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‘ ENVIRONMENTAL PROTE
AGENCY ‘

 4ocFR Part 14

National anary Drinking Water
Regulations, Fluoride ,

Aptil 30, 1985, s
" AGENCY: Env1ronmental Protect)on
Agency (EPA).

ACTION: Proposed mlemaklng

- A JFK Federal Bldg., Boston, MA ‘22()3,

. SUMMARY: This rule is proposed under
_the Safe Drinking Water Act {SDWA}
{42 USC 300f et seq.) and would -

Contaminant Level (RMCL) for ﬂuonde
- in drinking water. The RMCI. is :
proposed at 4 mg/L. An RMCL i is a non-
B -enforceable health gaa] set at a level
which would result in no known or .
anticipated adverse health effects with
an adequate margin of safety This
proposal is the initial stage in
'mlemakmg for the establishment of a
i primary drinking water regulatlon for
! . fluoride. When the RMCL is
promulgated EPA will propose a

= primary drinking water regulation

§ consisting of a Maximum Contaminant
: Level (MCL) and momtcmng/ reporting
}f - requirements. An MCL is an enforceable
: standard and is set as close to the
RMCL as feasible with the use of the
best technology generally available .
taking costs into consideration.
DATES: Written comments should be
submitted by July 15, 1985, A public.’
; meeting will be held in Washington,
; D.C. on June 17-18, begmnmg at 10:00
*AM in Room 2126, EPA, 401 M Street
SW.,, Washmgton, D.C.
_ADDRESSES: Send written ‘comments {o:"
Comment Clerk, Criteria and Standards
Division, Office of Drmkmg Water
; (WH-850), U.S. Environmental :
Protection Agency, 401 M Street, SW,,
Was‘nngton, D.C. 20480. A copy of all
/ comments will be available for review
‘ during normal business hours at the '
EPA, Room 2904 (rear), 401 M Street,
~8W., Washington, D.C 20460. It is
requested that anyone planning to
, attend the public meeting (especially
i those who plan to make statements)
! register in advangce by calling or writing

Ms. Nancy Dillon at (202) 382-3022, EPA,

- {WH-550), 401 M Street, SW.,
Washington, B.C 20460. Persons
planning to make statements at the .

: hearing are encouraged to submit
written copies of then' remarks at the
time of the meeting. ,

FOR FURTHER INFDRMAT'ON CONTACT.
Joseph A. Cotruvo, Ph. D., Director, -
~“riteria and Standards D;vxslon, Office

!
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1L 26 Federal Plaza, Room 824, Ni
1L 841 Chestrut Street, P}nladelphm,

establish a Recommended Maxunum o

: 1V. 345 Courtland Street, Aﬂan

V1 1201 Elm Street, Dallas, TX 75270
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Water (WH-550),
Pr}(;tectlon Age

VHI wﬂl be avallable for inspection

~'the above address in: ‘Room 2904 {rear)

~ the Public Information Referen
-and at the Drmkmg Water Suppl
Branch Offices in EPA's Regi

Offices at the addresses liste

Phone: {617) 2236486, Jerome Hea

 York, NY 10278, Phone: (212) 64180
Walter Andrews :

19107, Phone: [215) 597-9873,
Sarnowski

30365 Phone (404] 881—3781,'1'
Jourdan
V. 230 S, Dearborn Street Chmago, IL
60604, Phone: (312} 886—1676 Ioseph
. Harrison E

Phone: (214) 7672620, james Graham

VIL 726 Minnesota Ave., Kansas City,
KS 66101, Phone; (913) 234-2815,
~ Gerald R. Foree

" VIIL 1860 Lincoln Street, Denver. co

"80285, thle (303) 293-44]
Alston”®

. IX 215 Fremont Street; San Franmsco

- CA 94105, Phone: (415) 874-8076,
Leslie Ragle

X 1200-Sixth Avenue, Seattle, WA Lo
*-98101, Phone: (206) 4-42—122"-’}'erry .

Opatz.
opies of 1 criteria,
occurrence. and treatment/ cost

- documents are available for a fee from

the National Technical Infurmahon e

- .Bervice, U.S. Department of Commerce
/5285 Port Royal Road, Springfield, -

Virginia 22161. The toll free number is
(800} 336-4700; in Washmgton D C

.area: (703) 487-4650.
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A. Occurrence of Fluoride in Drinking
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1. Treatment for the Control of Fluoride
A. Treatment Technology

B. Cost of Treatment

V1L References and Public Record

~I%. Request for Comments .

X: Regulatory Analysis
. Statutory Requirements

The Safe Drinking Water Act
{"SDWA” or “the Act”}, in Section 1401,

‘requires EPA to establish primary
~drinking water regulations which (1)
.&pply to public water systems; (2)
“specify contaminants which, in the

judgment of the Administrator, may

. have any adverse effect on the health of
persons; and (3) specify for each

contaminant either (a) MCL or (b} a

-~ treatment technique. See Section

1401(1), 42 U.S.C. 300f. A treatment

' _technique requirement would only be set
“AF “it is not economically or

technologically feasible” to ascertain

- the level of a contaminant in drinking
U water id.

‘The SDWA includes provision for
lntenm and Revised Regulations. See

- ‘Section 1412. Interim Regulations were
*“:10 be established within 180 days of

‘eriactment of the SDWA. They were
promulgated in 1875 {40 FR 59566,
December 24, 1975). Revised regulations
‘areto be developed in two steps: first
EPA {the Agency) is to establish RMCLs
and then establish MCLs as close to the

+“RMCLs as feasible. RMCLs are non-
‘enforceable health goais. RMCLs are to
“be set at a level at which, in the

Administrator’s judgment, “no known or

' anticipated adverse effects on the health
~of persons occur and which allow an
adequate margin of safety”, Section
1412(b){1)(B}. RMCLSs have no direct
" “impadct on public water systems or the
~...;public. By promulgating RMCLs, no
“.gystem is forced to reduce contaminants

to this level or to take other action
regarding other contaminants. However,
if EPA promulgates an RMCL, the Act

“ . requires EPA to eventually promulgate
“an MCL.

MCLs are the en forceable standards.
MCLs must be set as close to RMCLs as
is feasible. Feasible means “with the use

-of the best technology, treatment

technigues and other means, which the
Administrator finds are generally
available (taking costs into
consideration)” Section 1412(b){3).

The SDWA specifies that primary
drinking water regulations must contain
criteria and procedures to assure a

- -supply of water that complies with the

MCLs (i.e.. monitoring and reporting
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Section 1445(a) also authori

 the public of such health risks

" ‘which may adversely affect the odor or

requirements)}, Sectio;

require, by regulation, any pt

-suppliers to keep records, mak ris,
- conduct monitoring and provide such
other information as ma “be required to

the SDWA, in evaluating ealth risks of
unregulated contaminants, or

in advising

_National Secondary Drinking \ /ater
Regulations (NSDWR]) (Section 1412(c)}
are also authorized under the SDWA. A
secondary drinking water regulation is
defined in Section 1401(2) as “a = -
regulation which applies to public water
systems and which specifies the
maximum contaminant levels which, in
the judgment of the Administrator, are
requisite to protect the public welfare.”

The NSDWR “may apply to any i
contaminant in drinking water (A)

appearance of such waterand =~

‘consequently may cause a substantial '

number of persons served by the public
water systems providing such water to
discontinue its use, or (B) which may
otherwise adversely affect the public ;
welfare.” In addition, such regulations
“may vary according to geographic and
other circumstances.” NSDWR are not
Federally enforceable. Secondary =
Maximum Contaminant Levels {SMCLs})
were established in 1978 for12
parameters (44 FR 42196 July 18, 1978).
States may assume primary o
enforcement responsibility (primary) for
public water systems under SDWA
Section 1413. To assure primacy, States
must adopt drinking water regulations
that are noless stringent than EPA’s
National Interim Primary Drinking
Water Regulations and other supporting
authority. See SDWA Section 1413(a).
States must, therefore, adopt EPA’s
primary MCLs but need not adopt the
RMCLs or the Secondary MCLs {0 -
assume or retain primacy.” . - .
IL. Regulatory Framework o
The issuing of Revised Primary
Drinking Water Regulations is a two-
step process required by the SDWA, ,
In the first step, the National Interim
Primary Drinking ‘Water Regulations
(NIPDWRSs) were promulgated for
fluoride and other chemicals on -~
December 24, 1975, with an effective
date of June 24, 1977. Amendments were
issued in 1876, 1978 and 1980. See 40
CFR Part 141. MCLs and monitoring and
re‘porting'requkiremems were get for -
numerous microbislogical, organic, -
radionuclide, and inorganic R
contaminants, including fluoride. See 40
bpartB.

CFR, Part 141 rtB. T
. Bection 1412{b)(1)

. As the second step, Sec

" requires EPA to consult with the

N,a,'iion@l;A;cademy of Bciences and to

propose and promulgate National

Revised Primary Drinking Water = -

‘Regulations (NPDWR) that include : -
- MCLs and monitoring and reporting
‘ ] may be r to . requirements for those contaminants
- -assist in determining comﬁliance with..

which may have any adverse effect.on

~human health. This notice initiates the

second step for fluoride. NPDWRs for
«other contaminants in drinking water
are being developed in rulemaking
separate from fluoride. See 48 FR 45502
(October 5, 1983) and 49 FR 24330 (June
12, 1984). An advance notice of proposed
rulemaking was issued for fluoride and
other contaminants on October 5, 1983
(48 FR 45502, 45514).

