa, thyroid gland
and uterus of rats and the hematopoietic system and liver in mice. While several liver
tumor types were observed in male and female mice, two tumor types were considered
highly unusual and worthy of note: hepatoblastoma and hepatocholan-giocarcinoma
(1).
In general, animal bioassays test chemicals at doses much higher than received by
humans, and the results are then extrapolated to lower doses. In the NTP study,
sodium fluoride was administered in drinking water at 25, 100 and 175 ppm. A special
low fluoride diet was formulated. A measure of cumulative dose (dose taken in over a
long period) for fluoride is the ash content in the bone. Comparison of the fluoride in
the bones of the animals in the high (125 ppm) dose grOup with humans drinking water
with fluoride concentrations above 2 ppm show that older humans have more fluoride in
their bones than the high dose animals (1,2). In other words, this study was conducted
using fluoride doses that humans actually receive.
The NTP study has been criticized by all sides: some charge the study understates the
cancer potency, others say it overstates the potency and is irrelevant to humans
(2,3,4).
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William Marcus, an EPA toxicologist, compared the rate of osteosarcoma in historical
controls (control animals used in previous toxicology testing studies) with those
obtained in the dosed animals in the fluoride study. He assumed the fluoride dose in
the historical controls was due to ingestion of normal rat chow, and represented a dose
between the 25 ppm and 100 ppm dose group in the fluoride drinking water study (the
NIP agrees with this calculation). Marcus found that the ! observed "historical" control
rate of osteosarcoma fit exactly where expected based on the fluoride dose (2).
Marcus also reports that the original pathologist's classifications of the liver tumors in
the rat, oral tumors in the rat, and adrenal pheochromocytomas were consistently
downgraded by a review panel (2). This would serve to underestimate the evidence for
cancer based on the animal study. Marcus recommended that EPA assemble an
independent panel of pathologists to review the slides from the NTP study.
James Bawden, representing the American Associations for Dental Research (AADR)
at a peer review panel of the NTP study, claimed that the.. types of bone tumors
observed in the rat differ from osteosarcoma observed in humans, and thus the NTP
study has no relevance to humans (4). However, Bawden's statement represents a
fundamental misunderstanding of the purpose of the 2 year bioassay: it is not a model
for a specific cancer at any particular site in the body. The purpose of the bioassay is
only to show the potential for a chemical to induce cancer; correlation of cancer sites in
the animal and humans is not required and indeed, is rarely observed. John Stamm,
representing the American Dental Association at the peer review panel (5), expressed
concern about how the NTP did its statistical analysis and suggested the data were not
strong enough to call fluoride an "equivocal" carcinogen.
Proctor and Gamble (P&G) sponsored a 2 year bioassay in which rats (Sprague Dawley) were administered sodium fluoride in food. Rats were fed 1.8, 4.5, or 11.3 mg
fluoride per kg body weight each day in a low fluoride semi-synthetic diet. There were
two control groups, one fed the low fluoride semi-synthetic diet and one fed normal rat
chow (fluoride content not determined). The fluoride content of the drinking water was
not reported. The study ended early because too many animals died in both the
fluoride fed and control groups. There were multiple problems with this study, including
that the semi-synthetic diet may not have provided the nutrients for normal growth and
development and a virus is likely to have infected the animals (6).
The original laboratory conducting the P&G rat study reported one osteosarcoma in a
low dose female and a few other tumors. The carcinogencity assessment committee of
the FDA reassessed the data and found another osteosarcoma in a low dose female
and one in a high dose male. Moreover, not all the animals were carefully examined for
bone cancer and thus other tumors may have been missed. The FDA review

concluded that "...there are flaws and uncertainties in the studies that keep them
from providing strongly reassuring data (6).

The P&G study was also conducted with mice. Osteoma' s (non-malignant bone tumors)
were observed in all groups with a significantly higher incidence in the high fluoride
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dose group. However, the mouse study hasn't been deemed useful for risk assessment
because the mice in both the treatment and control groups were infected with a virus
(C-type retrovirus), and it is suggested that the tumors were formed via an interaction
between the virus and fluoride (7).

Human epidemiology studies

Many epidemiology studies examining possible associations of fluoride and cancer
have been conducted. Some studies examine bone cancer or cancers at particular
sites, others examine overall cancer incidence rates or cancer mortality rates. Few of
the studies are of individuals; rather they look at effects of populations who are
assumed to be exposed or not exposed to fluoride or fluoridated water. Only a few will
be summarized here.
Early epidemiology studies compared cancer mortality (death) rates in cities with and
without water fluoridation. An analysis by Yiamouyiannis and Burk in 1977 found 4-5%
lower death rates in non-fluoridated cities (comparison of 10 largest US cities with
fluoridated water and 10 largest US cities without fluoridated water). At about the same
time, three British scientists completed an analysis of the same 20 cities and found no
effect of fluoridation on mortality rates. A review of these two studies by the US
National Research Council concluded that the differences could be explained by use of
different data sets and analytical methodologies; the differences showed the relative
insensitivity of the data and measurements (3). Yiamouyiannis disputes this and claims
that the British scientists omitted data and made mathematical errors (12).
Freni and Gaylor examined international trends in bone cancer based on incidence (not
mortality) data in a study published in 1992 (8). In general, they found no relationship
between water fluoridation and bone cancer with the possible exception of an
increased risk for females in fluoridated areas of the United States. The study was
weakened by . lack of good exposure data; non-differential misclassification of exposure
will lead to an underestimate of an effect. Freni and Gaylor (8) also demonstrated that
mortality data is a far less reliable measure of bone cancer than incidence data.
Several small case control studies examining the relationship between fluoride and
bone cancer have been conducted, with mixed results. One small study in New Jersey
found that males under age 20 years who resided in communities with fluoridated water
at the time of diagnosis had a higher osteosarcoma rate than those who resided in
nonfluoridated communities (9). A small case control study of osteosarcoma and water
fluoridation (among other factors) conducted in Wisconsin showed no association
between osteosarcoma and residence in an area with fluoridated water at time of
diagnosis (10). Both of these studies suffer from lack of explicit exposure data.
Exposure classification is based on residence at time of i diagnosis, which may or may
not reflect exposure to fluoridated water for any period of time.
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A larger case control study examining the association between fluoride intake (and
water fluoridation) and childhood (less than 25 years old) osteosarcoma was conducted
in New York State (11). This study included contacting both cases (or their parents)
and controls, and asking questions related to fluoride exposure. The study found no
association between total fluoride exposure and osteoSarcoma for either males or
females. A statistically significant risk (odds ratio) for osteosarcoma was found at the
lowest level of water fluoridation for females, and for males and females combined (but
not for males alone). However, the risk did not increase, with increasing exposure to
fluoride in the drinking water, and the risk at the higher water fluoridation exposure was
not significantly elevated (11).
Yiamouyiannis examined the relationship between incidence of and mortality from
bone cancer in males and water fluoridation using several US data sets (12). He
reported an association between water fluoridation and ; bone cancer incidence and
death from bone cancer among males under the age of 20. He also suggested there is
a 30-60% increase in oral cancers because of fluoridation. Several problems are
apparent with this paper. For example, for bone cancers,, he assumed that only males
would have bone cancer linked to fluoride, and then used females as an unaffected
reference population. The validity of this assumption has not been proven; indeed,
other data reviewed here suggest this is an incorrect assumption.
A recently published study from Okinawa, Japan reports a relationship between fluoride
concentration in drinking water and mortality from uterine cancer (13). However, it
does not seem that important variables, such as water chlorination, were appropriately
taken into account. It is also noted that, in Okinawa, the fluoridated water ranged
between 0.19 and 0.37 mg/I fluoride. These waters would generally be considered
non-fluoridated in the U.S.
Summary of cancer data

The animal study conducted by the National . Toxicology Program (NTP) provides
evidence that fluoride causes osteosarcoma, a malignant bone tumor. Although the
NTP concluded that its study gave "equivocal" results with respect to cancer, the
background memos and documents suggest that the results are actually stronger than
suggested by the report. Similarly, the Procter and Gamble study likely gave stronger
evidence of carcinogenicity, notably bone cancer, than suggested in the summary
statements.
That fluoride is associated with bone cancer is reasonable from the point of view of
what is known about the effects of fluoride: fluoride causes the division of immature
bone cells (proliferation of osteoblasts) and fluoride accumulates in the bone and thus
can cause damage there. Fluoride has been shown to be genotoxic in numerous test
systems which is another property that is associated with carcinogens (1,5). In other
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words, the biochethistry, pharmacokinetics, and other toxicology studies support the
view that fluoride maybe a bone carcinogen.
Epidemiology studies examining cancer in general and bone cancer in particular have
been inconsistent. Studies using ecologic designs (the studies are based on cancer
incidence or mortality for given geographic areas, not for individuals) have given
conflicting results for cancer in general, for all bone cancer, and for osteosarcoma. The
larger case-control studies do not show an association of fluoride or water fluoridation
with bone cancer although at least one small study has shown an association. Most of
these studies are handicapped by completely inadequate measures of exposure which
would mask any effects that may be there because of non-differential misclassification
of exposure. Given the widespread deliberate exposure of humans to water fluoridation
and the suggestive animal data regarding cancer, especially osteosarcoma, it is
incomprehensible why a large case-control epidemiology 'study with good measures of
fluoride exposure has not been initiated.
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Metabolic & Enzymatic Effects
This section discusses the impact of fluoride on metabolic and enzymatic processes.
Included in these areas are the direct action of the fluoride anion as well as that of
other inorganic fluorine-containing materials related to the process of fluoridation. In
addition, the impact of fluoride on biochemical pathways and/or enzymatically
controlled processes based upon either the formation of fluoride-metal complexes or
upon the interference caused by fluoride in the interruption of enzyme-substrate spatial
arrangements is discussed.

Background Material
Although it is beyond .the scope of this report to present a pedagogical background in
biochemistry or the chemistry of fluorine-containing compounds, a few principles should
be discussed in order to understand the issues involved and the degree to which these
issues would have had an impact on the widespread introduction of fluoride into the
human food chain.
Fluorine is contained in significantly fewer than 10 % of more than 700 minerals. Of
these, only 5 or 6 minerals are truly common and almost all of these are either
insoluble or have very limited solubility in water of neutral pH, although some exhibit
enhanced solubility in water in the lower pH (acidic) range. (1)
In those areas of the world where there is an abundance of the common fluorinecontaining minerals in contact with either ground or surface water below pH 7,

dissolved fluorine-containing minerals will be present in the indigenous water supplies.
As a result, those areas will have an increased presence of fluorine in the vegetable
and animal food-stuffs produced there. The fluorine that does enter the human foodchain, whether naturally occurring or as a result of artificial fluoridation, corresponds
primarily to the sodium salt of the fluoride anion (F) and either sodium fluorosilicate or
fluorosilicic acid. Clearly it is the nature of these materials which most concern us in
this section and, in addition, the nature of the biological materials with which these
interact. (2)
Characteristics of Fluorine and Fluoride Ion

The primary action of fluoride in metabolic and enzymatic reactions is related to the
formation of 'complexes in one form or another. The fluoride anion has the highest
charge density of any negative ion. (3) As a result of this, it is now known that fluoride
forms an exceptionally strong hydrogen bond (> 148 kJ/mol.) with substrates in amidefluoride systems. (4) Strong hydrogen bonding is now recognized as being clearly
distinguishable from normal hydrogen bonding.
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Another related characteristic of fluoride ion is that it exhibits an affinity for many metal
ions, especially magnesium, manganese, aluminum, and calcium and therefore it can
effect the bioavailability of these ions either separately or ' may cause either inhibition or
otherwise interact with any enzyme system which requires one of these metals as a cofactor. (5,6)
Structural Susceptibility of Biomolecules

The impact of strong hydrogen bonding is that proteins, which consist of a repetitive
sequence of amide linkages, are particularly susceptible to this type of hydrogen

bonding. The end results of this type of interaction are itwo-fold. The lesser effect is
that the carbonyl-nitrogen (amide) bond in proteins-may become more susceptible to
cleavage even though fluoride itself is a less nucleophilic anion. The second, and
probably enormously greater, effect is that the spatial arrangement or macromolecular
structure of these materials depends heavily upon normal hydrogen bonding to produce
the secondary stereochemical structure required for appropriate enzymatic activity to
take effect. (7) This has been demonstrated by Edwards and co-workers, who studied
the perturbations caused by fluoride on the structure of Cytochrome C peroxidase. (8)
Further, ab initio calculations by Emsley et al. lead to the conclusion that the fluoride
ion may completely disrupt the Thymine-Adenine linkage in DNA. (9) A survey of the
literature reveals no shortage of supporting research results. (10) The conclusions
reached in several of these studies are listed below.
•
•
•
•
•
•
•
•
•

Fluoride inhibits metalloproteins (12)
Fluoride inhibits DNA polymerase (13)
Fluoride induces chromosome aberrations (14)
Fluoride effects the aylase cyclase system (15)
Fluoride inhibits yeast enolase (16)
Fluoride inhibits protein synthesis enzymes(17)
Fluoride inhibits gycolytic enzymes (18)
Fluoride inhibits cell growth enzymes (19)
Fluoride inhibits testosterone synthesis (1 1)

It is of interest to note that the latter interaction may be responsible for those
deleterious effects of fluoride which appear to be restricted to males (e. g. testosterone
is involved in bone growth in males but not in females). (11) The above list is by no
means exhaustive. Rather, it should be taken to indicate that there is sufficient
evidence to warrant more extensive research into this Orea. However, over all, the
results described in the above references °suggest that sodium fluoride is potentially
dangerous to humans." (14)
Fluoride and Calcium Metabolism.
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The interaction of fluoride in those metabolic processes! involving calcium are also of
great significance. This type of interaction may have been responsible for the recent
observation that even when calcium is supplemented in osteoporotic patients, a large
number of those who have also been treated with fluoride still show evidence of
calcium deficiency. (20) The lack of availability of calcium, either as a result of
precipitation by fluoride or the formation of fluoroapatite, may result in hypocalcemia
which may have other widespread and, as yet, poorly understood effects on bone
formation and other regulatory mechanisms of the body.
Summary and Conclusion

The information above and the references cited illustrate that fluoride can seriously
disturb the balance of enzymatically activated biochemical reactions. These effects
clearly were not well-known at the commencement of fluoridation activities. However,
the recent literature contains many references (e.g. 21-25) to original research results
that illustrate that fluoride effects the metabolism of a number of common oral bacteria,
(e.g., Streptococcus mutans) so that, equally clearly, this phenomenon of fluoride
effects on enzymes should be as • well known to the proponents of fluoridation as to
anyone. Thus, while there can be no doubt that fluoridation has contributed to the
reduction of dental caries in the past, there is likewise little doubt that the continuation
of the fluoridation process in the light of recent evidence outlined above is
inappropriate without first answering the serious and potentially health-effecting
questions raised.
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Hypersensitivity and "Allergic" Reactions

Some humans appear to be hypersensitive to fluoride, although there is some question
about whether the reaction is allergic. At the very least, some components of the
hypersensitivity appear to be allergic (I. e. an immune system effect); other portions
may be related to the central nervous system or altered fluoride metabolism
(pharmacokinetics). However, from the viewpoint of the sufferer of these effects, it is a
moot question since the end result is virtually the same. With apologies to the
sufferers and those physicians who use the terms aallerVies,ici in their discussions or
papers, this section refers to the manifestations of these effects as hypersensitivity.
Hypersensitivity reactions to fluoride, including fluoridated water, have been known to
and reported by medical practitioners for decades.(1).. A search of the recent literature
identified several references to occupational asthma induced by fluoride exposure in
the aluminum industry (aluminum potroom asthma)(2), but no references to
environmental exposures. While this absence of recent ,literature suggests that this is
not an active area of current research, it does not invalidate the older observations.
George Waldbott, M. D., summarized both the medical literature and his own
observations on the allergic reactions to fluoride in a 1964 article in the Journal of
Asthma Research. He reported six cases of urticaria (hives) due to fluoridated water.
The urticaria was accompanied by other fluoride associated health effects, including
paresthesias, cephalgia (headaches), arthritis in the lower spine, gastrointestinal and
urinary disturbances. For at least some of these patients, the association of the
urticaria with fluoride was demonstrated in double blind challenge tests. These
patients appeared to retain more fluoride than most individuals, putting them at higher
risk of fluoride-associated health effects. In the same journal article, Waldbott also
described other effects on fluoride on the skin of sensitive individuals. These included
atopic dermatitis and contact dermatitis, including on the fingers of dentists after
applying sodium fluoride to patients.
Summary

This paper demonstrates that there is a sub-population of adults that is hypersensitive
to even low doses of fluoride such as those in water fluoridated to 1 ppm. While the
size of this sub-population is unknown, there appears to be at least one Natick resident
who is hypersensitive to fluoridated water.
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MEDLINE search using key words fluoride and allergy on August 22, 1997, search
included "related articles" feature of PubMed
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Central Nervous System: behavioral and IQ effects

Several papers published in the last few years report that fluoride has adverse effects
on the central nervous system (CNS), including intelligence and behavioral patterns.
These papers encompass biochemical, histological, animal, and human studies and
give a consistent picture regarding previously untested adverse consequences of
fluoride exposure. Four important features of the animal toxicology and human studies
are:
1)
2)
3)
4)

the fluoride doses are in the range that some humans actually receive;
the animal studies are in the range of the upper end of fluoride food and
water intake in the U. S.;
for some effects, the timing of the dose is ' critical, prenatal and early life
exposures appear to be the critical periods for IQ deficits and some
behavioral changes,
the adverse effects due to prenatal exposures are not reversible, and
the adult onset symptoms may be reversible if fluoride exposure is
eliminated.

Animal Toxicology Studies

Dr. Phyllis Mullenix and co-workers published a study on the neurotoxicity of sodium
fluoride in rats in 1995 (1). The study used behavioral methodology that focused on
behavioral repertoire, responses to novelty, and the temporal or sequential
organization of spontaneous behavior. This methodology had been previously used to
study alterations in CNS function and behavioral alterations including cognitive deficits
(mental retardation) due to chemotherapy for childhood acute lymphoblastic leukemia
(2), amphetamine induced hyperactivity, and triethyltin induced hypoactivity (1). Thus,
the methodology used to test the sodium fluoride should' be considered a validated one.
In all, 532 rats (Sprague-Dawley, male and female) were used in the study. Fluoride
was given at different doses and three life stages: 'prenatal, weanling and adult.
Prenatal doses were administered via subcutaneous injections of the pregnant dam on
either gestational days (GD) 14-18 or GD 17-19. The dose schedules produced
plasma fluoride peaks of 0.15 to 0.2 ppm. Weanling and adult rats were dosed via
incorporation of 75 ppm, 100 ppm or 125 ppm sodium fluoride in drinking water for 6 20 weeks. While these drinking water concentrations are higher than would be used in
water fluoridation, the cumulative exposures to fluoride, as measured by the
concentrations of fluoride in plasma, are similar to plasma levels observed in humans
with high end exposures. For example, the plasma level of fluoride in the rats ranged
from 0.059 - 0.640 ppm. Plasma fluoride levels of 0.076-0.25 are found in humans
ingesting 5-10 ppm fluoride in drinking water and plasma fluoride levels of 1.44 ppm
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have been found in children 1 hour after receiving topical applications Of acidulated
phosphate fluoride gel.
The prenatal exposures (also referred to as in utero exposures) during GD 1'7-19
altered the behavioral outcome in male (but not female) offspring in a manner
correlated with hyperactivity. There was no overt toxicity to the dams or offspring
based on reduced body weight, suggesting the behavioral alterations were not
secondary to another toxicity. [Note that absence of overt toxicity in the dam is a key
test in defining a developmental toxicant according to EPA guidelines (3)]. Plasma
fluoride concentrations at 3 and 9 weeks of age were not elevated, suggesting that the
damage occurred in utero and as a result of a short term exposure. It should be noted
that the nervous system develops throughout gestation and during the early postnatal
period, and that the higher cognitive functions develop itowards the end of gestation
(gestation period is 20-21 days in rats) and during the postnatal period. It is also a
common feature of developmental toxicants that adverse effects are observed if a
toxicant is given during one period of gestation, but not during others (other adverse
effects may or may not be observed at other periods).
Weanling exposures to fluoride affected the behavior of both males and females in a
dose dependent manner (based on plasma fluoride levels), although the female rats
were affected at lower doses. These doses also induced slight toxicity as judged by
body weight gains. The behavioral changes for both Sexes and at all doses were

consistent with respect to the controls, and were different from the behavioral changes
observed in male rats exposed prenatally. The observed behavioral changes are
associated with cognitive deficits in other studies (1).
Adult rats were exposed for 6 weeks to 100 ppm fluoride in addition to the no fluoride
control. No toxicity was associated with this dose based on differences in body weight.
Female (but not male) rats showed behavioral changes, and these changes were
similar to those observed in the weanling exposures, namely cognitive defects (1).
A study by Liu published in 1989 (4) appears to show behavioral changes associated
with in utero exposure to fluoride, although only the abstract is available in English.
Female VVistar rats were given 0, 30 or 60 ppm NaF in drinking water, apparently for 85
days before and during pregnancy. Their offspring were tested (age 33-42 days) for
pain reaction and conditioned reflex. The response time for the fluoride exposed
offspring was longer than for the no-fluoride control animals.
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Behavioral Changes in Humans Associated with Exposure to Fluoride as Adults

Spittle (5) summarized several studies that reported central nervous system effects in
humans following occupational or environmental exposures to fluoride. About 25% of
workers exposed to fluoride from cryolite (a fluoride containing mineral) who had
skeletal fluorosis also had central nervous system effects including fatigue, headache
and giddiness. A similar proportion of aluminum smelter workers with skeletal fluorosis
also reported psychiatric disturbances including depression, mental sluggishness and
memory disturbances. Although these observations are reported for people with high
fluoride exposure, the effects from occupational exposures are often used to forewarn
of hazards that may also occur, but be harder to measure, at lower doses such as
those that may result from environmental exposures.
There are also several studies where behavioral changes or other CNS symptoms are
associated with lower fluoride exposure. Waldbott (summarized in Ref. 5) reported
generalized progressive fatigue associated with a distinct decline in mental acuity in
persons residing within 3 miles of an enamel factory emitting hydrogen fluoride.
Waldbott also reported CNS symptoms (lethargy, memory impairment) in several
patients exposed to fluoridated drinking water. Some of these studies are also
described in this report in the section titled hypersensitivity (5 ,6) .
Rotton and coworkers (7) subjected adult volunteers to experiments that tested their
attention and error rate on primary and secondary tasks (tracking objects and
responding to flashing lights). The individuals were given one drop of sodium fluoride
in water (0.1,1,10, 100 ppm) sub-lingually. The administration of sodium fluoride did
not affect the primary task; tracking a moving target. However, the sodium fluoride
increased the error rate (missed responses) of the secondary task and the highest two
doses resulted in an increase in the latency (response time) between the secondary
stimulus and the subject's response.
Decreases in IQ in humans exposed to fluoride in utero

Cognitive deficits due to fluoride exposure, in the form of a population-wide decrease in
intelligence in children, have been reported in several different populations in China in
the last few years. Two of the studies were published in English (8,9), and they are
summarized here.
Zhao and co-workers (8) studied the differences in IQ in children aged 7-14 in two
villages in Shanxi Province of China. The villages , were similar with respect to
occupations, living standards and social customs, but differ with respect to the fluoride
content of drinking water. Sima has a fluoride content of 4.12 ppm, 86% of the
population has clearly evident dental fluorosis, and 9% have clinically diagnosed
skeletal fluorosis. Xinghua has a fluoride content of 0.91 ppm, 14% of the population
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has dental fluorosis and no skeletal fluorosis has been diagnosed. In each village, 160
(80 male, 80 female) randomly selected children were given standard IQ tests. The
only constraint was that the children's mothers lived in the village being studied during
their pregnancy. The mean IQ in the Sima (high F) and Xinghua (low F) were 97.7 and
105.2, respectively, which is a statistically significant difference. The range was also
generally lower in the higher fluoride area.
Table I - IQ Ranges for Different Exposures to Fluoride (8)

Village
Sima (high F)
Xinghua

Mean IQ

Range

97.7
105.2

60-133
69-141

The IQ distribution of children in Sima was lower than in the low F village of Xinghua,
leading to fewer children in the superior intelligence category and more children in the
low intelligence category in the high fluoride village. There was no difference in IQ
between males and females. As expected, within each village, IQ correlated with
parents' educational levels.
The high F village of Sima had fluoride concentrations only just above that allowed by
US standards (MCL of 4.0 ppm) and the low F village of Xinghua had a fluoride content
(0.91 ppm) slightly lower than the proposed fluoridation level in Natick. However, these
data do not suggest that 0.91 ppm is without effect, as no village with lower drinking
water fluoride concentrations were tested. It is also important to note that the study
required in utero exposure to these levels of fluoride.
Li and co-workers (9) conducted IQ tests on children living in four areas of the Guizhou
Province of China. The areas differed with respect to endemic fluorosis caused by coal
burning for grain drying, but were otherwise similar in cultural and socioeconomic
aspects. Children aged 8-13 were tested (total of 907) using a Chinese IQ test for
children in rural areas. Dental fluorosis was measured using Dean's scale of DMF.
Urinary fluoride was also measured and correlated with the measured dental fluorosis
(Table II, below).
The results of this study in terms of mean IQ scores and the distribution of IQ scores
are summarized in the two tables below.
Table II - Mean IQ scores for children in areas with different prevalence offluorosis (9)

Degree of Fluorosis
No. of children
Dental Fluorosis Index

none
226

slight
227

medium
224

<0.4

0.8

2.5

severe
230
3.2
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1.02
89.9±10.4

Urinary F (mg/L)
IQ (meantSD)

1.81
89.7±12.7
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1

2.01

I 79.7±12.7

r

2.69
80.3±12.9

Table III- Distribution of child IQ scores from areas of differing fluorosis prevalence (9)

IQ Range

Fluorosis Status
none
slight
medium
severe

<70
2.6%
3.1%
25.4%
20.9%

70-79
9.7%
15.9%
23.7%
26.6% .

90-109 , 110-11
120-12
>129
9
9
3.9%
0.8%
37.1% 46.8%
0
29.1% 47.1%;
3.1%
1.3%
<0.4
29.9% 20.5%
0.4%
0
0
0.4%
0
26.9% 25.2%;
0

80-89

Inspection of the first table indicates that there is a 10 point IQ drop in the mediumsevere fluorosis area compared to the non-slight fluorosis areas. Inspection of the
second table shows that the decrease in IQ is throughput the "bell shaped" IQ curve.
There is a marked increase in the percentage of children with IQ less than 70 in the
medium-severe fluorosis areas (approximately 3% to more than 21%) and a marked
decrease in the percentage of children in the higher IQ ranges (for example, IQ greater
than 110 decreases from approximately 5% to 0.4%, a ten fold decrease).
No correlation was observed between IQ decrement and age of the children. As
pointed out by the authors, this suggests that early exposure (in utero or early
postnatal) to fluoride is critical to the production of the adverse effect.

Biochemical studies of the brain
The findings of central nervous system effects (behavior changes and decreased IQ) in
the human and animal studies following fluoride exposure is supported by biochemical
data that show that fluoride accumulates in both fetal and adult human brain tissues. In
other words, it can be shown that the fluoride reaches the brain tissue, and thus is
available to exert an effect.
Mullenix and coworkers (1) measured the concentrations of fluoride in various regions
of the brain of both weanling and adult animals exposed to fluoride in their behavioral
studies. They detected increased fluoride concentrations in the hippocampus of
females, but not males exposed as adults, and of both females and males exposed as
weanlings. This pattern of elevation of fluoride in the hippo campus is the same as the
pattern of behavioral changes. Several studies have linked hippocampal damage and
hyperactivity and cognitive deficits.
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Alterations in the hippocampus section of the brain following ingestion of sodium
fluoride in drinking water have also been reported by other researchers (10) using a
different rat strain (Long Evans) and different measurement endpoints [abnormalities in
the hippocampus and alterations in biochemical reactions in the brain such as beta
amyloid and IgM antibody.]
Additional studies along these lines have been published in the Chinese literature; but
only abstracts or other summaries are available in English. Higher concentrations of
fluoride have been found in human embryonic brain tissue obtained from termination of
pregnancy operations in areas where fluorosis due to ' coal burning was prevalent.
Detailed studies of these tissues showed that differentiation of brain nerve cells was
poor and brain development delays (cited in . reference 9). Li (4) reports that the brain
of rat pups whose mothers had been exposed to .60 ppm . NaF in drinking water had
higher nerve cell density in the brain and mild degeneration oforganelles of the nerve
cells compared to pups from control dams.
Summary and Conclusions Regarding CNS Effects

The study conducted by Mullenix et al., shows central nervous system changes in rats
that are likely to be observed as hyperactivity and decreases in IQ or other cognitive
(thinking) functions in humans. The observed change depends upon whether the
fluoride was administered prenatally or after the pups were born. The observed
changes also depended upon whether the animal was Male or female. This is a very
well conducted study using a previously validated test system, and fluoride doses
within the range that humans receive. A lot of weight should be placed on the results of
this study.
The two Chinese epidemiology studies suggest that fluoride exposure sufficient to
produce moderate to severe dental fluorosis also results in-substantia1.1Q decrements if
the fluoride exposure occurs in utero or during the early postnatal period. Taken
together, the studies indicate that total fluoride exposure is critical: the IQ decrements
were observed due to both drinking water and inhalation exposures. These findings
are quite consistent with the animal toxicology data published by Mullenix et al. (1)
Biochemical and histological studies show the accumulation of fluoride in fetal and
adult brain tissue and fluoride-induced changes of the stucture of brain tissue. These
studies support the animal and human studies that fluoride adversely effects human
behavior and cognitive function by showing that flouride reaches brain tissue and alters
its appearance.
The Chinese IQ studies (8,9), the animal toxicity study by Mullenix et al. (1), the studies
summarized by Spittle (5), and the biochemical and histological studies together very
strongly support the proposition that fluoride has adverse effects on the human central
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nervous system. Moreover there is good evidence that fluoride is a developmental
neurotoxicant (1,8,9), meaning that fluoride effects the IQ and behavioral patterns of
the developing fetus at doses that are not toxic to the mother.
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Reproductive and Developmental Toxicity (other than nervous system)
Reproductive toxicity is the study of toxic effects on the reproductive capacity of males
and females. Animal toxicity tests to determine whether or not a substance is a
reproductive toxin include:
1)
2)
3)

alterations in sperm count and quality;
number of litters and number of conceptuses/litter when male or female
animals are exposed to a potential toxicant prior to mating; and
number of live births when male or female animals are exposed to a
potential toxicant prior to mating.