This rulemaking will also satisfy a
consent decree which settles a legal
«challenge brought by South Carolina
against EPA. On June 4, 1981, the State
of South Carolina Department of Health
and Environmental Control fileda
petition requesting that EPA exercise its
rulemaking authority to revoke the
fluoride Interim Regulation. The petition
contended that (1) fluoride does not
pose a public health hazard, and (2) the
cost of reducing fluoride concentrations
is prohibitively high and not justified by
the benefits. The petition recommended

“that further study of the medical and

economic aspects of fluoride removal be
conducted and that, pending results of
that study, fluorides be removed to the
secondary drinking water regulations.”

The Agency responded to the South
Carolina petition on December 1, 1981
{46 FR 58345). In this response, the
Administrator agreed to make a decision
on the South Carolina petition through
the Revised Regulation process, “as
soon as the current epidemiology studies
are completed, reported and reviewed,
and revised treatment and economic
impact assessinents are completed.”

In 1984, South Carolina sued EPA
seeking faster action in EPA's :
rulemakings on fluoride {South Carolina
Department of Health and ‘
Environmental Control v, U.S.
Environmental Proteciion Agency, et al.,
No. 3:84-0676-15 (D.S.C. April 4, 1984).
Ori January 18, 1985, EPA and South
Carolina sigried a Consent Decree that
set forth a schedule for rulemaking on
EPA’s decision whether to regulate
fluoride under the Revised Regulations.
Today’s notice is the first step towards
implementing that decree.

HI. Background

A. Interim Fluoride Regulation

In 1975, EPA promulgated the
'NIPDWR under Section 1412 of the Safe
_Drinking Water Act. EPA regulated

fluoride and set an MCL. The MCL
varied from 1.4 mg/L to 2.4 mg/L,

. depending upon annual average ambient

air temperatures. These levels were ;
considered to be twice the optimum
level {.7 to 1.4 mg/L); “optimum” is ,
defined as a balance between the
prevention of both dental caries and
objectionable fluorosis (Mc Clura, 1970).
Objectionable fluorosis is a mottling of
dental enamel characterized by staining
and/or pitting. The Agency set this MCL
based on evidence that higher levels of

; fluoride in drinking water could produce
_adverse health effects by increasing the

occurrence of objectionable dental
fluorosis. This MCL was identical to a
previous United States Public Health
Service Standard that was established
in 1962, 0 '
The Interim Regulation for fluoride
was challenged by the Environmental
Defense Fund {EDF) (EDF v. Costle, 578
F.2d 337 {D.C. Cir. 1977)). EDF believed
that the standard was not sufficiently
protective of human health since
technologies were available to control
fluoride to lower levels. In upholding
EPA’s position, the Court of Appeals for
the District of Columbia Circuit found
that EPA had struck a proper balance
between health protection and the cost
of meeting the standard. However, the
court also noted that “there is sericus
question as to whether mottling (dental
fluorosis) can be regulated as an
‘adverse effect on health’ within the
meaning of the Act.” Id. at 347 n. 35.

B. National Academy of Sciences
Review

EPA r;zgdésted‘the advice of the...
‘National Academv 6f Stiences

concerning contaminants for which
MCLs had been established. In Drinking
Water and Health, Vols. T and Il (NAS
1977, NAS 1980} the Academy
concluded:

¢ Fluoride “has not been shown
unequivocally to be an essential element for
human nutrition™; in addition, the Academy
estimated adequate and safe daily intakes of
fluoride ranging from 0.1 mg for infants less
than 6 months old to 1.5 to 2.5 mg fluoride for
children from 7 years to adulthood— these
levels of fluoride are considered protective
against both caries and osteoporosis (reduced
bone density) (NAS 1980).

® “Ingestion of drinking water containing
excessive fluoride can regult in mottling of
the teeth and dental fluorosis in children.
Increased density and calcification of bone
{osteosclerosis) has been associated with
chronic ingestion of high-fluoride. . . . At
unusually high levels, chronic fluoride
ingestion can result in crippling skeletal
fluorosis.”; “Dental mottling and changes in
tooth structure may develop in children when
fiuoride levels in water exceed
approximately 0.7 to 1.3 mg/liter. depending
on ambient temperature . . , and diet”; and
“a 10 to 20 year daily ingestion of 20 to 89 mg
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- +; 2 The Academy also noted the lack of
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" flucrosis and ‘othe aspects of fi
. “toxicity), “the levels of fluoride in drinki
" water should not.exceed the optimal level

- “for anticariogenic benefits.” {NAS 1080},

_recent studies on the incidence of mottling,

" and suggested the need for additonal studies

.~ on dental mottling and skeletal fluorosis as
o well ag socmlogrcal studies to determine -

o %whether mottling was perceived by the pub}m

: -as-a health problem. (NAS 1977) Those
. )studles are now completed (Driscoll et ¢l

1983, Segreto et .al. 1984, Kleck 1984) and. the ‘

{findmgs are drscussed in Section V.
- C. The Sautb Carolina Petztro 5
" The" pentlon from South Caro

a

: ‘[]une 4,1981)'requested that the Agency b

delete fluoride from the Primary -
. Drinking Water Regulatlons and set an
- "SMCL for fluoride in the Secondary
" Drinking Water Regulations. The state
- argued that’ denta] fluorosis should not
- be considered an adverse health effect,
. but:should be considered a cosmetic
_-effect.'South Carolina contended that'
cosmetic effects of dental fluorosis (e.g.-
discoloration and pitting of teeth) are -
appropriate for regulation’in the *~ -

- Becondary and not the Prlmary Drmkmg

‘Water Regulationg. '« 7~
A number of oiher states and

professronal organizations supported the
~petition; including such groups as the o

‘American Medical Assocrahon

Assocnahon of State and Terrl“tor)al

~ Dental Directors, and the Association of

“State and Territorial Health Officials.
“The. main conicern.of the states appeared
“‘to'be over the costs of the fluoride* «

* removal; however, seéveralof the' other =

“groups stated that the inclusion of
fluoride in the primary regulations as a

contaminant that poses health visks to" -
» 2 Administrator (NDWAC 1982). The

consumers will undermine efforis to
promote fluoridation of community

- water supplies where optimal Jevels of =

fluoride do not oceur naturally.”
‘Dose-related beneficial and
undesirable effects with the sameé
substance are not an unusial -
“oceurrence. Certain ¢hemicals are
essential nutrients or otherwise - -
beneficial at low levels, but pose health
risks al hlgher levels of consumption.
* ~Fluoride is somewhat unigue-in this -
circumstance because there is some

- overlap of the doses at which’ beneﬁmal ‘

and undesxrdble effects ,(‘:ur. o

D. The Suz;geon General s Vzews and
National Drinking Water Ao’wsory '
: Cou' il Recommendatmns

“EPA requested that the U. S Surgeon
: Ceneral examine “the issue-of the - .-

&

‘o Jualy 30,1982 (K SR
necurred with thé findings of an ad hoc

(Albertmr et-al, 1982}

e "No sound evidence ‘exists which shows ‘
* that drinking water with the various ;
icéntrationis of fluoride found naturally in =

frelatmnshlp of ﬂueride in drmking water

rid the health ‘aspects of dental
uerosis” The Surgeon General rephed
p1982).He =

committee headed by the Chief Dental

" Officerof the U8, Public Health:Service,

which included the followmg statements

public water supplies in the U.S, has an.

~adverse effect on general health.” :
;¢ “No sound evidence exists whlch shows :
: that d.rmkmg water with the various

concentrations of fluoride found neturally in

- public water supplies in the U.S. has any
“; “adverse effect on'dental health as measured
by loss of functlon and tooth mortehty "

The Surgeon Generel d1d not consider.

‘denta) fluorosis to be an adverse health

~effect. He added {in agreement with the

previous Surgeon General]

e “Also, as one concerned about the total
“well-being of the individua! and one

dedicated in helping people avoid

.~ -impediments to their reaching their maximum
- -;potential in society, I cannot condone the use

of public water supplies that may cause
undesirable cosmetic effects to teeth, just as 1
cannct condone the use of water supplies

below the optimum ‘concentrations because

of dimxmshed protection against dental
aries’ [Koop 1882, Richmond 1980).

he Surgeon General also stated:
1 encourage communities havmg water

_supplles with fluoride concentrations of over

- 4wo times optimum to provide children up to

- . dge nine with water of optimum fluoride

~concentration to minimize the risk of their

i developmg aesthetlcelly ob)echondble dental
.. fluorosis.”. '

On October 26,1982, the National

: Drinking Water Adv1sory Council
INDWAC) convened in a special session
“4o consider the fluoride issue and to

develop recommendations to the

Regulations Subcommittee of the )
Council heard 4estimony from

“orgariizations including the American
- Medical Association, the American
" Dental Association, the State of South
~ +Carolina, the Association of State and
- Territorial Dental Directors, the

Association of State and Territorial
Health Offxcmls. the National Institute
for Dental Research and the Chief

" Dental Officer, U.S. Public Health
" ‘Service. These speakers supported

‘deleting fluoride from the Primary
Drmkmg Water Regulations and placing
fluoride in the Secondary Drinking
Water Regulations. The subcommittee
also considered other scientific and -
technical inforination on fluoride in’
drinking water and in denta! and
‘skeletal fluorosis. o

“In a letter to the Administrator
summarizing their discussions, the full
NDWAC concluded that osteosckerosxs

“and other adverse health effects

constitute a sufficient basis for a

‘Primary Regulation. The Council also
felt that dental fluorosis could be the
“basis.for a Secondary Regulation.