Human epidemiology studies of birth rates may also give insight into reproductive
toxins.
Developmental toxicology is the study of conditions (including chemical substances)
that lead to abnormal development. Manifestations of developmental toxicity include
structural malformations (birth defects), growth retardation, functional impairment and
death of the organism. The study of developmental functional deficits, including
neurobehavioral effects has emerged in the last twenty years (1), and is thus still in its

early years of elucidation.
Reproductive Toxicity

There have been a number of studies of the effects of fluoride ingestion and of water
fluoridation on reproductive capability of humans and animals. In its influential 1991
review of water fluoridation, the US Public Health Service (US PHS) (2) found that
fluoride may affect reproduction in animals, although some data were contradictory. [It
should be noted that the US PHS report was provided to this committee by both Myron
Coplan and the Natick Board of Health].
Several laboratory studies of rodents (rats and mice) exposed to fluoride in food or
drinking water showed reduced fertility. Heifers exposed to 5 ppm fluoride in water
during four breeding seasons calved at a rate that was only 30% of normal. At higher
fluoride doses, the effect was earlier and more severe, which is strongly indicative that
the effects observed were due to fluoride and not a confounding factor (cited in 2,7).
In screech owls, chronic dietary intake of 40 ppm , sodium fluoride resulted in
significantly smaller egg volume, which is considered a slight to moderate reproductive
disorder. No gross abnormalities were apparent (3). Pastel mink fed up to 230 ppm
fluoride in their diet did not show adverse reproductive effects such as changes in
breeding, gestation, whelping or lactation. However, there was only a 14% survival
rate of kits whelped by females fed 385 ppm fluoride (4).
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Several animal studies have examined the effect of fluoride on sperm count, motility
and other sperm quality parameters. Narayana and Chinoy (5) fed albino rats 10 mg/kg
sodium fluoride for 50 days, and examined the structure and metabolism of the sperm.
They observed biochemical alterations that manifest themselves in reduced sperm
motility and lower sperm count. Both of these are considered adverse reproductive
effects. Withdrawal of sodium fluoride reversed most, but not all of the observed
alterations. Addition of ascorbic acid and calcium to the' rat diet after withdrawal of the
sodium fluoride produced full recovery from the adverse effects of the sodium fluoride.
Susheela and Kumar (6) fed rabbits 10 mg/kg sodium fluoride for 18 or 29 months. At
the end of the exposure period, the animals were sacrificed and the structure of the
testis, epididymis and vas deferens studied by microscopy. Deleterious changes were
observed after 18 months, including absences of mucus droplets in the vas deferens
and changes in the epithelial cells lining the lumen of various structures.
Spermatogenesis ceased in animals treated for 29 months, but not 18 months,
suggesting that longer exposures to fluoride result in more severe effects.
Because of the lack of any human epidemiology studies,, Stan Freni, a participant in the
US PHS (2) review, initiated an epidemiological study of the possible association of
fluoride concentrations in community water supplies and US birth rates (7). Freni
calculated the annual total fertility rate for white women in the age range 10-49 years
for the period 1970-1988 in 30 regions (somewhat equivalent to counties) in 9 states.
He compared the total fertility rates with measures of fluoride concentrations in drinking
water (up to 10 ppm in some individual systems, but averaged over all the drinking
water in the county), the percentage of people drinking highly fluoridated (>3 ppm)
water, and various socioeconomic factors that are known to affect fertility rates. After
accounting for the socioeconomic and other demographic factors, Freni found an
association of decreasing total fertility rate (low birth rates) with increasing water
fluoride concentrations for most, but not all, of the regions examined (7).
Developmental Toxicity (other than neurotoxicity)

This subsection describes two animal experiments that tested the effect of fluoride
given to pregnant mice. The endpoints studied were various aspects of health, growth
and birth defects of the fetus. However, neither study examined functional deficits,
such as neurobehavioral deficits. These are fully described in the neurotoxicity section
of this report.
Collins and coworkers (8) published a study on the effects of sodium fluoride in drinking
water provided to pregnant rats on the health of the fetuses. In this study, they dosed
pregnant female rats with drinking water containing 0, 10, 25, 100, 175 or 250 ppm NaF
every day throughout gestation. The NaF did not appear to produce any change in
fetal growth or affect the development of specific bones. However at the highest dose
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(250 ppm NaF), there was a significant increase in the average number of fetuses with
three or more skeletal variations.
Heindel and coworkers (9) evaluated the effects of sodium fluoride in drinking water
provided to pregnant rats and rabbits on the health of the fetuses at the end of
gestation. In this study, they dosed rats with 0, 50, 150, or 300 ppm NaF in drinking
water during gestational days 6-15; rabbits were dosed On GD 6-19 with 0, 100, 200 or
400 ppm NaF in drinking water. The animals were , killed and the fetuses were
examined at the end of gestation (GD 20 for rats, GD 30,for rabbits). No clear signs of
maternal toxicity were noted at the 150 ppm level and lower. No developmental effects,
manifest as post-implantation loss, mean fetal body weight/litter, external, visceral or
skeletal malformations were observed.

Summary
Regarding fluoride and reproductive effects: Taken together, the studies summarized
here raise serious concerns about the impact of fluoride human reproduction, even
at water fluoridation levels currently considered "safe". The human epidemiology study
conducted by Freni (7) does not prove that fluoride in drinking water decreases fertility.
However, the association observed in the study is a serious cause of concern,
especially because of its consistency with some observations in laboratory and farm
animals. It clearly shows the need for careful studies that are designed to ascertain if
water fluoridation decreases human fertility.
Regarding fluoride and developmental effects: These two studies do not show any
fluoride associated developmental effects such as malformations (birth defects), postimplantation loss, or death of the fetus or infant at drinking water doses up to 175 ppm
sodium fluoride. There may be some effects above 250 ppm sodium fluoride,
particularly skeletal related effects. The experimental protocols used in these two
studies do not test for cognitive or neurobehavioral changes following in utero
exposure, such as those observed by Mullenix and coworkers described in the
neurotoxicity section.
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Lead Contamination

This section discusses the impact of specific concerns about the role of fluoridation
relative to the issue of lead contamination.
Lead Contamination

Lead contamination is a recognized concern in water supplies. As such, it is regulated
by the EPA. This regulation stipulates that certain action(s) must be implemented if the
lead concentration exceeds 15 parts per billion (ppb) which is termed the action level.
The 1986 Safe Drinking Water Act Amendment prohibits the use of lead pipes and
limits the lead content in brass plumbing components to 8%. Older facilities are likely
to have a larger amount of lead used throughout the water distribution system.
Although the lead level in ground and surface water supplies may be low, the level of
lead can increase to the action level (as specified by the EPA) depending on chemical
and physical factors. The factors affecting the amount of lead contamination are: 1.
The corrosiveness of the water which is dependent on pH, alkalinity (or buffering
capacity), and mineral content, 2. Age of lead-soldered joints and other lead
components, 3. Quantity and surface area of lead materials, 4. Time and temperature
of water in contact with lead surfaces. (7)
The health effects of lead can be as severe as coma and possible death at high blood
levels (exceeding 80 ug/dL). Severe effects are unlikely to occur from drinking water.
Low level lead exposure (as determined by blood lead levels greater than 10 ug/dL) is
more likely to occur from drinking water. Low level lead exposure is associated with
adverse effects on the central nervous system such as decreased intelligence and
impaired neurobehavioral development. (7)

Corrosion is one of the mechanisms by which lead contamination increases in the
water supply. The fluoridating agents Natick intends to use, fluorosilicic acid and
sodium fluorosilicate, are both corrosive in certain conditions. As stated in the Water
Fluoridation Manual for Plant Operators (1):
"

Under certain water-quality conditions, a , small increase in the

corrosivity of potable water that is already corrosive may be observed

after treatment with alum, chlorine, fluorosilicic acid, or sodium
fiuorosilicate. This increase in corrosivity is caused by a depression of pH
resulting from these treatments and occurs in potable water with a low
buffering capacity. The increase in the corrosivity of potable water as a
result of the addition of the fluorosilicic acid or sodium ffuorosilicate is
negligible for most water systems, but where it is significant, it can be
reduced by adding small amounts of lime or caustic soda".
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An example of the relationship between increased lead levels associated with
fluoridation occurred in 1992 in Tacoma, WA. Data from the City of Tacoma water
treatment plant show water sampling parameters from the same neighborhood before
and after the fluoridation equipment broke down (2). The pH was identical at 6.6 in
both cases, yet with fluoridation 20% of the homes exceeded the EPA action level for
lead, whereas 10% of the homes exceeded the level without fluoridation.
An important aspect of this corrosivity effect requires a consideration of the dissociation
of sodium fluorosilicate, which takes place as follows: (1, 5)
Na2SiF8 --÷ 2Na + + SiF62—

Further dissociation of fluorosilicate ion takes place utilizing different pathways:
SiF 62— + 2H 2 0 -4 4H+ + 6F— 4- Si0 2 (s)
SiF 62— —> 2F— + SiF4 (g)
S1F 4 (g) + 3H 2 0 —> 4HF + H2SiO3
SiF 4 (g) + 2H 2 0 4HF + Si0 2 (s)
HF —> + FSimilar to sodium fluorosilicate dissociation, fluorosilicic acid dissociation occurs as
follows:
H 2 SiF 6

2HF + SiF4 (g)
SiF4 (g) + 2H 2 0
4HF + Si0 2 (s)
SiF 4 (g) + 3H 2 0 —> 4HF + H2SiO3
HF
H++FThese reactions do not occur at equal rates, however the end products are fluoride ion
(F), silicon compounds, and hydrogen ion (H+ ; hydrated). The rates of reaction are of
concern when considering corrosion effects, since the initial reaction will release some
hydrogen ions which will lower the pH, increasing the acidity. The initial pH drop can
be neutralized at the water plant; however, the slower breakdown of intermediate
products like silicon tetrafluoride will happen gradually, quite likely after leaving the
plant. As a result of this delayed hydrolysis of the silicoh compounds, increased acidity
will be experienced thoughout the water distribution system. (6)
A results of a study of water fluoridation agents (if any) and the venous blood lead
levels of children of ages 0 to 4 years is shown in Table I, below. (3, 4, 8, 9)
These data illustrate that the reported blood levels exceeded the limit of 10 ug/dL in
0.75% of the children in non-fluoridated communities while more than twice as many
(1.53%) of the children in the fluorosilicic acid-fluoridated communities exceeded the
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recommended limit. (3) The communities represented are comparable in size to Natick,
ranging from 15,000 to 50,000.

Table I - Fluoridation and Venous Blood Lead Levels in MA Children Aged 0-4 Yrs.
Percent of Children with Venous Blood (VB) Levels Greater than 10 Micrograms/Deciliter
(3,4,8,9)
Number of
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Summary

Fluorosilicic acid and sodium fluorosilicate are acknowledged to have corrosive
abilities. Even when maintained diligently, an increase in lead levels should be
anticipated at point-of-use in homes after exposure to the distribution lines where lead
solder and valves are in contact with water. The use of fluorosilicic acid and sodium
fluorosilicate poses a specific risk since they have been associated with increased
blood lead levels.
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Non - Health Issues

Although the Committee was not specifically asked to address any other issues related
to fluoridation, the members felt that certain of the following matters would/should bear
upon the decision of the Natick Board of Selectmen vis-a-vis the overall question of
fluoridation.
Forced Medication/Freedom of Choice

It has been said that "...fluoride, at the levels recommended by pro fluoridationists
for reducing tooth decay is not an essential nutrient; is not a natural substance
for babies or for most adults; is not a compulsory medication; but is an
expensive-to-avoid medication with an uncontrolled dose; and is harmful to
some people." (1) As a result of these characteristics, the issue of fluoridation cannot
be properly discussed without a concomitant discussion about the ethical issues
involved. (1-3). In spite of this, the position taken by most profluoridationists is that the
questions involved are of a scientific nature only and therefore should be addressed
only by those well-versed in these issues. (4-6) However, a powerful case can be
made that there are indeed ethical questions involved and that perhaps these issues
should be addressed first and not merely by the technically elite. The obligation
that this imposes upon any government official, including the Board of Selectmen,
cannot be minimized. It is therefore appropriate that the Committee recommend that a
careful reading of reference (1) below should precede any action taken in the
resolution of the Natick fluoridation issue.
Economic Issues of Fluoridation

The issue of economic costs in a massive program such as the fluoridation of a public
water supply is difficult to treat exhaustively. Moreover, the Committee has no great
degree of financial expertise. Nevertheless, we would be remiss if we failed to identify
those costs which come to mind. These are treated in the following sections.
Direct Process Costs

The Natick water department expects to pump approximately 1.5 billion gallons of
water this year to Natick consumers. Of this amount, approximately 60 thousand
gallons will be used weekly (0.208 per cent) in the preparation of food and for drinking
purposes. (7) Fluoridation of 1.5 billion gallons of water to the 1 ppm level will require
15,720 lbs. of H2SiF6. (7) The projected annual cost for fluoridation of the Natick wells
is believed to be a minimum of $35,000 per year. (p) Other estimates range from
$30,000 to $50,000 per year. Moreover, it is not clear whether these costs take into
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consideration such factors as training of personnel, amortization costs, repairs and
replacement of both privately owned and town-owned equipment due to increased
corrosion (unrelated to lead issues) which is known to occur. (9) From these facts, two
interesting pieces of data emerge. These involve the issues of environmental impact
and the reputed cost effectiveness of the fluoridation effort.
Cost-effectiveness of Fluoridation

Public health officials have always considered fluoridation of public water supplies to
be a cost effective approach to giving children fluoride. (10) However, the economics
have changed in the last few decades. We feel that it deserves a closer look and we
note some concerns below.
Two important factors need to be taken .into consideration when considering the
'savings' attributable to reduction in caries caused by flyoridation. First is the fact that
modern DMFS scores (explained in Appendix D) are much lower in all communities
than was the case when fluoridation was first started. (11) This means that there are
fewer cavities in the population and that any percentage reduction in the incidence of
cavities involves many fewer incidences than was previously the case. The second
salient fact is that 55% of the children in communities having unfluoridated water are
cavity free. (12) Clearly, fluoridation is not cost effective for this segment of the
population.
The calculation of cost effectiveness of fluoridation is very complex. One has to
consider the savings due to (possibly) fewer cavities in some children and the cost to
treat those children. However, it is also true that there will be increased treatment
costs due to dental fluorosis (between 10-30% .of children in communities that fluoridate
develop some form of dental fluorosis-see section on dental fluorosis). Although these
costs are not borne by the community at large, they should be considered in any
assessment of cost-effectiveness. (13)
It is beyond the scope of this committee to make such complicated calculations but is
seems clear that there will be a greater increase in fluorosis than there will be a
reduction in cavities.
Indirect Costs
The committee has also identified indirect costs that should be included in the cost
effectiveness calculations. These include the costs borne by individual Natick
residents who choose not to drink fluoridated water and individual Natick residents who
may incur medical or dental costs due to drinking fluoridated water. Finally, there are
other costs to the town such as amortization, repair, etc., of equipment necessary to the
program. These cost include (but are not limited to) the following identifiable items:
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Increased dental costs (not covered by insurance) to treat fluorosis
Purchase of unfluoridated water from other sources ($3-4 per week)
Purchase of fluoride removal equipment
Increased medical costs
Legal costs to the town to defend against lawsuits (see below)
Increased plumbing costs resulting from corrosion. (9)

Liability Ramifications
If the

town fluoridates its public water supply, there is a possibility that legal culpability
may result from any number of sources. For example, if continued research into the
correlation between fluoride and diminished IQ (or other factors) substantiates the
research results described above (see the sections on Central Nervous System effects
and Lead Contamination), the town may well be held liable. (That the town in this case
would have unlimited company may be of little consolation!) In addition, in spite of the
best efforts of the town, a hazardous spill may occur, as has already occurred in
several other communities. In at least one of these incidents, multiple lawsuits have
been filed. (14)

Environmental Impact
In the process of fluoridation of Natick's water supply, 15,680 pounds of fluoride per
year will enter the environment (assuming 50% fluoride retention within the human
body). This fluoride will be dispersed via a number of mechanisms into a variety of
paths including incorporation into locally grown foods and locally raised livestock. It is
easy to see how the presence of fluoride has become so endemic that many
researchers have postulated that it is no longer possible to determine whether fluoride
in public water supplies has any value, without considering how to quantify this effect.
(13)
In order to place this issue in proper perspective, it is insightful to consider that
the effect of having the entire United States being served with fluoridated water
will result in the dumping of at least 100 million pounds of fluoride annually
within the United States alone! Needless to say, for any other material, beneficial or
otherwise, a far greater public outcry would be raised.

Political Ramifications of Referenda and Plebiscites

The town of Natick appears to be deeply divided on the subject of fluoridation. The
issues of a 'binding? vs. a "non-binding" referendum; the staledatedness of a popular
vote and the question of whether a small majority of a larger number of voters is more
valid than a larger majority of a smaller number of voters in a plebiscite are questions
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that interest all of the parties concerned, including the members of the Committee.
However, it seems clear that since neither the Committee the various parties in the
fluoridation issue will resolve these questions, we will not speculate on the legal
opinions which may be rendered thereon. On the other hand, certain valid points can
be made.
First of all, the information and research about fluoridation and the effects of fluoride
has grown tremendously in the past few years. When the first vote on fluoridation was
taken in Natick, much less was publicly known about the possible negative effects of
fluoride and the decreasing impact of fluoridation of drinking water. For this reason we
feel that more attention should be paid to the latest vote in Natick in which the voters
failed to support the fluoridation of Natick drinking water.
Secondly, even if there is a possible reduction of caries in Natick due to fluoridation,
this has to be weighed against the possible harm caused to some number of residents
of the town due to increased fluoride in their diets. It has been argued that fluoridation
of the drinking water is the most cost effective method of getting additional fluoride into
the diet of children. However, this cost savings (if indeed there is a savings) has to be
weighed against the increased cost of medical care for those who may be negatively
effected by an increase in fluoride.
Summary of Non-Health Issues

Fluoridation of the Natick water supply has multiple implications beyond the risk vs.
benefit considerations that were the primary focus of this report. There are environmental impacts, unquantifiable potential costs, liability and political ramifications that
must be addressed. Further, the issue of cost-effectiveness must be more fully
explored before an intelligent decision can be rendered. To varying degrees, all of the
matters addressed in this section of the report would tend to argue against fluoridation
in Natick. That is to say that all of these factors, quite aside from the main issue of the
benefits of fluoride, do not cast the matter in a positive light.

Natick Fluoridation Study Committee Report

9/27/97

Page 65

References

(1)
(2)
(3)
(4)
(5)
(6)
(7)

(8)
(9)
(10)
(11)
(12)
(13)
(14)

Diesendorf, M, How science can illuminate ethical debates - A case study on water
fluoridation., Fluoride, 28(21:87-104, 1995
Colquhoun, J, Why I changed my opinion about water fluoridation, in Perspectives in

Biology and Medicine, (in press)
Waldbott, GL, et. al., Fluoride - The Great Dilemma, Coronado Press (1978)
Koop, CE, Chem. & Engin. News, 28:2 (1988)
Breda, DJ, et al., Letter from the Natick Board of Health to J. Moran, Feb. 10, 1997
(Authorship unknown), List of National and International Organizations that Endorse or
Support Water Fluoridation, (undated)
Natick Annual Town Report., p 37., (1996). Drinking/cooking gallonage estimated using
the values of five gallons per household per week and 12000 households. The calculation for the annual amount of fluorosilicic acid required to fluoridate Natick's water is:
{j(1.5 x 109 gal)(3785 g/gal.)/106/456 g/lb1/0.7921
The quantity in brackets a is the required number of pounds of F and the value 0.792 is
the number of pounds of F per pound of fluorosilicic acid
Conley, F, Natick Town Administrator via Ball, J, Clerk/Selectman
Sargent, E, (Superintendant of Water Supplies, Wilmington, MA), Letter to townspeople
of Wilmington, Feb. 28, 1962
Ripa, L, A Half-century of Community Water Fluoridation....Review and Commentary, J.
Pub. 1-11th. Dent., 53; 17 (1993)
Brunelle, JA and Carlos, JP, Recent trends in dental caries in US children and the effect
of water fluoridation, J. Dent. Res., 69:723-727 (1990)
Szpunar, SM and Burt, BA, Dental Caries, fluorosis, and fluoride exposure in Michigan
schoolchildren, J. Dent. Res., 67:802-806 (1988)
Lewis, DW and Banting, DW, Water fluoridation: current effectiveness and dental
fluonnis, Community Dent. Oral Epidemiol., 22:153-158 (1994)
Bevis, M, 10 Years of Fluoride leaks, spills and overfeeds in the U.S., National
Fluoridation News, p.3, Nov. 1981
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Question 2 The Establishment of an Appropriate Dosage
2. If your answer to question 1 is °No" — i.e. you believe Natick's
water should be fluoridated — do you believe that steps should be
taken to establish the appropriate dosage before such fluoridation
begins?

Discussion
Conclusion and Committee Response to Question 2
In view of the Findings, Conclusion and Recommendations given on p. 3, this is not an
easy question to answer. One of the most troublesome aspects of this entire
investigation involves the determination of total fluoride intake within the community.
Moreover, both the sources and the quantities of ingested fluoride may be all but
impossible to determine except in the simplest cases. In fact, it is precisely this inability
to identify and quantify the uncontrollable sources of fluoride, particularly in the young,
that argue against adding a so-called "controlled dose of fluoride into any public water
system.
It has been suggested that the increased incidence of dental fluorosis is, to a large
degree, the result of this "uncontrollable" fluoride ingestion. Nevertheless, Appendix C
has been included to provide some insight and guidelines with regard to recommended
maximum fluoride intakes for various age groups.
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The Advisability of a Dental Survey

3. If your answer to question 2 is °Yes", do you believe that an outside
organization should be engaged to examine Natick school children
and determine their DMFS (decayed, missing and filled surfaces)
levels as an aid to selecting an optimum fluoridation level?
Discussion

Conclusion and/or Committee Response to Question 3
From a pragmatic view, the debate on fluoridation in Natick may continue regardless of
either the conclusions reached in this report or the actions taken by the Board of
Selectmen. If Natick decides to go ahead with fluoridation, then those who are
opposed will probably continue to lobby for the cessation thereof and if Natick decides
not to fluoridate then the profluoridationists will probably continue to lobby for
fluoridation.
Nevertheless, it is patently clear that all of the past and current debate has taken
place without any hard data about the incidence of dental caries in Natick. It
seems equally clear that unless we know whether there, is any real need for fluoridation
in Natick the question of benefit vs. risk, whether perceived or real, can never be
answered. For this reason we recommend that a study of the incidence of dental caries
and the signs of fluorosis in the youth of Natick be undertaken regardless of whether
the water is fluoridated or not. Without this baseline we will never know the possible
benefits to fluoridation in Natick.
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Source of the Survey and Probable Costs

4. If your answer to question 3 is "Yes', what Organizations (identify at
least two) are qualified to conduct such a survey, and what are
preliminary estimates of the costs involved?
Discussion

Conclusion and Committee Response to Question

4

The Committee consensus is that this question cannot be easily answered without
additional further study. Some have suggested that such a study could take as long as
the time taken to produce the current document. The Committee recommends that if
such a study is undertaken, a neutral organization should be selected and appropriate
oversight provisions should be made.
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Source Materials

During the planning stage of this report, the committee had considered including copies
of all of the supporting documents received. During the ensuing weeks, it has become
clear that such an approach would merely ensure that this report would be less useful
to the Selectmen as well as the community at large. Therefore, this section is
comprised of a list of those materials provided by each requested party. A separate
binder(s) containing all of the materials provided or referenced will also be prepared
and this will be provided to the Morse Library, as will a bound copy of this report.
As can be seen from the following lists, proponents and opponents of the fluoridation
issue have provided (often substantially) more than had been requested by the
committee. These materials are listed below. [Note: All of the concerned parties also
submitted additional materials later in the study which are not listed below.] Since the
committee, in addition, reserved the right to search the literature on their own, no
attempt was made to limit the selections provided. However, upropaganda° pieces such
as those characterized by hysteria and/or polemics, and in particular, those documents
which contained no referential material generally were less favorably received by the
committee than were peer-reviewed and/or clearly unpartisan attempts to summarize
the field. The numbers assigned to any of the provided materials listed below should
not be construed to indicate correspondence with the references noted in any of the
sections of this report. They are merely used to enumerate the documents provided.
Materials Provided by the Board of Health
•

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

11.
12.
13.
14.

Wade, R., Cover memo to Fluoride Study Committee
Ripa, L., A Half-century of Community Water Fluoridation.... Review and Commentary, J.
Pub. Hith. Dent., 53; 17 (1993)
Authorship Uncertain, Health Effects of Ingested Fluoride: Executive Summary (undated)
Flynn, J. P., Letter from the Town Counsel to the &Is. of Health & Selectmen, May 8,
1997
Harte, D. B., Letter from the Mass. Dental Society to Board of Selectmen, Feb. 10, 1997
Taddeo, A. C., et al., Legal Notice May 28, 1988
Mass. Dept. of Health, Sources of Fluoride Factsheet (1996)
National Research Council (NRC/NAS), Drinking Water Concerns Unwarranted, Press
Release Aug. 18, 1993
List of National and International Organizations that Endorse or Support Water
Fluoridation, (authorship unknown; undated)
American Association of Public Health Dentistry, Resolution on Community Water
Fluoridation, J. Pub. Fifth. Dent., 53: 59 (1993)
National Osteoporosis Foundation, FDA Advisory Committee Recommends Approval of
Sodium Fluoride Treatment for Osteoporosis, News Release, Nov. 17, 1995
Manley, A. F., Surgeon General Statement on Community Fluoridation, USPHS, Dec.
14, 1995
American Dental Association, Fiftieth Anniversary of Water Fluoridation, Press Release,
Apr. 1995.
Todd, J. S., Letter from the A. M. A. to T. J. Ginley, Apr.'30, 1990.
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Consumer Reports, A Two-part Report on Fluoridation, Jul., Aug. 1978
Community Water Fluoridation, Mass. Dept. of PubliclHealth Brochure, (undated)
Center for Desease Control and Prevention, Fluoride.- The Benefits Can Last a Lifetime,
Press Release (?), (undated)
American Dental Association, Communication Points Regarding Community Water
Fluoridation, Apr. 1995
Taddeo, A. C., et al. Letter from the Natick Board of Health to E. Dlott, Mar. 21 1996
Breda, D. J., et al., Letter from the Natick Board of Health to J. Moran, Feb. 10, 1997
Natick Board of Health, Press Release, Mar. 11, 1997
Natick Board of Health, Press Release, Apr. 29, 1997
DeIli CoIli, P. A., Letter from the Natick Board of Health to the Natick Bulletin, Mar. 18,
1997
Various other materials presented at a later date. Though not enumerated here, this
material will be included in the reference package to be provided to the Morse Library.

Materials Provided by Shirley Brown
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

11.
12.
13.
14.
15.
16.
17.
18.
19.

20.
21.
22.

Hileman, B, Flouridation of Water, Chem. & Eng. News, 66:26, (1988) (several copies).
Agency for Toxic Substances and Disease Registry U.S. Public Helath Service,
Toxicological Profile for Fluorides, Hydrogen Fluoride, and Fluorine, TP-91/17, (1993)
(selected pages).
Glass, G, Water Fluoridation: The Enhanced Toxicity Factor?, The Australian
Fluoridation News, 31:6, (1995).
Connett, P. and Connett, E, The fluoridation of drinking water a house of cards waiting
to fall., Waste Not, (1996).
Mullenix, PJ, et al., Neurotoxicity of sodium fluoride in Rats, Neurotoxioology and
Teratology, 17:169, (1995).
U, XS, et al., Effect of fluoride exposure on intelligence in children, Fluoride, 28:4, 189,
(1995).
Spittle, BJ, Psychopharmacology of fluoride: a review, International Clinical
Psychopharrnacology, 9,79,(1994).
Marcus, W, Memorandum on fluoride conference to review the NTP draft fluoride report,
US EPA, (1990).
Diesendorf, M, Colquhoun, J, Spittle, BJ, Everingham, DN, and Clutterback, FW, New
Evidence on Fluoridation, Aus. NZ J. Pub. Health, 21(2):187-190, (1997).
Undsay, R, Fluoride and Bone - Quality versus Quantity, N. E. J. Med., 322(12):845-846,
(1990).
Anonymous, Fluoride Frenzy - Rats, Research, Politics & Propaganda, Sacramento
News & Entertainment Weekly, 9(4):16-19, (1997).
Miscellaneous, Numerous Neva Releases, News Articles, Fax, Letters & Memoranda.
Walker, GSR, Fluorides and Birth Defects, The Australian Fluoridation News, 31:5,
(1995).
Waldbott, GL, Fluoridation: The Great Dilemma, Coronado Press, p. 189, (1978) (2
copies)
Yiammouyiannis, J, Fluoride, the Aging Factor, Health Action Press, Delaware, OH,
(1986) (2 copies)
Our Rights, Our Water, Facts about Fluoride, (1977)
Kranzfelder, K, Letter to Win! Silko, Jan 4, 1991
Center for Health Action, Misc. quotations and references (undated)
Dietrich-Goetz, W, Drinking water Contraception, (Letter) Fluoride, 21.3:121 (1995)
Steelink, C, Fluoridation Controversy (Letter) Chem. and Eng. News, ZA:2 (1992)
Micromedex, Inc., Hazardous Substance Database, 20:(2 unnumbered pages), (1994)
American Family Physician, Special Medical Reports, 53:7, (1996)
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Health Alliance International, Water Fluoridation (press release) May 5, 1997
Various other materials presented at a later date. Though not enumerated here, this
material will be included in the reference package to be provided to the Morse Library.

Materials Provided by Myron Co plan
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

CopIan, M. J., Cover letter to the Natick Fluoride Study Committee, July 10, 1997
Coplan, M. J., The Massachusetts Lead/Fluoridation Connection in 1992, (unpubl.)
Coplan, M. J., Fifty Years of Tooth Decay and Fluoridation, (unpubl.) (1997)
Report of the Ad Hoc Committee, Review of Fluoride Benefits and Risks, USPHS,
(1991). (Only 89 pages of this document were provided.)
DePaola, P., et al., Changes in Caries Prevalence of Massachusetts Children over Thiry
Years, (paper presented at 1981 IADR)
Diesendorf, M., The mystery of declining tooth decay, Nature, 322:125(1986)
Shell, E. R., An Endless Debate, Atlantic Monthly, Aug. 1986, p26.
Emsley, J., et al., An unexpectedly Strong Hydrogen Bond.... Systems, J. A. C. S., 83, 24
(1981)
Diesendorf, M., et al., New Evidence on Fluoridation, Aus. & NZ J. Pub. Hlth. 21, 187
(1997)
Various other materials presented at a later date. Though not enumerated here, this
material will be included in the reference package to be provided to the Morse Library.

Materials Provided by NFSC Members
These materials are listed throughout this report. A collection of these references is
being prepared and will be provided to the Morse Library.
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The Difficulty of Research on Fluoridation

This committee encountered many problems in conducting a literature search on the
subject of fluoridation. The topic has become a very emotional one and proponents on
both sides of the issue (profluoridationists and antifluaridationists) are guilty of not
giving full credit to research from their opponents. However, since the 'power' and
money lies mostly within the profluoridation side of the issue, (the larger, powerful
organizations such as the AMA and ADA historically have been in favor of fluoridation)
the antifluoridationists have been given 'short shrift' due their inability to get approval
and funding for studies which lead to, or may lead to, conclusions that are in opposition
to fluoridation. In fact, some profluoridation reviews do not even record or address
these opposing views. It is therefore very important that when one looks into the
literature regarding fluoridation, one keep in mind the biases that exist on this issue.
This matter has been addressed in Hileman's review of fluoridation (which can fairly be
described as non-partisan). We have included an excerpt from this review to give the
reader some insight into the problems of research on the fluoridation issue. (1)
" Ever since the Public Health Service (PHS) endorsed fluoridation in 1950, detractors have
charged that PHS and the medical and dental establishment, such as the American Medical
Association (AMA) and the American Dental Association (ADA), have suppressed adverse
scientific information about its effects.
Some of those who generally support fluoridation make similar charges. For example, Zev
Remba, the Washington Bureau editor of AGD Impact, the monthly publication of the Academy
of General Dentistry, wrote last year that supporters offluoridation have had an "unwillingness
to release any information that would cast fluorides in a negative light," and that organized
dentishy has lost "its objectivity - the ability to consider varying viewpoints together with
scientific data to reach a sensible conclusion."
The dozen or so scientists C&EN was able to contact who have done research suggesting
negative effects from fluoridation agree on this aspect. They all say that fluoridation research is
unusual in this respect.
If the lifeblood of science is open debate of evidence, scientific journals are the veins and
arteries of the body scientific. Yet journal editors often have refused for political reasons to
publish information that raises questions about fluoridation. A letter from Bernard P.
editor of the New York State Dental Journal, written in February 1984 to Geouicy E Smith, a
dental surgeon from Melbourne, Australia, says: "Your paper — was read here with interest,"
but it is not appropriate for publication at this time because "the opposition to fluoridation
has become virulent again." The paper poses the question: Are people ingesting increasing
amounts offluoride and can they do so with impunity?
Sohan L Man ocha, now a lawyer, and Harold Warner, professor emeritus of biomedical
engineering at Emory University medical school in Atlanta, received a similar letter in 1974
from the editor of AMA's Archives of Environmental Health. The editor rejected a report
Manocha and Warner submitted on enzyme changes in monkeys who were drinking fluoridated
water because of reviewers' comments such as: "I would recommend that this paper not be
accepted for publication at this time" because "this is a sensitive subject and any
publication in this area is subject to interpretation by anti fluoridation groups."
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These papers were subsequently published in prestigious British journals, Science Progress
(Oxford) and Histochemical Journal. Many other authors have reported similar difficulties
publishing original data that suggest adverse effects of fluoridated water. Most authoritative
scientific overviews of fluoridation have omitted negative information about it, even when the
oversight is pointed out. Phillips Grandjean, professor of environmental medicine at Odense
University in Denmark,, wrote to the Environmental Protection Agency in June 1985 about a
World Health Organization study on fluorine and fluorides: "Information which could cast any
doubt on the advantage of fluoride supplements was left out by the Task Group. Unless I
had been present myself, I would have found it hard to believe."