Due to the many questions regardmg
the non-dental effects of fluoride, in -
January 1983 EPA requested that the
U.S. Surgeon General review the
available date on these effects. The

- review was to include a determination

of the levels at which such effects would
occur and of a margin of safety that
would be appropriate. In April 1933, the
Surgeon General convened a committee
of health scientists to investigate the
non-dental health effects of fluoride. The
Surgeon General provided the Agency
with a copy of the committee report and
his recommendations in January 1984
{Shapiro 1983, Koop 1984}, ,

The Surgeon General emphasrzed that
he did not consider changes in bone
density to be adverse health effects.
Adverse health effects were defined as

* death, gastrointestinal hemorrhage or

irritation, arthralgias, and crippling
fluorisis. The Surgeon General stated
that no credible reports exist of cases of

: ‘death or gastrointestinal effects of

fluoride in drinking water in the U.S.
and that arthralgias are not likely to
occur in patients on therapeutic -
regimens of less than 20 mg/day. He
noted that crxpphng fluorosis had been
detected in some people who have
consumed 20 mg/day for 20 or more
years.

The Surgeon General repeated his
earlier opinion on the advisability of
limiting fluoride concentrations to twice
the optimui to avoid objectionable
dental fluorosis. In conclusion, the
Surgeon General said that there is

“essentially no likelihood of even non-

adverse medical effects where drinking
water supplies contain up to four times
the oplimum concentration of fluoride.”
In the committee report were the
following conclusions:

¢ “The fluoride content of drinking water
should not be greater than four times the
optimal level of any community water supply.
This conclusion recognizes that, fluoride
inteke from water between 5.0 and 8.0 mg/L
{4 times—10 times optimum) has been
associated in & very small number of

.subjects, with the radiologic appearance of

early osteosclerosis which while notan .
adverse health effect, is however, an
indication of demonstrable osseous thanges
not to be anticipated at lower levels (less
than 4 times optimum) of fluoride.”

© “...There exists no directly applicable
snentif\c documentation of adverse medical
effects at levels of fluoride below 8 mg/L
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 supplies is a level that would
‘known or anticipated adve
. margin of safety."

Feports (NDWAC 1984). The Council
. beard testimony on a recent study in =
- Texas on fluoride in drinking water .
(Segreta 1984) and held discussions on
- whether objectionable dental flucresis -

_and behavioral effects should be

-effects sinceé “these effects are ey
- assaciated with cosmetic deformity,
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(ppm). Therefore, it ca
times optimum in the U,

which probably results in psychpIQgical

considered adverse health effects. It

was the Council’s recommendation that -

moderate and severe levels of dental
fluorosis be considered adverse health

dental dysfunction, and possible social
and behavioral effects, . . " (NDWAC

1984]. This position reflects a conclusion -
 that, as personal appearance is .~

generally considered important by
society, the cosmetic effects associated ‘
with moderate and severe dental

Huorosis may lead to “psychological and -

behavioral problems or difficulties™ that
his full potential, e

-In response te the Council's L
recommendation, the Agency, with the
assistance of the National Institute of
Mental Health {NIMH], convened an ad
hoc pane] of behavioral scientists to
evaluate the potential psychological
effects of objectionable (moderate and
severe) fluorosis. The panel's conclusion
(Kleck 1984) was similar to that of the

impede an individual from developing to o

* Council. The panel found that

“individuals who have suffered

- impaired dental appearance as a\reéu}t

of moderate or severe fluorosis are
probably at increased risk for R
psychological and behavioral problems
or difficulties” (Kleck 1984). - o
In its meeting of December 6 and. 7,
1984, the NDWAC recommended that
the RMCL for fluoride be set at 2mg/L
(a minority position—four members of
the Council--recommended setting the
RMCL at 1 mg/L) (NDWAC 1985),
E. World Health Organization’s
Fluoride Guidelines -~~~
" Guidelines were established for .
fluoride by the World Health

; Organization (WHO) in 1984, The '

guidelines are intended “as a basis for

- development of standards which, if
‘properly implemented, will ensure the
- -safety of drinking walter supplies.” The

fluoride guidelines was set at 1.5 mg/L

~and was established in the category of

“inorganic constituents of health

significance” on the basig of mottling of

teeth (WHO 1884). The WHO stated:

At levels abave 1.5 meg/liter, maottling of
teeth has been reported very occasionally

d at 3.0-6.0 mg/liter skeletal fluorosis may
¢ observed; when a concentration of 10 mg/
ter.is exceeded, crippling fluerosis can

; lssecﬁonbneﬁy summanzes the
available occurrence data in drinking

- water and food and provides an_

overview of population exposure

. estimates, Additional information can
: :be' found in the refert;nces listed in

A Ocourrence of Fluoride in Drinking
Water R
" Table 1 shows the range and average

toncentration of fluoride in seawater,
surface waters, and ground waters.

" TABLE 1.~FLUORIDE N WATERS

B U | Fluoride Content (mg/L}
‘Water Type S S

Range Average

S : 1.2
Ground waters fram: - . o

" Granitic rocks.......... 0.0-0 1.2

Alkalic rochs 0.7-35.¢......... 8.7

i 0.0-0.5 § 0.1

0.0-1.7 0.3

6.0-2.8 0.4

10065} 02

g up® 1,627 [ T —

Source: Fleischer of af 1974,

Surface waters generally contain Jess
than 1 mg/L fluoride (WHO 1970},
although, as indicated in Table 1, they

* can contain considerably higher levels.

The average concentration of flucride in

U.8. rivers, measured at 343 stations of

the National Stream Quality Accounting

Network in 1975, was 0.33 mg/L; only six

streams had concentrations above 1.4
mg/L, and the highest level was 1.8 mg/
L. The higher concentrations were
reported for streams in southern
Arizona, southern Texas, and the
‘Oklahoma Panhandle region (EPA 1984).
The fluoride content of ground water
generally averages around 0.4 mg/L,
depending upon the type of rock with
which it is associated. Relatively high
concentrations of fluoride {5-8 mg/L) are
found in ground waters associated with

~alkalic rocks, and for thermal waters

associated with volcanoes and
epithermal mineral deposits.

In general, the relatively high
concentrations of fluoride in ground
waters of the southwestern and western
states tend to be dispersed around the
geographical distribution of major
fluorite mineral deposits although this
association does not seem to hold for
the eastern United States. High levels of
fluoride extend from northwestern Ohio,
westward through lowa and then
porthwestward through the Dakotas and

correlate with the glacial materials that
are known to underlie this geographic

region (EPA 1884).

Data are available for fluoride from &

- number of sources including compliance

information for NIPDWR standards, the
EPA Community Water Supply Surveys,
and the EPA Rural Water Survey (EPA
1984}. These data are summarized for
surface and ground water derived water
supply systems in Table 2 and Table 3.
These and other data indicate that
approximately 5% of surface and ground
water systems presently exceed the
existing temperature dependent MCL of
1.4 mg/L to 2.4 mg/L (EPA 1984). Most of
those systems serve small populations
{2,500 or fewer people). Table 4 presents
the number of people exposed to various
concentrations of fluoride in their
drinking water.

TaBLE 2. —ESTIMATED NaTionat. OCCURRENCE
OF FLUORIDE IN SURFACE WATER DERIVED
PuBLIC WATER SuPpLY SY§TEMS )

Systems with fiuoride concentrations
Gng/L} -

System size
(popuiation served)

<¥0 }1.0-20] >20-40 | >40.

3670 117
4 2,989 265
1,867 174
1,615 148

AW
[ XINEY]

TaBLE 3.~—ESTIMATED NATIONAL OccurReENCE
l\or FLUORIDE N GROUND WATER Deriven
PuBLIC WATER SuPPLY SYSTEMS

Systems with fluoride concestrations
System siza (mg/L) .
(population served)

<10 }1.0-20 | >20-48 | »40

2,281 833 | 220
341 165 40
218 441 14

48 8 2

- TABLE 4.—POPULATIONS (N THOUSANDS)
EXPOSED 10 FLUORIDE

L Fluoride concentrations {mg/t)
<10 [10-20 | >20-40 >4.0

3,872 572 | 176
22,590 78 - 8
26,462 f 650 | 184

B. Human Exposure to Fluoride

Fluoride occurs at low levels in food
and air as well as in drinking water.
Atmospheric levels of fluoride are
relatively low and contribute little to the
average level of fluoride exposure.
Available information suggests that a
typical diet may represent a contribution
to exposure roughly equivalent to thoge
received from drinking water containing
0.5 mg/L fluoride. For populations
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b thhoutﬂuorxdatedw

“release fluorine compounds t
~(EPA 1984). ; ‘emiss

- fluorides from certain industries |
~-resulted in serious adverse effects o
Jocal vegetation and animals. Ho

. the vast majority of nationwide air
“mheasurements have beenreported to be O

- from four areas in the United State

* ppm fluoride, and'most contain less than'
0.5 ppm (dry weight). The notable &

. 1985 / Proposed Rules

major route of exposu

Both natural and man-made pr

pheric em

below detection limits (0.05 1/

Virtually all foods contain trace’ el

" amounts of fluoride (NAS 1980). Table 5 -
*--shows the fluoride content of séveral '

foods in its market basket survey t’a‘kezi‘

Very few foods contain mote than

exceptions are fish, other seafoods, and
tea. . SR
- Table 6 shows several estimates of

' thefdailydietary intake of fluoride, "
© exclusive of drinking water, in the

United States. These estimates generally

_place fluoride dietary intake in the range
~of 0.0028-0.011 mg/kg for adults and -
- 0.0024-0.024 mg/kg for infants and

TABLE 5.—FLUORIDE CONTENT OF VARIOUS
A ogos b s

1 Fluonde coﬁtém (pﬁm)
“1'WHO (1970) | NAS (1980)

0.01-7.7 .
L o
<0.10-24
R IS o A
< 0.00-2.08
0.04-0.55
0.13-1.62
0.4
N 5 T
0.2-18
0.04-0.36
0.02-1.32
0.10-20
0.10-3.0
- 0.0-6.34
0.10-0.32

Noncitrus fruits .
Cereals and cereal products ...,
Vegetables and tuber: -
Beer and wine ..

Sugar........

*No data provided.

. TABLE 6.—REPORTED DAILY INTAKE OF
 “FLUORIDE (EXCLUSIVE OF WATER)

" R Catagory of Daily intake
“Sourcs, indrvidoal (markg)

WHO (1870).......0c0eric| AgeS 1 10 3.l 0.0024-0.024

i ) Ages 4 to 6 .| 0.002-0.020
Ages 710 9 .10.0019-0.019

' o Ages 10 10 12..........|0.0018-0.016
NAS (1980)..............cc] Adult........ 0.0028-0.0043
Underwood (19873).........{ ......do. 10.0043-0.0071

Hodge and Smith {0.0043-0.011

S S o

Singer et al. (1980) 1....:. Young adult male ...} 0.0043-0.0086

VExcludes al beverages. ‘

_ These estimates of dietary exposure

to fluoride may overlook some -+ ..
subpopulations with higher intakes. For
eexample, a person drinking 2 cups of tea
a day may be receiving as much as 0.008

mg/kg of additional fluoride. =+ ¢+

rett (1982) has reported that'
e dietary levels may have
reased in the last 30 years and may
higher than the levels reported .
above. This rise is believed to be due to

. factors such as the increased use of
- fluoridated water in food processing and

in'beverages, and the widespread use of

*fluoridated dentifrices. v«

- The relative contribution of drinking
‘water as a source of exposure fora

formula-fed infant, a 10-year-cld-child,
-and an'adult is shown in Table 7. The .

predominant sources of fluoride to

. individuals in the United States are food
.-and drinking water. Drinking water is’
- the greater source of exposure where -

levels approach 1 mg/L.

- TABLE 7.—ESTIMATED INTAKE OF FLUORIDE

"RELATIVE TO DRINKING WATER

L i Daily dose (mg/kg)
.o Source
A infant ! Chiid ® Aduit'®
;‘br'inking water
O] .01 0,034
i A 0.05 pg/m?®) .10.00002 0.00002 0.00002
,,’Food (from Table 5)...¢+ 0.24 | 0.002-0.02 | 0.0043-0.01%

! The infant is assumed to weigh 3.5 kg, consume solely

0.85 1. of 'ormulg reconstituted with tap water, and inhale 3.4

m? a day. )
% The child is assumed to weigh 33 kg, drink 1.4 1. of {ap

‘water, and inhale. 15 m® a day.

S The ‘adult is assumed to weigh 70 kg, drink 2 L of tap

. water, and inhale 23 m® a day.

“ No value is listed since the infant's intake of water is by
forrmula and is counted as food. . .

“While food is a significant source of

* fluoride, the Agency believes that it is
_unnecessary to adjust the RMCL to

allow for dietary exposure. The health
.effects‘,asscjciat’ed with fluoride and the
deses at which they occur, are based

~upon epidemiology studies which
~implicitly incorporate dietary exposures
_to fluoride. : sl

C. Temperature and Fluoride Intake

" The present MCL for fluoride
establishes the allowable concentration
as a function of the average maximum
daily temperature. The MCL ranges from
1.4 mg/L for public water systems
serving populations located where the
annual average maximum temperature

“is above 79.3 to 2.4 mg/L for systems

serving populations located where
temperatures are below 53.7° F. This
temperature-dependent component of
the regulation, referred to in the
National Academy of Sciences Review
{NAS, 1977}, originated in & series of
articles on drinking water consumption
among children (Galagan and Lamson
1962, Galagan et al. 1957, Galagan and
Vermillion 1957). The major pertion of
these articles consisted of a survey of
children, under the age of 10, in two

‘neighboring communities in California.

The survey concluded that water

-~ ¢onsumption during summer months (80

to 90 ° F) increased by about 50 percent
- over consumption during winter months
{50 to 60 ° F). The survey data indicated,
‘however, that temperature played only a
minor role in predicting drinking water
consumption. Children of similar ages
*had drinking water consumptions (on a
weight basis) that varied by a factor of
300 to 400%. Due to the limitations of the
survey, the effect of humidity on water
consumption could not be evaluated.
. The findings of the Galagan study is
contradicted in part by a recent survey
~ of water consumption in Canada which
_indicates that among children, in areas
where the average daily maximum
“temperature is below 70 ° F, water
consumption is independent of
temperature (EHD 1982).

The Agency has concluded that there
is insufficient data to quantitatively
incorporate temperature in drinking
water regulations. The Galagan study,
while technically sound, was limited by
its restriction to a single location. The
study was not able to evaluate the
effects of humidity or other effects of
climate, nor was it able to evaluate
drinking water consumption at
temperatures below 60 ° F. Further,
because the study was performed over
30 years ago, the increased use of
tenperature controls {(heating and air
conditionirg) in homes and schools is
likely to have reduced the effects of
temperature on drinking water
consumption.

V. Physiological Effects of Fluoride
Ingestion

EPA has conducted a comprehensive
examination of an extensive amount of
literature on the potential adverse
effects resulting from the ingestion of
fluoride. In addition, comments and
advice have been received from a wide
variety of sources including such groups

_ a5 the NDWAC, the U.S. Surgeon -
General, the American Medical
Association, the American Dental
Association, and the National Academ;
of Sciences. Based upon an evaluation
of all pertinent information, advice and

.. data in both the literature and that
provided to EPA, the following
statements briefly summarize EPA’s
findings: »

® Exposure to low levels of fluoride
{i.e., 1 to 2 mg/L) can contribute to
objectionable (moderate and severe)
dental fluorosis in a small percentage of
persons. The frequency and severity of
objectionable fluorosis increases as V
these levels are exceeded. ’

* Some individuals with visibly
objectionable fluorosis are probably at
an increased risk of related hehaviorial
effects.



- normally practiced around 1 mg

. reduce dental caries and ‘represe

- balance between the benefits of

. decreased dental caries and the adverse

effects of dental fluorosis.’
mg

“fluoride can result in asymptomatic

osteosclerosis (increased bone density}
“in a small percentage of individuals.

which have been suggested by gome

s a4 TOPUSER ARUIES

e XY

esent

® Exposirres greater than 4 mg/L

@ Crippling fluorosis, theumatic
attack, pain and stiffness have been’

observed in populations (not in the v.s)

chronically exposed ta flyoride in . ,,
drinking water at levels of 10 mg/L to 40
mg/L, i

e Other effects of fluoride ingestion, -

reports, including cancer or Down's -
syndrome, have not been found tobe

scientifically supportable. ..ov 0

. This section discusses these findings.
Further details can be found in EPA’s

Draft Fluoride Health Effects Criteria
Docirment {April 1985), oo o
A. Dental Fluorosis - Sl
Dental fluorosis results from excess
exposure to fluoride during the age of _
calcification of the teeth {up to about
eight years of age for anterior teeth).
Dental fluorosis (Dean 1934} in mild
form is characterized in part by white
opaque areas covering at least 50% of a
given tooth; in its severe form, dental

- fluorosis is characterized by stains
(brown to almost black]} and severe

pitting of the teeth. Anecdotal data
suggest that severe dental fluorcsis may
be associated with abrasive premature

loss of enamel, brittle and deformed
teeth, and fracture of the teeth as well.

- However, this anecdotal data has not 3

been sufficiently corroborated or

" quantified at this time. - 5.

Leverett (1982) has reasoned that total

_ fluoride consumption may have

increased in the U.S. over the last thirty -

or 80 years, thus suggesting that the

incidence and severity of dental

fluorosis associated with a given level of

fluoride in drinking water may have
increased. However, the results of
studies conducted over the last forty- -
eight years (1937-1984), suggests that the
relationship of objéctionable {moderate
and severe] dental fluorosis to fluoride
levels has not changed appreciably "
{Albertini et al. 1982, Segreto et al, 1984).