In his 1973 Ph.D. thesis on the fluoridation controversy, Edward Groth, Ill, a Stanford biology
graduate student at that time, concluded that the vast majority of reviews of the literature were
designed to promote fluoridation, not to examine evidence 'objectively. Groth also noted a
number of anti fluoridation reviews that were equally biased
According to Robert J. Carton, an environmental scientist at EPA, the scientific assessment of
fluoride's health risks written by the agency in 1985 "omits 90% of the literature on
mutagenicity, most of which suggests fluoride is a mutagen."

Several scientists in the U.S. and other countries who have ,done research or written reports
questioning the benefits of fluoridation or suggesting possible health risks were discouraged by
their employers from publishing their findings. After their paper had been rejected by the editor
of Archives of Environmental Health, Manocha and Warner were told by the director of their
department not to try to publish their findings in any other U.S. journal. 1VIDR had warned the
director that the research results would harm the cause of fluoridation. Eventually, Manocha
and Warner were granted permission to publish their work in a foreign journal.
In 1982, John A. Colquhoun, former principal dental officer in the Department of Health in
Auckland, New Zealand, was told after writing a report that showed no benefit from fluoridation
in New Zealand that the department refused him permission to publish it.
In 1980, Brian Dementi, then toxicologist at the Virginia Department of Health, wrote a
comprehensive report on "Fluoride and Drinking Water" that suggested possible health risks
from fluoridation. This 36 page study has been purged from the department's library even
though it is the only one the department has prepared on the subject. According to current
employees, no copy exists anywhere in the department. Spokesmen say the report was thrown
away because it was old but also say the department will be preparing another report on the
subject soon.
An ADA white paper written in 1979 states: "Dentists' nonparticipation fin fluoridation
promotion) is overt neglect of professional responsibility." An ADA spokesperson says this is
still the association's official policy. In recent years, several dentists who have testified on the
anti fluoridation side have been reprimanded by their state dental officers.
ADA and PHS also have actively discouraged research into the health risks of fluoridation by
attacking the work or the character of the investigators. As part of their political campaign, they
have over the years collected information on perceived anti fluoridation scientists, leaders, and
organizations. Newspaper articles about them are stored in files, as are letters about them from
various proponents offluoridation. little or no effort has been made to verify the accuracy of
this information. It is used not only in efforts to counteract arguments of the antifluoridationists,
but also to discredit the work and objectivity of U.S. scientists whose research suggests possible
health risks from fluoridation.
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One example is the false information about the late George L. Waldbott, founder and chief of
allergy clinics in four Detroit hospitals, that ADA disseminated widely to discredit the validity of
his research. Rather than deal scientifically with his work,' ADA mounted a campaign of
criticism based largely on a letter from a West German health officer, Heinrich Horning. The
letter made a number of untrue statements, including an allegation that Waldbott obtained his
information on patients' reactions to fluoride solely from the use of questionnaires. ADA
.published Hornung's letter in its journal in 1956 and distributed a news release based on the
letter. ADA later published Waldbott's response to this letter. But the widely disseminated
original news release was not altered or corrected, and continued to be published in many
places. As late as 1985, it was still being quoted Once political attacks effectively portrayed
him as "anti fluoridation," Waldbott's work was largely ignored by physicians and scientists.
In November 1962 and 1965, ADA included in its journal long directories of information about
anti-fluoridation scientists, organizations, leaders, and others known to be opposed to
fluoridation. Listed in alphabetical order were reputable scientists, convicted felons, food
faddists, scientific organizations, and the Ku Klux Klan. Information was given about each,
including quotes from newspaper articles, some of which contained false data. The information
was published for use by proponents offluoridation in local fluoridation referenda
John S. Small, information specialist at the National Institute of Dental Research, is quite
willing to talk about the files he keeps on anti fluoridation organizations and their leaders. "Of
course, we gather information," he says. "These people are running all over the country
opposing fluoridation. We have to know what they are up .to." Consumer advocate Ralph
Nader has a different view of this activity. He calls it an "institutionalized witchhunt "
It is easy to understand why research on risks of fluoridation has never been more vigorously
pursued Most of the individuals and agencies involved have been promoting fluoridation
publicly for nearly 40 years. Research that suggests possible harm threatens them with a loss of
face. For example, PHS has historically been the principal source of funds for fluoride
research; but ever since June 1950, PHS has been officially committed to and responsible for
promoting fluoridation. Thus, the agency has a fundamental conflict of interest.
Colquhoun, now teaching the history of education at the University of Auckland offers another
explanation for what appears to be the suppression of research. He notes that the editorial
policy of scientific journals has "generally been to not publish material which overtly opposes
the fluoridation paradigm." Scientific journals employ a referee system of peer review. But
when the overwhelming majority of experts in an area from which the referees are selected are
committed to the shared paradigm of fluoridation, Colquhoun notes, the system lends itself to
preservation and continuation of the traditional belief that fluoridation is safe and effective.
This results in "single-minded promotion, but poor quality research, and an apparent
inability to flexibly reassess in the presence of unexpected new data," he says "(1)

Reference
(1)

Hileman, B, Fluoridation of Water, Chem. & Eng. News, 66:26, (1988).
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Recommended Dosage of Fluoride

The following table provides the currently recommended fluoride supplementation for
children living in a community with fluoride level in the ranges shown. (1) These doses
were revised downward in 1995.

Table I

Recommended Fluoride Supplementation (mg/day) for Children

Range of Child's Age
Child Age
From
To
0
6
36
6
6
3
16
6

Fluoride Concentration of Drinking Water (ppm)
<0.3
mg/day

PPM
Units
months
months
years
years

0
'''f:', ' . .' .ZS
0.5
1.0

0.3-0.6
mg/day
0
0
0.25
0.5

0.6
mg/day
0
0
0
0

For example, from the shaded box above, one can determine that the fluoride
supplement suggested above for a 6-36 month-old child living in a community with
public water fluoride concentration below 0.3 ppm, amounts to 0.25 mg per day.
Table II below illustrates the estimated tap water intake in milliliters per day (ml/d) for
each of the age groups shown related to the fluoride intake (mg/d) for 1 ppm fluoride
and for 0.7 ppm fluoride in the tap water.

Table ii

Estimated Tap Water and Fluoride intake for Children

Daily F & H20 Intake

Water

F Intake (1.0 ppm) F Intake (0.7 ppm)

Consumption

Child Age
From
To
0
6
6
36
3
6
16
6

,

Units
mos
mos
yrs
yrs

Mean*
ml/day
?

90 pct*
ml/day
?

470
550

890
930

700

1160

Mean*
90 pct*
Mean*
mg/day mg/day mg/day
?
?
?
. .„ .47O89 ,,T.• 0.33

90 pct*
mg/day
?

0.55

0.93

0.38

0.62
0.65

0.70

1.16

0.49

0.81

The 'Mean value is equivalent to the arithmetic average value. 690 pct' refers to the 90th
percentile. In the above example, 10 per cent of the children in the 6-36 month-old group will ingest
more than 0.89 mg of Fluoride per day. The hypothetical average child in this age range will ingest
about 0.47 mg/day.
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The shaded boxes in Table II under Water Consumption indicate that the same 6-36
month old child who drinks 470 raid or he upper 90th percentile child who drinks 890
mlid will have received 0.47 and 0.89 mg/d of fluoride if the water is fluoridated at the
level proposed for Natick. Clearly such a child will have ingested between about 23.5 times as much fluoride as recommended by the American Academy of
Pediatrics. American Dental Association and the American Academy of Family
Physicians.

Reference:
(1) American Academy of Pediatrics, Committee on Nutrition, Pediatrics, 95:777, (1995);
Also endorsed by the American •Dental Association and the American Academy of
Family Physicians.

Natick fluoridation Study Committee Report

Appendix D

9/27/97

Page 77

The Measurement of Fluoridation Parameters

The following material is provided so that persons unfamiliar with the literature of the
fluoridation issue can gain some insight into the methods used by workers in the field to
express dental caries prevalence and reductions thereof. (1,2) The process used and
the specification of the results obtained are described below. The second section of
this appendix describes the method used to arrive at a measure when comparing the
prevalence of dental fluorosis.
The Dental Caries Reduction Measurement
Measurements are taken by trained examiners using specified lighting and dental
instruments to examine the teeth of subjects for evidence of:
•
•
•

untreated decay ("D" or "d"),
tooth lost due to decay ("M" or "m"),
filling in place ("F" or "f).

Capital letters are used when the tooth is permanent and lower case is used when the
tooth is deciduous. Most scores do not mix the two types of teeth in a common number.
However, sometimes "d" appears without "m" because it is not always possible to know
after the fact if a missing baby tooth was carious when it was lost. Initially, the scoring
system used to relate an individual score was determined by the number of decayed,
missing and filled teeth found, so "DMFT' (or "dmft"); was the term used. Later on,
counting the number of tooth surfaces implicated in a carious tooth became more
popular, so "DMFS" (or "dmfs") appears more often in the literature after 1975.
For epidemiologically statistical purposes, the scores of all the individuals in a group
are added and the sum is divided by the number of individuals to give a group score.
Note however, that this says nothing about the distribution of poor teeth within the
group as a whole. In addition, it has been widely recognized that fluoridation is
responsible for the phenomenon of delayed dentition. Szelag has evaluated the
"dental age" of a number of children and has reported that not only is there evidence of
delayed dentition but that the greater the dosage of fluoride taken up during
development, the greater was the retardation of dentition. (3) Opponents of fluoridation
have pointed out that when due consideration is given , to this fact, the reported DMFT
and DMFS scores fail to reflect a significant difference between fluoridated and
unfluoridated areas. For example, Coplan states:
`....When the basic scoring system was adopted, ;a small filling or decayed
tooth area added one unit to a DMFT score with the same weight as a
tooth seriously enough involved to have required extraction or major
repair. Thus, a badly decayed extracted molar added no more to a score
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than a small filling in a cuspid. Since this lack of discrimination could mask
real effects, the practice was adopted of weighting decay severity by
counting implicated surfaces, not just implicated teeth.
A molar extracted due to decay adds five units to a score, a small filling
adds one unit, a two-surface filling on a cuspid adds two units, etc. This
may leave some room for judgment calls but it definitely makes DMFS
scores numerically larger than DMFT scores for the same actual caries
status and has the numerical consequence that DMFS = 1.6 x DMFT as a
general rule." (2)

As the incidence of caries has declined, however, and DMFS scores have fallen into
the low single-digit region, the interpreter of group DMFS values should be cautioned
to be wary of the potential for subtle distortions. For example, a 10% difference in
group DMFS scores in the region of approximately 3.0 can mean any number of things,
not the least of which may be due to slight variations in examining protocol. Possible
sources of such differences may actually be due to variations in treatment schemes
from time to time, dentist to dentist or location to location. (2)
As an example, decisions to extract a decayed first molar because it seems to be
interfering with the eruption of other teeth, but which might have been saved by filling,
or to decide whether a particular tooth gets a 3-surface Crown or some less complicated
repair will obviously have some impact on these scores. Waldbott (1) has commented
on this variability as follows:
'...Another crucial factor to be considered in evaluating caries statistics is
the variability and possible bias of the examiner. One investigation
demonstrated, for example, that repeated examinations of the same tooth
by the same examiner yielded widely varying caries scores from one
examination to another. (58) In a different study, when each of the 33
patients was examined by three of eight different dentists, a deviation of
89% in the number of cavities was recorded.(59) In one case two of the
dentists found 12 cavities, while the third found only five. In another case
one dentist found 13 cavities, the second found six, and the third found
only five. Overall, the average difference in assessment for the 33
patients was 4.2 carious teeth and 5.8 carious surfaces. With such large
and glaring discrepancies, it is obvious that any conclusions based on
differences of only two or three DMF teeth, as is often the case in
fluoridation studies, has only marginal value at best. Realistically
speaking, such conclusions are highly questionable...."

Socioeconomic factors may also play a decisive (albeit unapparent) role, especially in
comparisons of areas wherein these factors may vary greatly, obviating otherwise
identical factors. In such an area, how much does DMFS depend on diet, willingness to
seek medical help, ability to pay, delay in getting proper, early and regular professional

9/27/97
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attention? When one considers that close to half of the student population in current
studies is caries-free, one is forced to recognize that " , ..the poor dentition resides in a
smaller segment of the population, probably starts very early and benefits little if at all
from fluoridated water." (2)

Nevertheless, with DMFS values as low as 2.3, what is the significance of a 10 °A3
reduction in practical terms? In a school system wit6 DMFS value of 2.8 averaged
across 5-17 year-olds, the statistically average child who comes into the school system
with no cavities will leave with a DMFS of 7.01 (fluoridated public water supply) vs. 8.59
(unfluoridated public water supply), a difference of only 1.5 treated surfaces over the
12-year school experience. (4) An 18% reduction in 1DMFS as far as the student is
concerned is less than one cavity and therefore can hardly be called significant.
The Quantification of Dental Fluorosis
This measurement, also termed the Dental Fluorosis Index, was postulated and defined
as a means to respond to the problem of determining the optimal fluoride concentration
in a public water supply that would produce the soundest teeth without the
disfigurement of mottling. The parameters for this metric are illustrated in Table I.
Table I
Category
None (Normal)
Questionable
Very Mild
Mild
Moderate
Severe

Degrees of Dental Fluorosis (5,6)
Description of Aberration

Weighting Factor

Enamel

smooth, glossy, pale creamy white
translucency

0.0

Slight aberrations from translucency with
occasional white fleck or spots
Small, opaque, paper-white areas involving less
than 25% of the surfaces of the two most affected
teeth; may acquire brown stains in adulthood
More extensive dull white opacities involving less
that 50% of the surfaces of the two most affected
teeth; Brown staining often present
All enamel surfaces affected; distinct brown
staining frequent
Teeth show marked hypoplasia, attrition and pitting;
brown or black staining widespread

0.5
1.0
2.0
3.0
4.0

According to Dean, the preferable community index should not exceed 0.4 and at 0.6
a.. .it begins to constitute a public health problem.
° Waldbott comments (5) on both the
weighting factors used and the justification thereof by stating:

Although in theory such calculations are attractive, in reality they are
misleading. The community index of dental fluorosis does not accurately
represent the true state of mottling in a community. It gives the same
a
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weight to eight questionable (0.5) cases as to One severe case (4.0); it
counts three mild (2.0) or six very mild (1.0) cases as equal to two
For the individual with an unsightly degree of
moderate (3.0) ones
motling,sfcrtoknwhaecmuityndxofeal
fluorosis is below 0.6 or even below 0.4! This dilemma was clearly
perceived by Cox, who first explicitly advocated fluoridation, when he
wrote: '...With the threat of the Scylla and Charybdis of dental caries

and mottled enamel, great caution must be observed in the means of
administration of fluorides and in the control of such procedures as
may be adopted'..."
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The committee wishes to acknowledge the participation of Dr.
Benedict J. Gallo and to recognize his contributions during the course of
this study. Although Dr. Gallo resigned from the committee during the final
preparation of this report, he remained in complete agreement with the
Findings, Conclusion and Recommendations of the Natick Fluoridation
Study Committee.
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Curricula Vitae of the Committee Members
The following material is being provided at the specific request of the Board of
Selectmen of the town.
Curriculum Vitae of Benedict J. Gallo

BENEDICT J. GALLO
72 Washington Street
Natick, MA 01760

EDUCATION
Ph.D., University of Michigan, Ann Arbor Michigan, 1977.
Major, Botany; Minor, Chemistry.
M.S., Eastern Michigan University, Ypsilanti, Michigan, 1970.
Major, Biology; Minor, Education.
M.S., University of Michigan, Ann Arbor,,Michigan, 1962.
Major, Geology; Minor, ZoolOgy.
B.A., University of Connecticut, Storrs, Connecticut, 1958.
Major, Geology; Minor, Zoology.

EMPLOYMENT
1979 - Retirement 1996

Research Microbiologist at the U.S. Army Research, Development and Engineering
Center, Natick„ Massachusetts 01760-5020. Conducted basic research involving the
search and development of inexpensive sources of microbial enzymes for use in
Chemical Defense and munitions biodegradation.
1976 - 1979
Research Microbiologist, National Research Council Research Associate at the U.S.
Army Research, Development and Engineering Center, Natick, Massachusetts
01760-5020. Conducted basic research in the bioconversion of ligno-cellulosic urban
wastes and agricultural residues into the power fuel ethanol.

1970 - 1976
Teaching Fellow and Research Associate, University of 'Michigan, Ann Arbor, Michigan.
I instructed degree candidates in Botany, Genetics and Microbiology and conducted
independent research involving the genetics, biochemistry and microbiology of several
microbial enzyme systems.

1960 - 1970
Instructor, Biology, Central Connecticut University, New Britain, CT;
Secondary School Science Teacher at St. John Schoo1, 1 Jackson, Michigan and
Bentley Senior High School, Livonia Public School System, Livonia, Michigan,
Pharmaceutical Sales, Westerfield Labs, Cincinnati, OH
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PUBLICATIONS
Journal papers, DOD reports and
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u.s.

Patents.

AWARDS

1989 USANRDEC Silver Pin for Research,
1989 Soldier Sciences Directorate Outstanding Project Officer Award.
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Curriculum Vitae of Jason Kupperschmidt

Jason Kupperschmidt
17 Greenwood Road
Natick, MA 01760
Education
University of Illinois, Urbana-Champaign, IL
B. S., Chemical Engineering, May 1992
Northeastern University, Boston, MA
M. S. Student, Environmental Engineering, September 1995 to Present
Professional Affiliations
Commonwealth of Massachusetts Engineer-in-Training, Certificate # 16409
American Institute of Chemical Engineers, Member
Experience
Armstrong Pharmaceuticals, Boston, MA
September 1994- Present
Process Engineer
• Enhance existing manufacturing processes through optimization of critical
steps.
• Interact with the other department supervisors to ensure production under
GMP guidelines.
• Oversee personnel training, preventive maintenance, a id calibration
programs.
• Implement process changes in chemical aspects of production.
• Maintain all support equipment including: refrigeration, pumps, and tanks.
General Chemical Corporation Framingham, MA
November 1993 - January 1995
Environmental Chemist
• Analyzed hazardous waste primarily for chlorinated solvents and PCB
contamination.
• Evaluated whether chlorinated solvent waste can be reclaimed.
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U.S. Army Natick Research, Development and Engineering Center, Natick, MA
May-August 1990, May-August 1991, July 1992- February 1994
Biochemistry Research Assistant
•
•
•

Conducted and analyzed biochemical experiments for food research
applications.
Designed diagnostic thermal processing devices to optimize heat exposure.
Utilized analytical instrumentation and computer software in data analysis.

Dupont/Merck Pharmaceutical Company, Billerica, MA
March - August 1994
Contract Assignment
•
•
•

Production Engineer Technician
Regulated and disposed of radioactive waste.
Generated the radiopharmaceuticals used as imaging agents.
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Curriculum Vitae of Norman R. Mancuso

Norman R. Mancuso, B.S., M.S., Ph.D.
Norman R. Mancuso Associates
24 Myrtle Street Suite B Framingham, MA 01702
508-876-5696 (Voice) - 508-875-6003 (Voice & FAX)
Email: 72070.416@compuserve.com
nrmancuso@msn.com
Dr. Norman R. Mancuso possesses a broad and diversified background in Engineering
and the Sciences. Trained and educated at such institutions as St. Bonaventure
University, State University of New York_at . Buffalo and the Massachusetts Institute of
Technology, he has over thirty years of in-depth, hands-on experience in a wide range
of Chemical, Engineering and Computer related projects. He is the author or co-author
of over one hundred Chemical, Scientific and Engineering publications and has
extensively served both the domestic and European high-tech communities.
Educational Background
Postdoctoral Fellow
Massachusetts Institute of Technology
Ph.D., Chemistry, SUNY at Buffalo, Buffalo, NY.
M.S., Chemistry, St. Bonaventure University, Olean, NY.
B.S., Chemistry/Mathematics, St. Bonaventure Univ. Olean, NY.
Academic and Industrial Honors
Dupont Teaching Fellow
National Institutes of Health Postdoctoral Fellow
Product Innovation Award - Dennison Mfg. Co., Inc.
Academic and Industrial Positions

NORMAN R. MANCUSO ASSOCIATES, Framingham, MA, Consulting Engineer
AVERY DENNISON, INC., Imaging Systems Division, Hopkinton, MA, Group Leader
DENNISON MFG. CO., INC., Corporate R&D, Framingham, MA, Senior Engineer
INFOREX, INC., Advanced Development Group, Burlington, MA, Senior Engineer
MASSACHUSETTS INSTITUTE OF TECHNOLOGY, Dept. of Chem., Cambridge, MA
Postdoctoral Fellow and Research Staff Member
Director of the Computer Facility at the NIH Mass: Spectrometry Center
NORTHEASTERN UNIVERSITY, Boston, MA, Lecturer/SOA Engineering Program
Dr. Mancuso pioneered the use of high-integration embedded microprocessors, high
density programmable logic and field programmable gate arrays at Dennison and
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introduced various CAE tools into the Dennison R D environment.. He also planned,
implemented, and directed an Automatic Test facility for PCB testing. He received a
Corporate Productivity Award for the design and development of high integration
embedded microprocessor PCB's used in several product lines. He also developed
various product/process specifications, including technical documentation for a number
of engineering companies. A strong proponent of continuing education, he was
instrumental in arranging and administering employee Professional Development
courses and other programs increasing technical employee involvement, productivity
and morale.
As an Apollo Program Project Scientist, Dr. Mancuso was responsible for the
development of an interlock system enabling the organic analysis of lunar samples
while maintaining and protecting the integrity of the terrestrial biosphere. Other
analytical instruments developed include a laser-based web flaw detector for the Dunn
Paper Co. as well as Comparator/Spectrophotometers and real-time data acquisition
systems for the measurement of Mass Spectrometric photographic plates. While
serving as a consultant to Karolinska Institute (Stockholm) he developed a real-time
data acquisition systems incorporating multi-channel non-coincidence amplifier
systems.
Dr. Mancuso is a member of the Metrowest Chamber of Commerce, the Institute of
Electrical & Electronic Engineers, the Committee of Concerned Engineers and the
American Chemical Society. He also served on the Natick Underground Storage Tank
Removal Committee.
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Curriculum Vitae of Alfred J. Murray

Alfred J. Murray
51 Crest Road
Framingham, MA 0170
Email murray@meol.mass.edu
•

Education: Bridgewater State College, 1960. B.S.
Major; Mathematics and Chemistry
Colby College, 1973. M.S.T.
Major; Chemistry
Massachusetts Teaching Certification:
Secondary school principal, mathematics chemistry and general science
Work Experience:
1991-1997
1963-1997
1990,91,94
1966-1971
1962-1964
1963-1964
1960-1962

Dean College. Instructor of Chemistry
Natick High School, Teacher and Dept. Chairman
U.S. Army Natick Labs. Research
Framingham Union Hospital, Lab Technician
Lawrence General Hospital, Lab Technician
Longwood Hospital, Lab Technician
United States Army, Clinical Lab Technician

Publication:
Mental Deficiency, Dwarfism and Decreased Segmentation of Neutrophilic
Leuc-ocytes; Journal of Mental Deficiency Research, 11(4) December
1967
Awards:
U.S. Army Special Act Award (as a food chemist)
Edison Citation for Distinguished Service
Certificate of Honor, Westinghouse Science Search
Tandy Outstanding Educator Award (1993 &1994)
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Curriculum Vitae of Harlee S. Strauss

Harlee S. Strauss, Ph.D.

H. Strauss Associates, Inc.

21 Bay State Road
Natick, Massachusetts 01760
Tel: 508-651-8784
Fax: 508-655-5116
Email: HStrauss©aol.com

Dr. Strauss is the President of H. Strauss Associates, inc. (HSAI), a consulting firm she
founded in 1988. Dr. Strauss works on a broad range of projects, from site specific
human health risk assessments, to in-depth evaluations of the toxicity of individual
chemicals, to the development of risk assessment methodology. She has conducted
projects related to identifying gender biases in risk assessment, how to apply risk
assessment methodology to childhood cancer, and how to establish risk assessment
frameworks with respect to microorganisms, including bioremediation. Dr. Strauss
initiated and, for its first year, lead a multi-million dollar study to investigate the
potential links between the environment and breast cancer on Cape Cod,
Massachusetts.
Dr. Strauss has been a member of the Society for Risk Analysis since 1987. She
served on the Management Committee for the residential exposure assessment project
and on the Advisory Committee for SRA Workshop "Key Issues in Carcinogen Risk
Assessment Guidelines." Dr. Strauss is a long time member and former president of
the New England Chapter of SRA. She initiated the SRA-NE monthly newsletter, "Back
of the Envelop" and was its editor for several years. Dr. Strauss received an
Outstanding Service to Society award from the SRA in 1996.
Dr. Strauss's other activities include serving her second, two-year term on the Army
Science Board (ASB). She was a member of the ASB work group on Management and
Abatement of Lead Based Paint at Army Sites and is currently a member of two ASB
study panels: 1 ) Evaluation of the Effectiveness of Existing Groundwater and Soil
Treatment Systems in the US Army and 2) a study related to Chemical/biological
Weapons Defense.
Harlee Strauss earned a Ph.D. in molecular biology from the University of WisconsinMadison (1979) and an A.B. in chemistry from Smith College (1972). She was a
postdoctoral fellow in biology at MIT (1979-81), sponsored by the NIEHS) and a
Congressional Science Fellow sponsored by the Biophysical Society (1981-83). Dr.
Strauss has also held the positions of special assistant for government affairs at the
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American Chemical Society (1983-84), special consultant at ENVIRON Corporation
(1984), research associate at the MIT Center for Technology, Policy and Industrial
Development (1985-86), senior associate at Gradient Corporation (1986-88), and
executive director of Silent Spring . Institute (1994-95).
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Page

Correction

8
11

"....Dosage of Fluoride..."
"....Selectmen with regard....'
12
"....normal usage, direct...*
"....this usage
12, 16 "....profluoridation...°
14, 15 "....antifluoridationists.."
15, 16 "....profluoridationists..."
"....a.k.a....°
16
'desirability'
18
"....pre-eruptive..."
18
"....e. g., lifestyle...."
18
"....desirable....°
24 '....dysfunction....'
"....insecticides...."
"....minimum....°
25
"...independent...."
27
"....mgs of fluoride per kg of...."
29
"....Agency's....'
33
"....postmenopausal...! (2x)
36
"....carcinogenicity...."
43
"....enzymes (17)....°
48
"....triethyltin-induced....*
52
"....than 110...."
53
"....prenatally...°
"....observed...."
"....findings are....'

56
60
61
76
82
89

"....epidemiological study..."
"....negligible....'
"....occurred in 1992...."
"....sodium fluorosilicate are....'
Definitions corrected and clarified.
"....murray@meol.mass.edu°

(Numerous errors in punctuation have been noted and will be corrected.)
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Sports and Dentistry
As more people than ever before participate in sports, sports physicians, physical
therapists and professional trainers are
called to treat a rising number of sports-related injuries, including orofacial injuries.
Many coaches and others involved with
sports recommend a team dentist, a general
dentist to treat orofacial injuries, according
to an article in the August Today's FDA, journal of the Florida Dental Association.
The article enumerates some of the many
responsibilities of a team dentist: diagnosing
and treating orofacial injuries as they occur;
advising players about sports injuries, dental
treatment and adequate protection; teaching
first-aid treatment for dental injuries to trainers, coaches and players. A team dentist
should also refer athletes to family dentists to
eliminate caries and gingivitis before fabricating mouth guards, since these conditions
can be exacerbated by use of a mouth guard.
The Academy of Sports Dentistry provides
continuing education courses for team dentists. In the future, team dentists may assist
in developing sports-dentistry curricula for
dental schools and in promoting broader
mouth guard requirements, the article states.

General Dentists Provide
Many Orthodontic
Services
Significant changes have occurred in the
practice of orthodontics in the last 20 years.
One of the major changes is in the substantial amount of orthodontic services being
provided by general dentists, report Shari L.
Woisky, DDS, and James McNamara, Jr.,
DDS, in the August American Journal of Orthodontics and Dentofacial Orthopedics.
They note that, according to a survey of
1,020 general dentists in Michigan, 19.3 percent of respondents provide comprehensive

orthodontic services and 57 percent provide
limited orthodontic services. Only '1 23.7 percent offer no orthodontic treatment:
One goal of the study, say WOisky and
McNamara, was to determine whether practice location affected the general practitioner's decision to offer orthodontic services. It
was hypothesized that dentists in more rural
areas may face an unmet demand for orthodontic services because no specialist is in the
vicinity. However, the authors say the results
of their study Indicate, no significant relationship between the decision to provide orthodontic services and the distance 'from the
closest orthodontic office or to the number of
orthodontists within a 10-mile radius.
--

Confidentiality Between
Dentists and Adolescent
Patients
Doctor-patient confidentiality is a duty
dating to the days of Hippocrates. Besides
ethical restrictions, laws govern release of information in patients' records.
At times, issues of provider-adolescent
confidentiality are poorly defined in law and
ethics, write Gary T. Chiodo, DMD, and
Susan W. Tolle, MD, in Brush-up, newsletter
of the Minneapolis District Dental Society.
On one side of the issue, the authors say,
many providers and adolescents insist that
confidentiality of medical information is a
basic right and is essential in delivery of

quality care.
On the other hand, many parents say
that since they're responsible for the acts of
their minor children, pay debts incurred by
them and have better judgement than their
children, they (the parents) have the right to
know what adolescent children confide to
health care providers.
Chiodo and Tolle remind health care
providers that the legal definitions of
"minor" and "adolescent" vary among
states. Also, they say, all states have laws
defining who may consent to medical care
and at what age parental consent is no
longer needed. Certain states extend' special
rights of consent to minors requesting services related to pregnancy, contraception,
sexually transmitted diseases, mental health
and substance abuse.

it this January issue, we
W introduce a new design
for the Journal of the California Dental
Association.
Generally, publications are redesigned every few years to maintain a
current look. Because we had not updated the Journal's look since July
1989, it was time for a change. Charlie
O. Hayward, the art director for the
Journal's covers, and the architect of
its previous incarnation, has produced
its new format.
The changes, however, are not
merely cosmetic. We have also
rethought the mission of the
NewsViews section and renamed it Impressions. Not only have we made it
bigger and more graphically pleasing,
but we have also widened its scope to
include longer features stories on a
variety of topics relevant to the dental
practitioner, including practice management topics.
We are also changing the way we
handle page numbers so that they are
consecutive throughout a calendar year
and, therefore, conform to the style used
by most medical journals. Because libraries bind Journal issues at the end of
the year, consecutive page numbering
will make it easier to use the publication
for research.
With the new design also comes a
new production team. Katie Richardson
and Randi Taylor, graphic designers in
Sacramento, will take over design duties,
working within the new format. The guiding principles in the Journal's redesign

were to provide appealing content, readability and attractive design. The Journal
of the California Dental Association belongs to its members; your feedback on
our.efforts is most welcome.
EMI
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A Study of the Masticatory System

DENTAL ANATOMY AND OCCLUSION
BERTRAM S. KRAUS. Ph.D.
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THE MAXILLARY INCISORS
Size and Eruption
Maxillary
Incisors

Centrals
Laterals

Crown
height

Nlesiodistal Labiolingual
crown
crown
diameter
diameter
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In III
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9.0
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length

Age at
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M III
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radiography. It . seents front the present series of autoradiographs (figs. 4, 5 and 7) that the sequence is comparable to

that of bone and dentine, the area of entry being at the outer
surface and the area of dissolution at the dentino-cementum
junction.
The effect of fluorine feeding. Several explanations have
been proposed • in the literature for the cause of the manifestations of chronic tluorosis in bones and teeth. On the one
hand, the formation and accumulaiimt or en lei tutu fluoride
(lowater and :Murray, 'Ti) or the incorporation of fluorine
ILL the apatite crystal (Oerould, '45; NVW111/111, XCW1101/1, Main,
O'Leary and Smith, '50), seemen„,z5
roduce an increase in
minerals, greater radiopacity an larger lid less well oriented
erystallitesAReynolds, (orrigan, Hayden, Macy and Hunsate r, '38).
Fluorine, on the other hand, has been found to be a cytoplasmic poison, causing the atrophy of the ameloblasts and
of the enamel organ (Sehour and Smith, '34, and '43; Irving
. and Nienaber, '46; Bauer, '45), but apparently having no
effect on the odontoblask. It has been said (Irving, '43) to
affect the quality of the organic portion of dentine. Tt has
also been found to have inhibitory effects on various enzymes,
particularly out bone phosphatase (de Eds, '33; and Miller,
-'38),.
The present studies reveal a definite retardation in the
rate of transit of the Ca45 tracer (figs. 3, 9, 10, 11 and 12)
in both the dentine and cementmn and an irregular pattern
of growth (figs. 10 and •13).
Rough measurements have shown that there has been some
growth in length of the incisors in all animals from the 10day and 45-day stages. The incisor teeth of rats have been
known to continue growing under similar circumstances (Sebra, Dean, Elvone and Breaux, '33; McCallum et al., '25).
Also, the counts obtained over the CrOW11 and root of sections (table 1) have shown a comparable intake of Ca45 by
the teeth of the atdmals under different experimental conditions.
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On the other hand, the histological sections (fig. 1.0), and
especially the microroe»tgenographs (fig. 13), have revealed
important differences between the dentine formed under normal conditions and that laid down in presence of 1000 [Li•n.
of sodium fluoride.
As appreciated by radiopacity, the dentine formed in presence of fluorine appeared less dense than that. formed normally. (hi I he other hand,. the granular appearance of the
dentine formed in the presence of fluorine, can be interpreted
as representing abnormal crystalline depositions, or at least
abnormal crystalline arrangement, responsible for the irreg-ula r out of the dentinal tubules as observed microscopically
in ground sections of tissue.
The abnormal serrated edge of the proximal portion of
dentine demonstrated by microroentg,enography (fig. 13)
seems to indicate a deficiency in the dentine forming mechanism, distinct. from the variations in the mineral pattern.
This could be attributed to the cytotoxic effect . of fluorine
already reported (Irving, '43). It is probably this phenomenon
which is responsible for the wavy, coarse bands of the autoradiographic pattern (figs. 9. 11, 12) and which is seen to be
more apparent in the areas of more intense growth. The
rOarded migration of—the radioactivt.t band and its irregular
appearance would thus be caused by a combination poisoning
effect of the fluorine and disturbances in the mineral pattern.
The regular appearance of the autoradiographic band at the
border of the dentine (fig. 4), three days after a diet of 1%
fluoride has been instituted, would seem to indicate that the
cytotoxic effects or fluoride are more manifest in dentine
formation after a long treatment with much smaller daily
amounts. Finally, under the present experimental conditions,
the disturbance in the mineral deposition seen after 75 days
of treatment does not seem to have produced hypermineralizafion (fig. 13 and table 1).
SUMMARY

The entry and transit of a tracer dose of Ca45 has been
visualized by autoradineTaphy in the incisor tooth of pigs

TRENDS IN DENTAL CARE AMONG
INSURED AMERICANS: 1980 TO 1995
ABSTRACT
This article presents data on the use of
a wide range of dental services by insured patients between 1980 and 1995.