~ "While there are factors that would tend
‘1o have increased total fluoride =«

consumiption, the Agency believes that
there are alse factors that would tend'to

have decreased total fluoride -

_ consumption such as: the marked =+

increase in the use of air conditioning

. dri

 mg/L. As shown in Table 9, Driscoll et

. al. observed that the combined =~

~incidence of moderate and severe dental
Mluorosis increased from 2.4% at a
Aluoride level of 1.1 mg/L to 30.2% at 3.8
‘mg/L {(Also see Table 8). ‘

ecently, Driscoll 983)
ported the results of a t:ross-éectional

‘survey of the prevalence of dental

fluorosis a d{dentyél caries among 807
school children (8 to 10 years old} in

¥ even Illinois communities. Fluaride -

rations in the community =~
ng water ranged from 1140 4.1

In a separate study, Segreto et al.
(1984) investigated the possibility that
significant changes in cultural and
dietary patterns have altered fluoride
intake patterns from those of 20 to 40

 'years ago. They selected 16 Texas cities
‘and surveyed children {7 to 18 years old}

for dental fluorosis. Fluoride levels

‘ranged from 0.2 mg/L to 3.2 mg/L. The
-combined incidence of moderate and

severe dental fluorosis observed (see
Table 10; also see Table 8} is in general
agreement with the results of Driscoll et
al. (1983}, ranging from minimal fluorosis

at 0.2 mg/L to 31.6 percent moderate
‘fluorosis at 3.2 mg/L. However, Segreto
et al. reported only 1 case of severe

dental fluorosis. The variation in the
combined incidence of moderate and
severe dental fluorosis with increasing
levels of fluoride reported in Tables 8

~and 10, possibly reflects a marked

variation in total fluoride ingestion due

‘to different “lifestyles” in the different

communities studied or, possibly, due to
different susceptibilities of the children
examined or other factors.

TABLE 8.—INCIDENCE OF MODERATE AND SE-
VERE DENTAL FLUOROSIS Vs WATER FrLuo-
RIDE LEVEL * :

Water . f Moderate Severs
fluoride leval, 'N:,'md fuorosis fluorosis
{mg/L): | . ot} pot)
82 " 103 . 0 00
0.3 g ‘126 . 1) 0.0
‘0.4 ¥ 223 0.0 1 0.0
04 T g0 T}
0.4 263 0.6 0.0
05 . I o 00 00
88 - 40T : 00 S 0.0
814 5 0.0 N 8.0
316 20 0.0
B8 . g : 6
098y obr el se
B T TR P Y
80 00 0.0
336 CEE 0.6
211 08 0.0
187 0.0 0.0

" TABLE 8.—INCIDENCE OF MODERATE AND SE-

~ VERE DENTAL FLUOROSIS v§ WATER FLUO-
RIDE LEVEL “—~Continued

: Water Moderate ! Severg
fhuoride lavet, Ngg“;}gfs'nd Huorosis fuorosis
o emglLy, . ? | {pct) - (pet) .
i1 128 11 0.0
1.2 il ] 13.0 3.0
1.2 633 . - 00 0.0
1.2 152 0.0 .00
1.2 171 ] 0.0 0.0
1.3 447 - 0.0 0.0
1.5 180 08 0.0
1.6 301 33 0.0
i.8 57 35 0.0
1.8 170 1.2 0.0
1.9 273 1.1 0.0
1.8 120 135 0.0
i¢ 23 130 0.0
2.0 109 14.7 0.0
20 200 40 o0
2% 143 8.4 49
2.2 179 13.4 0.0
22 138 11.0 0.7
.23 - 80 a.7 0.0
23 67 328 0.0
2.4 113 4.4 0.0
25 148 142 3.4
28 404 69 1.5
C2.9 y 192 7.8 8.3
2.9 97 23.7 31
32 190 3t 0.5
.38 21 2.0 0.0
je 136 ’ 7.4 228
39 289 339 | 3.2 .
4.0 32 38.0 6.0
40 101 | 4.0 20
40 58 2.7 11.9
4.2 il 33.0 a0
44 . 189 46.0 17.9
4.8 38 6.0 0g
5.7 38 £0.0 335
7.8 65 10.8 58.5
8.0 21 47.6 429
4.4 2 ®s | s

! The data in Table 8 is from the folliowing references:
Driscoll et al. (1983) Segreto et al. {1984} in which actuat
fluoride concentrations were not reported in aricle; velues

iven are personal communication of Edward M. Coliing;

rtini et ai. (1982). '

These data have been collected from 5 surveys taken over
& 30 year pericd. While the surveys are believed o be
technically scund they varied in procedure, analytical maeth-
ods, and sample size. The Agency believes it would be
inappropiate to merge these findings into a single distribution
and therefore no statistical analysis of the information in this
table has been made. The information in the tabie is offered
only as a summary of the historical date.

. % Each value represents a separate city in AR, AZ, CO, bA,
iL, KS, NM, OH, SC or TX,

. TABLE 9.—RELATIONSHIP OF WATER FLUORIDE

LEVELS To DENTAL FLUOROSIS AND CARIES
REDUCTION IN ILLINOIS 1

Water Children with Decrease in
fluoride Mumber of | meodevats and | canies score
lavat children severe dental | from 1.06 mg/
) fluorosis (pct) | L tevel ® (pet)
1.06 mg/L. .. 336 24 .
< 2.08 mg/L . 143 ; 13.3 37.3
2.84 mg/L .. 192 276 551
3.84 mg/L .. 136 302 35.7

! Adopted. from Driscoli ot al. {1983}).
* Significaitiy ditfferent (p « 0.05§ from score at 1.06 mg/
L, but not from each othar.

TABLE 10.—RELATIONSHIP BETWEEN FLUORIDE
LEVELS AND COMBINED INCIDENCE OF MGD-
ERATE AND SEVERE DENTAL FLUOROSIS In
Texas t

. Humber of Combined incidence of
waw' "‘L"o,';'de . children moderale and severe
R examined dental fluorosis (pct.)
D2 103 0.0
0.3 126 ¢o
0.4 223 0.0
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- available as to whether severe dental

LeveLs anb Gon

ERATE AND SEVERE D
TexAs *—Continu

Combined incidence:
. moderate and severe
dental fluorosis {pct)

.+ Adapted from Segreto et al..(1984). Only one case of
severe fluorosis was reported. L :

-2 Paisonal communication from Edward M. Colﬁr;s\(cbw

thor with Segreto), ‘actual fluorde concentration not reported -

in Segreto 6f al. (1984). Each valus represents a separate
community in Texas, . © -0 Conialios U e

associated with more rapid wear of the ;

- teeth and, in some cases, an actual
~ erosion of the enamel (NAS 1971). No

‘quantitative human data are currently -

Aluorosis is or is not associated with

- more rapid enamel wear; and whether
- this would cause any adverse health =
effect. A study is being conducted by the

- 'National Institute of Dental Health -

" Tables sxuimﬁiafizeiz‘(t}ie"fé‘Sult‘s of .o

 this

~which should provide ifformation on

. Dental Fluorosis v, Dental Caries. ..

. dental fluorosis studies conducted over

. -® Moderate fluorosis was observed =
- intermittently at levels of 0.7 to 1.8 mg/L"
- except for one community which had -

 +the last 48 years (1937-1984). Several’ -
beeriations rtade bussd.on this

obseria

e or severe fluorosis
atlevels of 0.6 mg/L or

- 13% moderate fluorosis at 1.2 mg/L.

* -children." e R
- * Atlevels between 2.5 mg/L and14
mg/L, the frequ?ncy of severe fluorosis

e Atlevels around 1 mg/L andup to

-2.2mg/L, moderate fluorosis was .-
observed in 0-15% of the children.
“examined. o ane e
"o Atlevels around 2 mg/L, moderate
fluorosis was observed in 1-15% of the
children examined. ¢~ v e A T
- ® ‘A distinct increase in the = @0

~-occurrence of moderate fluorosisis
observable at and above approximately -

"'e Severe fluorosis was consistently

- observed at levels of 2.5 mg/Land ' - B
“higher. A few cases of severe ﬂupro'sis

were observed at lowerlevels. ' .-
_® Atlevels of 3 to 4 mg/L moderate .

fluorosis

e}

n cattle, severe dental fluorosisis

circumstances and other factors.”
As shown in Table 9, fluoride is very
ef} cing dental caries at

vels ranging from 1-2 mg/Lup to 4
/L range. Fluoridation of drinking-

‘water at approximately 1 mg/L is
" believed to be the optimum balance
“between effective dental caries
-reduction and the

fluorosis. o

incidence of dyen'tal

G Sheletal Fluorosis .

- 8keletal fluorosis, which increases in

~severity with both dose of fluoride and
- duration of exposure;is characterized in -
-+ itg mildest form by a slight increase.in. =
" " bone density {osteosclerosis) which is
“detectable only by x-ray examination;
. thereis na evidence that this isan -

adverse health effect per se. In its most

- severe form, skeletal fluorosis.is =
characterized by the deposition of

irregular bone deposits which; in the

E case of the joinis, results in'arthralgia
.and crippling (EPA 1985). -~ .

_Though not observed in the United =
.‘States, crippling skeletal fluorosis has .
~ been observed in workers who, due to -
‘occupation, were chronically exposed to

high levels of fluoride=e.g.; cryolite.

wHowever, due to improved industrial

ygiene, erippling skeletal fluorosis

-~ “seldom (if ever) occurs today” (NAS

1971]. In'addition, crippling skeletal
fluorosis has been observed in cattle

.chronically exposed to high levels of . -

fluoride (McClure 1870).

Skeletal fluorosis in the Uﬁited Styéfes‘ '

was investigated by Leone et al. (1955,

a8 discussed in EPA 1985) who
.-compared the effects of exposure to

fluoride in drinking water in a high-
fluoride area (Bartlett, Texas; 8 mg/L)
and in a low-fluoride area (Cameron;

" Texas; 0.4 mg/L). In the groups studied,
“there were 118 participants from Bartlett

and 121 from Cameron, a total of 237
persons. The average length of exposure

'was 37 years in the Bartlett aréa and 38

‘years in the Cameron area. ‘

-The authors concluded that fluoride-

- induced bone changes (i.e.,

osteosclerosis); (a) occur in ,

* -approximately 10-15% of those exposed

- to high levels of fluoride; and (b) are not
‘associated with other physical findings

except for dental mottling in persons

thresided in Bartlett duting the tooth
- formative period {up to 8 years of age).
- Independently of the Leone et al. (1955)

survey, Btevenson and Watson 1957 {as
discussed in EPA 1985), reviewed the

- ‘medical records on file at the Scott and

* White Clinic for the 11 year period from

+1943 through 1953. The authors noted 23
v .gases of osteosclerosis from a total of .

approximately 170,000 x-ray
examinations in patients living in Texas
and Oklahoma. The earliest bone

-changes were observed in the pelvis and

lumbar spine and consisted of increased

-bone density with a “ground glass”.
‘appearance. Also, the calcification of -
‘sacrospinous-and sacrotuberous

ligaments was apparent. This type of

" calcification paralleled closely the

degree of bone density. Bone changes
described in this study were found when
the drinking water contained 4-8 mg/L.
Roholm {as quoted in EPA 1985) has
characterized) three stages of skeletal

_fluorosis: -

Phase I: Osteosclerosis in pelvis and

vertebral column. Coarse and blurred
_trabeculae, diffuse increased bone

density to X-ray. _
Phase II: Increased density and
blurring of contours of pelvis, vertebral

~column extended to ribs, extremities.

Phase III: Greatly increased density of

bone; irregular and blurred contours, All
‘bones affected, particularly cancellous

-bones, Exiremities thickened.

Considerable calcification of ligaments
of neck and vertebral column.

While the likelihood of crippling
skeletal fluorosis increases in the higher

- phases, crippling skeletal fluorosis is
. best illustrated by the signs and
-symptoms presented by an individual

who, during his life in India, consumed
water at a level of 8.5 mg/L of fluoride.
In this individual, the bony contours
showed irregular outgrowths and the

_sites of insertion of muscles and tendons

showed excessive periosteal reaction

_and multiple exostoses. Irregular bone

also was laid down in the joint capsules
and interosseous membranes. The most

" pronounced changes were seen in the

vertebral column; vertebrae were
enlarged and showed marked lipping

-~and some were fused together. The

mechanical properties of the left radius
and ulna of this subject showed that
tensile strength, strain, energy adsorbed
to failure and modulus of activity were
reduced; compressive strength, strain
and energy were increased (EPA, 1985).
It is estimated that the development of
crippling skeletal fluorosis, requires the
daily consumption of 20 mg or more of
fluoride from all sources for 20 or more
years. This would correspond to a
fluoride drinking water concentration of




. toxicity

bl ommunities would likely be
_consuming more

ore than 20 mg of fluoride
. per day considering greater tha
‘average water consumption and -
‘contribution from non-water sources,

. D. Other Fluoride Toxicity and ossible
- Behavorial Effects . oo

‘Heifetz and HOrOWitz [1984). in

. comprehe"nsive, summar‘y of the‘f\mutey'
f fluoride, have characterized

‘the lethal dose of acutely ingested "
fluoride in man as dependent upon age -

. and ranging from approximately 32-64 "

milligrams of fluoride per kilogram of
-bodyweight. In'addition, they have -
. described a variety of symptoms : '
. associated with acute fluoride "+

_intoxication including nausea, vomi ing;

convulsions; coma and death,

When considered in toto, ,a‘véila'b'lye‘

- evidence leads to the conclusion that the
‘consumption of fluoride at-levels found
o inU.LS. drinking water is not associated
. with scientifically documented allergic .
-or idiosyncratic sensitivity, Down's
- -syndrome; cancet, decreases in - .
longevity-or a variety of other toxic -

. effects, notwithstanding the documented

- effects discussed above (EPA, 1985). -
' The ad hoc Review Panelon. i
Psychological/Behavioral Effects of - ;
- Dental Fluorosis stated the following: :

It is concluded that individuals who have o

suffered impaired dental appearanceas the

result of moderate to severe fluorosis arg v

- probably at an increased rigk for oo g o
psychological and behavioral problems or

. difficulties. Since this conclusion is based on .

extrapolations from research on the effects of -

) pﬁysical“appéémnc‘e characteristics other
- than dental fluorosis, it is suggested that
" investigations be supported io directly assess
- . the social, emotional, ‘behavioral effects, of
. fluoride induced cosmetic defects, - .. . :

E. Dental Caries Pl}ei/éqtfqn‘ i -
_ There is unambiguous evidence that
fluoride, ingested in appropriate

amounts, can markedly reduce caries .

formation (McClure, 1970).
_Studies by Dean and others {ag . ..
discussed in Leverett 1982) established a
rationale for setting the ‘optimum” Jevel
in drinking water at approximately 1
.. mg/L. The “optimum” level was
considered to be the concentration of
fluoride in drinking water that . _
reasonably maximizes protection ..
against dental caries while minimizing -
the induction of objectionable dental
Mluorosis, = .

‘observed at 1.06 mg/L {optimum).

. welfare. AT L
. The following options have been
considered by the Agency for the

e anticaries effect of ﬂuorl de i
sensitive to the level of

f fluoride can provide as much as
-85% reduction in caries in some

; caries at fluoride levels of -
2.08,2.84 and 3.84 mg/L over that

However the decreases in caries scores

~ observed (37.3% at 2.08 mg/L, 55.1% at
. 2.84 mg/L and 35.7% at 3.84 mg/L) were
 not significantly different (p <0.05) from

other, thus suggesting that the S

within the range of 2 to 4 mg/L.

, Vl Régﬁiétory ‘O‘ptioryxs‘ '

A Options

~The basic issues regarding the

regulation of fluoride in drinking water

are the following:

e ‘Should fluoride be ihcluﬂed in the

Primary Drinking Water Regulations? If

‘80, -at what level should the RMCL be
set? o R : .

¢ What level of fluoride, if ‘ahy, would
bex appropriate for a Secondary MCL? )

"' The SDWA requires EPA to set -

Primary Drinking Water Regulations for
contaminants, “which in‘the judgment of

" the Administrator, may have any

~adverse effect upon the healthof =~
" persons.” Secondary MCLs are to be set
_ for contaminants to protect the public

regulation of fluoride: . .
1. Propose a Primary Drinking Water.

- Regulation based upon protection from

moderate and severe dental fluorosis.
~ 2. Propose a Primary Drinking Water

* - Regulation based upon protection from

crippling skeletal flusrosis. Propose a
Secondary Drinking Water Regulation to

,pro‘tect'taig‘aim.;t:cbsmeﬁvc effects of
“dental fluorosis.

. 3. Delete fluoride from the Primary
Drinking Water Regulations based upon
& finding that levels of fluoride in U.S.
drinking water are not associated with
any adverse health effects. Propose a
Secondary Drinking Water Regulation to
protect againgt cosmetic effects of
dental fluorosis. PRI o
The Agency has deternined that there
are insufficient data to quantitatively
predict the role of temperature in
drinking water consumption, and
therefore temperature effects are not

* ~considered in the RMCLSs or SMCLs in

any of these options. .

e in drinking water. The optimum

s, as compared @Q_'V?W low . - fluoride based upon the effects of

+ . moderate and severe objectionable
“dental fluorosis upon a
~ portion of the population.

maximum reduction in caries may occur

,Op’tiun 1 Pfopose a Pi‘i‘mary Drinking
Water Regulation Based Upon’ i

- Protection From Moderate and Severe

Dental Fluorosis. ™ -« o
_ This option would set an RMCL for

;  significant
.. To support this option, the
Administrator would need to conclude
that

{1) Moderate and severe dental
fluorosis, which ‘dare manifested by .
yellow/brown staining and/or pitting of
the dental enamel, would be adverse
effects, per se, 'and/or -

. {2} cosmetic effects associated with
moderate and severe dental fluorosis
would be adverse health effects because
they may lead to psychological and
behavioral effects that may impede an
individual from developing to his full
potential, -~ = "~ L

Regulating to prevent significant
dental fluorosis would be consistent
with the advice received from the ad hoc
Panel on the psychological/behavioral
effects of dental fluorosis. The Panel
concluded that persons with .

"-cosmetically objectionable dental

fluorosis are probably at an increased
risk for psychological and behavorial
problems or difficulties. This option

. would also be consistent with the

recommendation of the NDWAG that
fluoride be regulated on the basis that
objectionable dental flucrosis is an ~ -
adverse health effect. : -
Under this option, EPA would
determine that objectionable dental
fluorosis is an adverse health effect as it
causes; a) physical damage to dental

- enamel {pits and stain), which due to

possible wear and fracturing and, b} the
cosmetic effects which may lead to
adverse psychological and behavioral -
effects. = ‘

Two sub-options are presented for the
RMCL. A

Sub-Option A: Propose an RMCL of 1

N mg/L.