0.4

The patterns of dental care revealed In
this study show clear trends that indicate profound improvements in oral
health. These improvements are evi-

0.2

dent in all age groups, and the effect of
the caries decline in children that
began about 20 years ago has moved
well Into the adult population. As those
born since about 1950 continue to age

0-6 6-12 13-10 10-24 23-34 36-44 48-64 08-84

AGE (YEARS)

66
and okler

and represent an ever-increasing proportion of the population, the overall
need for restorative care of all types

Figure 4. Changes in use of simple extractions (of both primary and
permanent teeth) from 1980 6) 1995. The number of procedures shown
is the average number of procedures per user per year.

will continue to diminish.

e,1-04c5
DATA AND METHODS

The sample. The data for this
analysis come from several
large groups that have had dental coverage through Delta
Dental Plan of Michigan over
the past two decades. Because
of changes in data management..
and archiving procedures, data
for this analysis are available
only from 1980 onward.

Exposure to fluoridated
water. As of 1992, just over 65
percent of the population in
Michigan was receiving fluoridated water, m 'and this proportion has been stable since at
least 1980.' 1 '" In fact, many
communities in Michigan have
had fluoridated water since the
late 1940s and early 1950s, and
as of 1992 nearly 90 percent of
people using public water supplies were receiving fluoridated
water.' It is reasonable to assume that a high proportion of
the people covered by this analysis have been exposed to fluoridated water for many years.

Simple extractiona:-The
pattern for simple extractions
(Figure 4) also shows declines
across the entire age spectrum.
In children, among whom there
continue to be appreciable
numbers of extractions, many
of the extractions are for purposes of space management in
orthodontics. Very few other
teeth, especially permanent
teeth, are being extracted among
children.

STEPHEN A. EKLUND, D.D.S., DR.P.H.;
JAMES L. PITTMAN, D.D.S., M.S.;
ROGER C. SMITH, D.D.S.
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6 • ANATOMY
There are certain class traits which distinguish all
incisors: (I) the incisal . two-thirds of the crown appears flattened or compressed labiolingually, providing a long horizontal "biting - edge or margin; (2) two
or more distinct and rounded protuberances (or mommelons) surmount the incisal margins of all newly
erupted incisors. The form, distribution, and number
of these mammelons may differ in each type of incisor:
(3) the marginal ridges of all incisors are located on
the mesial and distal borders of the lingual surfaces
and are roughly parallel to the long axis of each tooth.
All incisors, maxillary and mandibular, as well as
central and lateral, show these features in common
(class traits). As will be seen in the following sections.
however, maxillary incisors present distinctive features (i.e.. arch traits) which differentiate them from
their mandibular counterparts: in addition, lateral incisors may be distinguished from central incisors in a
number of morphological characteristics (type traits).
THE MAXILLARY INCISORS
Size and Eruption
Maxillary
Incisors

Centrals
Laterals

Crown
height

Mesiodistal Labiolingual! both
crown
crown
length
diameter
diameter ;

"HU

"WI

.11111

10.5
9.0

8.5
6.5

7.0
6.0

111,11

23.5
22.0 •

Age at
eruption
Yr

7
8

The maxillary incisors act as the "fixed cutting
blades" of the dentition. Viewed labially or lingually
they are the widest teeth of the incisor class (arch
trait). In addition, in the maxillary arch the central
incisor is larger in crown area than the lateral (arch
trait, since the reverse is true in the mandibular arch).
Apart from size the two incisors are basically similar
in form. As will be discussed later, the lateral incisor
morphologically has a diminutive modification of the
basic form exhibited by the central.
Labial Aspect (Figs. 1-4 and I-5)
Central Incisor

The crown of ' the maxillary central incisor is by far
the widest (mesiodistally) of the four types of incisors
(type trait).
The incisal margin of the newly erupted. unworn
tooth reveals three minor elevations representing the
tips of three or more so-called mammelons. Generally
there are three such elevations, of which the central
is the smallest in terms of breadth. The mesial and
distal mammelons are of approximately equal width.

.. .,....
...„....
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The former often has a slightly raised "shoulder" on
the mesial portion of the incisal profile, and it joins
the mesial margin of the crown at right angles. the
so-called mesioincisal angle (type trait). The distal
mammelon, on the other hand, presents a relatively
low shoulder which slopes cervically to meet the distal
profile margin of the crown in a more or less rounded
"distoincisal" angle.
The mesial margin of the crown forms a more or less
straight line. The height of contour (i.e.. contact area)
of the mesial margin is located relatively close to the
incisal edge (within the incisal third). The distal
margin, on the other hand, is somewhat rounded
with the height of contour located farther away from
the incisal edge at the junction of the middle and
incisal thirds.
Both mesial and distal margins converge cervically
and end in the cervical line (cementoenamel junction).
The cementoenamel junction (CEJ) is a smoothly
curved arc which is convex cervically.
From the incisal margin two or more grooves may.
extend towards the cervical line. These mark the
borders of the lobes which culminate in mammelons
at the incisal margin. They are of variable length and
prominence. We will call them labial lobe grooves.
The root is conical in outline and is inclined distally
from cervix to apex.
Lateral Incisor

The lateral incisor crown is noticeably narrower
(mesiodistally) and shorter (incisocervically) than the
central (type trait). The root, however, is of approximately the same length. Roundness is a characteristic feature of the lateral incisor. The mesioincisal
angle is slightly more rounded and the distoincisal
angle is distinctly more rounded than the corresponding features of the central incisor (type trait). In addition. both mesial and distal crown margins are more
rounded in the lateral incisor than in the central (type
trait). This places the heights of contour relatively
farther from the incisal margin than is the case in
the central incisor. The mesial height of contour is
located at the junction of the incisal and middle
thirds, while the distal height of contour is positioned
in the center of the middle third (type trait).
The root of the lateral incisor, like that of the central. is conical and shows the same distal inclination.
Lingual Aspect (Figs. 1-6 and 1-7)
Central Incisor

The crown profile in lingual aspect is the same as in
labial aspect.
The lingual surface of the crown is "scoop-like" in

enamel

crown

dentin

Pulp
neck
cementum

periodontal
ligament
roots
alveolar \
bone
Primary elements of the tooth

Guest Editorial
TOXIC EFFECTS OF FLUORIDE RELEASED BY BONE RESORPTION

Storage of fluoride in bone is a progressive process. Many small intakes •
of fluoride — such as occur from drinking and using fluoridatedl water — accumulate in the bone, where the concentration can increase to many times the
level in the ingested water. Furthermore, the concentration of fluoride in the
bone surrounding the lacunae containing osteocytes and in the walls of the
canaliculi is considerably higher than in bone in general. This high-fluoride bone
surrounding the resorbing osteocytes is degraded during bone resorption, producing relatively high local concentrations of fluoride. As Rich and Feist (5)
have postulated for humans, and as Krook and tv1aylin (6) have demonstrated
in fluorosed cattle, such fluoride concentrations can be sufficiently high to kill
or at least inactivate the resorbing osteocytes.
Killing or inactivating resorbing osteocytes not only disrupts normal resorption of bone but also interferes with its remodelling. Proper bone remodelling
is especially necessary for the full development of the jaw and its alveolar processes in order to permit eruption of the teeth into their normal positions.
Partial failure of alveolar bone remodelling during childhood is therefore likely
to be an important factor in producing the increased malocclusion that has been
associated with elevated fluoride ingestion (7). In Melbourne, Australia for
example, orthodontic problems have increased considerably since the very soft
drinking water supplies of that city began to be fluoridated In 1977. By 1983,
38% of 13-year-old children examined by Tolliday (8) were found to require
orthodontic treatment compared to a much smaller number before fluoridation.
After seven years of fluoridation, the number of specialist orthodontists had
doubled without a corresponding increase in the child-age population. Even the
very profluoridation Professor of Child Dental Health at the University of
Melbourne conceded in 1984 that "the teeth now Jostle for position in the over,
crowded dental arch" (9).
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THE GREATEST
FRAUD

The suggestion has been made repeatedly that fluoride inhibits thyroid
function, which in turn delays the eruption of teeth (e.g. Baume and Becks.
1954) In 1979. Drs L. Krook and G.A. Maylin described a mechanism which
could have produced the Considerable delay in the eruption of the teeth, of
between 1.5 and 3.0 years. which occurred in cattle which were cnppled
with fluorosis (fluoride damage to bone) due to having been exposed to atmospheric fluoride pollution. They found that exposure to fluoride had produced a great decrease in the number of certain cells in bone (resorbing
osteocytes) which play a major role in the resorption of the roots of the
deciduous ifirst) teeth and of bone, both of which processes are necessary
before permanent teeth can erupt normally. They stated:
"The delay in the eruption of the permanent teeth has also been reported
in children in fluoridated communities. - "The cause of the delay in eruption
was shown in the present r material. Fluoride arrests resorption of deciduous
tooth roots and of the supporting bone. By inducing one disease lfluorosis I.
fluoride delays the manifestations of another (dental caries)."

Fluoridation
Philip R.N. Sutton
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Or. Thomas Peters aatusts the dental work of Derek
Doyle. 10. while assistants work on three other ooys.

BY MEUNOA SACKS
mm-ay Sr./. Nati' %NT,

Millions of parents
are gritting their teeth
and bearing the cost
of straightening
their children's

Snaosnois of former and current orthodontics patients
fill a oulletin board in Dr. Thomas Peters office.

VVER

SIT opposite the kindly orthodontist, both of us peering into my daughter's wide
open mouth. To me her teeth look fine, except for the top front two, which bump
I
into one another causing a tiny overlap.
"I'd say about $4,000," the doctor tells me cheerfully. "She's got an overbite and
crowding." If we don't do the full treatment — complete upper and lower braces plus
head gear (a night brace) for two years — she'll suffer from terrible jaw pain and a
disfiguring overbite by the time she's 30, he tells me. And we'd better hurry, because
at 11. she's approaching the age when her bones won't be as malleable as they are
now.
When our daughter gets her new braces, she will join the ranks of the banded and
bonded — millions of children whose parents plunk down thousands of dollars
buy their kids a more perfect bite, smile or profile. Since 1984. the number of
youngsters with braces has grown by almost 50 percent, according to the American
Association of Orthodontists. Not surprisinglY, the =fiber of practicing orthodontists has also grown by 15 percent.
See 01i7710DONTIA, Page dC
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Can Water Fluoridation Increase Orthodontic
Problems?
PHILIP R. N. SUTTON
88 Carlton Street, Melbourne, Australia, 3053

Abstract — Ingestion of fluoride may affect the function of bone-forming and boneresorbing cells leading to its subnormal development This may result in the overcrowding
of teeth end other orthodontic problems.

During the last decade, since the introduction of
water fluoridation, the number of orthodontists
in the city of Melbourne has more than doubled
— rile population has increased by scven per
cent. In 1983, six years after the drinking-water
supplies of its 2.7 million inhabitants were fluoridated, Tolliday (1) found that-38% of-the children aged 13 years who were examined required
orthodontic treatment.
For the teeth to be 'straight' — in their normal
and prIrrot•fly ..olattod io tho
I
position in the ,awc
lace — there must be normal development of the
alveolar bone which supports the teeth and of
the main body of bone forming the upper and
lower jaws. To produce this, Ihc requirements
are: a balance in the inherited characteristics,
normal functional influences and normal forces
producing tooth eruption (2, 3). In addition, the
processes of bone resorption • and deposition
must be fully operational in order to produce
adequate remodelling of the alveolar bone and
Jaws. If the bone develops a pathological condition, such as fluorosis, which interferes with this

remodelling -process, it cum% .attain its
potential shape and size, and overcrowding of
teeth may result.
Much of the fluoride ingested is deposited in
the bones. If the amount retained is sufficient it
will poison bone Cells, producing fluorosis. Krisnamachari and •Krishnaswamy (4) observed
severe 'fluorosis deformities in peeple-WItti.habitw
ually drank water which contained as little • as
3.5 mill fluoride, even in children who were less'
than ten years old. Indeed, fluorosis can occur
who's.; Or.; 'Jr luhlui water contains 0.9 to 2.5 me
fluoride (5).
Consideration must also be given to the recent

marked increase in the fluoride level . in the
environment. Th y 1979 Ontario Government.
inquiry into fluorides and fluoridation (6), said;
. . there has been a substantial increase in
fluorides in water, in food and in the . atmosphere', and that an additional amount of 'fluor'
ides, (by the fluoridation of .drinkinglwated
would be not only useless, but dangerous:'
Krook and his co-workers (7, 8). examined
cattle which had developed a marked degree of
63

64

MEDICAL HYPOTHESiS

fluor osis bolo iIIls4li p I Iluuridc contained In the

atmospheric discharge from an aluminium
smelter and • from eating hay polluted by its
fallout. The mandibles were grossly affected, the
bone being 'thick and ivory•like, and was so
brittle Thai it shattered easily when cut. The
inner surface was necrotic. There was recession
of alveolar bone and 'excessive mobility of teeth'
(7). Resorption of alveolar bone surrounding
deciduous teeth was severely retarded or
arrested. A delay in the eruption of the permanent teeth occurred — as much as 3.5 years in
some incisor teeth. In the cases of fluorosis;
the resorbing usteucytes were inactive and
osteosclerosis resulted' (7).
In 1983 Krook et al. (8) said that:. 'Fluoride is
toxic to osteoblasts and osteocytes and most
pronounced in alveolar bone. Failure of normal
resorption of alveolar bone surrounding deciduous incisor teeth may be an explanation for
the retention of such teeth.' The retention of a
deciduous tooth — its failure to. be shed when
its permanent successor is due to erupt —
frequently leads to that permanent tooth
erupting out of alignment.
Today, the considerable „intake of fluoride
from many everyday sources raises the serum
fluoride level in the population (9, 10; 11). If, in
addition, fluoridated water is ingested, in-many
children with developing teeth the–serum
fluoride level will be elevated sufficiently to
produce damage to the ,ameloblasts and odontoblasts. This is especially likely :to.occtir if the
fluoride has been-added to a water supply which
is very 'soft', as is the case in Melbourne.
When the fluoride intake from all sources is
high enough to affect the ameloblasts and the
odontoblasts of developing teeth, indicated by
the development of dental fluorosis in some children, it is probable that-the osteoblests and the
•resorhing osteocytes will also be affected, in children of all ages, disrupting the normal processes
.ol bone turnover, especially in the alveolar bone
supporting the teeth (8).
•

.

Conclusions
It is suggested that orthodontic problems may
arise as a result of increased fluoride ingestion,
mainly through the fluoridation of drinking.
water. That this excess fluoride may prnrittne a
reduction in the normal development of the
dental arches due to the toxic effects of fluoride
on the osteobiasts and resorbing osteocytes. The
Professor of Child Dental Health, University of
Melbourne, E. Storey, was reported to have said
in 1984 (12) that in forty per cent of Melbourne
children (fluoridated since 1977) the teeth are
now forced to '. . . jostle for room in the. over.
crowded dental arch.'
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The author DR. P.R.N. SUTTON wrote this 352 Page book during the 1990's as
an addition to his numerous and well received previous publications. A wide range of
recent material is considered throughout the book, whilst an historical perspective of
the fluoridation debate is presented.
The title of this book is based on a comment•mad in 1982 by Professor Albert
Schatz. He stated; "Indeed fluoridation is the greatest and potentially the most
• dangerous medical hoax not only of the present century, but of all time. In other
words, it is the greatest fraud perpetrated on more people than any other fraud has".
'
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J. R. Lernmon (Texas State Med. Journ. 30:333-38,
1934) reported that "Babies born here are slow in erupting their teeth in comparison to accepted normal. Fluoride interferes with bone and dental metabolism in
children."

THE GREATEST
FRAUD
Fluoridation
• it is the g reatest fraud that has ever been perpetrated and it has been
perpetrated on more people than any other fraud has.• Professor Albert Schatz.

• Dr. Reuben Feltman, Passiac, N. J. dentist, (Dental
Digest, Aug.1 1956). "Many children in the study group
showed a Marked delay in the eruption of deciduous.
teeth. The second incisors, molars and cuspids ar.: the
most frequently delayed . . . the delay is in accordance
with the work of DeEds, Baume, Beck and Orban. All
these scientists suggested that fluoride inhibited thyroid
function, which in turn delayed eruption of the teeth."
T. Masaki of Japan (Shikwa Gakuho 36:875, 1931)
in a survey of "Geographical Distribution of Mottled
Teeth in Japan," observed that permanent teeth, especially first Molars, appeared normally on the average,
at age 3; in fluoride areas at age 3.
*Dr. M. 1C. Smith, U. of Ariz. Agric. Exp. Sta., pioneer in fluoride research, observed that sodium fluoride
added to diet of experimental rats caused a retardation
in rate of eruption of teeth and in body growth (Jour.
Dent. Res. 14:139-44, 1934.)
*Drs. M. M. Hoffman, C. Schuck, W. J. Furuta, in
experiments with fluoride on the Young Albino Rat
(Journ. Dent. Res. Vol. 21, pages 157-170, 1942) reported
a."retardation in time at which molars appeared in the
oral cavity, especially third molars."
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The suggestion has been made repeatedly that fluoride inhibits thyroid
function, which in turn delays the eruption of teeth (e.g. Baume and Becks,
1954) In 1979. Drs L. /Crook and G.A. Maylin described a mechanism which
could have produced the considerable deli), in the eruption of the teeth, of
between 1.5 and 3.0 years, which occurred in cattle which were crippled
with fluorosis (fluoride damage to bone) due to having been exposed to atmospheric fluoride pollution. They found that exposure to fluoride had produced a great decrease in the number of certain cells in bone (resorbing
osteocytes) which play a major role in the resorption of the roots of the
deciduous (first) teeth and of bone, both of which processes are necessary
before permanent teeth can erupt normally. They stated:
"The delay in the eruption of the permanent teeth has also been reported •
in children in fluoridated communities." The cause of the delay in eruption
Was shown in the present material. Fluoride arrests resorption of deciduous
tooth roots and of the supporting bone. BY inducing one disease [fluorosis
fluoride delays the manifestations of another [dental caries]."
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ERUPTION OF DECIDUOUS TEETH: INFLUENCE OF
UNDERNUTRITION AND ENVIRONMENTAL FLUORIDE
Venkata Ranga Rao Kodali. KA VR Krishnarnachari and I Gowrinathsastry
Osmarua. Hyderabad_ India
A house to house survey in six rural villages in South India was conducted to
asses the influence of undemutrition and environmental fluoride on deciduous dental
eruption. Three villages surveyed were from thc endemic tluorosis area where the
estimated fluoride concentration was 5 ± 1.2 ppm. Oral cavities of all the children in
the age group 3-48 months were examined and a tooth was marked erupted when it
was visible emerging through the gingiva. Undernutrition., as classified by Gomez
classification.. was widely prevalent among preschool children in the surveyed area
(n = 708: normal: 5.1%; grade-I: 29.1%:
53.1% and grade-III: 12.7%).
Children in thc severe grade of malnutrition possessed fewer teeth at a given age.
Analysis of variance revealed that fluoride has significant (p < 0.005) detrimental
effects on dental eruption among children in the 18-30 month age group. Thc
efficacy of Bailey's formula (age in months = number of teeth erupted +6) in indicating the chronological age was evaluated in the 5 - 24 month aged children (n = 347).
Bailey's formula failed to assess the age correctl in 87%. with underassessment in
58% and overassessment in 29%. Its efficac did not differ between the endemic and
non-endemic areas. We conclude that i) undernutrition is a prevalent problem in
rural areas in South India. ii) age calculation b Baile 's formula did not indicate
the chronological age in the majority of children and hence is not useful in undernourished populations, and iii) undemutrition compounded by high water fluoride
may delay the eruption of teeth.
Key words: deciduous dentition; dental health surveys; fluoride; India; nutritional
status; nutrition surve s: preschool child; tooth eruption.
Reprints: Venkata R R Kodali, Consultant Diagnostician, Apollo Hospital, Muthukur
Road, Nellore, Pin-524 004, Andhra Pradesh, India.
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In the care of children's teeth the
, Roentgen ray is not used as frequently
as it should he. If children's teeth show
,a tendency toward tardy eruption which
might result in a malocclusion,
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The Cellular Basis of Bone Resorption
T. 3.

CHAMBERS,

M.B. PH.D.. M.R.C. PATH.

Until recently we have been uncertain
about the origin of the osteoclast and its
relationship with other bone cells. Its origin
has now been definitively established and
has implications for our understanding of
the cell biology of bone resorption.
In this article I would like to summarize
the evidence for the role of osteoclasts in
bone resorption before presenting the evidence which demonstrates that osteoclasts
are derived from the fusion of cells of the
mononuclear phagocyte system. The behavior of this system of cells is relatively
well understood and makes a reappraisal of
our concepts of the regulation of the bone
resorption necessary.

the mature organism there is a constant
turnover of both compact and trabecular
bone throughout life. In the cortex this is
initiated when a hole is drilled in the long
axis of the bone, and osteoclasts are observed in the so-called cutting cone. Behind
the advancing front of osteoclasts, osteoblasts refill the empty cylinder with bone
to form a new haversian system."' Osteoclam are also observed during the removal
of fracture callus. In many pathologic states
associated with local bone removal (e.g.,
the presence in bone of tumor, infection, or
necrosis) osteoclasts are seen in areas undergoing resiirption. In diseases associated
with an increasein bone resorption. such
as Paget's disease and hyperparathyroidism.
there is both an increase in the number of
osteoclasts32 '' 9 ' and in the extent of their
resorbing surface..4'""

THE OSTEOCLAST
A large body of evidence supports the
view that the osteoc last is the major agent
of bone destruct i011. 32 ' 33 " The evidence
comes from several sources:

2. Osteoclasts effect cure in osteopetrosis. Osteopetrosis is a disease in which there
is an accumulation of bone throughout the

skeleton, and bone persists in areas from
which it would normally be removed. e.g..
the medullary cavity. There is experimental
evidence that this failure to remove the excessive amounts of bone is associated with
defective osteoc last function-. 37 Furthermore, the disease can be cured by transfusion of normal hematopoietic stem cells
which form osteoclasts in the recipient during the period in which the excess bone is
being removed.'
3. Mo. rphologic and functional studies
support a role for osteoclasts in bone
removal. Kolliker" gave the osteoc last its
name and suggested that it might be the

1. There is a consistent association between bone removal and the presence of
osteoclasts. During bone growth, while
periosteal osteoblasts form bone, the endosteum (where bone is undergoing resorption
to expand the medullary cavity) is covered
with osteoclasts. Osteoclasts are observed
beneath the periosteum in the expanded.
metaphyses of long bones where excess
bone is removed as the metaphysis becomes
incorporated into the narrower diaphysis. In
Lecturer in Pathology. St. Bartholomew's Hospital,
West Smithfield, London EC1A 7BE. England.
Reprint requests lo Dr. T J. Chambers.
Received: March 10, 1980.
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agent of bone removal. They are seen in
areas of bone resorption. and are typically
located in cavities or pits on the bone
surface tHowship's lacunae). These pits
in bone were interpreted as being formed
by the osteoclast. This view is . supported by
electron microscopic studies which show
the bone underlying an osteoclast to have
an irregular. frayed surface. The osteoclast
surface is in intimate contact with underlying bone at the so-called "ruffled border,"
which is considered to be the active site
for bone resorption. 33.3r." Here the osteoclast surface is thrown into complex folds
whose processes interdigitate between frayed
collagen fibers of the bone surface freed of
mineral. Adjacent to the ruffled border the
osteoclast cytoplasm shows many vacuoles,
some containing bone salt (apatite) crystals'3
or collagen fibers.
33 This is strong morphologic evidence that bone is being resorbed
under the ruffled border. Early reports that
phagocytosed matrix could be identified
within osteoclasts" were confirmed by
autoradiography. 3 Dogs were given injections of plutonium, which became incorporated into the bone. When the bone was
subsequently sectioned for autoradiography, the radioactive label was seen within
osteoclasts. Microcinematographic studleS 24.28 ' 34 have convincingly shown that the
osteoclast is involved in bone resorption
and that the ruffled border is the site of that
resorption. Cells were filmed in situ on
small pieces of bone, and the 'matrix was
seen to disappear beneath the osteoclasts.
THE OSTEOCYTE
I think everybody agrees that osteoclasts
can and do resorb bone, but there is controversy over the extent to which they have a
monopoly of this function. The chief contender is the osteocyte. An extreme view
of its role is as the main agent of bone
resorption during skeletal restructuring.".'"
According to this view, bone is formed
by osteoblasts and flows towards underlying
osteocytes which continuously resorb the

Clinical Orthopaedics
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approaching bone and thus themselves
remain stationary. When bone is resorbed
more rapidly than it is formed, bone loss
is reflected by enlargement and confluence
of osteocytic lacunae. A detailed and
convincing rebuttal of this hypothesis hasbeen presented by Parfitt:"
There is general agreement, however,
that osteocytes do show two types of bone
resorption. The first is the periodic removal
and replacement of perilacunar bone—a
unique form of bone surrounding the osteocyte to a depth of about 1 ti,m10.41 which
shows a number of special properties.7°
Evidence for this periodic removal and
replacement is the variation in size of the
osteocytic lacunae under different conditions, the uptake of radiolabeled calcium
into the perilacunar bone, 7 ' the presence
of osmiophilic laminae" in the perilacunar
bone suggesting alternating resorption and
deposition, and the deposition of tetracycline in perilacunar bone. 8.9° This perilacunar bone accounts for about 0.75% of
total cortical bone,'° and although its removal and deposition plays no role in bone
restructuring, perilacunar bone appears to
be metabolically active and may have a role
in calcium homeostasis.7'
In the second type of osteocytic resorption, bone is removed beyond the limit of the
perilacunar bone. This always occurs in
close juxtaposition with osteoclastic resorption. It is seen in endosteal resorption
during bone growth" and in the interstitial
lamellae of cortical bone immediately prior
to its removal by osteoclasts in the formation of new haversian systems." It is also
seen adjacent to the increased osteoclastic
at.tivity caused by severe calcium deficiency" and primary hyperparathyroidism,". " and just ahead of the advancing
front in Paget's disease:" The significance
of this coupling of osteocytic and osteoelastic osteolysis is unknown. One suggestion is that the osteocytes may be releasing
enzymes which render the bone more
susceptible to the action of osteoclasts."."

Fewer Cavities With
Wholegrain Bread han
With White Bread or
Fluoridation
THE WHOLEMEAL BREAD FAMILY—A PILOT STUDY.
E. Turner, L.D.S., and K. 0. A. Vickery, M.D., D.P.H.,
I Granville Road, Leicester, England. Vitalstoffe-Zivilisationskrankheiten, 11(3);99-102 (June 1966); adapted under
the title "So What Happened to Tommy Tucker?" in
MOTHER EARTH, The Journal of the Soil Association
(F-AgInnd), 14(5):353-358 (January 1967).

E DENTAL condition of children in English families who have used only wholemeal
products as their bread staple for a minimum
-of 5 years, and who have "significant control" over
their intake of sugar and refined carbohydrates, is
shown by independent dental examiners to be markedly superior to that of appropriately matched controls who have been reared on white and refined
flour bread.
Graphs of oral hygiene (freedom from tartar) and
gingival assessments (condition of gums) reveal a
distinct superiority of the 103 wholemeal test children over those of the 103 matched controls (Figs.
1 and 2). The occlusions (alignments of the teeth)
to be appreciably
cil of the test children also a
keiter t an t rice. ri
e contro CFig.
The incidence of dental caries iii the deciduous
z
teeth (Figs. 4, 5, 6, and 7) of the test children was
to be only one third that of the controls or
_ -found
_
n _i_ children in the Fluoridation Studies of the British
Ministry of Health. In the test children age 5 to 7
the average number of decayed, missing, and filled
(dmf.) deciduous teeth was 2.0 per child, as cornpared to the national average of 6.2 per child for
age 5 alone.
Among the Fluoridation Study group, less than 10
,, per cent of the children age 5 to 7 were reported to
i - have decay-free deciduous teeth, whereas over 50
-9 per cent of the wholemeal test children in this age
. group were caries-free (Fig. 6). Older children in
the test group had less dental caries than the naV-- tonal average, but the differences were less marked.
The 'more favorable dental status of the "WholeV1 meal Bread Family" in all of five different categories
leads the authors to conclude that a major follow-up
survey is "fully justified."
(Everard Turner is a dental surgeon and Dr.
Vickery is Medical Officer of Health for Eastbourne,
England.)
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In milling wheat flour, the embryo of the
kernel, the germ, is removed to prevent the flour
from turning rancid.
In milling wheat flour, the outer bran layers
are also removed. Fiber, vitamins, minerals and
high quality protein are lost.
Henry A. Schroeder, M. D., a researcher in
trace elements, in testimony before the U.S. Senate,
Aug. 1970, "Effects of Mercury on Man and the Environment," part 3, page 692 stated:
the milling of wheat;into refined
white flour removes-:
40% of the chromium
867 of the manganese
767 of the cobalt

68% of the copper
78% of the zinc
48% of the molybdenum

all trace elements essential
for life or health.
also lost is:
60% of the calcium
71% of the phosphorus 4,144„----85% of the magnesium
777 of the potassium
78% of the sodium
Only iron, and that in a form poorly
absorbed, is later added tO the flour.