A level of 1 mg/l would represent a
balancing point or trade-off in
minimizing the incidence of moderate to
severe fluorosis while allowing the
prevention-of dental caries. The
incidence of moderate and severe dental
fluorosis would be expected to range -
from 0-3% at that level. This is -
essentially the same as the traditional
optimum fluoride level widely accepted
by dental authorities. About 5,000
communities currently exceed this level.

Sub-Option B: Propose an RMCL of 2

~.mg/L




Oﬁfibn‘z‘ffﬁmpose a Prima
= V?Water,,Regulat‘ion Based Up
. ffProt’ection;frbm Cripy

on
ling Skeletal

be Proposed for levelg of
, /L and above to advise .
the public of the effects of dental
fluorosis angd to inform the public of « .
_alternatives for preventiom, .

The incidence of objectionable dental

~ fluoresis would range from 10% to 40%

' prevéntibn of dental caries, s
"Monitc)ring and public notj ication

waler systems determined to have Jevelg
exceeding the SMCL (abgyt 1300
Communities), Public Dotification wouig
be to Physiciang, dentists, and public

hea!t!) officials and to the public,

. Notification would be required when the

SMCL had been exceeded, and woulg
include a statement written by the o
Agency; ‘ : e o
This option would be tonsistent with
the recommendationg of the Surgeon

responsive to the Position of the -
professional OIganizations ang state .

" Commenters. The Surgeon General's -

Committee endorged g level of 4 mg/L as
Preventing osteosclerosig and allowing
no known or anticipated adverge effects
with a margin of safety. A leve] of 4

L provides an adequate margin of safety
against crippling skeleta] fluorosig

~intakes of fluoride of ‘2ﬁmg/‘day over

‘Option 3: Del

i long periods, Thyg it wouldbe
.- Protective for indjvidyale with high
. water consumption, - .. o

e 'ﬂns option would propose to delete

fluoride from the Interim Primary

effect), and 2)
skeleta]

Drinking! Water Regulations and

that the risks of crippling

Uorosis are minima becauge

only a sma]] bumber of communitieg
ave natural fluoride levelg In drinking
Water that approach the levels of

Option 2, monitoring and public notice
under Sections 1445 and 1450(a)(1)
would be propoged for levels of 2 /L
and above ig advise the public of the

effects of dent

al fluorosis,

Under thig option, the Adniinistrator

would conclude that humag exposure to

“Aluoride in drinking water jn the United
States would not

ave “any adverge

effect on the health of persons” apd
would be in dgreement with the Surgeon
General that at the toncentrations of

of even non-ad

[Koop-1984].

verse medical effects”

This option would be consistent with

€ recommendationg of American -
Medical Association, American Denta]
Association, Associationg of the State -

and Territoria]
Association of

Health Officials,
State and Territorial

Dental Directors, South Carolina, and a
number of other States, This eption
would be inconsistent with the
recommendationg of the Nationa]
Drinking Water Advisory Counci and
the Panel on psychological ang
behavjorial effects of denta] fluorosis,

B Propogeg Approacb

-and that ¢ mg/L is the leve] below which
“no

OWn oF anticipated adverse effoct
on health of Persons occur and which

allows ap adeq
Thus an RMCI

vate margin of safety.”
is proposed at 4 mg/L.

by ndfvidu’afs with

e

EPA believes that crippling ¥,

- should be considered an adver:
effect under the Safe Drinking 1
Act. These arthritic-like effects
significant deleterioys injuries ¢
body and are irreversiblg, Althe
crippling fluorosis occurs at leve
approximately 19 mg/L (20 mg/c
‘SDWA requireg the Agency to
incorporate an “adequate margir
safety” to protect public health.
factor of ten o less is generally
appropriate when using data fro;

umans to calculate the level at v
to regulate, ‘

This level i a]sq appropriate a;
coincides with g level at which
osteosclerosis dgeg not occur.
Osteosc]erosis is not viewed by EJ
an adverse health effect within thy
Meaning of the act gg it does not a
to cause clinically significant effec

The Administrator has also conc

adverse health effects in the context
the SDWA. These cosmeticg effects
however, should be the basis for
secondary regulationg intended to
protect public welfare,

2. Secondary Regulation, Ay the tiny
of proposal of the MCL for fluoride, E

the Agency expects that the vagt
majority of public water Suppiies wil}
not have flyoride concentrationg
exceeding an SMCL of .. mg/L. Further,

contamination because of the
monitoring requirements of the existing
interim standard. Where the States have
sufficient evidence thyt fluoride
toncentrations have not exceeded the



R R

federal standar
" -require monitoring
- when monitoring

i velopment of an RMCL, the -
GfOHOWir’lg information is provided ag
 background. :

- existing Interim Regulation -
remains in effect until sup

. Revised Regulation (whic a

18 months after the Revised Regulat

is promulgated) SDWA Section ., .

. 1412(b)(5). Therefore, until ‘the Revise

A Treatment Tecbh’o]bgy -

, Experiencéfihdi‘(:é’t“é
- exchange treatment ulilizing activated

~ alumina is the most effective method, in
the absence of ihterfering contaminants,
“to remove fluorides from

‘Regulation suspersedes the Interim.
~Regulation, the Interim MCL of 1.4 to 2.4
mg/L will be in effect and enforceable.

Because the Revised MCL will be 4 mg/ .
. Lor higher, EPA is concerned that i
Public Water Systems may be subjected
- to citizen syit enforcement actions ‘
‘compelling systems to meet the lower,
~ enforceable Interim MCL. (This situation
- will occur because the Revised MCI
must be set “as cloge to the RMCL as -

water. Thig -
technology can be implemented
effectively for all sizes of treatment -

facilities including point-of-use

“operated properly, can leach significant
Quantities of aluminum which can
precipitate in the finished water and
therefore is not recommended where
adequate facilities, manpower, and
resources for operation and maintenace
are not available Other materialg such
as bone char and tricalcium phosphate
can be used in a similar fashion,
However, the use of bone charas a
defluoridation medium is generally not
practical for waters thap contain arsenic
because of irreversible changes in the
composition of bone char. Tricalcium
‘phosphate removes fluoride, but
excessive attrition of this media makes
this process generally not cost effective,

feasible” with the use of best .. -
technology, considering cost, and thus
cannot be set lower than ¢ mg/L}. .
The public is not served by forcing . -
water systems to meet a lower Interim
MCL that EPA has rejected in e
promulgating the Revised Regulation. To
avoid this result, EPA is considering
Proposing to amend the Interim MCL
when it proposes the MCL for the o
Revised Regulation. A final amended
Interim MCL would be promulgated at
the same time as the Revised MCL. The 4l scale basis for fluoride removal
gency would amend the Interim MCL alone, but reverse 03mosis is 8 comman
1o beidentical with the Reviged MCL. technology for total dissolved solids
“Although Interim Regulations when first removal. Pilot plant studies have
promulgated under Section 1412(a) must  demonstrated jts effectiveness for
have an sffective date 18 months after simultaneous fluoride removal. This
their date of promulgation [Section , Process.may be practica) in situations
1412(a)(3)), amendments to existing where high dissolved solids and othep
Interim MCLs, that are revised upward - contaminants must be removed in
‘need not have an effective date of 18 addition to fluoride. Thus, the overall
months. Therefore, the Agency would quality of the water would be improved,
plan to provide a 30 day effective date which is not the case for activated
for the amended Interim MCL. EpA . alumina which selectively removes
would thereby avoid a substantial - fluoride. As in the case of activated
period when there existed g lower, alumina, reverge 08mosis can be used in
enforceable Interim MCL, thatthe -+ both small and large systems and in
Agency had,abandoned. ' point-of-use applications.

. System size—MGD .
S TR
APopulation served) -

Activated alumina;
" Centrat mode.
Point-of-use.
+Reverse osmosis;
"1 Central Mode:
-Point-of-

applications. This technololgy, when not

Reverse osmosis has not been used on

Limited experience with ~
electrodialysis indicates that this
method may eventually prove to be ¢
effective for removing flucrides wher
removal of other contaminants is alsc
necessary. Presently, its cost ig much
greater than other methods (in the
absence of.an inexpensive source of
power). ‘ ‘
Alum coagulation can remove limite

 amounts of fluoride, but this treatmen

technology is limited to situations whe
filtration capability is present and init;
fluoride concentrations do not
appreciably exceed the desired limit,

Similarly, lime softening can achjeve
partial removal of fluorides, However,
application of this technology is limitec
to larger systems where softening
facilities are already in existence,
Construction of a fyl] scale softening
plant for the remova] of fluoride alone
would not generally be cost-effective
due to the large capital investment and
high operating costs,

B. Cost of Treatment

Preliminary design and cost eslimates
have been developed for the
hypothetical situation where raw water
fluoride content is 3.2 mg/L (the pregent
average value for systems in-violation of
the interim standard) and where 65

‘percent of the water would be blended

with 40 percent of the untreated water to
maintain a final fluoride effluent of 2.0
mg/L. These values were selected only
fo illustrate the economics of treatment,
Tables 11 and 12 provide relevant cost
information for treatment technologies:
to remove fluoride from drinking water,
These technologies include activated
alumina and reverse osmosis {central
and point-of-use applications) as wel) as
lime,softening. The costs for these
technologies are not particularly
sensitive to influent fluoride
concentration and can be generalized to
other influent and effluent situations. In
any event, they should be considered to
be illustrative and not definitive at thig
stage. The background information to
support these costs can be found in
“Technologies and Costs for the

: Remoyal of Fluoride, EPA, Sept. 1983.”