Wheat, Millet and Other Grains

by Beatrice Trum Hunter
Keats Publishing, Inc.
New Canaan, Connecticut
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•Magnesium
Life Growt
BERKELEY (UPI)‘.-:-.. The
well as their intake l and use
. ,of-,....7
growth and other:functions of
cell-building •:Cheinleali-, • :, Alio :...
hying cells is regulated, by a sin- 'burning' of . substances . for eftek''...:
gle, simple chemical element —
gy, .end the way:cellii,carry.ont
.magnesium — a University of
their speeialtzed.IntiCtions
',the'.
California scientist reported
announcement"sdid.- -.7,:!?',••• .aga-•:.
Tuesday.
• -"Among many other -functions•.-1.liarry Rubin, professor of
"..--thil. might . beIniolved . would be
lecular biology, announced the.: . the responSe...otimmune . cells to
-discovery in a paper . published- --.: foreign . invadUrs,- . the. production
in the proceedings. of the Nii:;" ." Of Corinecti .voillsiues,'Iho rege.;:'
tional Academy of:Scienceslie•:- 'T netation of.7damaged: tissuni..",.
said it was the culmination of
and the actions of • Cancer-ciiiiii;•, •
• more than .29_years of research - ing agents in'traniforrning cells
on the growth and metahnlism to a malignant state." •
of animal cells. .•
Clearly••iniplied is that thidis. -"Discovery of the magnesium
covery
the'role-of magnesium
role could have far-reaching im- in cell of
life could lead to under-plications for understanding standing
of and treatment-of
how living creatures and their
--.
i
component structures operate in cancer..
1
•
both health and disease." the
Rubin said that as he studied
university said in an announcehe role of viruses in cancer he
ment of the discovery.
became more and more con"Included here would be the vinced that there was "a central
way cells grow and multiply as \controlling agent in cells."
.
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TABLE XI
ORTHODONTIC APPLIANCES PRESENT
NO.
2,680

86.0

UNILATERIAL SPACE REGAINER

13

0.4

BILATERIAL SPACE REGAINER

14

0.5

2

0.0

23

0.7

NONE

ANTERIOR CROSSBITE APPLIANCE
ARCH EXPANSION APPLIANCE
CRIB

1

0.0

EXTRA-ORAL RETAINER

8

0.3

FULL BANDING
FULL BANDING PREVIOUSLY
OTHER

221

7.1

30

1.0

125

4.0

3,117

100.0

Data such as these are useful indicators of changing trends in
the public's attitude towards their dental needs, most particularly
;
when the 14% of children wearing some type of ! orthodontic appliance
is compared to the 7.5% wearing such appliances in 1978. However,
two observations must be made. Although the appliance categories in
1985 are the same as those used in the 1978 survey, in the seven
intervening years there has been a great -increase kn• the use of the
non-specialist fitted appliances and secondly, the form and complexity of some of the new appliances very often defied the examiners'
ability to categorize them on the functional basis required.

- 37 Looking at the number of decayed teeth (DT) and missing teeth (MT),
it will be seen that the metropolitan and urban dwellers fared
somewhat better than their rural counterparts. However, the absolute differences between the three areas, was not great and no
suggestion is made that the children in rural areas are not receiving
adequate dental care.
Treatment Needs
The most common treatment required was that of prophylaxis or
professional tooth cleaning and 50% of the students examined were
deemed to be in need of this (Table XXIV). While this appears to be
a somewhat high percentage, a glance at Table XXVI (page 41) will show
relatively wide inter-examiner differences in the reading of the oral
hygiene index, a situation very common in similar studies and indicative of a greater influence of the subjective clinical decision than
one would prefer to see.
TABLE XXIV
TYPE OF TREATMENT REQUIRED
0/

NO.

/0

PROPHYLAXIS

1,588

50.9

ORTHODONTICS

1,132 '

36.3

OPERATIVE

1,073

34.4

FIXED PROSTH.

52

1.7

SURGERY

34

1.1

PERIODONTAL

12

0.4

ENDODONTICS

10

0.3

REM. PROSTH.

5 1

0.2

BIOPSY

2

0.1
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Molar Measurements
I - those cases where the line from the mesio-buccal cusp
of the upper first permanent molar falls in between
the lines drawn from the mesio-buccal cusp and the
disto-buccal cusp of the lower first permanent molar.

CLASS

Note that Angle defined his cut-off point between
Class I, Class II and/or Class III as a distance of
one-half cusp from the buccal groove of the lower
first permanent molar.
CLASS II - those cases where the line from the mesio-buccal cusp
of the upper first permanent molar coincides with or
passes anteriorly the line from the mesio-buccal cusp
of the lower first permanent molar.

CLASS III - those cases where the line from the mesio-buccal cusp
of the upper first permanent molar coincides with/or
passes posteriorly the line from the disto-buccal
cusp of the lower first permanent molar.
Examiner should study Figure I.
SURVEY INSTRUMENTS
Contents
45 explorers, mirrors and probes sterilized in packages of 15 each.
5 individual packs each containing one mirror, explorer and probe.
Exolorer Rotation
Note that the explorers have been color-coded in groups of 15.
this has ben done to ensure that all explorers are equally used
throughout the study. It is anticipated that each team (i.e. one
dentist plus one recorder) should be able to examine 30 children per
day. The explorers could therefore be rotated, for example, as
follows:
Day One - Yellow and Green
Day Two - Green and Orange
Day Three -*Orange and Yellow
Repeat

- B12 -

7 - Extraction due to denture (prosthetic needs)
This category is used when so few teeth remain and there is
such a poor distribution of remaining teeth that in the opinion of
the examiner extraction as part of prosthetic care is the only
possible treatment.
8 - Extraction due to other reasons
This score is used for teeth requiring extraction for orthodontic reasons in particular or for any other reasons not covered
in scores 5, 6, and 7.

9 - Other
This score is used for any other treatment of teeth not
covered by scores 1 to 8 and specifically for recontouring and
repairing restorations.
N. B. Various types of treatment requirements may modify
decisions on others. For example, the four remaining
lower incisors in an otherwise edentulous mouth which
are to be extracted for prosthetic reasons should.not
be recorded for fillings or crowns which might otherwise
be necessary. Such interrelations can be defined in the
field of malocclusion, caries, periodontal disease and
prosthetics.
Occlusal Determinations
Should the examiner have difficulty in determining the specific
classes of malocclusion as defined by Angle, a technique is suggested which removes considerable subjectivity from the qualitative
assessment of the occlusion. The following steps are suggested:

Vertical grease pencil lines are drawn on the buccal or labial
surfaces of the following teeth in a general axial direction:
Lower first permanent molars
- from the tip of the mesio-buccal cusp.
- from the tip of,the disto-buccal cusp.
Upper first permanent molars
- from the tip of the mesio-buccal cusp.

-
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World Hearth Cirganix
Goal 1: SO per cent of 5 to 6 yE
caries-free.

These educational presentations reached 19.703 student in 903 ciassroorns. Forty-seven
thousand, one hundred and ninety-one students received a dental inspection in grades K to 12 —
8.717 were in kindergarten. 37.843 In grades 1-6. 982 in junior and senior high and 1.649 in speCial
education classes. Ass result 2.038 children were Identified for tot/ow-u p and 1.624 consultations
WWII given to parents. In the foitowing Table ill (p. 601 a summary of those services in the schools.
by Region. is presented.

Coal 2: The global average wi
than 3 DMF teeth al

.Also 128 educational p resentations were made on a regional basis to different community
grou ps totaerng 2.592 inoividuals. This is presented in Table IV (p.

Goal 3: 85 per cent of the POO
retain all their teeth at

fld)
.,...., Alberta Dental Health Survey

Goal 4: A50 per cent reduction
els of elentulousness
will be achieved.

In lint the first Province-wide aerrtal health survey ce Alberta school chilaren decided upon
try the Task Ponce on Dental Services, established by the Health Unit Association of Alberta and
the Alberta Department of Social Sennoes and Community Health. was carried out. The Dental
Division of the Edmonton Boarcl of Health participated, as requested, very aciheiy in that historical
event In 1965 the first follow-up dental health survey took place, with the dental division at the
Simonton Board of Health as imolved as in 1978: The resutts re-confirm the benefit's not only of
optimum fluoride exposure. but also of the dental public health programs carried out Also. with a
survey issue of 2.80 (DMFT) teeth decayed, restored and missing for the City, it is encouraging to
see how close this is to the internal savoy results (2.885) . . .
•

.

Goal 5: A 25 per cent reduction
els of edentulousneeti
over will oe reached.
Goal 6: A data base system f
Changes in oral hE
established.

In 1985, while all the preventive dental services were maintained at previous levels. the

Appreciation is expressed
program the use of provincial
competent staff.

following urgently needed services could not sell be fully addressed:

a) Proper Positioning of the mandible relative to the rest of the cranium, to prevent and to
correct distresses originating in the ono-facial area fOr children at risk.
b) nutrition assessment and =unseeing to prevent and to reduce deficiencies and their
consequences. among particular target groups (e.g. criddren with a periodontal inoex 01 0.50 and
higher. children found highly susceptible to tooth decay, and children with severe cranio-facial
anomaiies).
C) primary and secondary preventive services for Qualifying handicaoced a nd elderly
patterns.
In conclusion, it must be recognized that the fluoridation experience in Edmonton. reinforced
by the preventive activities carried out by this Division and the members of the Dental Profession
practicing in the City. has continued to be most rewarding. As a mutt dental decay proved again
not to be the principal con‘=,ii of this Dhnsion. The overall decay teevelence rise consistently
remained under one tooth decayed per child 6 to 17 years of age during the last eieeen years."3/so
while 17.25% have displayed a mild, reversible, gingivitis. and only 21.50% mini affectecl by tooth
oleme.49.015% of them did exhibit one or more gaits of abnormal oodusion. These CoreadenstiOns
'lug:Jew thee abnormal =cession among the school chikiren has aintInued be be in Edrnonton!the
number one condition of ccxicem. Response to this challenge will demand specific efforts and
dedication.

,•••-•

e2,
Lief'°6

Furthermore it should also be noted that the Edmonton Board of Health has reached in 1085
the Work' Health Organizations` oral health obiectives for the year 2000. for the ago group Of
children unoer its Jurisdiction:

'

Gnats for Oral Health in the N.
a) Br. Dent. J 132(1); 21-2".
bl Int. Dent. J 35: 235-251

09-13-1997 07 : 36FM FROM GRAND RIVER 403 45-5997

CEt:

94

TO

14032751561

1986

Ar3 eflo-()
fri condusion, it miest be recOgnized that the fluoridaton experience in Edmonton, reinforced
by the p reventive activities carried out by this Division and the members of the dental profession
practicing in the Chy.has continued to be most revrarding. As a resift dental decay proved again
not to be the principal odnoem of this Division, The overall decay prevalence has consistently
remained under one tooth decayed per child 6 to 17 years of age dunng the last twelve yeas. Also
while 50.01% of them did exhibit one or more traits at abnormal occlusion, and an overall CPIT141
index 3COM of 0.2842. only 18.36% were affected by tooth decay. These SiOnsiderations suggest
, that abnormal occlusion among me school children has continued to be in Edmonton the nUmber
one condition of coincem Res ponse to this challenge will demand specific efforts and dedication.

.
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Furthermore it should also be noted that the Edmonton Board of Health has su rpassed in 1986
the World Health Orgarlizatione oral hearth objectives fur the year 2000, for the age group of
children under its jurisdiction:
World Health Organization

Edmonton Board of Heaiths data

Goal 1: 50 Der cent of 5 to 6 year olds wili be
uries-free.

5 year olds: 79.03 per cent are canes .free
6 year olds: 78.65 per cent are canes -tree

Goal 2: The global average will De. no more
than 3 OMF teem at 12 veers of age.

11 year olds: 1.602 DMF teeth
13 year olds: 2.789 DM F teeth

Goal 3: 85 per cent of the population should
retain all their teeth at age 18.

17

Goal 4: A 50 per cent reduction in present
levels of ecientutousness at age 35
to 44 will be achieved.

That age group is outside Edmonton Boaro of
health dental program.

Goal 5: A 25 per cent reduction in present
levels of edentulousness at age 65
and over will be reached.

That age grout) le outside Edmonton Board of
Health dental program.

Goal 6: A data based system tor monitoring
changes in oral health will be
established.

Such a system has now been in place for more
than IWO decades.

year olds: 95.02 oer cent have not lost
any teeth at all.
Mauro* ono lalr?

Apt:wet:18ton is ex p ressed to the Province of Alberta wno made available for the clektat
program the use of provincial data processing facilities and in particular to Dr. T. Curry and to Mr. E
Brosseau and his competent colleagues.

• Goals for Oral Health in the Year 2000. Document re produced with oerrnission
a) Br. Dent. J 152(1): 21-23. 1982
bl Int. Dent. .J 35: 235-251. 1965
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su perior to that of those who 020 nOt, tor every parameter considered.' From this and Other
data. it could probably be inferred that the tenger the exposure of a child to me Edmonton
situation, the oerter hismer dental health is likely to be.
Although this is very gratifying, education and motivation remain very mucn neeaea oy
both parents aria students alike. Of the children seen for preventive dental service in the
a yearly basis. This
Health Centres, 24.2% did not have a family dentist. Also, 43.2% of all the 4 to 11 year Old
le Dental Treatment
cnildren seen in both, SCri001 and Health Centres, presented with some form of abnormal
ca. •
occlusion. while 35.7% of these same children exhibited an oral hygiene index of 1.00 or
greater. if the last two parameters, abnormal occlusion and oral hygiene, nave snown a very
3 demonstrated and
slight improvement over laSt year. Me proportion of children without a family dentist continues
.ned on proper oral to drop significantly: thus onsbatxy indicating mei the economy has not significantly improved
here over that of last year. and creating an wren greater strain over our scarcer resources. it
Should be noteci that this year, the Community Periodontal Index of Treatment NOWS (OPITN
has not been measured because of shortage of staft.
I health and of the
a means of
if -concern can be
trends and for the

C) Dental Meatth Education

WWIe

Ivon the Result of
le child's probable
Ir visit their family
atment service for
filly dentist. This is
med out by dental
:he pre-schooi and
are compared: the

Nogroups was the
good Oral hygiene
cod . by 44.89% in
• tied children was
toration increased
suggests that the
increased dental
nose of tame age
al adjusted to 1.0
may was reduced
ot .18.52% while
ttogether with a
4c:trimly at work.
14: These results.
StfrolgiY suggests
ig.cerned out, are
ielence

(average

it was remarkabie
sna, compared to
sipce bordi was
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During the year a comprehenstve dental health education program was conducted in the
scnools. Activities ranged from educational talks to plaque disclosing and tooth brushing
demonstrations. Films. pu ppet snows arid clemOnstrations in the use of Dental Liealth Kits
were also presented.
These educa ti onal Ore6entations reached 18.357 students in 816 classrooms. Fifty two
thousand six hundred and any five students received a dental examination in grades K to 9:
8,055 were in kindergarten. 42232 in grades 1-6. 196 in junior and senior nigh and 1,304 in
special education classes. As a result 1,929 Children were identified for follow-uo and 1.554
consultations were given to parents. In the following Table III (p. 99) a summary of Mose
services in the schools, by Region, is presented.

Also 45 educational presentations were made on a regional oasis to different community
groups totalling 783 individuals as well as uneetimated audiences at Fringe. This is presented
in Taole IV 1,p. 99).
In 1987. while all the preventive dental. services were maintained, the following urgently
needed services could not sell be hilly addresseo:
a) proper positioning of the mandible relative to the rest of the cranium, to prevent anct
to correct distresses originating in the oro-lacial area for children at nsk. (e.g. the nondependent handicapped).
b) nutrition assessment arid counselling to prevent and to reduce deficiencies and tneir
Consequences, among particular target groups f e.g. children found nighty susce p tible to tooth
decay)
C) primary and secondary preventive services for qualifying handicapped children ano
elderly patients.
In conclusion, it must oe recognized that the fluoridation experience in Edmonton,
reinforced by the preventive activities carried out by this Division and the members of the
dental profession practicing in the City, has cOritinued to be most rewarding. As a result dental
ciec.ay proved again not to be the principal concern of this Division. The overall decay
prevalence nas consistently remained under one tooth decayed per child 6 to 11 years of age
during the last thirteen years:Aiso white -443'4
m 'dideibit one or more trans Of

,
9,.9eAt abnormal occluS20. only 18.9% were affected by tooth decay. These consideration
that abnormal ocoriZian among the sonool children has continued to be in Edmonton me

number one condition of ooncernesponse to this challenge will demand specific ettOrts an0
dedication.
'A more detailed report is available on request;
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Children 4 through 6 years Of age together Wan their parents, are invited for examination,
prophylaxis and topical fluoride application, as well as counselling in good nutrition arid oral
hygiene practices.
Each year. among those entering the program. some have never previously participated
the year before: others have come after having received
Similar benefits from programs elsewhere. These children constitute essentially two groups
which can be described as Before and After Preventive Dental Intervennon Groups. The data
from these groups form a basis for comparison to determine the effect of the modalities used,
inducing that of the educations' component on behaviour modification toward dental care. As
compared to those in the original group. Before Preventive Dental Intervention, the After
children showed 33% more Complete Canes Care and 42% less Neglect. This trend appears to
reflect a significant change in the behaviour pattern and suggests that the education received
by the parents atterxing these clinics effectively contributed to the increased dental health of
their children.
while some have been recalled from

nildren. This service is also
r everitive Dental Treatment
g from oudgetary restraints.
Juid to two. At the occasion
:n the children in attendance.
on.

Scriool children from the year 1988 were compared with those of the same age in the year
1966. In 1966 the city water supply did not yet have its fluoride level adjusted to p.p.m., nor
were there fluoride supplements distributed. In 1988, me proportion of children 6 to 13 years
with dental decay was Wirer by 72.2%. The Canes Expenence in 1988 was also lower by
73.2%. Finally, me number of those presenting Dental Neglect was reouced by 75.3%, while
triose presenting Complete Caries Cate increased by 1503%. These results. consicereci with
:nose from previous years. are indicative of a trend which strongly suggests that rational
utilization of ftuorides, together with the preventive activities being cameo out, areinceed very
beneficial to the population of Edmonton. Figure 1 is a graph snowing the evolution of the dental
caries experience (average number of teeth decayed. extracteo and restored per child) dunng
me last twenty-three years.

In considering the dental health of the pre-school and scnooi po pulation. it was remarkable
that 82.0% 01 the 410 13 year Old children were decay-free in both dentitions. Indeeo the dentai
health of those living in Edmonton since birth was supenor to that of Incise who did not, for ever%
parameter considered. From this and Omer data. it could probably be infeneo that the longer
the exposure of a child to the Edmonton situation, the oetter his/her oental health is likely to De.
42

Although this is very gratifying, education and motivation remain very much needed by
both parents and students alike. Of the children seen for preventive dental services in the
Health Centers 32.9% did not have a family dentist' Also 43.9% of all the 4 to 13 year old
children seen' in both school and Health Centers, presented with some form of abnOrMal
occlusion, while 40.9% 01 these Zan* 4 10 13 year old children exhibited an oral hygiene index
Of 1.00 or greater. The last two parameters. abnormal occlusion and oral hygiene. have shown
a slight deterioration over last year. and the proportion of children with a family dentist continues
to Oro° significantly. The likely explanation if Mat the economy has not significantly improved
over last year. Such a situation creates an even greeter strain on scarce resources.

oidentally lost, trie aata from

at of dental health needs of

C) Dental Hoetth Education

• rs of age. These data also
the city. so that areas ot
isential for cuscerning trams
:neci programs.

During the year a comprehensive dental health education program was conducteo in the
Schools. Activities ranged from educational talks to plaque disclosing and tooth_brushing
demonstrations. Films, puppet shows and demonstrations in the use of Dental Health Kits were

aiso presented.

are given a Result of School
me probable dental health
:a.re iS required. a visit to tne
ustence of a limited dental
Dt allow tor dental care by a
examined each arid every

These educational presentations' reached 9,800 students in 420 Classrooms. 37,460
students receivec a dental examination in grades l< to 8: 6,087 were in kindergarten, 30,286

were in grades 1-6. 849 in junior and senior high, and 238 in special education ciasses. As a
result 1.221 children were identified for follow-up, and 891 consultations were given to parents.
In me following TaDie III (p. ) a summary of those services in schools, by region is presented.

;ars, and was carried out by
ers. The data tram the ore-

*A more detailed report is available on request.
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After Gentle Probing' as
*Calculus' deposits, as ow
to 1.57% of the males, wen
for the females was 25.00tx
0.512 for the latter.

This trend appears to reflect a significant change In the behavior pattern and suggests that the
education received by the parent., Mending these clinics effectively contributed to the increased
°inter hearth of their children.
School children hum the year 1989 were compared with those of the same age from the year
1966.1n 1966 the city water supply did not yet have its fluoride level adjusted to 1 p.p.m.. nor were
there fluoride suppiementS distributed. In 1969. the proportion of children 6 to 13 years with dental
Ciecay was lower by 81.8%. The canes exoerience in 1989 was also lower by 71.8%. Finally. the
number of those presenting dental neglect was reduced by 80.7%, while those presenting
complete canes care increased by 201.4%. These results, considered with those from previous
years. are Indicative of a trend which strongly suggests that rational utilization of fluorides,
together with the preventive activities being darned out, are indeed very beneficial to the
population of Edmonton. Figure 1 is a graph showing the evolution of the dental canes experience
(average number of teeth decayed. extracted and restored per child) during the last twenty-three
years.

c) Dental Health Edu
During the year a corr
schools. Activities rangeo
demonstrations. Films, audi
demonstrations in the use
These educational or,
students received a dental
1-6: 891 in junior and seni.
children were ioentified for
following Table Ill (p. 52) a

Caries Experience - Ages 6-13
Edmonton 1966-1989

Furtnerrnore, 130 eau
community groups totalling
is presented in Table Iv (P.

Canes Etsperazioe Pa Child (DsIFTeder)

In co-operation with t/
and seminar pi%
Hygiene.

experience

Furthermore. a feasibii
was conducted. With 202
Meadowcroft Apartments fc
where the paucity of data tc
In 1989. while all the
needed services could not E

a) access to general z

r
mu
me
No

children with handir
147/8

1916

0) proper positioning c
correct distresses C

1989

Y

C) nutrition assessme
consequences, amt
64.1803Ptible to tootr

In considering the dental health of the pre-school and school Deputation, it WII3 remarkable
that 81.1% of the 4 to 13 year old children were decay-free in both dentitions. Instead the dental
neatth of those living in Edmonton since birth was superior to that of those who did not, for every
parameter considered. From this and other oat& It could probably be inferred that the longer Me
exposure of a child to the Edmonton situation, the better Mistier dental health is likely to be.
'
Although this is very gratifying. education and motivation remain very much needed by bOth
parents and stueents alike. Of the children seen tor preventive dental servtces in the health
cenUes 36% did not have a family dentist. compared to 32.9%a year ego, and 31% in 1987. Such
a situation creates an even greater strain on scarcer resources. precisely al a time when the need
for these services is even greaterjunhermore. 43.5% of all 4 to 13 year old children seen in botti
school and health/mires. presented with lame form of abnormal occ iusion.while 39.2% of these
&mi. 4 lo i3 year Old chkren exhibited an oral hygiene Index of 1.00 Or greater. It should also
be noted that. this year again. *males were found to have a better oral hearth than males: in
keeping with the recorrunendatiOns of the World Health Organization, the Community.P.eriodontal
index of Treatrnent Noels was used and revealed that 47.14% of the fernelf$ dfd show No Sign
0( Disuse' as °pealed to 31.50% of the makis; 42_14% of the females shcnved SOme "Bleeding

1) needs assessment
tor seniors.

,c

In conclusion, it must Do
and by tne members of me d
in Edmonton, have continue

to be the principal concern
remained under three teeth p
prevalence of pathological
(CPITN) averaged 0.445 per
traits of abnormal occlusion
suggest-that abnormal =du:
number one condition of oor
deatc.ation.

'A more detailed report is available on request.
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Dr. H. Trendley Dean, Journal of
The American Dental Assn.,
August, 1943 (so-called "father
of fluoridation.")
"The same amount of fluorine
that causes a mild toxic reaction
in one individual may cause a
severe reaction in another. In
other words we are dealing with
a low-grade chronic poisoning of
the formative dental organ in
which case some individuals may
show a more severe reaction than
others having a comparable fluorine intake."
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HEALTH WARNING!

DOES YOUR CHILD SUFFER FROM DENTAL FLUOROSIS?
Dental fluorosis, or mottled enamel, is a disfigurement associated with the ingestion of toxic amounts of
fluorides during the period of calcification of the teeth in infancy and early childhood. The permanent
teeth are mainly affected although dental fluorosis can sometimes appear in baby teeth I.

9 year old boy
Severe fluorosis with discolouration and
pitting

Fluoridated water can cause permanent
damage to children's teeth.

Dental fluorosis, mottling of the teeth, is the first visible sign of chronic fluoride poisoning 2.
irreversible. It may be mild and not easy to detect, or severe and disfiguring.

It

is

8 year old boy

Severe fluorosis with discolouration
Such mottling has been described by
the American Medical Association as
"the most delicate criterion of harm"

from fluoride.

The degree of severity depends mainly on the evel of fluoride consumption, but some children are more
sensitive to fluoride and develop severe dental fluorosis even with a low intake.
Water fluoridated at the recommended level of 1 part per million (ppm) used for drinking, in food
preparation and manufacture, as well as insbeverages, is usually the main source of fluoride intake. Most
foods and beverages normally contain only very lowlevels of fluoride; exceptions are some fish and tea,
which is particularly high in fluoride.
Fluoride tablets and fluoride toothpaste — some of which is inevitably swallowed, especially by young
children 3 - can also cause dental fluorosis
Baby formulas prepared with fluoridated water can contain over 100 times more fluoride than mother's
milk which recent studies have shown to contain 0.004 — 0.008 ppm fluoride 6.
Fluoride air pollution is a seriods problem in industrial areas, especially near brick and cement works,
power stations, fertilizer factories, potteries and where metals are smelted and manufactured.

10
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Yanagisawa T, Talcuma S, Tohda IL Fejerskov 0, Fearnhead RW, High resolution electron
microscopy of enamel crystals in cases of human dental fluorosis,1 Electron Merosc Tokyo,
1989, 38:6, 141-148
Surface enamel from human subjects with dental fluorosis was studied by means of highresolution transmission electron microscopy. Immediately below the relatively highly
mineralized outermost surface enamel layer was an extensive hyponineralized area. The highly
mineralized layer was composed of many large elongated heaagOnal crystals and extremely
small hexagonal crystals. Frequently the small crystals were attached to the periphery of the
large crystals. In the hypornineralized area, large crystals were sparsely arranged; and a few
small crystals were seen. Some large crystals showed either perforated centers or defects on their
peripheries. These findings suggest that the hypomineralized area undergoes caries-like changes
in terms of crystal dissolution and that the highly mineralized surfaCe layer is either formed or
modified by remineraliztion
Milhaud GE, Borba MA, Krishnaswamy S, Effect of fluoride ingestion on dental fluorosis in
sheep, Am I Vet Res, 1987 May, 48:5, 873-879
The effects of fluoride ingestion (3.5 mg/kg of body weight) were evaluated in 9 ewes at 6
through 9, 10 through 13, or 14 through 17 months of age (3 ewes/age group). In the 3 groups,
the plasma fluoride concentration rapidly increased to 0.45, 0.46, and 0,50 microgram/ad,
respectively, and decreased rapidly to 0.1 microgram/m1 after fluoride was removed from the
cation. In 5 of the 9 ewes, this short-tern exposure caused symmetrical, moderate damage to the
molars, which is characteristic of fluorosis in sheep. In '7 of the 9 ewes, abnormal gaps were
found between Incisors, which are not characteristic of fluorosis in sheep. Fluoride
accumulation was higher in the roots of the incisors and in the dentine of the molars and was
particularly evident in teeth that were developing when fluoride was administered; however, the
My developed teeth and teeth that developed several months after administration of fluoride
also were affected. The increase in fluoride concentration in the enamel was confined to a
maximum of 2 molars. The abnormal wear of the molars was not directly linked to fluoride
accumulation.

My comment: "The abnormal wear..." can hardly be attributed to anything else other than
fluoride for it is well known that fhparosed teeth are subject to increased erosion.
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October

26, 1954

Dr. James G. Kerwin
Department of Health
Municipal Building
Passaic, N.J.
Dear Dr. Kerwin'
Your letter of October 21, 1954 requesting definite
information in dental care in two speoific communities has been
received.
The specific information you desire i5 herewith
itemised in accordance with reports forwarded to us by: the two
communities.

juralla
Enrollment
5403
Number of Pupils Inspected
,5308
Number of Pupile with Defects
, .2209
Number of Pupils Under Treatment for :1551
Defects -

&AM&
Enrollment
5119
Number of Pupils Inspected
4969
Number of . Pupila with Defects
3139
Number of Popila Under Treatment for '2072
Defects
If further information is desired, feel free to ask,
and we ahall try to.coacerets.
ly your*

,

/67/4
/fr
John A. Forst, M.D.

The ten year period of examination is over for the effects of fluoridated
city water. Newburgh has 930 decayed teeth and 521 under treatment morethan
the ' control •. city of Kingston, New York. 339 more pupils were inspected
at Kingston than at Newburgh. The fluoridatora of the nation have been announcing the reduction of cavaties has been 57% in these Pilot cities.
The New York report above shows children's increase of 'damaged or destroyed
teeth about 33 1/3%over Kingston. Fluoridation should be stopped at once as
the most vicious murder program ever known to man.
C. T. Betts DDS
332 Superior St.
Toledo 4, Ohio
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What's going into your mouth?
Fluoride
for teeth
questioned
eople are learning to
disbelieve a lot of things
preached to them by the
p Science God of the 1940s
and '50s.
TV is no longer the final
frontier in telecommunications.
Cars are not
the answer to
all our
problems.
Margarine is
not better for
you than
butter.
Yet a lot of
people stop at
believing a
LESLIE
veritable
GRIETT
mountain of
Green Space research
done on the
_ _harmful— _—
aspects of fluoride.
Ws those toothpaste
commercials where Junior gets
a glowing checkup report from
the dentist. Millions of North
Americans believed those ads
and most attributed it to the
wonder of fluoride.
Not everyone, however, was
Impressed.
"Fluoridation is the greatest
case of scientific fraud of this
century, if not of all time," says
Robert Carton, a former scientist
with the U.S. Environmental
Protection Agency.
Dr. Richard Foulkes not only
believed what he was told but in
his capacity as special
consultant to the minister of
health for B.C., he recommended
mandatory fluoridation in 1973.
"Why? I placed my trust in
individuals from whom I
received advice," Foulkes says
In a recent issue of Health

Too much fluoride can show up as mottled brown spots on teeth.
Naturally magazine. 1 assumed
they had done their homework,
studying all sides of the subject.
This was not so."
There are only six developed
countries that still fluoridate
their water, one of which is
Canada, although few B.C.
communities fluoridate their
water supplies. The Lower
Mainland's water is not
fluoridated.
Japan and
Hawaii, along with
.
21 European
countries, have
banned or
discontinued
fluoridation,
Foulkes says.
Fluoridation of
drinking water
started in the

1940s. According to Foulkes, the from scrubbing the air
aluminum smelting industry
emissions from smelters and
especially influenced governments phosphate fertilizer plants."
Into fluoridation of community
Fluoride Is suppoSed to help
water supplies to get rid of their stop cavities. Supporters point
industrial toxic wastes. .
to studies done in both the U.S.
—The substances added to
and Canada as early as 1945 that
drinking water are sodium
purported to show reductions in
fluoride, hydrofluosilicic acid or tooth decay In fluoridated
sodium silicofluoride. All are
communities.
industrial toxic wastes, obtained
Subsequent examination of the
studies have
shown then to be
suspect.
"The father of
fluoridation, H.
Trendley Dean,
under oath in two
court cases,
admitted that the
criteria for his
studies (1942) had
not been met and

'Fluoridation is the greatest
case of scientific fraud of this
century, if not of all time'
— Robert Carton, former scientist at

U.S. Environmental Protection Agency

his results were in
error," Foulkes says.
Foulkes instead
points to a study by
U.S. international
fluoride authority John
Yiamouyiannis, who
analysed the 1986 to
1987 National Survey of
39,207 U.S. school
children aged five to 17.
"It showed no
difference in the decay
rates of permanent
teeth or the percentage
of decay-free children
in the fluoridated or
non-fluoridated areas,"
Foulkes says.
Many studies now
are linking the
chemical with adverse
health effects.
Dental fluorosis,
skeletal fluorosis and a
relationship between
fluoridated water and a
significant increased
risk of hip fractures in
the elderly have all
been documented.
"In 1992, Utah
—researcher Christa
cP Ph°t ° Danielson showed a
significant increased
risk (of hip fractures) in
both men (41 per cent) and
women (27 per cent)," Foulkes
• says.
The fluoride debate is still
with us. The Canadian Dental
Association no longer
recommends fluoride drops for
children under the age of three,
and only under dentists' special
orders before the age of six.
Parents are told to monitor
their kids when brushing their
teeth to make sure they don't
eat the toothpaste. Brown spots
on teeth can be a sign of too
much fluoride.
Most dentists still support the
use of fluoride in toothpaste and
fluoride treatments. If you're not
comfortable with that, tell your
dentist, and if she's not
comfortable with that, change
dentists.
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surfaces will not be seen. Although the margin e'
safety for mild mo:tling is only twofold, this safety
factar c:::.ultilished firmly. The mat:taniatical
relationship bet ..t.eea the severity of mottling
the level of ilutirizic in the t.-lriaking water gives an
exceptional
to this prediction.
Because the two potent detoxification mechanisms of the body, i. e. , rapid excretion in the
urine and rapid storage in the skeleton with sui,sequent mobi'lination and excretion, even if all the
fluoride ingeSted in the drinking water (1 ppm) in a
lifetime were 5.....ored in the skeleton, no injury
would thereby accrue.
ApprehenSion as to whether an accident in a
water treatm'ent plant might produce dangerously
high concentrations of fluoride is allayed by stating that if a day's supply well-a del!Ver'?'1
period of an hour, the water would contain only 24
ppm fluoride t, which could be taken daily for 10
years without serious difficulty. Also, for a city
the size of Rochester, N. Y. , to add to the water
supply a sufficient amount to be acutely toxic, a
total of 400 tons of fluorides would have to be added to the volume of water distributed daily; this is
mechanicall .:flimpossible, as the machine used has
a hopper of 1; 000-pound capacity.
The safetY of water fluoridation is proved by
the good health of populations drinking fluoridecontaining Waters and confirmed by extensive
medical exaMinations in communities such as
Newburgh.

• °CC -L.: PA .AL HEALT:-:. L:::.! I.'otlieine and Surge.-.. 2'1:431-2
The editorial begins v..ith the observation that if
the long and well accepted practice of chlorination
of community water supplies were being installed
today as something new, the same sort of hue and
cry over the measure would be raised by the uninformed people as that raised against fluoridation.
Approval of fiuoridation is ex-pressed and various
objections to the procedure are answered. The
fear that in operations involvin,-, use of fluorides it
would be more difficuit to detect workers afflicted
by industrial fluoride poisoning or that workmen
would, by drinking fluoridated water, have just that
necessary increment to bring about industrial fluoride poisoning that he might otherwise escape, is
unwarranted, since t%e fluoi-i,:e content of the
drinking water would b p a mere trifle compared
with the much larger quantities required for indust rial poisoning,.
78. Hodge, H. C.. and S P-iHi r• 4 (University
of Rochester, N. Y. ): SOME PUBLIC
HEALTH ASPECTS OF W.4TEll FLUORIDATION. In: Shaw, J. H. , Editor: Fluoridation as a Public Health Measure. Washington D. C., American Association for the Advancement of Sciencej_1954 pp. 79-109.
The imnortant clinical effects of fluoride are eaufully discussed. They are grouped into 4 categories:
Dose
frequency
Acute poi- Single
soning
Chronic
high -g rade

I Si to 10 grams 2 to

mr
or m
_Jon

Time

Amount

4

hours

79. New YOrk, City of, Board of Health: REPORT TO THE MAYOR ON FLUOPIDATION
FOR NEW YORK CITY. L. Baumgartner,
H. Emerson, P. R. Hays, S. Z. Levine, ant:
T. M. Rivers, 1955, 52 pp.

Clinical
effect
Death

The report submittcd by the Chairman of the
Board of Health of New York City includes the
evaluation of the problem of dental decay, dental
effects of fluoridation, possible harmful effects,
ternative procedures for decay prevention, econo ics of engineering feasibility of fluoridation
and legality of the measure.
the summary statement,. it is recommended
hat New York City's water supply should be fluoridated for the prevention of about 60:-.'c of the dental decay curnently affecting all but a few percent
of the population. Dental decay is a true health
hazard, accoUntint for the major portion of 1:1‘:
population's annual dental bill of over $100,000,0(2
In considering other methods of caries prevention, educatiO n -.1 efforts toward dietary control
and toothbr4ing after eating have been unsuccessful; periodic application of fluoride solutions
to teeth offer is about 40P:ci caries reduction, but :5
costly and demands trained professional personnel. In considering ingestion of fluoride, it is
pointed out that even though fluoride occurs in
man nutritien, it is only with the additional fluoride water that substantial denla:
benefit has been achieved. No other procedure approaches Nvater fluoridation in dependable effec-

• ^0 cars I Crippling
rosis

.
•;

_poisoning

Preventive
Daily
dentistry

,\., Daily . during'MotJe
"iokatj
or more . 1. st_8 . years

.2 to 8 ryia.

..

j to I. 5 ppact
in water

and later

A4p7I-e :

dental
caries

The factor of safety in water fluoridation R
nom) in relation to an acutel y lethal -doe is
2,500- to 5,000-fold in adults, and 250- to 500fold in a child.
As to retardation of gro-th, based upon animal
experiments (a table giving numerous species and
concentrations at which lrehibition of growth is
generally present, or absent, and ranging from 10
to 6, 500 ppm in ration, is presented) the safety
factor is 50- to 100-fold; as to skeletal chAnge.s..
8- to 20-fold.
In the case of mottled enamel. the factor_of
s af v .i.s. not Itl.nge.. but it is sufficiently great to
ptrrnit a confident that severe mottling
in the form of stained teeth with g rooved and pitted
-44-

TABLE 10
Summary-Estimated daily fluoride intake of children'
Concentration
of fluoride in
Drinking Water Intake
mg/L
Estimate°

mg/day

Fluoride Intake

Food Sources

0.15

to 0.3

Drinking Water
and
Beverages

Fluoride
Dentifrice'

Fluoride
Supplement'

Estimated
Total Fluoride
Intake

0.1 to 0.3

0.2 to 1.2

0.50

0.95 to 2.3

10.005 to 0.0151

10.01 to 0.061

10.0251

10.047 to 0.1151

0.2 to 1.2

Not
Recommended

0.9 to 3.6

<0.3 mg/L
1mg/kg/day1

10.007

mg/day
0.7 to 1.2 mg/L
(mg/kg/day)

0.4
10.02

to 0.0151

to 0.6
to 0.031

0.3 to

1.8

10.015 to 0.091

▪
•
•

10.045 to 0.181

10.01 . to 0.061

mg/day

1.0 to 2.0

0.6 to >3.0

0.2 to 1.2

InagficgidaY1

10.05 to 0.101

10.03 to 0.151

10.01 to 0.061

>2.0 mg/L

4-----

Not
Recommended

1.8 to >6.2
10.09 to 0.311

Calculation based on the child weighing 20 kg.
Estimated daily fluoride intake of children based upon data extrapolated from various sources reported in the scientific literature; ranges rounded to
reflect widest range in listed fluoride sources.
Assumed that fluoride dentifrice used twice per day
Assumed that dental fluoride supplement taken daily.
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The estimated daily fluoride intake of a 44 lb. child drinking water in the 0.7 to 1.2
"optimal" range is 0.9 to 3.6 mg. Estimated intake for a 110 lb. adult drinking
"optimally" fluoridated water is .58 to 6.6 mg/day.
3.

Health Effects of Ingested Fluoride. National Academy Press, Washington,

D.C. 1993. pp 37, 44, 45.
Several detailed reviews of the literature comparing fluorosis data over time, in
addition to other recent research, conclude that the prevalence of dental fluorosis
reported in optimally fluoridated areas (both natural and added) in recent years
ranged from 8% to 51%, compared with 3% to 26% in nonfluoridated areas.
1
More recently, a prevalence of 80.9% was reported in Children 12-14 years old in
Augusta, Georgia, the highest prevalence yet reported in an optimally fluoridated
community in the United States. Moderate-to-severe fluorosis was found in 14%
of these children.
Russell (1962), in the Grand Rapids fluoridation study, noted that fluorosis was
twice as prevalent among African-American children than white children. In the
Texas surveys in the 1980's, the odds ratio for African-American children having
dental fluorosis compared with Hispanic and non-Hispanic white children was 2.3
to 1. Dental fluorosis also tended to be more severe among African-American
children than white children in the Georgia study.
4.

Appropriate Use of Fluorides In the 1990's. Journal Of the Canadian Dental

Association. March 1993, Vol 59, No. 3, p. 273.
In most areas of Canada, the prevalence of dental fluorOsis probably ranges
somewhere between 35 to 60 percent in fluoridated communities and 20 to 45
percent in non-fluoridated areas.

Dental Fluorosis

1

Dental Science In A New Age, A History of the National Institute of Dental
Research. Ruth Roy Harris. Montrose Press, Rockville, Maryland, 1989. pp 53,
56, 58.
Studies of mottled tooth enamel in the late 1930's led to a new medical term,
"endemic hypoplasia", to describe mottled enamel. Whereas "endemic" is
something identified with a particular area, "hypoplasia" meant "defective or
incomplete formation" of tooth enamel.
Dr. H. Trendley Dean, the "Father of Fluoridation" referred to mottled enamel as
"fluorosis" and considered fluoride at amounts above 1 ppm (1 mg fluoride/ liter
water) the cause of the condition.

2.

Review of Fluoride, Benefits and Risks. U.S. Public Health Service, 1991. pp
B-2, 16, 17, 53, and Executive Summary p. 5.
Classification and Criteria of Dental Fluorosis by H.T. Dean - 1942
Normal

Very Mild

The enamel represents the usual translucent semivitriform type of
structure. The surface is smooth, glossy, and usually of a pale
creamy white color.
Small, opaque, paper white areas scattered irregularly over the
• tooth but not involving as much as 25 percent of the tooth surface.
Frequently included in this classification are teeth showing no more
than about 1-2 mm of white opacity at the tip of the summit of the
cusps of the bicuspids or second molars.

Mild

The white opaque areas in the enamel of the teeth are more
extensive but do not involve as much as 50 percent of the tooth.

Moderate -

All enamel suf aces of the teeth are affected, and the surfaces
subject to attrition show wear. Brown stain is frequently a
disfiguring feature.

Severe

All enamel surfaces are affected and hypoplasia is so marked that
the general form of the tooth may be affected. The major diagnostic
sign of this classification is discrete or confluent pitting. Brown
stains are widespread and teeth often present a corroded-like
appearance.

In 1985, incidence of dental fluorosis ranged from 28 to 76 percent of U.S
children aged 8 to 15. Fluorosis factors include community water-fluoride
concentrations and/or the amount of fluoride consumed from all sources.
Moderate and severe forms of dental fluorosis were found to represent between
five and six percent of the cases of fluorosis nationally.

Several detailed reviews of the literature (Szpunar and Burt, 1987;
Pendrys and Stamm, 1990) comparing fluorosis data Over time, in addition to other recent research, concluded that the prevalence of dental
fluorosis reported in optimally fluoridated areas (both natural and added)
in recent years ranged from 8% to 51%,„ compared with 3% to 26% in
nonfluoridated areas. Those ranges consist of all degrees of severity,
although 90% or more of fluorosis cases recorded int the United States
are in the mild-to-very-mild category. More recently, a prevalence of
80.9% was reported in children 12-14 years old in Augusta, Georgia, the
highest prevalence yet reported in an optimally fluoridated community in
the United States (Williams and Zwemer, 1990). Again, most of the
fluorosis was mild to very mild, but moderate-to-severe fluorosis was
found in 14% of the children.
Health Effects of ingested
Fluoride

National Academy Press. Washington,
/7q5

Infants Fluoride Ingestion from Water. Supplements and Dentifrice
Steven M. Levy. D.D.S.. M.P.H.: Frank J. Kohout. Ph.D.. M.S.: Mary C.
Kiritsy. M.Sc.. R.D.: Judy R. Heilman B.S.: James S. Wefel. Ph.D.
Concerns about dental fluorosts and the paucity of detailed fluoride
intake data prompted this longitudinal study of fluoride intake la
infants from birth to 9 months of age. Q/Laverags, water fluoride
intake greatly exceeded that from dietary fluoride supplements or
fluoride dentifrice. However, fluoride supplements and dentifrice
contributed substantial proportions of fluoride intake among children
using them. Some children had estimated fluoride intake from water.
supplements and dentifrice that exceeded the recommended 'optimal*
intake fa level that has yet to be determined scientifically).
Practitioners should estimate fluoride ingestion from all these
sources LI considering systemic fluoride supplementation. JADA Previews
http: / /1.vww ada.org/ newsre1/ 1095/ nr03. html
Journal American Dental Association Dec. 1995

Vol. 322 No. 12
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,FLUORIDE AND BONE — QUANTITY
VERSUS QUALITY
POSTMENOPAUSAL Osteoporosis is a major public
health problem, whose impact is expected to reach
epidemic proportions during the early part of the next
century as the population ages. Consequently, whereas the prevention of bone loss will probably remain
the most effective approach to therapy, efficacious
treatment of patients who have already had fractures
is sorely needed. The ideal therapy would eliminate
the risk of future fractures by restoring bone mass and
repairing the alterations in architecture that had already occurred. Current treatments such as those using estrogen and calcitonin are antiresorptive — that
is, they act by preventing further loss of bone — but
treatment with neitherdf those agents results in much
net gain of bone mass or repair of bone structure.
Great hope, therefore, has been placed on sodium fluoride, an agent known to increase bone density, especially in the spine.' Unfortunately, the use of fluoride
is often associated with side effects, including abnormalities of bone structure. Fluoride is incorporated
into hydroxyapatite, altering the size and structure of
the crystals ,'and perhaps thereby decreasing the mechanical competence of the bone. When calcium intake is inadequate, the administration of fluoride also
results in an impairment of mineralization. The bone
formed in response to fluoride use may be somewhat
disorganized. at least before remodeling, resembling
immature woven bone rather than adult lamellar
bone. Therefore, although the risk of fractures normally rises as the bone mass declines, increases in
bone mass with fluoride treatment may not reduce
fracture rates.
Until recently, there had been almost no well-controlled studies of the effects of fluoride in women with
postmenopausal osteoporosis that used fracture frequency as an end point. In the early 1980s, with this in
mind, the National Institutes of Health requested proposals for clinical studies of fluoride in the treatment
of osteopoipsis. The results of one such study appear
in this issue of the Journal. The randomized, placebocontrolled, double-blind study of Riggs et al. was designed to determine whether sodium fluoride given at
doses of 75 mg per day (60 mg and 90 mg on alternate
days) would alter bone mass and reduce the rate of
fractures over a four-year period in women with postmenopausal osteoporosis. Although bone density in
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the lumbar spine increased by approximatel y 33 percent in the fluoride-treated women, the overall rate of
vertebral fractures did not decrease significantly, implying that the new bone was structurally unsound.
These women had a smaller change in bone density in
the femoral neck and a worrisome but not statistically
significant increase in the race of hip fractures. There
has been a disputed suggestion that fluoride treatment
increases the risk jof hip fracture, and a surprisingly
high frequency ofi such fractures among treated patients was found in one study.' The increased number
of peripheral fractures in the fluoride-treated group is
equally disturbing. Although most were incomplete
fractures, the relative risk for complete fractures was
twice that in the 'placebo group. Besides the study's
failure to establish the efficacy of fluoride against
fractures, there was a high incidence of side. effects,
primarily gastrointestinal distress and a pain syndrome of the lower extremities. Eleven of 19 patients
with the latter problem had incomplete fractures at
the site of _pain, but the underlying cause of this
syndrome in the others remains obscure. Unfortunately, the study ;did not include quantitative histologic data that might have aided the interpretation
of the results, nor were the results compared in the
women who had increased bone mass and those who
did not.
The inescapable conclusion from this study is that
sodium fluoride in the dosage used is not an effective
or safe treatment for postmenopausal osteoporosis.
The results were similar in a parallel but smaller study
of similar design carried out at the Henry Ford Hospital in Detroit.' Attempts to combine the data by using
techniques of meta-analysis might be helpful in clarifying the findings that were not statistically significant
in the two studiei. Other studies have suggested that
fluoride therapy is beneficial in postmenopausal women with osteoporosis, but a detailed review of the literature reveals Mixed conclusions. Among recently
published reportS, a multicenter study conducted in
France found no Significant decrease in the occurrence
of vertebral fractures in women treated with fluoride
(50 mg per day as enteric-coated capsules) as compared with women treated with several standard regimens, but the probability of having a new fracture was
significantly lower in the fluoride group according to
survival analvsis,.'
It is easy to find contentious issues in any clinical
study of therapy for osteoporosis, and the several recent fluoride studies are no exception. The arguments
will focus on the dosage, preparation, and duration of
treatment. Other fluoride preparations, such as monofluorophosphatej or slow-release capsules, or lower
doses remain options for future investigation. However, it is important to note that the restoration of
bone mass with ifluoride, regardless of dose or preparation, cannot be taken as a surrogate measure for
reduction of the fracture rate. Indeed, these studies
raise the broadei- question of whether any therapeutic
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approach that increases bone mass in a skeleton already damaged by discontinuities in trabecular architecture can ever restore mechanical competence.' Further investigation of the basic effects-of fluoride is
clearly warranted, however, since fluoride remains
the only a g ent that can induce the formation of new
bone, apparently by acting as a specific mitogen for
bone cells.' Finally, the issue of whether the addition of fluoride to more standard antiresorptive regimens is beneficial remains untested in prospective
studies. Nevertheless, until studies designed as rigorously as that of Riggs et al. are performed with other
preparations. formulations. or dosages. it is difficult to
recommend the continued use of fluoride in clinical
practice.
Thus, we do not yet have an ideal therapy for postmenopausal osteoporosis. The mainstays of such therapy — estrogen (with a progestin for women who have
not had a hysterectomy) and calcitonin — are most
effective if given early to prevent bone loss. :. " At that
stage, estrogen has antifracture efficacy, the effect being most marked in women receiving long-term therapy. Recent evidence that validates the use of bonemass Measurements in predictions of the risk of
fractures allows the physician to target treatment to
postmenopausal women with low bone mass.' The
wider use of estrogen will depend on other issues, such
as its role in preventing ischemic heart disease or as a
risk factor for breast cancer.'' Estrogen treatment also
appears to slow the rate of bone loss in more elderly
women and those who have already had osteoporotic
fractures. Calcitonin must be given by subcutaneous
injection, thereby limiting its usefulness, though intranasal administration may surmount this limitation
if its efficacy is confirmed.' However, there have been
no prospective, controlled studies of the recurrence of
fractures in patients with osteoporosis who are given
either estrogen or calcitonin. The impression that patients treated with estrogen sometimes feel better is
related in part to the effect on other s y stems rather
than to the inhibitioriof bone loss. The analgesic effect
of' calcitonin is also beneficial. In addition to the use of
antiresorptive agents. attention must be given to the
adequacy of calcium intake and rehabilitation for patients with fractures, including physical therap y and
strategies to reduce falls.
Unfortunately, there are few alternatives to these
two antiresorptive agents. The intermittent or continuous use of diphosphonates, which also have antiresorptive properties. may be no better than the use of
estrogen or calcitonin. One diphosphonate drug, etidronate. clearly represents an appealing treatment,
because it is effective when given orall y and has few if
any extraskeletal effects. The manipulation of' the remodeling cycle by the c y clic administration of agents
that activate and then inhibit remodeling (coherence
therapy) remains a hypothetical, unproved concept..
Similarly, the value of parath y roid hormone or its
analogues and 1,25-dihydroxyvitamin D. agents that
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may stimulate bone formation, has not been proved.
Finally, the use of growth factors or other cvtokines,
even if feasible, remains years away.
The current studies emphasize that there are many
areas in which our knowledge about postmenopausal
osteoporosis is lacking. As a matter of priority, there is
a clear need for targezed research in the areas of bone
biology, age-related bone loss, and the epidemiologic
and pathophysiologic features and treatment of postmenopausal and other forms of osteoporosis. The alternative is a not-too-distant future in which the incidence of osteoporotic fractures will reach epidemic
proportions, and costs may escalate beyond our capacity to pay.
ROBERT LINDSAY,
M.B.. CH.B., PH.D.

Helen Hayes Hospital
West Haverstraw. NY 10993
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rates give a more complete picture
both permanent and deciduous
of the extent .of decay, she adds,
(baby) teeth. NIDR's claim that 50%
and
the decay rate for teeth "is rathof the children in the U.S. are decayer
low
so that there is very little
free, headlined in newspapers across
difference in most anything." When
the country last summer, was based
An analysis of national survey data largely on the fact that NIDR anaasked to comment on Yiamouyiancollected by the National Institute lyzed only permanent teeth in chilnis' results, Brunelle said she didn't
of Dental Research (NIDR) con- dren aged five to 17, and a large
know whether they are valid.
cludes that children who live in fraction of these children were not
In reaction to Yiamouyiannis' new
areas of the U.S. where the water old enough to have many perma- study, the union of professional emsupplies are fluoridated have tooth nent teeth, Yiamouyiannis says.
ployees at the Environmental Prodecay rates nearly identical with
tection Agency has written a letter
When analyzing the survey data,
those who live in nonfluoridated
to EPA Administrator William K.
areas.
Reilly. The letter asks him to "imThe analysis was done by John A.
Tooth decay rates appear
mediately suspend (not revoke)
Yiamouyiannis. a biochemist and exunrelated to fluoridation
EPA's unqualified support for fluorpert on the biological effects of fluidation" until the agency conducts
Average
decayed.
missing,
and
oride, who has been an ardent opits own assessment of the risks and
fined permanent teeth per child
ponent of fluoridation for 20 years.
benefits of fluoride exposure. The
6 Fluoridated
His results are not widely different
union, Local 2050 of the National
Nonftuoridated
5 •
from those recently found—but as
Federation of Federal Employees,
yet unpublished—by NIDR in anahas been concerned for some time
4
lyzing the same data.
that EPA evaluated fluoride politiIn the 1986-87 school year. NIDR
cally, rather than scientifically. The
3
examiners looked for dental caries
union also believes the safe level of
in 39,207 schoolchildren aged five
2
fluoride in drinking water should
to 17 from 84 different geographihave been lowered rather than
cal areas. Yiamouviannis obtained
raised in 1986, when EPA increased
the survey data from NIDR under
the maximum allowable contami0
the Freedom of Information Act.
nant level to 4 ppm from a range of
5 6 7 8 9 10 11 12 13 14 1515 17
Yiamouyiannis compared decay
1.4 to 2.4 ppm.
Years of age
rates in terms of deca yed, missing,
Another analysis of decay rates is
Note: Averages are tor the U.S oruy. Areas where the Itu.
and filled permanent teeth. The avpublished
in the current issue of
ondation status was TOMO or changed at soma time SirCe
erage decay rates for all the chil1970 have oeen omitted. Source: National trtstriute of
the American Journal of Public Health.
Oemal Research data analyzer, by John Yiamouramis
dren aged five to 17 were 2.0 teeth
Jayanth V. Kumar of the New York
for both fluoridated and nonfluoriState Department of Health examdated areas. When he omitted those NIDR compared decay rates in two
ined decay rates in seven to 14 year
children who had ever changed ways: in terms of the number of
olds in Newburgh. N.Y., which has
addresses, and thus confined the decayed, missing, and filled permabeen fluoridated since 1945, and in
study to children with an unchang- nent teeth; and in terms of derayed,
nearby Kingston, which has never
ing fluoridation status, the results missing, and filled surfaces of teeth.
been
fluoridated. He found that the
were nearly the same—a decay rate Both of these methods are widely
caries
prevalence in Newburgh-1.5
of 2.0 for fluoridated areas, and 2.1 used today. NIDR found that chil- decayed, missing, and filled permafor nonfluoridated areas. Decay rates' dren who have alwa ys lived in fluor- nent.teeth—is somewhat lower than
in the individual age groups were idated areas have 18% fewer decayed
it is In Kingston (2.0). However,
sometimes lower in fluoridated surfaces than those who have never
since
the 1954-55 school year, the
areas, sometimes lower in nonfluor- lived in fluoridated areas. But when
decay
rate has actually declined
idated areas. The differences were NIDR analyzed the data in terms of
more
in
nonfluoridated Kingston
never greater than 0.5 teeth. He has teeth, the differences were smaller.
than
in
Newburgh.
submitted his study for publication Janet A. Brunelle, statistician in the
When asked by CezEN, a spokesin the Danish journal Community epidemiology program at NIDR,
man
for the American Dental Assotells arEN the results for teeth "are
Dentistry &Oral Epidemiology.
ciation
said that ADA believes that
He also found that the percent- in a box somewhere" and she does
water
fluoridation
can reduce tooth
ages of decay-free children were vir- not remember exactl y what they are.
decay
18
to
25%.
But
as recently as
Brunelle says NIDR is publishing
tually the same in fluoridated and
1988 the association claimed fluorionly
the
results
for
surfaces
because
nonfluoridated areas, and averaged
dation reduces decay 40 to 60%.
about 34%. This anal ysis included they are more meaningful. Surface

New studies cast doubt
on fluoridation benefits

Bette Hileman
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Table 1
The number of children examined and the average-age-adjusted OMFT, dft,
and "caries-free" rates for 5- to 17-year-olds In each of the 84 areas in the
order of increasing age-adjusted OMFT rate. F refers to areas fluoridated
before 1970; PF refers to areas which are only partleiiy fluoridated; PF(x)
refers to areas fluoridated in the year "x"; NF refers to areas that are not
fluoridated.
Water

Area

No.

OMFT

NF

Buhler, KS

543
451

1.229
1.321

F

NF
F
F
F
NF
PF(71)

NF
F
NF
F
NF

PP

NF
F
PF(82)

F
NF
F

NF
F
F
PF
F
NF
PF(78)
F
NF
NF
PP

PP982)
PF(81)
F

NF
PF(71/60)
NF
NF

F
PP

F
PF
F
F
PF(82)
NF
NF
PF
NF
F

El Paso. TX

Brooklyn, CT
Richmond, VA
Ft. Scott, KS
Prince George, MO
Cloverdale, OR
Alliance, OH
Martin Co., FL
Andrews, TX
Colcts,oring, TX
Tulsa, OK

410
478
491

443
354

467
440

1.420
1.435
1.442

1.491
1.494

1.584
1.587

Caries-free

0.810
0.777

44.7%

0.693
1 0.715
'0.774
; 0.539

0.872

1.602

'1.075

$0.883
$ 0.769
'0.711
1

1.628
1.535
1.638

Houston, TX

488

Clarksville, IN .
Grand Island, NE
Ft. Stockton, TX

428

1.662
1.678
1.719

535
415

San Antonio, TX
Cherry Creek, CO
Tuscaloosa, Al
Marlon Co., FL
Cleveland, OH
Allegany, MD
Norwood, MA
Alton, IL
Shamokin, PA
Lodi, CA
Bullock Creek, MI
Marlboro, MA

422
441
475
545
486
458
434
511
462

1.722

1.736
1.757
1.809
1.817
1.819
1.834
1.841
1.859
1.861

0.896

0.819
10.747
, 0.789

,0.891
1 0.895

, 0.727
0.963
0.944

:0- 71 5
10.735
0.640
0.843
1.023

386

1.878
1.879
1.885

'1.197
i 0.766
0.613

San Francisco, CA
E. Orange, N j
Lincoln/Sudbury, MA
Conejo, CA .
Lakewood, NJ
New York City-?
Bethel, WA

456
401

1.908
1.909

11.031
i
,0.796

Beach Park, IL
Rising Star, TX
PhIllpsturg, PA
Lanett, AL
Plainville, CT
WIonita, KS
NeWark, NJ
Knox Co.. TN
Los Ancoales, CA
PittsOurgh, PA

518
370
499
503
436
496

Allen, TX

573
472

445
436
620
450

336
540

494

530
540
415

1.905

, 0.874

1.923
1.930
1.933

0.758
10.811
10.698

1.953
1.956
1.970

1.971
1.983
1.994
2.006
2.036
2.038
2.056.
2.063
2.064

40 :4:
410

33.8%

504

1.613

4388.02%%

1.144

; 0.893

558
564
491

45.6%

44.6%

1.588
1.589

476

3.5
47.6
4:

0.549
'0.677

455
406

Palm Beach, FL
Holcomb, MO
Kitsao, WA
St. Louis, MO

;

art

10.812
1.072
,0.878
10.909
1 0.982
0.978
10.795
,0.878
1 0.869
1.152
;1.039
'0.781

35.8%

343045.535:6

42.9%

4391.811%6
40.4%
40.7%
33.4%
39.3%
36.5%
32.0%
28.8%
39.9%
38.3%
39.9%
37.6%
32.2%
33.0%

43 06 .87 :

38.7%
36.3%
38.0%

3471.87:

38.0%
34.9%
34.3%
35.2%
28.7%
33.2%

31.9%
39.3%
33.5%
35.9%
31.3%
33.0%
34.1%
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Table 1 (COntInued)
PF(70)
NF
PF
NF
F
NF
NF
NF
NF
NF
F
PF(82)
PF(71/74)
NF
PF(74)
PF(70)
PF
F
NF
NF
PF
PF(75)
F
F
PF(81)
F
PF
F
PF
NF
F
PF(83)
NF
PF

Lincoln, NE
Newton, KS
Lakeshore, MI
New Peitz, NY
Bemidgi, MN
Alpine, OR
Canon City, CO
Wyandank, NY
Miliorook, NY
Chowchilia, CA
New York City-1
Baltic, SD
Blue Hill, NE
Crawford, PA
New Orleans, LA
Memphis, TN
Madison Co., MS
Milwaukee, WI
Tooele, UT
Chicopee, MA
Cambria, PA
Springfield, VT
Dearborn, MI
Maryville, TN
Taunton, MA
Greenville, MI
Hart/Pentwater, MI
Philadelphia, PA
Sup. Union #47, VT
Cutler/Orosl, CA
Brown City, MI
Lawrence, MA
State of Hawaii
Concordia Co., LA

491
466
445
556
455
463
487
528
512
339
293

2.076
2.083
2.088
2.110
2.124
2.133
2.160
2.161
2.179
2.181
2.190
2.193
2.218
2.222
2.251
2.253
2.259
2.349
2.372
2.389
2.460
2.489
2.496
2.512
2.515
2.558
2.584
2.649
2.710
2.796
2.972
3.012
3.294

0.825
1.225
0.781
0.751
1.001
0.974
1.118
0.828
0.716
1.073
0.627
0.974
0.855
0.996
0.953
0.763
1.455
0.909
1.458
0.862
1.039
0.838
1.167
1.287
0.903
1.191
1.344
0.824
0.907
1.742
1.229
1.262
1.375

31.5%
31.1%
32.6%
34.8%
29.3%
36.7%
33.1%
34.7%
32.2%
33.0%
37.9%
27.8%
29.6%
28.5%
27.4%
33.1%
26.4%
29.9%
24.3%
34.2%
27.1%
32.1%
26.3%
22.9%
31.0%
25.3%
24.1%
26.0%
26.1%
19.2%
22.5%
17.6%
23.9%

424

3.767

1.508

12.4%

476
464
486
350
485
397
463
396
332
551
503
487
480
492
459
464
493

478
519
453
532

444

Figure 1
Tooth decay In fluoridated (F), partially fluoridated (PF), and nonfluoridated (NF) areas: Permanent Teeth.
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Figure 7
Percent of U.S. Children Who Were Caries Free in Their Permanent Dentition b y Geographic Region. •
1986.87.