—
{10,000-1 00,000}
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Hodge, H.C. Smxth, FA. “Air Quality
-+ “Criteria for the Effects of Fluorides on Man,”
~+ 1. Air Pullut,

Kleck. RE. “Report to the Office of
inking Water, Environmental Protection
Agency, Washington, D.C. From the Review
*.Panel Psychological/Behavioral Effects of
Dental Fluorosis,” November 17, 1084.
Koop, CE., Letter
July 30, 1982,
Koop, C.E, Letter to Wllham B
Ruckelshaus, January 23, 1084, . -
~Leverett, D.H., “Fluoride and the Changmg
valence of Dental Caries,” Sclence. Vol.
27, pp. 26-30, July 2,1982."
- Leone, N:C., Stevenson, C.A. Hilbish, TF
‘-Sosman, M.C.,'A roentgenologic study ofa -
. human’ popu]atlon exposed to bigh-fluoride
domestic water {a 10-year study), Am. .
Roentg. Redium Ther, Nncl Med., 7} 874885,
1955. o
McCIure. F. I "WATER FLUORIDAT]ON—-
. THE SEARCH AND THE VICTORY" HEW
{now HHS), 1970 =
_-'National Academy of Sciences, "Fluondes
g 'Blolo ¢ Effects of Atmospheric Pollutama"

~EHD, f'l‘ap Wat ; nsumpu‘
“Canady Envxronmental Health Dxrectm'ate,
Health

Criteria an Stand rds D:vision.
logies and and Costs of Removal o
ide from Drinking Water, 1983, "
o EPA, Draft Fluonde Health Effects Cri{erin
Documem 1985, ..,
ch

. Natmnal Academy of Scxences, Dnnhng
: ,Water and Health, Vol. I, 1977, ‘

. National Academy of Sciences, Drmkmg

. Water and Health, Vol. 11, 1980.

"+ National Drinking Water Advisory Council,

. “Minutes of Meeting, October 26, 1882," EPA,

“. Office of Drinking Water, October, 1982
National Drinking Water Advisory Council,

'Minutes of Meeting, August 2 and 3, 1084,"
A, Office of Drinking Water, August, 1964.

tional Drinking Water Advisory Councxl

"‘Minutes of Meeting, December 8 and 7, ‘
11984, EPA, Office of Drinking Water,

o January 1985. {In Press.) .

" Righmond, 1.B,, Let T {0 Dx' I. Lawrence

ashington, pC
v of Sciences, 1974,

: gan, B.1., Lamson, G.G., “Climate and
Endemic Dental Fluotosis,” In FLUORIDE
DRINKING WATERS, Ed MeClure, F.J..:
'Pubh - Health Service Plubhcatlon No. 825

.. “A Current Study of Mottled
mel in Texas,” | Am. Dent. Assoc.,

John W Hemandéz,

; also be included in the Docket.

Sliapiro, ]R *Report to the Surgeon

. General: By the Ad Hoc Committee on the

Non-dental Health Effects of Fluoride in
Drinking Water,” September 26, 1883, . .

Singer, L., Ophaug, R.H., Harland, BF.,
Fluoride intakes of young male adults in th
United States, Am. ]. Clin, Nutrit., 33(2):328
332, 1980.

_ Stevenson C.A., Watson AR., Fluoride
osteosclerosis, Am. J. Roentg. Radium Ther.
Nucl. Med. 78:13-18. 1957,

~Underwood, E.J,, Trace Elements, In:
Toxicants Oceurring Naturally in Food.
National Academy of Sciences, 1973.

“World Health Organization, Fluorides an
Human Health, WHO Chronicle, Vol. 24, p
271-280, 1970.

World Health Organization, GUIDELINE.
FOR DRINKING-WATER QUALITY, VOL.
RECOMMENDATIONS, World Health
Organization, Geneva, Switzerland, 1984.

EPA has received comments from the
Office of Management and Budget and’
has placed them in the Public Docket.
However, EPA received these commen
late in the process of developing this
proposal; EPA is, therefore, unable to
address those comments in this notic
EPA will address these comments in itg
final RMCL regulation.

These references are included in th
Public Docket together with other
correspondence and information. The |
Public Docket is available for viewing iz
Washington, D.C. at the address list
at the beginning of this notice. All p
comments received on this proposal w

IX. Request for Comments

EPA requests analyses, comments
and general information on all aspec
of this notice, including the appropri
balance between public health
protection and practical implementa
of EPA’s drinking water program un




the requlrements of the SDWA. The
general questions for wlx

a, ive and practlcal approach
comwmng human exposure to ﬂuonde
in drinking watefr, -
1. Dental Fluorosis. Sh
and severe dental fluorosis.be .. .
considered adverse health effects or
should these effects be considered
cosmetic-and aesthetic effects? If the
Agency decides not to consider dental -
fluorosis as an adverse effect, should
dental fluorosis be considered an =
indicator of excess dosages of fluoride
which may potentially result in other .
adverse effects, such as crippling

skeletal fluorosis, at sufficient dosages

and duration of exposure? .

2. Psychological Effects of Dental
Fluorosis. The Agency requests’ -
comments on whether moderate and.
severe fluorosis are an adverse health
effect because of potential psychologlcal
and behavioral effects. :

"3, Crippling Skeletal Fluorosis. The

Agency believes that crippling fluorosis

is an adverse health effect which occurs
at approximately 20 mg/day. EPA
requests comment on the data’
supporting this position and the safety
factor the Agency has employed. *

.- 4. Use of a Single Standard for
Flunride, The proposed RMCL for

) unlike the previous MCL, isa ~
8 andard independent of o
tefnw.ature The Agency is mterested in
receiving comments on its dems.uon not
to-make the fluoride standard )
temperature dependent.

5. Available Tecbno]ogy The Agency -
is interested in receiving technical and
economic information on techriologies
that are currently or likelytobe " =
-available to reduce the levels of fluoride
in drinking water, including information
on costs, operating experience,
reliability, and disposal of wastes.

N
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roszs ’I' he Agency is -
a_tlon on the course’
is over-time. Is it

al fluorosis in an
gress beyond cosme’uo

f‘X Regulatory Analyses G S

The proposal of an RMCL is d1fferent
than the proposal of an MCL in that an
RMCL is, by law, to be based only on

‘health and safety considerations, while

an MCL takes feasibility and cost into -
consideration. Therefore, this RMCL -

‘proposal notice does not include an

analysis of the economic impact of -

“various possible MCLs. However, the

. Agency intends to fully analyze the

* ‘probable impact of the various
-alternatives, and will report omrthem at
““the time an MCL-is proposed.

The report will include an analysis of
the impact of the various alternatives on

~'the water supply industry vis-a-vis

capital costs of technology, operating -

- and maintenarice costs and the
“feasibility of financing new treatments.

Additionally, impact on the consumer
and oxn the natlon asa whole wxll be
analyzed. ' '

Under the Regulatory Flexibility Ac_:t 5

U.5.C. 801 et seq.; I certify that this "

action will not have a significant impact V
-on a substantial number of small

entities. This proposed action will have

" "no economic 1mpact in and of itself
- because thls is a non-enforceable health

oal.
Urnder Execuhve Order 12291, EPA

' must )udge whether a regulation is

“major” and therefore subject to the

-requiremerits of a Regulatory Impact
Analysis. Thls proposed action does not

constltute a “major” regulatory action -
because it will not have a major
financial or adverse impact on the

, on on the feasxbxllty and'cost of
,avallable tre.atments for dental fluorosxs

- comimunity and it is a non-enforceable
"action. This regulation was submitted to
. “the Office of Management and Budget

. -..for review as required by Executwp ‘
+-Order 12291. :

. Dated: April 30, 1985.
- Lee M. Thomas,

Admm;strator

List of Subjects in 40 CFR Part 141

‘Chemicals, Intergovernmental
relations, Radiation protection,
Reporting and recordkeeping

requirements, Waste supply.

| PART 141—NATIONAL PRIMARY

DRINKING WATER REGULATIONS

*The authority citation for Part 141
continues to read as follows:

Authority: Safe Drinking Water Act 42
U.8.C. 300f ef seq. .

For the reasons set out in the
preamble, it is proposed that a new
section be added to proposed Subpart F
Part 141, Subchapter D, Chapter I of
Title 40, Code of Federal Regulations on
June 12, 1984 (40 FR 24352);

' Subpart F—Recommended Maximum

Contaminant Levels

§ 141.51 Recommended Maximum
Contaminant Levels for Inorgamc )
chemicals.

The following are Recommended

- Maximum Contaminant Levels for
- inorganic chemicals. This is a non-

‘enforceable health goal. -
{a) {Reserved] :
{b) Recommended Maximum
Contaminant Levels for the following
substances are:

o Rl G & LA

Mittigrams
per liter

Fluoride R 4

[FR Doc. 85-11461 Filed 5—13—65 8:45 am]
BILLING CODE 6560-50-8
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