Total United States
49.9
Orli Health oi L15. Schoei Chtidnn. 1487

Caries Free Status as correlated to percentage of fluoridation:
,
% Caries Free 'Caries-Free Place
% Fluoridated *
Re g ion
I

59.0

43.9

17th

II

46.3

47.0

'6th

III
IV

87.3
72.3

50.3
48.9

i3rd
,_
5th;

V

61.2

35.3

,lsc

VI

44.5

50.7

14th

VII

24.5

31.1

;2nd

*Calculated from the 1985 Fluoridation Census'
Center for Disease Control Atlanta, Georgia'
It is noteworthy that Region VII (WA, OR, CA and HI) the least
fluoridated, achieved a higher caries-free standing than the
hiahly

fluoridated Region III.

It is interesting co me that this correlationwas NOT included
in the NIDR summary.

FIGURE 1

Percent of Publlo Water Supply Population tieing Fluoridated Water and State Ranking

AK 76.9 #21
CT 92.5 #10
DE 66.7 #27
DC 100.0 . #1
HI 16.0 #49

0.4i

Al: P A . s

f:Zuo I 047701/ eeNses'

MA

53.4

135

MD

96.0

#5

NH

16.7

147

NJ
PR

15.4

#50

76.7

#22

RI

80.1

120

VT

60.2

#30

Fluoridation
1985 Census

: Center for Disease
Control & Prevention

Region I
New England
Maine
Vermont
New Li
Mass
Conn
R.I

Region II
Northeast
New York
Penn
New Jersey

Region III
Midwest
Minn
Wis
Mich
Iowa
Missouri
Illinois
Indiana
Ohio

Region IV
Southeast
Wash. D.0
Delaware
Maryland
Virginia
W. Vir
Kentucky
Tenn
N.0
S.0
Georgia
Alabama
Miss
Arkansaw
Lou
Florida

Atlanta, Georgia
404 488-4450 for free copy
1

1
50.7
60.2
16.7
53.4
92.5
80.1
353.6/6 = 58.93% fluoridated

70.0
.5
53
15.4
138.9/3 = 46.30% fluoridated

81.3
88.9
91.1
86.9
71.0
97.4
97.2
88.2
702.0/8 = 87.75% fluoridated

100.0
66.7
53.4
84.7
65.1
83.2
80.4
74.9
93.1
95.5
84.2
47.0
38.6
50.8
47.4
• 1085.00/15 = 72.33% fl4oridated

1985 cont.
Region V
Southwest
Colo
Arizona
New Mex
Texas

Region VI
Northwest
Montana
N. Dak
S. Dak
Nebraska
Kansas
Okla •
Wyoming
Idaho
Utah
Nevada

Region VII
Pacific
Wash
Oregon
Calif
Hawaii

Alaska

96.8
20.6
66.9
60.5
244.80/4 = 61.20% fluoridated .

29.0
95.5
94.3
59.9
40.0
59.7
29.5
33.7
20
1 8
445.40/10 = 44.54% fluoridated

40.8
24.5
16.6
16.0
97.90/4 = 24.48% fluoridated

76.9 (not included in any region)
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lead,
tooth decay
connect
By Hobert Saludonten
COARESPOPCINT

Lead may he partly to blame
for the high levels of tooth decay
among low-income children In
urban areas, a new study suggests.
That possibility is raised by
results published to use eto.rent
issue of "Nature Medicine.'
which show a direct connection
henoten high lead levels and an
increased incidence of -tooth
decay In rats.
Lead is common in Oakland.
as well Li.s other inner cities and
Industrial areas across the
Unneed States. Sources uf lead
poisoning include lead-based
pain:. drinking wafer arid, to a
les.ser • extent.- automobile and
uadustrial emissions.
.Lendl,pAltai:tiding prevention
werirpTenaid : the ilndhaga -are
not....aZosuptiso..- Health:- care.
STOrkerS 'sornetirdes use lead
lee* tikuseth to iliaiyte the exfent ot lead* pots4114 said Dr.
Joan. Darfnian. case manager
Lead PI*
co.c 14e :

sorting Frevennetfebtanch of the
$tnie health deparMient.
'Lead has already been shown
to cause neurolagiral problems
and learning delays In children.
But Dr. Jared. fate. bend
derma for Alaateda County's
putlic heaitn department. sold
wafer
zautiy's

change much.

N.
"Dental disease is epidemic
in Oakland and Alameda
County." said Noe. "But the
stud y would have to be bolstered by more research."
Moreover. even if the study is
accurate. Fine said it would not
elainge the focus of the county's
public health work. Other issues have priorit,t. like the lack
of basic dental care.
The study showed a remarkable relationship between lead
poisoning and cavities. Lead
ions seem to act directly on
toctli enamel to 7tplace eakium
auti phosphorus. according LO
the study.. Numerous studies
have .shown a similar died that
lead Las on bone minerals.
In fact lead accumulates and
ean •-staY in a . person's bones for
. more than 65 years. If the
bp:ogles : pregoak. 'the
lead is mobilise:1. along with
calcium and other minerals. for
the ptudinitiutt of milk. The result • n the rats Is that lead was
passed on to the pup through
the milk: which often had 10
times the lead . concentralion of
the Limber rat's blood.
The study involved 12 rats
maised from infancy. Six were
exposed to lead in drinl-ibig
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FLUORIDATED COMMUNITIES WITH ADJUSTED WATER SYSTEMS IN CALIFORNIA
1990

HAM Or
WATER SYSTEM

CITY

PROPORTION OF
TOTAL COUNTY ,
POPULATION POPULATION SERVED

1,265:100

Alameda
East Bay Municipal
Utility District

i

3t.' e8
0.
la4a2
. • % c - i; -a...6
1Sh '-'

•g g ioir

Alameda
Albany
Ashland
Beckeiev
Castro Valle,'
Cherryland
Emeryville
Fairview
Oakland
Piedmont
San Leandro
San Lorenzo

OATE
STARTED

91.12

3.519
357.800
10.650
67.600
20.165

8/76
8/76
8/76
8/76
8/76
8/76
8/76
8/76
8/76
8/76
8/76
8/76

105.1500

3/58

74.

100

16.550
13.593*
106.500
4

.011

9.423

Hayward Water System

Hayward

City of Pleasanton

Pleasanton

55.100

3/5a

Alameda County Water
aistritt

Unical City

50.500
173,100

6/71
6/71
6/71

Fremont
Newark

1.153.618

caEMICAL
USED

I.

LCI LTD

0041 241

:200

P.O. Po* 49000
'acksen vi i i e Beach. FL 32240.9000

FOR REFERZNZ.Z

— 22.22X tEND OUT

1 October, 1990
fLOMEZ CIOg.ra• Ig; c ACILLEP_EZT_ELCAVSEI

commERcim_rams
WAMETEM
R 2 SiF 6 (MOL. WT. 144.06)

, Fluorine

ZP_IZA4

25% +/- 3% by weight
79% 4. 1- 3% by weight

Heavy Metals, as lead, .Pb..
Phosphorus

24%

18.5%
0.0002%
0.100%

0.020% MX.
,

UP

1.0%

Arsenic
Barium
Cadmium
Chromium
Iron
Iodine
, Lead ,
Mercury
Selenium
Silver •

<
<

<
<
<

Specific Gra,., ity, at 25%, at 6007
Boiling Point for 25%.
Freezing Point for 25%
Weight per Gallon for 25%
pH 1% Solution

0.0C35%
0.0002%
0.0004%
0.00003%
0.100%
0.0015%
0.00005%
0.0000001i
0.000003%
0.0004%

1.224
222.5°F
10.2 lbs/gal
1.2

Material meets AWWA Standard B703-89

water white to straw yellow in color - tranaparent aqueous

solution - acid liquid.
Clean and free of visible suspended matter.

Highly corrosive, pungent odor - store in structural carbon,
Hastelloy C, Durimer 20 and approved rubber or plastic lined
containers.
[
FOR REFERENCE gua- 122.222 SEND OUT

Telex 752639 LC! LTD JAX
FAX 904 . 241 1220
ari4e4a4.
.

7?*-SX#7414

Al 6 San

BAY AREA
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Winning Smile
Has Become
Much Toothier
Dental school awards $1,000
to boy with captivating grin

4

smile worth $1,000 turned up missing yesterday in San Francisco, sort of.
The smile is still there, said the winner's
mother, but most of the teeth are not. It's complicated, like most things having to do with going to the
dentist.'
Last year, Rosalin Johnson of Oakland heard
about the Smile of the Century contest and mailed a 2year-old photograph of her young son, Omaka, to the
University of the
Pacific dental
school. The judges
took one look at
Omaka's dazzling
picture and declared him the winner.
Yesterday, 7-year-old Omaka showed up at the
dental school to claim his prize. The unblemished baby teeth from the picture were gone. Now Omaka has
permanent teeth, some of them only partly in, along
with four silver fillings and a crowri.\
"I got them from eating a lot of junk food," Omaka
said forthrightly, for that is the sort of fellow he is,
and smiling the polemic smile.
Omaka plans to use the dough to buy bikes for
himself and his brother, and a remote control car, and
vdaatever's left can go for college where, he said, you
"get to learn stuff."

dentist once "put a sharp thing under her gums and
she said it really, really hurt and I didn't want that to
happen to me."
So, the San Francisco 12-year-old said, she flosses
and brushes twice a day.

If nothing else, the contest demonstrated just how
hard it is these days for even a perfect smiler to dodge
the dental drill. Runner-up Karlene Fisher had four
fillings, too.

Arthur Dugoni, dean of the San Francisco dental
school, said the contest judges were simply looking
for "nice dentition" Vvhich, according to the dictionary, can involve teeth with cavities or teeth without.

"It's my high sugar intake," said the Pinole dental
assistant.

The lucky winners also got a free toothbrush, 10
yards of floss and two free cleanings in the student
clinic, where fillings are always available, at ah extra
charge.

STEVE
RUBENST1EIN

Laura Philpot, another runner-up, said she has
avoided fillings because her mother told her that a
4 O\ o4

6.5 --El

BY LIZ

HAFALIA/THE CHRONICLE

Omaka flashed a prize-winning smile complete
with replacements for his baby teeth
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Public Hearing on Fluoridation

I.

Mayor Sperina Opens Public Hearing.
Invited Speakers
1.

Dr. Howard Pollack, Professor of Dentistry
UCSF Dental Schoal

2.

Joanne Wellman-\. Benson, RDH, MPH
Fluoride Consultant
California Department of Health Services

3.

Sue Eustis
Solano County Department of Environmental Management
"Smile in Style" Program

4.

Maureen Jones
Safe Water Coalition, Contra Costa Chapter

5.

Dr. John Lee (Sebastopol, MD)

6.

Ken Briltz
Plant Manager
City of Fairfield Water Treatment Plant

III.

Public Comment.

IV.

Board Members Questions/Comments.

Marion Maginnis, V.P.
Robert Hansen
Alfred Alonzo
Harold Caligiuri
Guido E. Calla

Robert Isman, 07:27 PM 9119196 , [Fwd: 501c3 Designation]
Received: from listsrv.cispitt.edu (majordom@listsrv.cis.pittedu [I36. I 42.185.43]) by
speedy.proaxis.com (8.7.4/8.6.12) with ESMTP id UAA10616 for Imbeattie@proaxis.com >; Thu, 19
Sep 1996 20:16:36 -0700 (PDT)
Received: from local (majordom@localhost)
by listsrv.cis.pittedu (8.7.5/cisls-2.4)
ID <WAA08373@listsrv.cis.pittedu>;
Thu, 19 Sep 1996 22:27:48 -0400 (EDT)
X-Authentication-Warning: listsrv.cis.pittedu: majorciom set sender to owner-dental-public-health
using -f
Received: from hupa (hupassnic21.pbi.net [206. I 3.28.16j)
by listsrvcis.pittedu with SMTP (8.7.5/cisls-2.4)
ID <VVAA08364@listsrv.cis.pittedu> for <dental-publi6health@listpittedu>;
Thu, 19 Sep 1996 22:27:45 -0400 (EDT)
Received: from robertis by hupa (SMI-8.6/SMI-SVR4)
id TAA01357; Thu, 19 Sep 1996 '19:27:41 -0700
Message-ID: <3242010D. I 9DE@pacbell.net>
Date: Thu, 19 Sep 1996 19:27:25 -0700
From:. Robert lsman <risman@pacbell.net >
Reply-To: risman@pacbell.net
X-Mailer: Mozilla 3.0Gold (Win95;
MIME-Version: 1.0
To: dental-public-health@listpittedu
Subject [Fwd: 501c3 Designation]
454433B47292'
Content-Type: multipart/mixed; boundary="
Sender: owner-dental-public-health@listpittedu
Precedence: bulk
This isn't exactly what you were looking for, but there are some
similarities.. In 1985, a newspaper publisher helped start The Dental
Health Foundation in California, a 50I(c)(3) that was originally
established to promote fluoridation in the state.-, 1 was the State c,
Dental Director at the time,,and since it was a time of seemingV,
endless budget cuts year after year, I eventually hit on the notion', of
using this foundation to do what I thought should have been the. business
of the State. Since then, The Foundation has received many grants and
contracts from the state, actually administered the State's own
school-based preventive dental program for several years (it's now,
administered by UCSF School of Dentistry), and received a number of
other federal and private grants and contracts to do a variety of dental
public health related activities, all of which, it could be argued, are
things a more fiscally sound state ought to do.
Feel free to call me if you want to discuss further.
Robert lsman, DDS, MPH
Dental Program Consultant
California Dept of Health Services
II

;Printed for Marilyn <Imbeattie@proaxis.com >
1

I Hlthmgtmwe@aol.com , 10:50 PM 9/13196 , Re: PhD: Piled High and Deep?
Translation - where is the need, where will they get jobs?
Because we have not paid attention to one of DPH's primary missions, that is
to educate enough people capable of running local, state, and federal (US)
dental public health programs and dental managed care programs, we are losing
control of these programs to people whom are not dental public health
professionals (or in many cases even dental professionals). In fact, we are
losing the programs altogether all too often. We also have had difficulty
recently in getting enough experienced dental public health folks involved in
some pretty significant dental public health initiatives. For example,
several of us were extensively involved in helping get the California
fluoridation legislation (A8733) through the legislative minefields and to
the Governor's desk. We were only successful in getting a handful of dental
public healthers involved at all in the process, despite the facts that
California is the largest state in the US; and that this is probably the most
significant single piece of dental public health legislation ever passed in
the US (because it affects so many people), be it state or federal.„ And it .\
was passed despite overwhelming odds against it Howard Rollick Showed up\
religously and testified at every opportunity. But other than Howard, no DPH
academic showed up, testified, offered an official endorsement or otherwise
got involved in the goings on in Sacramento. Not one dental school dean
showed up, not one community dentistry chair showed up, the state health
department offered minimal support
and only one local 'health department
got involved, the LA County Health Department Were it not for the
incredible efforts of the California Dental Association and Assembyperson
Jackie" Speier (with help from the American Dental Association, the California
Dental Health Foundation, and the USPHS), this bill would not have passed.
Where were the troops? And finally, despite the significance of this
accomplishment, it got lithe "play in any of the DPH publications - I guess
it just wasn't academic enough.
As one who has been as committed to promoting dental public health in this
country as much as anyone (and for a long time) and as one who supports his
former training program with dollars for student scholarships as much as his
meager public health income will allow (also for a long time), I will say
that I am most disappointed in the evolution of DPH training programs as they
exist today. Not because they train PhD/DrPH oral epidemiologists, but
because they appear to have abandoned the rest of their responsibilities in
favor of the perceived "pot of gold" at the end of the acadeMic rainbow and
are not training the other types of DPHers. We stilt need to train program
managers.
Mike. Easley

Printed for Marilyn <Imbeattie@prouis.com >

2
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6 officials may have to pay for fluoridation fight
By FRED LEESON
et The °logogram fun

SALEM — Six Multnomah County
officials may have to pay out of their
own pockets more than 551.000 in
public money spent in a 1980 election
fight over fluoridated water. the Oregon Supreme Court said Tuesday.
The court said the county officials
might have to repay the money under a
state law that made public officials
personally liable for - unauthorized expenditures" they made while in office.
The money was spent by county officials in an unsuccessful attempt to
defeat a May 19fs0 initiative measure
on the Portland municipal ballot that

eliminated fluor:dation of the city
water supply.
A unanimous court said the county
officials. including Dennis Buchanan.
now the county executive, and Earl
Blumenauer, a county commissioner.
would be liable for reimbursing the
public funds if further court proceedings showed that they "requited - public employees to work on government

time to oppose the fluoridation measure.
Tuesday's decision was a victory for
Roger Burt. a fluoridation opponent
who criticized the county for spending
public money in the election light.
Burt's lawyer. Charles .0. Porter of
Eugene. said the amount of federal and
county money involved was "in excess
of 551.000."
The Supreme Court sent the case
back to Multnomah County Circuit
Court for funher hcarings to determine whether the county officials violated state election laws concerning
government involvement in political
campaigns.
Justice Betty Roberts said the county officials in the fluoridation Campaign went beyond merely trying to
advise citizens of ways to protect their
health.
"The populace was not exhorted to
floss, brush after meals, avoid sweets
or make any number of other changes
in individual behavior that public
health officials believed would contrib-

ute toward a healthier life." she wrote.
health and prevention of disease"
"Instead, officials attempted to di- within their jurisdiction.
rect government behavior by soliciting
Roberts said election laws "made it
citizens to vote to preserve a particular
clear that whatever authority county
government policy, fluoridation."
health ollicials have to promote health
The court found that the public practices does not extend to requiring
money was used to pay salaries for
public employees to oppose a measure
several employees who staffed a "fluo- during an election."
ridation public information project"
The election law in question says
that included the hiring of advertising
that no public employee shall oppose
firms to publicize the issue.
the adoption of a measure while on the
The court said the county employ- job dunng working hours.
ees engaged in public presentations.
The court said approximately 16
distributed posters and pamphlets.
county employees worked on the fluowrote articles and press statements
and operated a telephone hotline to an- ridation pioject nnder the direction of
county health officials dering regular
swer fluoridation questions.
working hours. Roberts said the counOther defendants in the suit include
ty official, admitted that the fluoridaformer Commissioner Gladys McCoy.
tion information "was purposely oneformer County .Executive Don Clark
and two health Officials. Dr. David skied."
Lawrence. former director of the
AreLawrence and Dr. Robert (Smart . .
The county contended in court that
county Derailment of Human Services. said in court records that the
the election project was authorized by
county consistently advocated fluoristate health statutes that directed
dation of water systems for at least 10
health Officials to "conduct activities
necessary for the preservation of years before the 1960 ballot measure.

On July 25, 1985, the Multnomah County Commission voted to spend $40,000 in tax
money to buy private attorneys to try to rescue the six defendants. The private
attorneys are using stall tactics to delay the completion of our lawsuit. Presumably, there are unlimited funds available for such legal shenanigans. When
the $40,000 is all gone, they can go back to the County Commission for more.
After losing in the Oregon Supreme . Court, Multnomah County is using unlimited
amounts of tax dollars to cover up their mistake,

Dr.

ftiolocrl Itiman

Commentary

Fluoridation: Strategies for Success
ROBERT ISN1AN.

DDS. MPH

Abstract: Of 19 referenda on community water
fluoridation held in the first six months of 1980. 17
were defeated. 'Among the postulated reasons are a
growing distrust of government and the health establishment. The public remains largely ignorant of the
purpose and benefits of fluoridation. The emotionalism
surrounding the issue has made it difficult to generate
public support outside of the health professions. Opponents have also learned to fight fluoridation with
increasingly sophisticated techniques. Some of the

strategies used in recent successful campaigns in Oakland. California. and Portland. Oregon are described:
recommendations that can be applied to communities
considering fluoridation include careful wording of
ballot measures :so they are unequivocally clear and
simple: timing ballot measures with elections likely
to draw the largest voter turnout: broadening the base
of political and financial support: using a figurehead if
possible: and making maximum use of the media. (Am
J Public Health 1981:71:717-721.)

Community referenda on water fluoridation have fared
rather badly in recent months. Table I is a fairly complete
listing of communities that voted on fluoridation referenda
during the first six months of 1980. It can be seen chat of the
19 referenda that were held in this period, only two had outcomes favorable to fluoridation.
One can speculate at length about the reasons for failure
of such a large proportion of the referenda. Some of the more
frequently proposed (although unresearched) explanations
include: a growing distrust of government, a similar distrust
of the health care establishment, public ignorance. voter
apathy, and increasing sophistication of fluoridation opponents. Whatever the reasons, new strate gies need to be developed if the gains over the past 30 years are to be retained.
and if the goal of achieving near universal fluoridation of
communal water supplies is to be realized.
Despite the unimpressive gains made in the past few
months for fluoridation via referendum, there have been
some notable exceptions. For example. the East Bay Municipal Utility District, supplying some 1,100.000 persons in and
around Oakland. California, recently voted decisively (by a
55-45 per cent margin) to retain fluoridation, which had been

in effect since 1976. Voters in Portland. Oregon. approved
fluoridation by a narrow margin in 1978." The successes of
these two campaigns demonstrate that referenda can be won
given the right set Of circumstances. This paper seeks to examine some of those circumstances. with the help of hindsight. in the hope that apparently successful strategies can be
applied to other communities.

Address reprint requests to Robert Isman, DDS, MPH. Dental
Health Officer. Multnomah County Department of Human Services.
426 S.W. Stark, 7th Floor. Portland, OR 97204. This paper,
su bmitted to the Journal August 8. 1980, was revised and accepted
for p ublication December 22. 1980.

AJPH July 1981, Vol. 71, No. 7

Wording of BullOt Measure
The importance of the wording of the ballot measure
cannot be overemphasized. Every effort should be made to
keep wording straightforward and simple. A "yes - vote
should always signify a vote favorable to fluoridation. An
example of the possible detrimental effects of ballot measure
wording occurred in Portland. Oregon. There. in November
1978, voters narrowly approved a ballot measure worded
simply, "FLUORIDATION OF MUNICIPAL WATER
SYSTEM.In May 1980. Portland voters repealed the fluoridation
charter amendment that they had approved in 1978. The 1980
ballot measure read. "ELIMINATES MANDATORY
FLUORIDATION OF CITY WATER. •• Two things are
• In May 1980. Portland voters reversed themselves by passing a
Fluoridation repeal measure.
717
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SERVICES AVAILABLE

Pt 'RUC IIE.‘LTII SER'cICE RELi n ON
HIV Infection Control Training Project
Materials development:
"Baby Bottle Tooth Decay" - Consumer education
pamphlet
"A Professional's Guide - BBTD" Training video
Western regional conference - "Mobilizing Youth to
Counter the Tobacco Industry"
CENTERS FOR DISEASE CONTROL
• s

When it makes sense to contract with a
specialized independent agency for - Administrative & fiscal intermediary services
MediCaid & third party payer billing
Business office and clerical support
Grants/contract development & management
- Project development. implementation, evaluation
- Conferences, symposia. workshops

Oral Health Assessment Training - Public Health
Nursing
Data Analysis & Report - Prevention of Sports
Injuries, "People 2000" Objectives
COI "NTY OF AL. \_\ IEDA
School Based/Linked Oral Health Services

- Epidemiologic surveys, research

OAKLAND UNIFIED SCHOOL DISTEUCT

- Technical consultation. issue analysis,
expert witnesses

"Healthy Start" Oral Health Services
I:NIVERSITY OF SOUTIIERN CALIFORNIA
Western • Regional Oral Health Conference
("Look, Ma. Cavities...Still")
CALIF. DEPT. OF I(EALTII SERVICES

- Development & publication of culturally
sensitive, multi-lin gual consumer education
materials

Fur further information. contact:
Wallace B. Chipman, Executive Director
THE DENTAL HEALTH FOUNDATION
4340 Redwood Hwy., #319
San Rafael, CA 94903
Phone: (415) 499-4648
Fax: (415) 499-4681

"Oral Health Educational Materials Resource Guide";
Resource Library
State-wide Oral Health Needs Assessment Project
Children's Dental Disease Prevention Program
Improving Access to Dental Care - CHDP
Fluoridation Promotion
Tobacco
for Denul Care Professionals
Tobacco Education 'Teenagers in Rural
Communities (Pending)
"RIACT" Reduce Illegal Access to Chew/ Dip Tobacco
CALIF. DEPT. OF EDUCATIoN
"Children Against Tobacco & Smoking"
(CATS Project)
SIERRA HEALTH 'FOI 'NDATI( )N
Fluoridation Promotion Project
(KEST FOR TRUTH VOL ND AT( N
Fluoridation Promotion
Multi-lingual Consumer Education Materials
THE CALIFORNIA WELLNESS FOUNDATION
Oral Health Needs Assessment
California Fluoridation Project

RICHARD G. FOULKES, B.A., M.D.
BOX 278, ABBOTSFORD, B.C., CANADA, V2S 4N9.
TELEPHONE (604) 850 3171

September 22, 1997
Dear Maureen;
Thank you for the "Report of the . California Health Needs
Assessment 1993-94" prcpared by the Dental Health Foundation
for the State of California Health Services.
I am not surprised that you had difficulty in obtaining this
document, as it confirms the impressions that I conveyed to
you concerning the spurious nature of the report "Our
Children's Teeth - Beyond Brushes and Braces" and the "Summary
of Findings of the California Health Assessment of children
1993-94".
Page 1 of the "Executive Summary" of this :Report deals with
the "heed" for fluoridation which it designates in the first
paragraph as "(clommunity water fluoridatiOn is the single,
most effective and efficient means of prevention of dental
caries in children and adults regardless of race and income
level". This is the bias!
This announcement is followed by a comparison of the dft/DMFT
status of pre-school, elementary (K-3)-and high school (grade
10). All show higher percentages of caries occurring 'in
non-fluoridated urban and rural children Compared to those
living in fluoridated regions of the survey. Examples abound.
In the K-3 group there are 43% more caries in non-fluoridated
urban and 36% more caries in rural regions than in fluoridated.
Also, Grade 10 children living in non-fluoridated and in rural
regions had 54% and 36% more caries than in fluoridated
regions. ,Non-head start preschoolers when compared to those
living in fluoridated regions had 18%, more decay in
non-fluoridated urban and a whopping 206% in , rural regions.

These calculations from the data collected by the survey are
meant to shock the unsuspecting public (and their legislators)
into believing that there is an urgent need for dental care
and, especially, the universal implementation of water
fluoridation. But, the calculations are not validated by the

observations!
If the observations of a survey cannot possibly be a
representative sample of the total population, then the values
calculated • from the sample cannot be regarded as valid
estimates for the population. This . can easily be shown to

be true in this survey which invalidates all of the calculations.
First, those responsible for writing the Report admit that
"the survey is not geographically representative of California
children" (Study Design (SD) page 2). They also admit that
it is "not a random sample" (SD p 3), that private schools
are omitted and that "only those schOols, parents and

children/students who had provided. written consent were
included in the survey" (SD p 9). In short, the survey was,
by their own admission. carried cutoa a selected and
non-representative sample. These admissions alone should
disqualify the calculations from the data.
There are many other "problems" inherent in the sample. These
are shown by examination of the information in the Report.
These include:
1. Sample size is very, small compared to the total. The
survey examined a total 6,643 schoolchildren. In the
K-grade 12 group, the total number in California is 5.1
million (1991-92); the sample size is 4,123.
Racial composition is not representative. In
2.
California, whites represent 44%, African Americans
(blacks) 9%; in the study (K-grade 12), whites are 24%,
blacks 15%. The higher percentage of blacks occurs in
the elementary schools according to the Report (SD p
12 ).
3. Poverty level (<200% below Federal Poverty Level)
is not representative. For example, in elementary schools
California is 39.9%, in the survey, 71.8%. In high schoo.,
37.1% compared to 50.1% in the survey.
4. Lifetime residence. In this survey no attempt is made
to compare caries prevelance of those children with
lifelong residence in fluoridated to that of those
residing a lifetime in non-fluoridated regions. The
percentages that are given for lifetime residence are
variable: pre-school, 76.6%; elementary, 64.6%; and,
high school, 42%.
5. Dental sealants. The highest percentage of children
with dental sealants occurs in fluoridated regions; for
example, in elementary school, the percentage with dental
sealants in the fluoridated region is 31.6%, in
non-fluoridated, 6.1% and in rural, 5.9%.
Each of these discrepencies are bound to skew the results
of the survey to favour fluoridation when used in this type
of non-representative selective survey.
In brief, the calculations presented in this survey are
invalid! At best, this is the result of incompetence; at worst.,
fraud.

Richard G. Foulkes, M.D.

Bradford Hill's Principles
of Medical Statistics
Twelfth Edition

Austin Bradford Hill and I. D. Hill

Chapter 10

•

Problems of sampling:
averages
The obsesvatioos to which the application of statistical methods is partieslady necessary are those which are influenoed by aunteroos causes, the
object being to disentangle that multiple causatioa. Fluthermore the
observations utilised are nearly always only a sample of all the possible
observations that might have been mask. For instance, the breqneney
distribution of the stature of Englishmen—c. g. the number of Englishmen
of different heights—is not based upon measurements of all Englishmen
but only upon some sample of them. The question that immediately arises
is bow far is the sample representative of the population from which it was
drawn, and bound up with that question, to what extent may the values
calculated from the sample—e.g. the mean and standard deviation—be
regarded as precise estimates of the values in the population sampled? If
the mean height of 1000 men is 169cm with a standard deviation of 7 cm.
may we assert that the values of the mean and standard deviation of all the
men of whom these 1000 torus a sample are not likely to differ appreciably
from 169 and 7? This problem is fundamental to all statistical work and
reasoning; a clear contxption of its importance is necessary if errors of
interpretation are to be avoided, while a knowledge of the statistical
techniques in determining error,' of sampling will allow conclusions to be
drawn with a greater degree of security.

Elimination of bias
Consideration must first be given, as previously noted, to the presence of
bias in the sample. If owing to the method of collection of the observations
those observations cannot possibly be a rrjnesentativc sample of the total
population, then clearly the values cakulated from the sample cannot be
retarded as valid estimates of the imputation values, and no statistical
technique can allow fur that kind of error. That problem was discussed is
Chapter 3. In the present discussion tve shall presume that the sample is
unbiased and devote attention entirely to the problem of the variability
which will be found to occur from one sample to another in such values as
means, standard deviations, and proportions, due solely to what are
sometimes known as the 'errors of sampling'. This is not in fact a very good
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Toward Improving the Oral Health of Americans: an Overview
of Oral Health Status, Resources, and Care Delivery
ORAL HEALTH COORDINATING COMMITTEE, PUBLIC HEALTH SERVICE

Although many herald this improvement, millions of children still have significant levels of
,---dental caries i 'Seventy-five percent of children's
-. dental caries arc concentrated in 25 percent of the
population (2.). Higher disease levels generally are
found amon g minorities2,..children from poOr and
tow-income families, and children whose parents
have less than a high school education; Among
American Indian and Alaska Native children ages 6
to 8 years, 38 percent have experienced dental
caries. By age 15, the disease rate increases to 91
percent in this group.
When dental caries in permanent teeth does
occur among children, minority children are less
likely to have their disease treated than white
children, and they have more permanent teeth
extracted as a consequence (table 1) (2). The level
of untreated dental disease among American Indian
and Alaska Native children is much higher than
that for other minority children (according to the
Dental Branch, Indian Health Service, Public
Health Service, Rockville, MD, February 1993).
• FlUoridation n and the use of other fluorides have.
/ been successful in decreasing the prevalence of
dental caries on the smooth surfaces of teeth. •
: Unfortunately, these efforts- have much less effeit
on dental caries that occur in the pits and fissures
of teeth (particularly on the biting surfaces of
teeth) where more than 85 percent of dental cariei
now occur (2). Dental sealants (a plastic coating
placed on the biting surfaces) applied by a dental
professional are an effective, proven preventive
intervention for this type of decay.

U-N

Medicaid.

\

• Each of the States surveyed failed , to adequately
cover -basic" dental services in its Medicaid program.
• A variety cf barriers restrict the low-income
child's access to dental services under State Medicaid programs (including administrative problems,
paperwork associated with claims submission and
prior approval, and low reimbursement rates for
/
dental services).

'

Oral disease among adults. While the overall oral
health of adults is improving, dental caries, gingivitis, and periodontal diseases continue to affect
most adult Americans. A recent national survey
found that 96 percent of employed adults in the
United States—nearly 100 million persons—had
experienced dental caries (13).
The number of decayed or filled teeth is greater
for white Americans than for African Americans
and other minorities (10.3 decayed or filled teeth
for whites versus 6.8 decayed or filled teeth for
African Americans). However, the percent of diseased teeth with untreated decay is greater among
African Americans than white Americans at all
ages (table 2).
Gingivitis and adult-onset periodontitis, two diseases that involve the supporting tissue of teeth,
affect nearly half of all employed Americans between 18 and 64 years of age (13). Untreated
periodontal 'diseases can lead to tooth mobility;
poor esthetics; decreased ability to eat, chew, or
speak; and tooth loss. One measure of periodontal
diseases is recession, exposure of tooth root surfaces due to a loss of gum tissue. More than 45
percent of employed adults 55-64 years of age had
moderate recession. Another measure of periodontal disease is the depth of pockets between the
teeth and supporting tissue. Almost 20 percent of
employed adults 55 -64 years of age have periodontal pockets 3 millimeters or greater, indicating a
moderately compromised status of the supporting
periodontal tissue.
Untreated periodontal disease can lead to the loss
of the supporting tissue from the tooth, exposing
the roots of the teeth. Deprived of their protective
tissue, root surfaces are more susceptible to dental
caries than the crowns of teeth. Because the degree
of recession generally increases with age, the rate
of decay on the roots of teeth is greater among
older Americans. •
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Original Communications, Frederick S. McKay, DDS. The Dental
Cosmos, Vol. L.K.KI, No. 3. August, 1929.
"Regardless of the degree or perfection of calcification of the
enamel of the teeth examined, the decays as found are practically
limited to the pits and fissures: or, put in . another way, to those
areas upon which there are interruptions in the surface continuity."
Dr. Mckay examined a total of 187 children living in three
communities in Arizona, Idaho, and Colorado. A total of 773
cavities were found in the children's teeth. 733, or 95 percent,
were tn pits and fissures.
1) Facts From The National Institute of Dental Research. Marshall
Independent. Marshall, Minnesota. May 28, 1992.
"Nearly 90 percent of cavities in school children occur in the
surfaces of teeth with vulnerable pits and grooves, where fluoride
L5 least effective."
2)

3

Hearings: Subcommittee of the Committee on Appropriations, House
of Representatives. March 8, 1984.
Dr. Loe (Director of the National Institute of Dental Research):
"Let me begin by saying that fluorides are most effective in preventing decay on the smooth surfaces of teeth. However, the chewing surfaces of posterior teeth are not smooth. They have crevices
and pits and it is our experience that fluorides don't really sec
access co these pitted areas."
Toward Improving the Oral Health of Americans. Public Health
Reports. Nov. - Dec. 1993. Vol. 108, No.
"Seventy-five percent of children's dental caries are concentrated in 25 percent of the population."
"Fluoridation and the use of ocher fluorides have been successful
in decreasing the prevalence of dental caries on the smooth surfaces of teeth. Unfortunately, these efforts have much less
effect on dental caries that occur in the pits and fissures of
teeth (particularly on the biting surfaces of teeth) where more
than 85 percent of dental caries now occur."

4)

Dental study upsets the accepted wisdom. Science News. Vol 125,
No. 1. January 7, 1984.
"The program focused on four caries-prevention techniques: sealants,
a plastic-like coating applied to the chewing surfaces of back teeth
and to pits or fissures on the sides of teeth (these surfaces are
most prone to decay and ones which fluorides cannot protect adequately)":

5)

Preserving the perfect tooth. Journal of the American Dental Asso.
Editorial. Siol. 1U8. March 1984.
"It is estimated that 847. of
year-old population involves
Although fluorides cannot be
incidence of caries on these

6)

the caries experience in the 5 to 17
tooth surfaces with pits and fissures.
expected appreciably co reduce our
surfaces, sealants can."

Fluoridation: Time For A New Base Line? A.S. Gray, DDS. FRCD(C)
Journal of the Canadian Dental Asso. No. 10. 1987.
"The type of caries now seen in British COlumbia's children of 13
years of age, is mostly the pit and fissure type. Knudsen in 1940,
suggested that 70 percent of the caries
children was in pits
and fissures. Recent reports indicate that today, 83 percent of
all caries in North American children is of this type. Pit and
fissure cavities aren't considered to be preventable by fluorides,
they are prevented by sealants."
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Oral I Iealth
Needs Assessment

DESCRIPTION
he Omnibus Budget and Reconciliation Act of 1989 (OBRA 89) mandated that
the Maternal and Child Health (MCH) Title V block grant applications from states

4

to the federal bureau of MCH include a description of the needs of children and families

on a variety of health indicators including oral health.
Our current knowledge of the dental health of all children in California is very
limited. Because of the paucity of data on the dental status and needs of California's
children, the California Department of Health Services, MCH Branch, in collaboration
with the California Dental Health Foundation, conducted an oral health needs assessment
of children ages 2 to 15 years old.
A series of three needs assessments* were conducted in 1993-94 to provide
an accurate picture of the dental health needs of children in the stare including
an oral examination needs assessment, a cross-sectional epidemiologic needs
assessment, and a community leaders opinion needs assessment.
The needs assessments included 6,792 children in 10 geographic areas of
California.* Special emphasis was placed to ensure adequate representation
of fluoridated, unfluoridated, urban, and rural areas.
A1 Three different age groups were targeted for inclusion in the needs assessments:
preschool, elementary school, and high school children.

• This is not a representative sample of all of California's children.

Our Children's Teeth: /3 e y and Brushing and Braces

REPORT OF THE CALIFORNIA
ORAL HEALTH NEEDS ASSESSMENT
1993-94

Howard F. Poflick
Robert Isman
Jared I. Fine
Joanne Wellman
Patricia Kipnis
James Ellison

Research Project by The Dental Health Foundation
Supported by a grant from
the Maternal and Child Health Branch,
California Department of Health Services
and
The California Wellness Foundation
December 1994
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STUDY DESIGN

Introduction
This report of the California Oral Health Needs Assessment provides information from data collected with the
consent of parents and children. Three population groups from preschools, elementary schools, and high schools
were assessed by questionnaire and dental examinations. This report describes the design and implementation of
the oral health needs assessment, and highlights the extent to which the dental health of California's children
compares with national health objectives set for the year 2000.
Background and Purpose
1. Omnibus Reconciliation Act of 1989 (OBRA '891: This federal legislation included changes to Medicaid's
Early and Periodic Screening, Diagnosis and Treatment (EPSD'T) and Title V Maternal and Child Health (MCH)
programs. Requirements were made for states, every five years, to undatake needs assessments of their
populations that would include oral health and the need for preventive and primary care services. The
assessments were to be consistent with the applicable health statue goals and national health objectives
established by the Secretary of Health and Human Services for the year 2000. MCH programs were directed to
spend more of their budget on non-perinatal issues relating to all children than had previously been the case.
OBFtA '89 required that MCH block grant applications include a description of the conduct of the needs
assessment, how it will be updated and expanded in current and subsequent years, and the ways in which the
MCH agency collaborated with appropriate staff and ageacies, including those in the area of oral health. The
application must also include a plan for meeting the needs identified by the statewide needs assessmeut, and a
description of how the state intends to use its block grant funds to carry out this plan.
2. QtaLliciatligulaingiguenatzlig: The U.S. Public Health Service awarded a grant to Dr. Mark Siegal,

Acting MCH Director in Ohio, to develop a model for oral health Imelda assessments being conducted at the state
level. Dr. Siegal has been a primary member of the California oral health needs assessment project advisory board. Ohio is currently in a second round of data collection for their needs assessment. Several other states
including Arizona, Hawaii, Nevada, Oregon, and Washington have &heady completed data collection for their
oral health needs asst.
'I
3.
•
.•
•
10
• • There his been a great deal of
interest on the part of the Legislature and constituency groups in children's dental disease prevention programs
and improved access to dental health services. The Legislature has in past sessions passed legislation increasing
the reimbursement to counties for children participating in the Children's Dental Disease Prevention Program
administered by the DHS. During hearings and debate on Proposition 99 legislation (AB 75, AB 1154, AB 99,
and SB 178), there was considerable interest and concern about the lack of dental bsalth services for children.
Dental services were specifically identified by the Legislature in relation to treatment services available to
children under the Child Health and Disability Prevention (CHDP) program. and DHS was instructed to have
sufficient dental health staff to evaluate problems with dental service delivery. DHS is currently involved in
litigation regarding access to dental care for Medi-Cal eligibles. The California Dental Association and the
California Society of Pediatric Dentists have been working with DHS to resolve access problems and to expand
children's preventive dental services.

The paucity of data on the oral health status and needs of California children led to the California Department of
Health Services, Maternal and Child Health (MCH) Branch contracting with The Dental Health Foundation to
produce this oral health needs assessment report. There has not been a survey of dental caries prevalence
conducted across California since the 1950's, and although some more recce data exist on specific programs and
, in local areas, and Woe are regional data from national studies from 1979-80 and 1986-87, none of these can be
s extrapolated to the current oral health needs of California's children.
The data from this oral health needs assessment are to be used to determine the extent to which Oral Health
Objectives as specified in Healthy People 2000 are being met (Healthy People 2(100: National Health Promotion
and Disease Prevention Objectives - Full Report with Commentary. Washington DC: US. Department of
Health and Human Services. Public Health Service, 1991:349-64; DIMS publication no. (PHS)91-50212). As

such these data provide a baseline for evaluation of efforts to meet these objectives. The objectives relating to
DRAFT: 10/18/84: HP: OBJ
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SEALANTS,

OBJECTIVES

SEALANTS: Age 8
• Rural

• Fluoridated El Urban

0 All Regions

545

All Incomes

Non Poor

Poor

Percentage of children aged 8 years with evidence of a sealant; by

pover0

and region

Poor: <200% Poverty

SEALANTS: Age 8
IIII Poor

Asian

Black

El All Incomes

Latino

White

All

Percentage of children aged 8 years Nnith evidence of a sealant; by povern and ethnicity
Poor: <200% Poverty
Percentage of children aged 8 years and in grade 3 who have received protective sealants on the 'occlusal

(chewing) surfaces of permanent first molar teeth; by poverty. region. and ethnicity.
Grade 3

Afte 8
Ps_o_
t i
Fluoriciatecl,
Urban
'
Rural
All Revions

12.2
3.3
23
4.5

Non Poor\ All lncorne
54.5
8.0
22.6
25.5

Poor

Non Poor

All Incomes

10.8
4.0
3.4

51.8
11.8
16.8

31.6
6.1

4.9

25.7

11.5

,

29.5
5.4

6.1
10 4

5.9

Poor: < 2005 Poverty
Grade 3

Ave 8 -

Poor
Asian
Black
Latino
White
All Regions
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5.6
1.0
5.4
3.8
4.5

Non Poor

All Incomes

27.9
25.5

7.6
4.0
6.8
15.0
10.4

i

,
I

Poor

Non Poor

4.8
3.1
6.2
4.0
4.9

15.0
4.8
8.3
37.3
75.7

All Incomes
6.6
4.7
6.7
19.0
11.5

SAMPLE

DEMOGRAPHICS
Lifetime Residency

As expected there were fewer children who had lived all their lives in the same town or city (lifetime residents)
as their age increased. About three-quarters of the preschoolers, two-thirds of the elementary school children, and
less than half of the high school students were lifetime residents. An additional 15% of elementary and high
school students had lived in the same town or city all their lives except for up to 2 years.

LIFETIME RESIDENCY
I•

• All High Schools'

All Preschools 0 Grades K-3

78.6

80-

01.8

60-

433

per
cent 4°20-

...
...

14.9

•

143

n- •••:..t: •

ralEl

•

20.5

23A

Excel for up to 2 years'

Distribution (%) of Sample by Lifetime Residency
Elgsra2fIlinh

A similar pattern was seen for place of birth, with 88% and 79% of preschoolers and elementary school children
having been born in California. Of the high school students, 11% were born in the USA outside of California
and 41% were foreign born.

PLACE OF BIRTH
II All

100—
80—
Per 60—
cent 40—
20—

Preschools II Grades K-3

88.4

• All High Schools'

793
48.6

40.7

sa
California

m 1117.

Foreign

USA (not
California)

Distribution (%) of Sample by Place of Birth
Percentage of Sample by Place of Birth and Lifetime Residency
(For those who answered this question)

California
All Preschools
Grades K-3
All High Schools
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88.4
79.3
48.6

Place of Birth 1
USA (not
Forei gm ‘`'
California)
5.3
6.3
7.8
12.9
10.7
40.7

Lifetime
76.6
64.6
42.0

Lifetime Resident
Except for up
to 2 years c
. . .
14.9
14.8

Other
23.4
20.5
43.3

23

STUDY DESIGN
210 p.. C .

tie

English/

English/

Cambodian

Cantonese

200
300
100

100
200
200

Total
6,000
9,050
7,600

600

500

22,650

Elementary
High

8,250
7,000

200
300
300

20,750

800

j I •.1•.,...12

'

English/

Preschool

. 11

'4

Vietnamese

English/
Spanish
5,500

Total

opp

1111.

.6

a

IPA.

:.• •

It

• I ILI

•IP,

..72

The difference between elementary and high schools that participated in the survey and those that declined to
participate was analyzed. In those schools, the proportions of children who were AFDC participants and airolled
in the Free School Lunch program were compared. There were significant differences in AFDC and Free School
Lunch enrollment in elementary schools. Therefore, those elementary schools that participated overrepresent
schools where there was a higher AFDC and Free School Lunch program enrollment
Eginiailxiaillonagmandliighichnsls
The comparison between elementary and high schools that participated in the survey, and those ttat declined to
participate was also analyzed for ethnic differences. There was a higher percentage of African Americsualack
children in participating elementary schools than in those that declined to participate.
Elementary Schools
Schools

Nurnber of Schools
AFDC enrollmeat
Fnse School Lunch
Asian

Black
Hispanic
White

Participating
Number

32
31.17%
61.92%
15.60%
20.19%
33.73%
29.51%

Refused

SE
3.14%
4.09%
2.55%
3.98%
3.58%
4.62%

Number
33'
21.29%
50.57%
19.08%
10.81%
32.50%
37.03%

SE3.45%
4.98%
3.00%
2.15%
4.62%
4.28%

p
0.096
0.084
NS
0.041
NS
NS

High Schools
Schools

Number of Schooh
AFDC =oilman
nee School Lunch
Asian

Black
Hispanic
White

Participating

Number
40
17.83%
25.93%
14.65%
13.57%
38.02%
32.76%

Refused

SE

SE

1.58%
3.20%
2.55%
2.32%
3.42%

Number
56
13.66%
21.93%
17.40%
15.43%
31.40%

1.91%
2.36%
2.32%
2.40%
2.53%

NS
NS
NS
NS
NS

3.68%

34.94%

3.01%

NS

OlhiM.EdinicitdRAO
Ethnicity/Race as defined by the California Department of Education limits the opportunities for individuals to
be identified as 'Other' (non American Indian, Asian, Black. Latino, or White). In this sinvey, there was greater
freedom for individuals to identify themselves as 'Other' which includes multi-ethnic, and for analysis, American
Indian. The percentage of individuals identified as 'Other' for analysis was as follows: preschools: 5.7%;
elementary schools: 10.4%; and high schools: 6.1%. The California Department of Education identifies 0.8% of
enrolled children in public school as American Indian or Alaskan. with no 'Other' category. In California, the
U.S. Census finds 13.2% of individuals identified ILS 'Other Race', and 1.6% as American Indian, Eskimo or
Aleut.

e' 1990 Census data show that for all children ages 0-17 years in California, 39.5% live in families below
200% of the Federal Poverty Level. The corresponding percentages for, children under 5 years, children aged 5-11
years. and those aged 12-17 years are 41.3%, 39.9% and 37.1% respectively.

12
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The data from the epidemiological survey sho;"that the corresponding estimated population percentages for dek/
preschools (aged 2-5), elementary schools (aged '5-9), and high schools (aged 14-19) are 43.0%, 71.8%, and
For the preschools survey the percentage of families below 200% of the Federal Poverty Level is similar to the
general population for that age group in Cahfornia
However, for the elementary schools survey and the high schools survey, the percentage offamilies below 200%
of the Federal Poverty Level is higher than in the general population for that age group in California This is
not surprising since, by design, the surveys oversampled ethnic minorities, and private schools were excluded
due to the lack 0/data available to sample by ethnicity Neither of these factors applied in the peschooll survey
The surveys also oversampkd rural communities. Perhaps more importantly, there is no mandate for children in
public schools to haw a dental screening, and a consent process was necessary at the school administration and
teacher level, and/or prom/guardians and their children. In corurart, there were anecdotal reports from some
school administrators, teachers, and site coordinators that the reading level of the consent forms and
questionnaires were considered too high to adequately reach low income families. It mum be assumed that school
administrators, teachers and pansnu/guardians who were willing to Participate were those who perceived the
greatest need for the children to receive afire dental screening.
To overcome this bias in the survey, some data are presented by poor Ind non-poor status.
STATISTICAL ANALYSIS
For analysis purposes the geographic regions were divided into 3 analysis areas, to provide comparisons between
regions of interest and an adequate sample size:
1.Fluoridated Urban
2. Non-fluoridated listen
3. Rural
Weights
Weighting of the data generalizes the findings to the population represented by the sample. All data presented in
this report are weighted, except where specified as being sample data. In each age group all students have a
sampling weight defined as the product of the following factors:
a) School weight Inverse of the probability of school selection
b) Grade weight: Number of students enrolled in the grade divided by the number of participating students with
non-missing oral health status data
c) Ethnicity post-stratification factor: Post-stratification weights were used to adjust the sample to represent the
same ethnicity distribution found in California as a whole. In the preschool sample, weights were adjusted to
represent ethnicity distributioo of Head Start and non-Head Start facilities in California separately.
It should be noted that economic factors were not used for sample selection or for weighting the data.
Equipnent and Software
Initial analyses for sample selection were performed on an IBM 486 personal computer using SAS/PC
(Statistical Analysis System Institute Inc., SAS Campus Drive, Cary, North Carolina). Final data analyses were
performed both on the IBM 486 and on an IBM mainframe using both SAS and PC CARP (PC CARP.
Statistical Laboratory. Iowa State University, Ames, IA. June 1989).
Mean and Standard Error Estimation
Means were estimated using the Ratio Estimator (Cochran, W: Sampling Techniques. John Wiley & Sons;
(1974 pp 317-318; Kish, L. Statistical Design for Research.) Standard errors were calculated using the Taylor
series expansion approach as performed by PC CARP.
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SAMPLE

DEMOGRAPHICS

DENTAL INSURANCE COVERAGE
Mull-Cal (California's Medicaid) benefits are generally available to children aged 1-6 years in families where the
annual income is at 133% of the Federal Poverty Level; for children aged 6-19 years these benefits are available
where the income is at the 100% Federal Poverty Level. Benefits for °titer children in families where the annual
income is under 200% of the Federal Poverty Level are available under the Child Health and Disability
Prevention (CHDP) program.
(For those who answered this question)
Elementary

Preschool
Dental Insurance

High School

?hnnber

Percent

Nurnber

Percent

Nunther

Pavan

1235

493

1256

413

223

263

519

20.7

809

26.6

238

28.1

17

0.7

53

1.7

11

1.3

Other

121

4.8

100

3.3

39

4.6

Nene

612

24.4

823

27.1

336

39.7

Total

2504

100.0

3041

100.0

847

100.0

Mali-Cal
Private
Military

Economic Status of Sample Children's Families and Dental Insurance Coverage
(For whom <200% of Poverty is determined)
Survey Samnle
Head Start Preschools

sample percent
Population Estimate %
Non Head Start Preschools
sample percent
Population Estimate %
All Preschools
sample percent
Population Estimate %
Grades K-3
sanxple percent
Population Estimate %

Dental Insurance

Economic Status
Poor Non Poori Mull-Cal,
1139
371
96.8%
3.2%1
653%
3.4%1
. 96.6%
1
514
4311
54.4%
40.3%

Private Military

Other

6.8%

0.9%

5.0%

21.8%

26.1%

45.6%

59.7%

18.1%

49.6%

0.8%

5.3%

6751
29.9%
57.0%

' 1235
49.3%
20.6%

519
20.7%
47.4%

17
0.7%
0.8%

121

612

77.9%
43.0%

4.8%
5.3%

24.4%
25.9%

2065
79.1%
71.8%

I

20.9%1
28.2%1

1256
41.3%
343%

809
26.6%
31.0%

53
1.7%
2.8%

100
33%
4.0%

823
27.1%
27.6%

223
263%
103%

238
28.1%
40.1%

11
13%
0.6%

39
4.6%
53%

336
39.7%
43.7%

1653

546

I

Grade 10 (All High Schools)
sample percent
Population Estimate %

433
72.2%
50.1%

1671
27.8%j
49.9% I

Poor: <200% of Poverty

The sample percentage and population estimate percentage differ due to weighting of the sample participants to
represent the larger population from which they %vat selected.
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Economic Status of Survey Children's Families and .Dental Insurance Coverage
(for those who answered these questinns)
Survey Children

Dental lnsurance

ECOUCHniC Status

--

Medi-Cal

Private

Military

Other

Nong

65.5%

6.8%

0.9%

5.0%

21.8%

59.7%

18.1%

49.6%

0.8%

5.3%

.26.1%

468

1235

519

17

121

612

22.1% ,

493%

20:7%

0.7%

4.8%

24.4%

57.0%

20.6%

47.4%

0.8%

5.3%

25.9%

Poor

Non-Poor

1139

37

Sample percent

96.9%

3.1%

Estimate percent
Non-Head Start Preschools
simple size

96.6%

3.4%

514

431

Sample percent

54.4%

Estimate percent
All Preschools
sample size

40.3%
1653

Sample percent

77.9%

Estimate percent

43.0%

Head Start Preschools
sample size

•

45.6%

Poor: Below 200% of Poverty

I

'\

The sample percentage and (population) estimate percentage differ due to weighting of the sample participants to
represent the larger population from which they were selected.
Dental Insurance: Preschools; Population Estimate
I• Poor

80 -

60
per
40
cent
20-

111 Non Poor • All

032
47.4

43.7
20.6

19.

2"23.725.9
=nag
"4F5.
• El

1.8

04 1.3

os

77
'

Medi-Cal

Private

39 53
••:

0

•

C•1=:,

Other

Military

None

Dental insurance Status of Survev Poor and Non-Poor Children:

Pistribution

( ck ) of Population Estimate

Dental Insurance

4

Poor
Non Poor
All

Mech-C_al

Private

M i 1 itary

Other

NEL _ne

43.7%

19.7%

0.4%

7.7%

28.5%

1.8%

69.2%

1.3%

3.9%

23.7%

20.65;

47.45;

0.8%

5.3%

25.9%

Poor. Below 200% of Poverty
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\, ELEMENTARY SCHOOLS REPORT

Ethnicity of Survey
Children in Grades K-3

Ethnicity of California Public School
Children in Grades K-3

Wino

White
44%

White
24%

Ma*
16%

Mn
e
16%

Othe/
11%

09111..69112e:
Ethnicity of California !Nee School Children in Grades K-3: Catania Depadment of Education. 1991-92 data.
Ethnic of
Questionnaire
Chidren in Grades K-9: Examination S

DEMOGRAPHICS OF SURVEY'S ELEMENTARY SCHOOL POPULATION
Data Source: Examination Survey questionnaire
Survey Sample: Number of Schools, Children Examined and Ethnic Distribution
Schools
32

Students
1059
32.7

Asian
161
15.2

Black
168
15.9

Latino
404
38.2

White
221
20.9

Other
105
9.9

Grades 1-2
per cent

32

1312
40.6

193
14.7

182
13.9

451
34.4

332
25.3

154
11.7

Grade 3
per cent

32

863
26.7

136
15.8

121
14.0

296
34.3

225
26.1

9.8

Grades K-3
per cent

32

3234
100

490
15.2

471
14.6

1151
35.6

24.1

Grade K
per cent

rts

as

344
10.6

Note: Total screened 3225
Economic Status of Survey Children's Families and Dental Insurance Coverage
(for those who answered these questions)

Survey Sample

CIA=

Economic Status
for
Non Poor

fylect&al

Dental Insurance
Other
Military
private

sample size
Sample per cent
Estimate percent

671
80.1%
69.1%

167
19.9%
30.8%

33.7%

32.3%

Grades 1-2
sample size
Sample per cent
Estimate percent

829
77.8%
73.6%

237
222%
26.4%

35.0%

30.4%

565

142

79.9%
72.3%

20.1%
27.7%

34.7%

30.3%

2.4%

4.8%

2065
79.1%
71.8%

546
20.9%, )
28.2%

1256
41.3%
34.5%

809
26.6%
31.0%

53
1.7%
2.8%

3.3%
4.0%

Grade 3
sample size
Sample per cent
Estimate percent

Grades K-3
sample size
Sample per cent
Estimate percent

42%

3.6%

262%

1.8%

4.0%

28.7%
(

Poor: Beim 200% or Poverty
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100

27.8%
823
27.1%
27.6%
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\ HIGH SCHOOLS REPORT

REGIONAL DISTRIBUTION
Urban
81%

Urban
56%

16%

Regional Distribution of High Schools
Sample

Regional Distribution of High Schools
Papblation Estimate

DEMOGRAPHICS OF SURVEY'S HIGH SCHOOL POPULATION
Data Source: Examination Survey questionnaire
Survey Sample: Number of Schools, Students Examined and Ethnic Distribution

High School

Schools

Students

Asian

Black

Latino

White

30

745

209
28.1

89

255

139

11.9

10

164

7
4.3

40

909

216
23.8

•%

Continuation High
%

All High Schools

24

34.2

96

13

24

58.5

14.6

113

351

163

38.6

53

7.1

18.7

14.6 ,
12.4

Other

7.9

66

17.9

7.3

Economic Status of .Sample Students' Families and Dental Insurance Coverage
Economic StatusPoor Non Poor Medi-Cal
High School
Sample percent
Estimate percent

355 153
69.9
30.1
49.2
50.8

Continuation High
Sample percent
Estimate percent

84.8
80.9

All High Schools
Sample percent
Estimate percent

433
72.2
50.1

27.8 ,
49.9

78

N

Dental Insurance
Private ' Military

Other

None

9.6

40.9

0.6

5.3

43.6

15.2
19.1

30.7

15.4

1.4

7.0

45.4

167

223

238

39

336

14

26.3
10.3

28.1
40.1

11

1.3
0.6

4.6
5.3

39.7
43.7

Poor <2006 of Poverti,\

The sample percentage and (population) estimate percentage differ due to weighting of the sample participants
to represent the larger population from which they were selected.
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ETHNICITY OF WHOLE POPULATION ESTIMATE

Latino
36%

White
44%
Black
8% Asian Other
11% 1%

Ethnic Distribution of
High Schools Population Estimate
SAMPLE AND POPULATION ESTIMATE
100
90
80
70
60
50
40
30
20
10
0

96.8
82

High
Schools

• Sample
▪ Population
Estimate

Continuation

Distribution of High Schools and Continuation High School Sample
and Population Estimate
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ahnicily_d_Chihitcaja_Ceazalia
3-4 Year-Olds in
California

Head Start in California
Latino
53%

Black
18%

White
19%

Asian Other
9% 1%

Doialosossa:

3-4-Year-Olds in California (1990 Census Data. Latinos are of Hispanic Origin of any-race. Asians, Blacks, Whites and
Others are non-Hispanic)
Head Start in California (Personal Communication: Fay Grad, Head Start Pmgram. USPHS Region DC. 1993 data)

Public Schools:
Grades K-12

Survey Sample: All Ages
Latino
38%

Latino
35%

White
44%
Black
9%

Black
15%

White
24%
Asian
15%

Other
8%

Asian Other
Ethnic distribution of

tete survey sample

DALL59.12SSI:

Public Schools: Grades K-12: California Department of Education. 1991-92 data.
Public School Enrollment in Survey Counties: California Department of Education. 1991-92 data.
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Oral Health 1Veeds
Assessment Findings
BABY BOTTLE TOOTH DECAY
-aby Bottle Tooth Decay (BBTD) or Earl y Childhood Tooth Decay is a form
of dental decay in toddlers attributed to the overuse of a bab y bottle for feeding.
Early treatment of tooth decay is essential to prevent further destruction and pain.

NEEDS ASSESSMENT FINDINGS

0
-

14% of all preschool children had BBTD (one or more teeth affected).

-. 33% of Head Start children and 13% of non-Head Start preschool
children had BBTD.\

0

Only 68% of parents/guardians used feeding practices that prevent BBTD.
Parents/guardians who did not graduate from high school were more
likely not to use appropriate feeding practices.

GAPS IDENTIFIED
- The prevalence of BBTD was as high as 45% for Asian children
in Head Start preschools in fluoridated urban regions.
Hispanic children in Head Start preschools in non-fluoridated
urban areas had the second highest prevalence of BBTD (40%).
Only 0.4% of white non-Head Start preschool children
in fluoridated urban areas had BBTD.

Our Children's Teeth: Beyond Brushing and Braces

-4
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SYMPOSIUM
ORAL DISEASE: THE NEGLECTED ENDEMIC-- W H AT CAN BE DONE'

Introduction
Myron Alluician, 005, MPH
Assistant Deputy Commissioner
Director of Personal Heartn.Services/Community Dental Prograrrs
Boston Department of Hearth and HOWIlaIS
Oral disease is still a neglected epidemic in our country _despite improverrents in oral health due to fluoridanon, other forms of fluorides. and berter access to dental
care. Consider the following: .
• 84 percent of 17-year-olds have had tooth decay
with an average of 11 affected surfaces.
• For ages 40-44, 30 tooth surfaces have been affected
by tooth decay.
• 41 percent of those aged 65 and over have no teeth
at all.,
These data reflect the amount of disease for the general
population. For high-risk populations, such as those with
low income, the horneies& persons with l-gV, people of
color, and the medically compromised. the oral disease
epidemic is even more extensive and has more severe
consequences. Selected studies have shown that:
•
percent of the harmless need dental care:
rcent of Head Start children have had baby'
tooth decay;
• 30 percent of the first signs of HIV tnlection appear
in the oral cavity;
• black, low-income. and NaciveArnerican children,
respectvely, have 65 percent. 91 percent, and 265 percent

more untreated tooth decay than their peers:
• over 53 percent of homebound elderly have not

seen a dennst fur 10 years.
According to the Report to Congress on Dental Acovities of the US Department of Health and Human Services, Improved oral health for all Americans has been
constrained, in large part. by the low pnonry and visibility afforded oral health activities at the federal level." .
keynote presentation by Dr. 124obert Harmon and
the reactor panel will address 'Oral Disease: the Ne. glected Epidernic—What Can Be Done'" The Health Resources and Services Administra non (HRSA), of which
Dr. Harmon is the administrator, is a multibillion-dollar
HRSA rovides leadershi to assure the
its eral a
support and delivery of primary and preventive ea t
care and related support services. especially to the o 'sadyantaged and Underserved. HRSA also develops health
resources to Meet the health needs of the nation. This
panel Loves us a unique opportunity to learn what HRSA
is doing to improve the oral health of our nation. Dr
Harmon is probably the first HRSA administrator to
speak at the annual AAPHD meeting and we are pleased
that he ts with us today.

